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ABSTRACT 

THERMOREGULATION STRATEGIES OF SOWS HOUSED OUTDOORS IN  

QUÉBEC, CANADA 

Sarah Baert  
University of Guelph, 2021

Advisor(s): 
Dr. Derek B. Haley 
Dr. Renée Bergeron 

This thesis is a study of the behaviour and physiology of gestating and lactating sows 

living outdoors in Québec, Canada during the summer in 2018. Six groups of four sows (N=24) 

were kept in outdoor pens with a wallow, shade structure, pasture, and farrowing huts. During 

late gestation and early lactation, we observed the sows’ behaviour, respiratory rate and body 

temperature, and recorded environmental conditions. In gestation, the sows’ wallow usage 

depended on the temperature humidity index (THI). However, in lactation, sows exhibited low 

wallow usage even when THI was high, instead prioritizing the farrowing hut, especially in the 

first few days following farrowing. Lactating sows appeared to be at a greater risk of heat stress 

based on their behaviour and physiological responses to warmer conditions. In general however, 

the sows seemed to thermoregulate effectively in this outdoor environment, with wallowing 

likely playing an important role.  
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CHAPTER 1: A REVIEW OF THE LITERATURE ON THE 
STRENGTHS AND CHALLENGES OF OUTDOOR HOUSING 

SYSTEMS FOR PIGS 

Introduction 

The Canadian pork industry, despite its continued importance to the national economy, 

has a long history of alternating economic prosperity and hardship. Supply-demand pricing, 

fluctuations in the value of the Canadian dollar, changing international demand and trade 

agreements, variable feed prices, advances in genetics and selective breeding, and disease 

outbreaks have all played a role in creating an industry that is constantly evolving (Brisson, 

2014). Today, the swine industry represents a significant portion of the Canadian agri-food 

sector and is a valuable export commodity, selling 3.4 to 4.2 billion dollars’ worth of pork 

products and over 400 million in live pigs annually in the last 5 years (Canadian Pork Council, 

2020), and exporting more than 60% of its total pork production since 2010 (Canada Pork 

International, 2020). In July of 2020, there were 14 million hogs on over 7,600 Canadian farms 

(Statistics Canada, 2020) with farms in every province and over 75% of them located in 

Manitoba, Ontario and Québec (Canadian Agri-Food Trade Alliance, 2020). However, since 

1921, the number of farms has decreased significantly, representing a continuous transition 

towards larger, highly specialized, and intensive facilities (Brisson, 2014).  

 Despite the historical shift towards intensive agriculture, the demand for organic 

agricultural products is growing rapidly (Simpson, 2011), with “natural” living conditions on 

small-scale farms being highly valued, and confinement housing receiving criticism (Spooner et 

al., 2014). Accordingly, the swine industry has seen increases in the number of organic pigs 

produced in recent years in Canada (Simpson, 2011), as well as in the United States (USDA, 
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2013) and in multiple European countries (Früh et al., 2014). Nevertheless, this shift in consumer 

ethics is challenging for the industry to address when it is financially volatile and when there is 

little information about how to raise and manage pigs for our climate in alternative housing 

systems. Currently, outdoor access is only required for organic farms in Canada and this 

requirement may be satisfied by access that is limited to certain seasons or stages of production, 

or by providing concrete runs instead of a pasture (Canadian General Standards Board, 2015). In 

addition, the Canadian Code of Practice (National Farm Animal Care Council, 2014) has only 

basic requirements and recommendations for outdoor production systems. Nevertheless, it is 

likely that outdoor housing will become more popular as public awareness of conventional 

agricultural practices increases and demand for alternatives intensifies. Indeed, the percentage of 

Canadian consumers using organic products weekly or more increased by 14% from 2000 to 

2014 (The Hartmann Group, 2014). Consequently, there is an ongoing need for research that 

investigates ways to manage pigs outdoors.  

 This review offers a detailed look at the strengths and challenges of outdoor housing 

systems for pigs, with a particular focus on thermoregulation and heat stress. It will use 

biological functioning, composed of health and productivity, and the affective states of the 

animals as parameters for describing the value and utility of these systems. It references studies 

performed in gestating and lactating sows and their piglets when possible, but also draws on 

work conducted in growing and finishing pigs as needed. While the research in this area has so 

far mainly been conducted in the United States and the European Union, these data are still 

useful for characterizing the most important opportunities and difficulties associated with these 

alternative housing systems.  
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Defining and assessing welfare 

One of the potential motivations and/or outcomes of research that investigates the 

behaviour of livestock in alternative housing systems is an improvement in quality of life, or 

“welfare”, for the animals. However, scientifically measuring and defining welfare is complex, 

and a discussion of how this term will be described and understood in the context of this thesis is 

needed for precision. 

Operational definition of welfare 

Depending on the context and author, the term “animal welfare” has multiple potential 

meanings. It is important to establish a clear operational definition of welfare, primarily because 

different definitions may lead to different conclusions when assessing welfare, but also because 

the desire for a better understanding of animal welfare is what, in part, motivates this area of 

research.  

How any individual conceives welfare will depend on both their scientific knowledge and 

their personal values (Fraser, 2008). Even the scientific community has not reached a consensus 

on a general definition of welfare or what criteria should be used to evaluate it in a research 

setting. For instance, Broom (2008) describes welfare as an animal’s ability to physically and 

psychologically cope with its environment, while Duncan (2005) includes harmony with the 

environment and absence of suffering in his definition in addition to physical and mental well-

being.  

In 1997, Fraser et al. organized the different perceptions of what people consider to be 

most important to animal welfare into three primary but overlapping categories: basic health and 
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functioning, affective states and natural living. This method provides a way to organize a 

spectrum of views on animal welfare, but conceptions are not presented in a hierarchical manner 

and so do not offer guidance on how to proceed when individuals reach different conclusions 

about the welfare of animals. Fraser (2008) himself recognizes that those who prioritize different 

conceptions may ultimately disagree about what is most important for welfare depending on their 

values, and this dilemma persists in the research community. Although welfare science can 

provide information that guides decisions about the care and use of animals, conclusions about 

what is acceptable and what is not are ultimately ethical (Duncan, 2005). Furthermore, a 

researcher’s personal definition of welfare will affect how their science is conducted and how 

they interpret and recommend their research findings be applied to practical settings (Fraser et 

al., 1997). 

 Research on alternative housing systems for sows is motivated by concern about their 

quality of life when kept in stalls and crates. The idea of pigs living outdoors is appealing to 

many from a welfare perspective, as outdoor systems more closely resemble the natural living 

conditions of wild conspecifics and have implications for affective state, which is understood to 

be central to welfare in its own right (Duncan, 2005).  

Using the physiological stress response to assess welfare 

The presence of stress is often considered an indicator of compromised welfare or used as 

a way to determine how animals are affected by different stimuli. However, what truly 

constitutes as stress is, like welfare, a subject of scientific debate. In order to discuss stress in the 

context of welfare, it is important to separate the concept of the physiological stress response 

from a true negative welfare affect that arises from an environmental challenge. 
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The physiological stress response involves many complex and interacting endocrine, 

immunological and metabolic processes but the two systems that receive the most focus are the 

sympathetic adrenal-medullary system (SAM) and the hypothalamic pituitary axis (HPA). These 

systems were first described by physiologists Walter Cannon (Cannon 1929a; Cannon 1929b; 

Cannon 1931; Cannon and Lissák, 1939; Cannon 1939;) and Hans Selye (Selye, 1955) 

respectively and were both discovered by examining seemingly negative experiences for the 

animal such as pain, disease, fear, or physical restraint. As a result, many scientists have 

measured the outputs of these two systems, such as heart rate and cortisol levels, to suggest a 

state of reduced welfare. However, the purpose of the physiological stress response is to support 

behaviour and other physiology that is advantageous in a given environment, regardless of 

whether the impact on affect is negative, positive, or neutral. As a review paper by Koolhaas et 

al. (2011) points out, the magnitude of the physiological stress response can be similar for 

rewarding and aversive stimuli and is most related to the metabolic requirements of the resulting 

bodily processes, rather than the impact on health outcomes or affective state. Consequently, 

documenting the physiological stress response is not sufficient to imply a negative (or positive) 

affective state, although it can be used as one piece of evidence, in combination with other 

measurements, to make this claim. The duration and the intensity of the physiological stress 

response following a stimulus is also relevant to the overall impact on the animal (Fraser et al., 

1997). Koolhaas et al. (2011) also suggest that defining an experience as “stressful”, or a 

stimulus as a negative “stressor” requires validating that the experience is truly aversive to the 

animal. Given the increased complexity involved with measuring stress by this definition and the 

inconsistency in the literature, the term stress will only be used in this report in the context of the 
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physiological stress response (regardless of its valence) or in the discussion below of heat and 

cold stress, which refers to a specific physiological process in response to environmental 

conditions. 

Using behaviour to assess welfare 

Behaviour as an indicator of welfare is the mainstay of animal welfare science, as 

animals with negative feelings (plus or minus reduced biological functioning) often adjust their 

normal behaviour patterns or display abnormal behaviour (Keeling et al., 2018). Behaviours that 

have been used to make inferences about the affective states of pigs include posture, gait, 

vocalizations, frequency of stereotypic behaviours (such as bar biting or sham chewing), or the 

amount of time spent eating, lying down or exploring the environment (Broom et al., 1995; 

Chapinal et al., 2010a, b; Gerritzen et al., 2008; Karlen et al., 2007; Pol et al., 2002; Weng et al., 

2009a, b; von Borrell et al., 2009; Scipioni et al., 2009). However, behaviour is often not specific 

to a positive or negative affective states and the interpretation may be subjective or 

anthropomorphic. Therefore, behaviours and behaviour patterns used to assess welfare should be 

scientifically validated and ideally used in combination with other parameters. For instance, 

when different animal-based assessment measures were evaluated for the “Welfare Quality 

Network” project (Welfare Quality Network, 2018), both resting posture and the time for the 

transition between standing and lying were investigated as possible measures of “comfort around 

resting” for pigs. Resting posture was not associated with physical parameters that would 

indicate an uncomfortable lying surface (skin lesions and bursitis), and instead was related to the 

age of the pig and the time of day, prompting the conclusion that resting posture was not a valid 

indicator of comfort. On the other hand, the duration of the standing to lying transition was 
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related to lesion and bursitis scores, as well as to the floor type (solid concrete vs. deep straw 

bedding), indicating that this behavioural measure was likely a valid measure of comfort 

(Welfare Quality Network, 2009).  

In addition to observing the behaviours that make up general activity, researchers can 

create experimental paradigms to evaluate whether an experience is positive or negative, and the 

associated significance to the animal, by using preference testing. In these experiments, animals 

are given choices about their environment and it is assumed that choices will be governed by 

how the animal feels (Duncan, 2005). To differentiate trivial choices from important ones, 

preference testing is often used in combination with motivational testing where researchers 

determine how much work an animal will do in order to make its ideal choice (Duncan, 2005). 

These experimental approaches have their own limitations but do make it possible to “ask” the 

animals about what they are feeling (Duncan, 2005). These kinds of experimental design have 

been successfully applied to pigs in multiple contexts. For example, experiments have examined 

pigs’ preferences for flooring and bedding materials, and how that preference is impacted by the 

type of activity (foraging vs. resting), environmental conditions, and whether the sow is 

approaching parturition (Fraser and Matthews, 1997). There are also studies on pigs’ preferences 

for different rooting materials (Jensen et al., 2008; Pedersen et al., 2005; Beattie et al., 1998) and 

levels of illumination (Taylor et al., 2006). Researchers have additionally measured motivation 

with operant responses to determine the relative importance of access to food and social contact 

(Matthews and Ladewig, 1994).  
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Unfortunately, there is no single measurement that effectively describes overall welfare. 

Fraser and Weary (2004) suggest that instead of searching for such a measurement, welfare 

scientists should focus on “identifying, solving, and preventing welfare problems”.  

Strengths of an outdoor production system 

While it is still uncommon practice in Canada, keeping pigs outdoors offers many 

potential benefits to the animals, the producer, and consumers of pork products. 

Benefits for affective state 

Outdoor housing systems are usually richer in stimuli and complexity than indoor 

systems, which has many positive affective outcomes. To begin, multiple studies have 

demonstrated that both adult pigs and piglets will perform a wider range of potentially rewarding 

behaviours in these environments. Piglets in multiple studies were more active, and demonstrated 

more exploratory and play behaviours in an outdoor system compared to when they were housed 

indoors (Hötzel et al., 2004; Johnson et al., 2001; Nakamura et al., 2011). Similarly, adult pigs 

kept outdoors can be more active and investigative than their indoor counterparts (Dailey and 

McGlone, 1997a; Guy et al., 2002a; Johnson et al., 2001; Terlouw et al., 2009). However, there 

is also work that reports less interaction with novel objects in outdoor vs. indoor pigs (Olsson, 

1999) and in enriched pigs compared to barren-housed pigs, which raises questions about the 

meaning of exploratory behaviour in different contexts (Krugmann et al., 2019). Exploration can 

be linked to boredom, and so pigs coming from a more barren environment may be more 

motivated to explore (Krugmann et al., 2019). Nevertheless, play, exploration, and free 

movement are considered inherently positive experiences regardless of the motivation as long as 
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they are “voluntary, self-generated and goal-directed”, or in other words, allowing an animal to 

exercise agency (Mellor, 2017). 

In studies with indoor and outdoor treatments, the behavioural impacts observed may be 

secondary to a more enriched environment as opposed to the outdoor access specifically (Beattie 

et al., 2000); however, there are other potential benefits that are specific to an outdoor 

environment. Pigs with access to pasture will frequent the space (Botermans et al., 2015), and 

will engage in chewing and foraging behaviour when fresh grass is available (Dailey and 

McGlone, 1997a; Tozawa et al., 2016), which may be more interesting to the animals over time 

than simply being provided with concentrate feed. In fact, the work by Dailey and McGlone 

(1997b) supports the idea that sows are motivated to root and chew even when their energy 

requirements are met, as sows on soil and in gestation crates chewed rocks and metal bars at the 

same frequency that sows on pasture chewed grass. Furthermore, domestic pigs in a semi-natural 

environment will also still allocate the majority of their active time to foraging and feeding 

behaviour even when satiated (Stolba and Wood-Gush, 1989), and a review paper by Olczak et 

al. (2015) reports that both weaners and sows in conventional housing systems that are unable to 

root may develop stereotypic or tail biting behaviour. Likewise, a review by McGlone et al., 

(2004) found similar levels of oral-nasal-facial behaviour between sows in gestation stalls and in 

group housing, which suggests that feeding or foraging motivation, and not just space allowance 

or confinement, contributes to abnormal repetitive behaviour. In addition to a wider behavioural 

repertoire, scientists also observed fewer agonistic interactions between outdoor piglets both 

before and after weaning (Hötzel et al., 2004) and lower levels of arousal and initial activity in 



 

 

10 

 

outdoor adults in response to isolation in an unfamiliar environment (Terlouw et al., 2009), both 

of which may indicate a calmer overall mental state.  

Pigs in an outdoor environment also usually have more space than those in traditional 

indoor housing. Sows managed in individual stalls are restricted in their opportunities for 

exercise, exploration of their environment, and affiliative social interactions with other pigs 

(Barnett et al., 2001). In addition to expanding behavioural opportunities, the extra space also 

allows pigs to exercise agency, which has positive implications for affective state (Mellor, 2017). 

The ability to make choices about their environment and social interactions may be particularly 

valuable to lactating sows who, when housed indoors in crates, must always be in close contact 

with their litter. In an outdoor system, sows will elect to spend time away from their piglets 

while still meeting their nursing needs (Hötzel et al., 2004; Johnson et al., 2001), and time spent 

away from the piglets does not necessarily indicate lower maternal motivation (Pitts et al., 2002). 

Piglets may also benefit from being able to distance themselves from pen mates, as indoor piglets 

will direct more ”belly-nosing” and ”oral-nasal” behaviours towards each other (Hötzel et al., 

2004) than outdoor piglets. 

Other strengths: biological function, finances, consumer appeal 

In addition to the positive impacts on affective state, an outdoor housing environment 

may also help prevent certain diseases. For instance, Guy et al. (2002b) reported less 

adventitious bursitis, injuries, stomach ulceration, and lung damage in pigs that lived in outdoor 

paddocks and straw yards, in comparison with those that lived in fully-slatted pens. Furthermore, 

a study that compared indoor, outdoor, and combination systems in Europe found the lowest 

prevalence of respiratory issues in sows housed outdoors (Leeb et al., 2019). This finding is 
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supported by a review paper by Stärk (2000) on respiratory disease in swine, which identified 

herd size, stocking density, and “shared airspace” as risk factors for transmission. Pigs in outdoor 

facilities are usually housed in small groups and, even if they share a communal shelter, are in an 

environment that benefits from natural ventilation, potentially decreasing their risk of respiratory 

disease compared to indoor animals.  

Pasture-based or outdoor housing may also present financial benefits, as these systems 

have lower energy costs (Honeyman and Weber, 1996) and require less capital investment (Miao 

et al., 2004) than an indoor facility. Outdoor systems tend towards lower fixed costs and higher 

variable costs compared to conventional setups (Barnett et al., 2003), but the exact type of indoor 

or outdoor system being compared will ultimately dictate which system has higher expenses 

(Cain and Guy, 2006; Guy et al., 2012). While it may be challenging for small-scale farmers to 

compete with indoor systems that are designed for maximum production, there is an opportunity 

for these farms to profitably meet the needs of niche markets. For instance, European consumers 

prefer and are willing to pay more for products from pigs that are “raised outside” (Dransfield et 

al., 2005), and deem pork to be of higher quality when the pigs experience what they consider to 

be good welfare (Thorslund et al., 2017). Canadian consumers are also ready to pay a premium 

for “traditionally raised pork”, which requires that pigs are “reared outdoors or in bedded 

settings” (Muringai et al., 2017).  

In summary, pigs housed outdoors may experience improvements in their affective state 

and their biological functioning, which in turn can contribute to job satisfaction for the producer. 

The producer may also benefit from lower capital productions costs and price premiums that 
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come with access to niche markets, and consumers that value natural living and quality of life for 

agricultural animals are able to purchase products that align with their values. 

Challenges of an outdoor production system 

Many of the benefits of an outdoor system are also associated with challenges related to 

thermoregulation, productivity, disease prevention, and biosecurity. 

Thermoregulation in an outdoor climate: heat and cold stress 

One of the obvious challenges to raising pigs outdoors is that they will be exposed to 

variable and unmitigated weather conditions. In Canada, both warm and cold weather extremes 

may have consequences for the physical and mental well-being of the animals, as well as for 

production. 

Heat or cold stress refers to the biological functioning consequences that occur when 

environmental variables combine to produce conditions outside of the animal’s thermal neutral 

zone, causing a change in body temperature (Brown-Brandl, 2018). Scientists have successfully 

recorded these changes in core body temperature at discrete time points using digital rectal 

thermometers (Cabezón et al., 2017; Malmkvist et al., 2012; Stiehler et al., 2013) and infrared 

technology to capture skin temperature (Cabezón et al., 2017; Malmkvist et al., 2012). 

Gastrointestinal (Johnson et al., 2016) or vaginal temperature loggers (Cabezón et al., 2017; 

Johnson et al., 2016; Schmidt et al., 2013; Stiehler et al., 2013) have also been used to monitor 

body temperature patterns continuously. Even with differences in methodology, rectal and 

vaginal temperatures are well-correlated (Stiehler et al., 2013).  
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Most of the research investigating the effect of housing climate on biological functioning 

in pigs has focused on heat stress, when animals are at risk of heatstroke and dehydration. 

Warmer temperatures impair heat transfer to the environment through radiation, convection and 

conduction, which then requires animals to thermoregulate using evaporation via panting and 

sweating. Pigs will increase their respiration rate in warm conditions (Vilas Boas Ribeiro et al., 

2018; Williams et al., 2013), but have non-functional sweat glands, a small lung capacity for 

their body size, and a thick layer of subcutaneous fat compared to other mammals (Bruce and 

Clark, 1979; Ingram, 1965). While modern pig breeds have been selected for more lean tissue 

growth, this trait, in addition to selection for high levels of reproduction, actually increases 

metabolic heat production (Brown-Brandl, 2001). This combination of factors leaves adult pigs 

particularly vulnerable to increases in core body temperature, or hyperthermia. Hyperthermia can 

progress to heatstroke when the associated increased cardiac output and redistribution of blood 

flow leads to further increases in core body temperature, causing inflammation, tissue damage, 

and possibly death by multi-organ dysfunction (Epstein and Yanovich, 2019). Heat stress in 

swine is also a pressing issue as global temperatures continue to rise and heat waves become 

more frequent (NOAA, 2017).  

There is evidence of the negative impact of heat stress on biological functioning and 

production in both sows (Lucy and Safranski, 2017; Vilas Boas Ribeiro et al., 2018) and growing 

and finishing pigs (Renaudeau et al., 2011), but thermoregulation challenges are particularly 

complex in sows. Due to their age, sows have a higher body weight and fat percentage compared 

to growing and finishing pigs, and their ideal environmental requirements also differ from that of 

their piglets. While authors suggest that gestating and lactating sows are most comfortable 
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physiologically between 10 and 21˚C, newborn piglets and nursery piglets have thermal comfort 

ranges of 32-38˚C and 15-27˚C respectively (Stewart and Cabezón, 2016). This problem is not 

unique to an outdoor system, as providing ideal thermal conditions for both the piglets and sows 

simultaneously with one environment is impossible, but indoor facilities will often install heat 

lamps or thermal pads in farrowing crates for piglets. In addition, the unpredictability, 

variability, and potential for extreme conditions in an outdoor facility may contribute to climate-

related consequences for both sows and their piglets. 

The potential for heat stress is often discussed in the context of the temperature humidity 

index, or THI. Thom (1959) first introduced this value as a way to measure human discomfort, 

and it was then revised by the dairy industry to evaluate how ambient temperature and humidity 

affected daily matter intake and milk yield (Kibler, 1964). THI is a useful measurement for 

livestock because temperature and moisture should be interpreted together to accurately 

represent what the animals experience (Mitchell and Kettlewell, 2008). Whittier (1993) then used 

THI to create the Livestock Weather Hazard Index which classifies THI conditions as safe (THI 

≤ 74), alert (75-78), danger (79-83), or emergency (≥84). Other guidelines have defined their 

own THI ranges depending on the location and context. The Canadian Code of Practice for pigs 

has temperature and humidity guidelines for transport that translate to THI levels of 

approximately 66 for alert and 79 for danger (National Farm Animal Care Council, 2014). 

Simple THI equations do not integrate other important factors such as wind, solar radiation, and 

duration of exposure, as well as the possibility for heat dissipation during the night or the heat 

accumulation over multiple days (Gaughan et al., 2008). St-Pierre et al. (2003), Hahn and Mader 

(1997) and Gaughan et al. (2008) have all modified the initial equation or developed updated 
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models for measuring heat loads that incorporate some of these factors, but the simple THI 

measurement persists as it is easy to calculate and does not require specialized equipment. 

There is potential for heat to negatively influence production parameters and physical 

well-being in both gestating and lactating swine. In theory, the physiological response associated 

with heat stress could decrease oxytocin levels, which in turn may prolong farrowing (Lawrence 

et al., 1992; Oliviero et al., 2008). In practice however, Muns et al. (2016) only demonstrated a 

tendency towards longer farrowing durations in heat-stressed sows and Malmkvist et al. (2012) 

found no difference in the duration of parturition between groups of sows kept at 15, 20, and 

25˚C. However, the latter study did report longer farrowing durations in sows that were exposed 

to heated floors for more time prior to farrowing. Furthermore, a review by Lucy and Safranski 

(2017) lists shorter gestation lengths, lower litter birth weights and numbers, and abortions as 

potential consequences of heat stress in pregnant sows. There is also evidence for the impacts of 

heat stress in lactating sows, particularly decreased feed intake and subsequent body weight loss 

at temperatures above 25˚C (Prunier et al., 1997; Quiniou and Noblet, 1999; Renaudeau and 

Noblet, 2001), but sows can likely compensate by increasing their feed intake during late 

lactation if temperatures are at or below this threshold (Malmkvist et al., 2012). Reduced nutrient 

intake from heat stress may also lead to lower milk production (Prunier et al., 1997; Quiniou and 

Noblet, 1999; Renaudeau and Noblet, 2001), and lactation performance may also be influenced 

by blood being redirected away from mammary tissue when body temperature rises (Renaudeau 

et al., 2003). Body temperature can rise during lactation compared to gestation even under the 

same environmental conditions (Devillers et al., 2004; Williams et al., 2013), and this rise could 

be secondary to the metabolic processes associated with lactation or due to contact with piglets. 
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Furthermore, while conditions that cause heat stress in sows are preferable for piglets 

from a thermoregulation perspective, the sow’s impaired performance is ultimately detrimental 

to her offspring. Piglets gain less weight prior to weaning in hot environments (Muns et al., 

2016; Quiniou and Noblet, 1999; Renaudeau et al., 2002; Williams et al., 2013), likely because 

the sow’s appetite and milk production is decreased when she is heat stressed (Prunier et al., 

1997; Wallenbeck et al., 2008). Nevertheless, piglets can recapture this weight post-weaning, 

especially when they are provided with creep feed at the end of lactation (Renaudeau et al., 2002; 

Renaudeau and Noblet, 2001), or if the sow is heat-stressed in gestation but kept at 

thermoneutral conditions during lactation (Lucy and Safranski, 2017). After the piglets are 

weaned, a history of heat stress may be detrimental to the sow’s reproductive performance (Clark 

et al., 1986; Johnston et al., 1999), but more recent studies under controlled temperature 

conditions did not find any difference in weaning-to-estrus intervals between heat-stressed and 

thermoneutral sows (Renaudeau and Noblet, 2001; Williams et al., 2013). This inconsistency 

again suggests that the variability in the climate is important, in addition to whether the absolute 

temperature and humidity values are extreme. Indeed, the study by Johnson et al. (2016) implies 

that there are additional negative consequences for reproduction and fetal viability when gilts are 

subjected to rapid body temperature decreases after being heat stressed.  

There is less information concerning cold stress in pigs, and the research is focused on 

piglets, who are highly vulnerable to low temperatures compared to other mammals because they 

do not have brown adipose tissue (Berg et al., 2006). In one of the few studies that directly 

measured body temperature under cold conditions, piglets that were born outdoors during the 

winter had lower rectal temperatures compared to the summer (Gueguen et al., 2000), which can 
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decrease their likelihood of survival (Baxter et al., 2009, 2008). In adult pigs, colder minimum 

temperatures may increase the risk of peripartum mortality in higher parity sows (Iida and 

Koketsu, 2014), and abruptly cold weather can negatively impact conception and farrowing rates 

(Bilkei, 1995). Pigs exposed to colder temperatures also increase their feed intake to maintain 

their body temperature, which may impact their fat deposition and lean gain (Patton et al., 2008). 

In general, more information is needed under cold environmental conditions in swine, 

particularly with experiments that directly measure changes in body temperature so that scientists 

can make specific inferences about the impact of cold stress.  

Impact of outdoor housing on production 

There are also multiple studies that document the production impacts of housing pigs 

outdoors where the authors do not measure core body temperature or conduct the experiment 

under controlled temperature and humidity conditions. To begin, outdoor systems appeared 

superior for weight gain in growing and finishing pigs when compared to fully slatted pens in the 

United Kingdom (Guy et al., 2002b), for barrows born outdoors compared to indoors in Texas 

(Gentry et al., 2002), and for finishing pigs in a hoop system compared to confinement in Iowa 

(Honeyman and Harmon, 2003). In contrast, in a study that specifically used gilts, finishing pigs 

in a hoop systems in Iowa gained less weight than those in standard confinement (Patton et al., 

2008). Finishing pigs developed more backfat in hoop systems than in confinement (Honeyman 

and Harmon, 2003), and in organic versus conventional housing (Millet et al., 2005), but this 

variable can also be impacted by the type of outdoor system used (Guy et al., 2002b). Under 

winter conditions in multiple countries, finishing pigs needed more feed to gain the same amount 

of weight as pigs in confinement (Dourmad et al., 2009; Honeyman and Harmon, 2003), but the 
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same outcome was also observed indoors by simply providing each pig with more space (Beattie 

et al., 2000), suggesting that activity level played an important role. Sows in Brazil housed in a 

semi-outdoor setting with access to a field also consumed more feed than sows in an indoor 

farrowing room, but in this case, the higher levels of feed consumption actually translated to a 

weight gain in the semi-outdoor sows, versus a weight loss in the indoor housed sows (de 

Oliveira Júnior et al., 2011). In Belgium, pigs that had outdoor access from weaning until 

slaughter had both a higher feed intake and faster growth, but this pattern translated into a lower 

meat percentage on the carcass in the outdoor pigs compared to those that were conventionally 

raised (Millet et al., 2005, 2004). Considering these results collectively, it is likely that activity 

level, climate, and shelter all interact to impact on how pigs will grow and gain weight in an 

outdoor system. 

Studies that defined production using meat quality parameters, as opposed to weight gain 

and carcass weight, also do not present a clear picture of the effects of outdoor housing on 

production. For example, gilts that were finished in a hoop environment had higher fat-free lean 

percentages and lower marbling scores, but equivalent meat colour scores to those raised in 

standard confinement (Patton et al., 2008). In contrast, Gentry et al. (2002) found that, with 

barrows, using pasture for both a birth and finishing environment had benefits for pork flavour 

intensity and meat colour, but when European scientists compared organic (i.e., outdoor) to 

conventional systems using both barrows and gilts, organic housing was detrimental to or had no 

relevant impact on meat quality (Maiorano et al., 2013; Millet et al., 2005; Olsson et al., 2003). 

Interestingly, European organic standards require an outdoor space, but not necessarily pasture 
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access, so some of the benefits reported by Gentry et al. (2002) may be attributable specifically 

to being on pasture. 

Studies that defined production with reproductive measurements have conflicting results 

as well. Stillbirths increased with rising temperatures when sows were housed outdoors in 

Denmark (Rangstrup-Christensen et al., 2017; Schild et al., 2018a) and occurred more frequently 

overall in sows with outdoor access in Sweden (Lindgren et al., 2013), but not in the United 

States (Johnson et al., 2001). Scientists in Croatia reported that outdoor sows had a “lower life-

time performance” than indoor sows based on the number of farrowings, unproductive days, 

piglets born and weaned, and the age at culling (Akos and Bilkei, 2004). In Brazil, sows in a 

semi-outdoor environment had higher levels of percent litter mortality compared to those housed 

in conventional farrowing rooms (de Oliveira Júnior et al., 2011). These findings again conflict 

with experiments in the United States that reported no differences in piglet birth and weaning 

rate between indoor and outdoor treatments (Johnson et al., 2001); however, directly comparing 

long and short-term parameters is challenging. Finally, while they could not confirm that it was 

directly caused by the environmental conditions, Akos and Bilkei (2004) noticed that piglet 

survival deteriorated when temperatures suddenly dropped, high rainfall levels were combined 

with cold temperatures, and during periods of high summer temperatures. Similarly, Rangstrup-

Christensen et al. (2018) observed higher levels of piglet mortality during the first week of life in 

the summer compared to the rest of the year when sows were either kept on pasture or had access 

to an outdoor enclosure. While the thermal environment is not always ideal in conventional 

housing systems, the variation in weather and exposure to precipitation may be an additional 

challenge for outdoor piglets. 
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While the outdoor climate likely influences the production effects observed in these 

experiments, it is challenging to separate this impact from other factors. For instance, altered 

behaviour and disease processes may also contribute to production differences between indoor- 

and outdoor-housed pigs, and to complicate the situation further, these factors could feasibly 

interact with thermoregulation challenges.  

Before trying to evaluate whether an outdoor housing environment has a positive or 

negative impact on production, it is also important to consider the wide range of conditions that 

can be classified as “outdoor”. Study conditions vary in their local climate, seasonal timing, 

access to shelter, and type of shelter provided, not to mention the variety in the sex, age, and 

reproductive status of the experimental animals. Authors also vary in the production parameters 

they choose to measure and how these parameters are defined, and how much weight is 

attributed to each. It is therefore unsurprising that there is some confusion about how pigs 

perform in an outdoor system compared to their indoor counterparts. 

Other challenges related to biological functioning 

Control of parasites is an important part of any swine health management strategy, 

regardless of production system, but studies in Europe suggest that it is a particular challenge on 

organic farms with outdoor access (Nansen and Roepstorff, 1999; Roepstorff et al., 2011). 

Without the ability to thoroughly disinfect and steam clean an outdoor environment, the 

environmentally resistant helminth eggs of Ascaris suum and Trichuris suis can accumulate in 

the soil and present an infection risk for many years (Roepstorff et al., 2011). These species may 

not lead to clinical signs in adult pigs, but nevertheless can have a financial impact by increasing 

liver condemnations (Roepstorff, 2003), or lowering feed efficiency (Miao et al., 2004). As 



 

 

21 

 

previously mentioned however, there are many interacting factors that dictate the success of pigs 

in an outdoor environment, and outdoor pigs with higher parasite burdens are not automatically 

less productive than their indoor counterparts (Jolie et al., 1998). Controlling flies and the 

associated disease transmission risk is also difficult outdoors, but can be reasonably addressed 

with monitoring and preventing fly breeding sites (Meerburg et al., 2007). Predation is also a 

concern in an outdoor system, especially those with permeable fencing or adjacent natural 

vegetation, and there are reports of wild canids entering paddocks and removing piglets (Fleming 

et al., 2016). 

Another question that has received attention is whether outdoor housing systems increase 

the risk of locomotion problems and joint condemnation at slaughter in pigs. In Europe, there are 

data to support a higher rate of joint condemnation in organic pigs compared to conventional 

pigs (Etterlin et al., 2014; Hansson et al., 2000). However, whether these joint lesions actually 

translate to more clinical lameness in outdoor pigs is not clear. Botermans et al. (2015) did not 

detect any additional locomotion issues in pigs with access to pasture compared to those without, 

and although the pigs in a deep litter housing system had increased problems compared to a 

straw-flow system, this may have been due to variations in floor height between areas of the 

deep litter pens. In addition, while Etterlin et al. (2015) found that joint lesions were more 

frequent in free-range compared to conventionally raised pigs, there was no difference in clinical 

lameness between the two groups. Commercial pigs have not been selected for good locomotion 

traits and the activity associated with outdoor housing may lead to more joint lesions; however, 

the bedding surface and terrain may be more important than the outdoor access per se 

(Botermans et al., 2015), and the additional exercise may even be protective against clinical 
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lameness (Etterlin et al., 2015). These studies were all performed in growing and finishing pigs, 

but locomotion is also a concern for sows who are heavier and older by comparison, and may 

also spend a greater percentage of their lifetime with locomotion difficulties if they develop early 

in life. According to data collected in Europe, sows in outdoor, organic herds have a significantly 

lower risk of lameness (OR=0.28, p=<0.001) compared to conventionally housed sows (Kilbride 

et al., 2009) and within organic herds, scientists have observed a lower prevalence of lameness in 

sows housed outdoors year-round in comparison to indoor or combination indoor-outdoor 

housing (Leeb et al., 2019). In addition, sows housed on slatted floors have a higher risk of gait 

abnormalities compared to sows on concrete floors with bedding, or outdoor sows on soil 

(Knage-Rasmussen et al., 2013). It appears that for sows at least, living outdoors can have 

positive outcomes for locomotion.  

A final challenge to using outdoor systems in Canada worth noting is the emergence of 

wild pig populations. While most of the Canadian population is found in the Prairie Provinces, 

this species has a wide range and also has regional populations in Ontario and Québec (Aschim 

and Brook, 2019). In the United States, and likely also Canada, wild pigs can act as a reservoir 

for diseases that could threaten the health of the herd, as well as international trade opportunities 

(Bevins et al., 2014; Miller et al., 2013; Witmer et al., 2003). Unfortunately, outdoor pigs have a 

greater prospect of coming into contact with feral swine than those that are conventionally 

housed, as well as other wildlife that can carry and transmit consequential swine diseases 

(Delsart et al., 2020). 
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Challenges for affective state 

While an outdoor environment poses many benefits from a psychological perspective, 

outdoor pigs can certainly experience negative feelings, especially in a challenging thermal 

environment. If warm or variable conditions do contribute to a longer farrowing duration (Muns 

et al., 2016), then an outdoor environment may prolong an experience that is almost certainly 

painful (Mainau and Manteca, 2011). Thermal discomfort also represents a negative affective 

experience (Mellor, 2017), and may be more difficult to prevent when animals are directly 

exposed to the weather. Higher temperatures and wind velocities are inherently unpleasant but 

can also increase frustration when the animal is unable to resolve its situation, leading to more 

agonistic behaviours between herd-mates (Olczak et al., 2015).  

By default, sows are kept in groups instead of individual stalls when housed in outdoor 

facilities, allowing for agonistic interactions. Aggression between unfamiliar sows can lead to 

potentially painful skin wounds (Barnett et al., 1996; Leeb et al., 2001), but also to a 

physiological stress response (Couret et al., 2009; O’Connell et al., 2003) and altered standing 

and lying behaviour (Krauss and Hoy, 2011; O’Connell et al., 2003), which may indicate 

negative subjective states like fear and anxiety. When housed indoors, sows that are lower in the 

social ranking may also have less access to food, water, better lying areas, or enrichment (Elmore 

et al., 2011; O’Connell et al., 2003). These challenges may not extend to an outdoor environment 

however, where the higher space allowance per sow and overall complexity of the environment 

could feasibly reduce contact between sows, competition for resources, and therefore aggression. 

Indeed, Parrini et al. (2019) rarely observed aggressive interactions between growing pigs kept 

outdoors in Italy. Furthermore, there are multiple management strategies that can reduce 
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agonistic interactions, such as waiting longer to mix sows after breeding (Strawford et al., 2008), 

housing sows in more static groups (Durrell et al., 2002; Krauss and Hoy, 2011), or using 

feeding stalls (Barnett et al., 1992; Chapinal et al., 2010). Despite the potential challenges, the 

global swine industry is moving towards group-housing as a mandate; it is already legally 

required for pregnant sows for a portion of gestation in the European Union (Council directive 

2001/88/EC, 2001), and as of July 2014 in Canada, industry standards require that new facilities 

allow for group housing of sows and gilts during gestation (National Farm Animal Care Council, 

2014). In summary, inter-sow aggression is a factor to consider, but not necessarily an obstacle, 

for outdoor housing systems. In fact, further research is warranted on whether outdoor housing 

systems present a solution to inter-sow aggression in a group environment.  

In summary, the complexity and unpredictability of an outdoor environment extends to 

the climate, and weather variability can impact the biological functioning and production 

parameters of the pigs. Pigs may also be less productive in an outdoor environment for other 

reasons, such as higher activity levels or different disease processes, but it is difficult to 

characterize the impact of individual factors in field experiments with uncontrolled temperature 

conditions. Although there is evidence that variable or extreme weather impacts pigs, there is 

still uncertainty about whether being housed outdoors has a net positive or negative impact on 

physical health and production, and therefore the producer’s financial return. In addition to the 

weather, outdoor housing systems may also present new challenges related to biosecurity and 

disease prevention.  
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Behavioural responses to heat in swine 

As mentioned above, pigs are inherently vulnerable to heat stress because their 

physiology and metabolism are optimized for production. Nonetheless, pigs are able to modify 

their behaviour to help maintain a normal body temperature. Certain behavioural changes are 

observable regardless of housing system, such as changes in lying posture, feed intake and 

drinking. Other thermoregulatory behaviours, such as wallowing or shade seeking, can only be 

realized when pigs have the space and environmental features to do so. 

Modification of routine behaviours 

Level of activity 

As air temperature increases, pigs under commercial conditions generally lower their 

activity level (Olczak et al., 2015), presumably as a way to reduce metabolic heat production. 

Malmkvist et al. (2012) also observed less activity in pigs exposed to more heat when they 

applied floor heating, as opposed to air temperature, as an experimental treatment. It follows that 

if pigs are less active in warm conditions, they will spend more time resting, and likely more 

time lying down. Indeed, researchers have observed that a higher percentage of the herd will be 

found lying down at high air temperatures, regardless of whether the animals are sows, boars, 

weaners or growers (Blackshaw and Blackshaw, 1994). The total duration of lying is also 

positively correlated with higher air temperatures in pigs (Olsen et al., 2001). In sows and gilts 

specifically, lower levels of activity under hot conditions often manifest as a higher percentage 

of time spent lying down, and a lower percentage of time spent standing and/or sitting in an 

upright position (Canaday et al., 2013; Lucy and Safranski, 2017; Renaudeau et al., 2003) 

Compared to sows kept in thermoneutral conditions, heat-stressed sows in gestation may also 
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allocate less time to rooting activities and more time to sleeping, which could also mean lower 

activity overall (Lucy and Safranski, 2017). In contrast, a study by Kelley and Curtis (1978) did 

not find a difference in activity between sows and gilts kept at thermoneutral versus heat-stress 

conditions from late gestation to early lactation when activity was defined by the number of 

standing events, time spent standing, and time spent sitting. However, this analysis incorporated 

the behaviour around farrowing when sows tend to be active no matter what, possibly skewing 

the final results. Interestingly, sows in farrowing crates that were exposed to heat but then 

provided with a cooling pad changed postures less frequently than sows without the cooling pad 

(Parois et al., 2018), but the number of posture changes may represent discomfort rather than a 

motivation to increase activity. Indeed, other researchers have found that gilts kept in a hot 

environment changed postures more often than those in a neutral or cold environment (Canaday 

et al., 2013). In certain experiments, activity seems to be more closely related to the time of day 

(Malmkvist et al., 2012) or to the stage of the reproductive cycle (Buckner et al., 1998) than to 

the air temperature, thus these factors should also be accounted for when searching for patterns 

in thermoregulatory behaviour related to activity. 

Lying posture 

Other characteristics of lying behaviour besides duration and frequency are also 

important for thermoregulation purposes, as the animal’s lying posture, absolute location, and 

location relative to other pigs is impacted by climate as well. Lying laterally may be particularly 

important for cooling, as crated sows with limited posture choices exposed to warm conditions 

spent more time in the lateral position both before and after farrowing, but the same amount of 

time lying overall as the control group (Muns et al., 2016). Lying posture was also influenced by 
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the environmental temperature in crated gilts, with animals in a 30˚C room spending more time 

lying laterally than the animals in a 15˚C room (Canaday et al., 2013). Likewise, in growing-

finishing pigs housed in an open pen, lateral lying increased with higher temperatures (Aarnink 

et al.; Ducreux et al., 2002; Huynh et al., 2005; Pedersen et al., 2003). Interestingly, sows and 

gilts in warm conditions also spend less time lying ventrally (Canaday et al., 2013; Malmkvist et 

al., 2012; Olsen et al., 2001), which suggests that the lateral and ventral positions are useful for 

discharging and conserving body heat respectively. The environmental conditions will also 

impact where pigs choose to lie down. If given the option, pigs will often rest on concrete or 

slatted floors instead of on bedding in warmer conditions (Ducreux et al., 2002) and will also 

choose slatted over solid floors because they tend to be cooler (Huynh et al., 2005, 2004). An 

important exception is in periparturient sows, who will not necessarily avoid a warm floor during 

farrowing (Malmkvist et al., 2012) or after farrowing (Pedersen et al., 2007), even under 

conditions that could lead to heat stress. Finally, pigs will lie in contact with other pigs, or 

“huddle”, less frequently at higher air temperatures, regardless of whether they are lying laterally 

or ventrally (Aarnink et al., 2006; Huynh et al., 2005; Olsen et al., 2001; Pedersen et al., 2003). 

Other behaviours: eating, drinking, rooting, nursing, nest building 

As previously mentioned, sows will decrease their feed intake in temperatures above 

25˚C (Prunier et al., 1997; Quiniou and Noblet, 1999; Renaudeau and Noblet, 2001), and this 

pattern holds true even below this temperature threshold when humidity levels are high (Silva et 

al., 2009). Even though sweat is not a means of thermoregulation, pigs also increase their water 

intake as the air temperature rises (Malmkvist et al., 2012; Olczak et al., 2015), presumably to 

replace the body water lost during respiration. Scientists have also seen an impact of climate on 
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rooting behaviour (Olsen et al., 2001), and some suspect that as temperatures exceed 20˚C, the 

motivation for rooting behaviour switches from foraging or nest building to thermoregulation as 

rooting in water or mud can have a cooling effect (Andresen and Redbo, 1999). Sows also 

modify their periparturient behaviour based on the climate, although their primary motivation is 

seemingly to create an optimal thermal environment for their piglets. For instance, sows will 

allocate more time towards nest building as the air temperature decreases (Malmkvist et al., 

2012), and will substitute lying for nest building at higher temperatures (Olczak et al., 2015). 

This finding is intuitive, as nest building functions to protect the thermal needs of the piglets at 

cooler temperatures (Algers and Jensen, 1990). As previously mentioned, sows will not deselect 

a warm floor as a farrowing location even as temperatures increase beyond what may be 

comfortable (Malmkvist et al., 2012; Pedersen et al., 2007), prioritizing the thermal comfort of 

their piglets above their own.  

Shade seeking 

Not surprisingly, adult and growing pigs kept outdoors will reliably seek shade when 

temperatures exceed 25˚C, but like activity and posture, shade-seeking behaviour may be 

influenced by interactions between time of day and air temperature (Blackshaw and Blackshaw, 

1994). Sunny weather will also decrease the percentage of the herd found outdoors when pigs 

have the option to move between an indoor and outdoor environment (Olsen et al., 2001). 

Farrowing huts offer shade to sows housed outdoors, but the internal temperature can still be 

very high (Randolph et al., 2005; Schild et al., 2018a), and therefore may not actually provide 

any relief (Schild et al., 2018b). Indeed, sows housed in a pen that had a shaded forest area 

decreased their use of farrowing huts as the internal temperature of the hut increased (Schild et 



 

 

29 

 

al., 2018b), implying that sows can be selective about the type of shade they choose to regulate 

their body temperature. Similarly, sows that were able to choose between sun, the shade 

provided by trees, and the shade provided by a man-made structure preferred the natural shade, 

which was also where the environment was the coolest (Mós et al., 2020).  

 

Wallowing 

Wallowing is when a pig covers its skin in water, mud, or a similar substance, often after 

digging and rooting to access the substrate (Bracke, 2011). They may actively shake, stretch, 

kick and roll around to coat as much of the body surface as possible, or alternatively may 

passively stand or lie in a pool of water or mud (Dellmeier and Friend, 1991). 

Standard commercial conditions rarely have wallowing facilities for pigs, which may 

represent a lost opportunity for pigs to behaviourally thermoregulate or to engage in a potentially 

rewarding behaviour. Although wallowing has received comparatively little attention relative to 

other natural behaviours in pigs, many studies have demonstrated the value of this behaviour in a 

warm climate, and certain experiments suggest that it may have other functions as well. In 

addition, the public perceives wallowing to be important to the quality of life of pigs (Lassen et 

al., 2006), which potentially represents a financial opportunity for farmers.  

Wallowing for thermoregulation 

Multiple studies have cited a positive relationship between air temperature and wallowing 

in pigs (Huynh et al., 2007, 2005; Olsen et al., 2001; Mós et al., 2020). Huynh et al. (2007) also 

found that wallowing will increase as skin temperature rises, and emphasized the importance of 
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evaporative cooling mechanisms when pigs are exposed to high temperatures in combination 

with high relative humidity. Pigs will even wallow more often at thermoneutral temperatures 

when humidity values are high (Huynh et al., 2006, 2005), as heat transfer to the environment 

becomes more challenging in these conditions, and they will begin to use their own feces and 

urine for wallowing when they do not have access to a mud or water pool (Aarnink et al., 2006; 

Spoolder et al., 2012). In general, mud-like substances are more effective than pure water for 

evaporative heat loss, as the water within the mud evaporates more slowly and provides long-

term thermoregulation benefits (Ingram, 1965).  

Function of wallowing beyond thermoregulation 

Scientists have also observed connections between wallowing and other activities, such 

as eating, drinking, urination, defecation, and exploratory behaviour, and some studies have 

suggested that wallowing plays a role in ectoparasite prevention, sun protection, social 

interactions, play and sexual behaviour (Bracke, 2011). Based on the available literature, it is 

difficult to be certain about the motivations for wallowing beyond thermoregulation; however, it 

is likely that pigs are internally motivated to wallow even when their basic needs, including 

thermoregulation, are met (Bracke, 2011). For instance, multiple studies have reported an 

increase in rooting and other oral behaviours directed towards the wallow above certain 

temperature thresholds, but found that pigs will use the wallow across all climatic conditions 

(Andresen and Redbo, 1999; Olsen et al., 2001). These authors propose that the motivation for 

wallowing is thermal comfort and temperature regulation beyond a certain temperature, but 

exploration and foraging below this threshold. Older papers have also reported wallowing across 

a wide temperature range during the winter, although the duration and frequency of wallowing 
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decreased at lower temperatures (Buckner et al., 1998; Stolba and Wood-Gush, 1989). So far, to 

our knowledge, no study has demonstrated that pigs will enter a wallow when their body 

temperature is within their thermoneutral zone, or across a range of body temperatures, which 

would provide strong evidence that the motivation for wallowing extends beyond 

thermoregulation.  

Optimal outdoor pen design for swine 

Although research on outdoor housing systems for swine is lacking in Canada, studies 

performed in other countries provide a starting point for outdoor pen designs and management 

strategies that can meet both the behavioural and thermoregulatory needs of pigs. As described 

above, sows and piglets are particularly challenging to manage together because they have 

distinct thermal comfort zones, so a housing system that allows both the piglets and sows to 

behaviourally thermoregulate is ideal.  

As mentioned previously, wallowing is an effective method of evaporative heat loss, and 

may even counteract the negative relationship between high temperatures and feed intake (Miao 

et al., 2004). Shaded wallows are likely ideal because they provide sun protection and cooler 

temperatures at the surface, but wallows in a sunny location are still beneficial, as the deep mud 

profiles stay cool (Johnson et al., 2008) and the mud coating may help prevent sunburn (Miao et 

al., 2004). In a location where climate conditions can be both variable and extreme, providing a 

wallow is likely a vital management strategy for preventing heat stress. In addition to the positive 

impact on biological functioning, we know that pigs are motivated to wallow across a wide 

temperature range (Bracke, 2011) and therefore that access to a water or mud pool has potential 

benefits for affective state. Providing a wallow will also reduce the likelihood that pigs will roll 
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in their urine or feces to cool down (Aarnink et al., 2006; Spoolder et al., 2012), which can create 

management challenges.  

Pigs housed outdoors should have shaded areas that provide protection from the sun as 

well as cooler temperatures (Miao et al., 2004), but not all shade is created equal. For instance, 

shade created by trees is preferred by sows and provides a more comfortable thermal 

environment compared to shade from an artificial structure (Mós et al., 2020). For lactating 

sows, farrowing huts provide sun protection but may still have high internal temperatures during 

the summer (Randolph et al., 2005; Schild et al., 2018a), so sows may benefit from also having 

access to shade created by trees (Schild et al., 2018b). Nevertheless, farrowing huts are an 

important feature of the housing system when sows are kept outdoors with their offspring, as 

they offer shelter from inclement weather and a warm environment for the piglets. The hut 

design can also be modified to suit the specific scenario. For instance, outfitting farrowing huts 

with fenders can prevent the piglets from following the sow outside (Johnson and McGlone, 

2003), which is useful because piglets will prioritize staying close to the sow over warmth, 

which is detrimental to their survival (Vasdal et al., 2010). Furthermore, wooden huts may 

provide a more comfortable environment for sows during the summer compared to conventional 

steel huts, while plastic may be preferable during the winter (Choi et al., 2014). There was no 

impact of hut insulation on the performance of sows and piglets in a study performed in Texas 

(Johnson and McGlone, 2003), but this may be a more useful modification to evaluate in a 

Canadian climate where winter temperatures are colder. 

The ideal outdoor environment would also include a pasture or rooting yard, as pigs are 

likely motivated to forage even when they are provided with concentrate feed (Dailey and 
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McGlone, 1997b). Providing a pasture or rooting yard can also improve pig hygiene and reduce 

nitrogen emissions associated with urine and feces as compared to an outdoor concrete area, 

especially if the rooting material contains peat (Olsson et al., 2016). Outdoor systems are also 

more environmentally friendly if forage is used to meet a significant portion of the pig’s energy 

requirements (Halberg et al., 2010), and when good nutrient management techniques are used to 

prevent nitrogen pollution of the surrounding environment (Eriksen et al., 2002). To decrease the 

risk of lameness or flooding, the pasture area should be as flat as possible, have good drainage 

and be without stones (Miao et al., 2004).  

There are also management strategies that can be employed to reduce the impact of a 

warm and/or variable climate on pigs in an outdoor facility. Feeding a diet with a lower crude 

protein level to sows can counteract the negative effects of high temperatures on feed intake and 

weight loss without decreasing milk yield (Renaudeau et al., 2002), as these diets may decrease 

the metabolic heat production attributable to lactation while still meeting nutritional 

requirements (Zhang et al., 2020). Using heritage breeds or selective breeding to create 

genotypes that are adapted to an outdoor environment is also a promising method of preserving 

the high levels of feed efficiency that are associated with conventional systems (Miao et al., 

2004), and these breeds are already favoured on outdoor organic farms in Europe (Leeb et al., 

2019).  

Conclusions and objectives 

Outdoor, pasture-based housing and farrowing facilities for sows bear little resemblance 

to conventional systems, and embracing the opportunities and challenges they present requires a 

shift in philosophy about the goals of swine agriculture. An intensive indoor operation will likely 
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sustain a higher level of production than even a sophisticated outdoor housing system, but 

housing sows in a way that restricts movement, social interactions, and internally motivated 

behaviours is concerning for their affective states. These systems are also troubling to the public 

(Ryan et al., 2015), and the swine industry risks losing its social license to operate if it is unable 

to address the growing concerns of consumers. While there are no currently binding 

requirements in Canada for outdoor access unless the farm is certified organic, there is consumer 

demand for pigs that are raised in an outdoor setting. New management challenges will 

inevitably arise when alternative systems are implemented, and in Canada, preventing the 

negative impact of an outdoor climate, particularly heat stress, may be the most important 

problem to solve. More research is needed to investigate solutions to this challenge in 

anticipation of the evolving social ethics of the Canadian public, as in the future, the industry 

may be asked to implement major changes in housing practices. In fact, some companies have 

already begun to phase out individual stall housing in response to public demand. Canadian 

company Maple Leaf Foods has made a public commitment to transition all of their facilities for 

gestating sows to an open-concept, group housing system that claims to reduce the risk of 

aggressive behaviour and encourage movement, and has implemented management protocols 

that reduce the time in confinement for lactating and breeding sows (Maple Leaf Foods, 2018). 

Smithfield Foods in the United States has also transitioned all of their gestating sows to group 

housing on company owned farms (Smithfield Foods, 2018).  

The research presented in this thesis will characterize the behavioural and physiological 

response of sows living in an outdoor environment to different temperature and humidity 

conditions in Canada, and by assessing the importance of different behaviours to 
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thermoregulation, will work towards solving and preventing problems associated with heat 

stress. The first objective is to describe the relationship between the environmental conditions 

and the behavioural time budgets of gestating and lactating sows living outdoors in Canada 

during the summer, with a particular focus on the wallow, farrowing hut, and shade. The second 

objective is to investigate how the sows’ core body temperature and respiration rates are 

influenced by the environmental conditions, the stage of reproduction, and the sows’ behaviour.  
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CHAPTER 2: TO WALLOW OR NURSE: SOWS HOUSED 
OUTDOORS HAVE DISTINCTIVE APPROACHES TO 

THERMOREGULATION IN GESTATION AND LACTATION 

Abstract 

The objective of this study was to determine which behaviours may be important for 

thermoregulation when gestating and lactating sows are housed outdoors in Québec, Canada 

during the summer. We kept six groups of four Yorkshire-Landrace sows, from July to 

September 2018, in outdoor paddocks outfitted with a wallow, shade structure, waterer, feeding 

stalls, individual farrowing huts and a pasture. From week 15 of gestation to week 3 of lactation, 

we recorded the location of each sow during five daily observation periods (5 days/week), each 

consisting of 15 consecutive scan samples at 1-min intervals. Simultaneously, we monitored 

environmental conditions with temperature and humidity loggers. We analyzed the impact of day 

relative to farrowing and the temperature humidity index (THI) on the percent of daily 

observations in the wallow, shade, and farrowing hut with polynomial regression models, with 

day and THI as covariates and the sow as the subject of repeated measures. In gestation, sows 

were mainly observed in the wallow (40±2% of observations), while in lactation, sows were 

primarily observed in the huts (54±17%) and were only in the wallow for 6±4% of observations. 

THI was associated with the percent of observations in the wallow (P<0.001) during both 

gestation and lactation. Day also had a significant association with wallowing; gestating sows 

were observed in the wallow more often as farrowing drew nearer (P=0.029), while lactating 

sows were observed in the wallow more often as the number of days since farrowing increased 

(P<0.0001). In gestation, THI was negatively associated with the percent of observations in the 

farrowing hut (P<0.0001); however, in lactation, only day predicted the use of the farrowing hut 
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in a non-linear fashion (P<0.01). In gestation, the sows’ wallow use was associated with THI. 

However, lactating sows exhibited low wallow usage even when THI was high, instead 

prioritizing the farrowing hut, especially in the first few days after farrowing. The differences 

between gestation and lactation in the timing and frequency of the sows’ use of the wallow and 

farrowing hut may indicate a conflict of motivation between thermoregulatory and maternal 

behaviours when sows are nursing their piglets. 

Introduction 

While still uncommon practice in Canada, keeping sows and their piglets outdoors could 

offer potential benefits to the animals, the producer, and consumers. Outdoor housing systems 

are inherently richer in stimuli and complexity than indoor systems, and both adult pigs and 

piglets are more active and explore more when kept outdoors (Hötzel et al., 2004; Johnson et al., 

2001; Nakamura et al., 2011). Sows will also engage in foraging behaviour when fresh grass is 

available, which may satisfy a motivation for rooting and chewing that exists even when dietary 

energy requirements are otherwise met (Dailey and McGlone, 1997).  

An outdoor environment typically also has more space than indoor housing, even if sows 

are group housed. Studies that based their stocking rates on European guidelines kept sows at 

27.5 animals per hectare (Eriksen et al., 2006), and some types of grass require even lower 

stocking rates (Pietrosemoli et al., 2020). These rates are much lower than what is required for 

indoor pigs in Canada (National Farm Animal Care Council, 2014). In addition to expanding 

behavioural opportunities, the extra space also allows pigs to exert agency, which has positive 

implications for affective state (Mellor, 2017). The opportunity to make choices about their 

environment may be particularly valuable to lactating sows who, when housed in farrowing 
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crates, must always be in close contact with their litter and have limited abilities to make choices 

about their location or posture. If given the choice, sows elect to spend time away from their 

piglets (Pitts et al., 2002), but can still meet their nursing needs (Hötzel et al., 2004; Johnson et 

al., 2001). 

However, the complexity and naturalness of an outdoor system is also associated with 

challenges. Sows and piglets raised outdoors will be exposed to variable weather conditions, and 

warm weather extremes may have consequences for the physical and mental well-being of the 

animals, as well as for production. Sows who are heat-stressed during gestation may have shorter 

gestation lengths, lower litter birth weights and numbers, and higher abortions rates (Lucy and 

Safranski, 2017). In lactating sows, feed intake decreases at temperatures above 25˚C, which can 

lead to weight loss and lower milk production (Prunier et al., 1997; Quiniou and Noblet, 1999; 

Renaudeau and Noblet, 2001), and may explain why piglets gain less weight prior to weaning in 

hot environments (Muns et al., 2016; Renaudeau et al., 2002; Williams et al., 2013). Thermal 

discomfort also represents a negative affective experience (Mellor, 2017), which may be more 

difficult to prevent when animals are directly exposed to the weather. In addition, piglets have a 

much higher thermal comfort zone than sows (Stewart and Cabezón, 2016), which means that an 

ideal thermal environment for piglets could potentially lead to heat stress in sows.  

Given the opportunity, pigs can modify their behaviour to maintain a normal body 

temperature in warm conditions, which may allow them to be kept outdoors without 

consequences. For instance, as air temperature increases, pigs under commercial conditions 

generally lower their activity level (Olczak et al., 2015), and spend more time lying down 

(Canaday et al., 2013), presumably as a way to reduce metabolic heat production, or increase 
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heat loss by conduction via the ground. Other thermoregulatory behaviours, such as wallowing 

or shade seeking, can only be realized when pigs have the space and environmental resources to 

do so. Sows kept outdoors seek shade above 25˚C (Blackshaw and Blackshaw, 1994), and there 

is also a positive relationship between air temperature and wallowing (Huynh et al., 2007, 2005; 

Olsen et al., 2001; Mós et al., 2020). Although wallowing has received comparatively little 

attention relative to other behaviours, it may be a valuable strategy for pigs in warm weather. 

Standard indoor commercial systems don’t include wallowing facilities, which may represent a 

lost opportunity for pigs to thermoregulate or to engage in a potentially rewarding behaviour, as 

suggested by Bracke (2011), without having to use their own feces and urine (Aarnink et al., 

2006; Spoolder et al., 2012).  

Despite the opportunities that outdoor pasture-based systems present, research on how 

pigs behave in this setting in Canada is lacking, both generally and in the context of 

thermoregulation. The aim of this study was to characterize the behaviour of gestating and 

lactating sows living in an outdoor housing system in the summer, and how it changes based on 

climatic conditions and the stage of reproduction. In particular, we focused on three resources 

deemed relevant to thermoregulation: the wallow, the farrowing hut, and the shade. We predicted 

that 1) behaviour profiles would differ between gestation and lactation, and 2) the sows’ location 

would be influenced by climatic conditions, with more observations in the wallow and shade in 

warmer conditions. 

Materials and Methods 

The experiment was conducted on sows housed in an outdoor, pasture-based system 

between May and October of 2018 at the Sherbrooke Research and Development Centre of 
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Agriculture and Agri-Food Canada (SRDC, QC, Canada) during the last two weeks of gestation 

(weeks 15 and 16 of gestation), the farrowing event, and the first 2-3 weeks of lactation. We 

collected data on the environmental conditions and the sows’ behaviour during the daytime from 

July to September. The Institutional Animal Care Committee at the SRDC reviewed the 

procedures (authorization # 547) in accordance with the guidelines of the Canadian Council on 

Animal Care (CCAC, 2009) and the Code of Practice for the Care and Handling of Pigs 

(National Farm Animal Card Council, 2014). 

Animals 

We conducted the experiment on 24 second-parity Yorkshire × Landrace sows 

inseminated with Duroc semen. The sows were sourced from the SRDC indoor facility where 

they had completed their first parity. Average body weight and backfat (± SD) at insemination 

were 205.4±11.5 kg and 17.0±2.5 mm, respectively. The 24 sows were divided into six groups 

(four sows/group), dewormed, and then moved to an outdoor environment at weeks 8 (groups 1, 

2 & 3), 11 (groups 4 & 5) or 12 (group 6) of gestation. The commencement of groups in the 

study was staggered by 1-2 weeks, with the first group having been inseminated mid-March and 

moved outside in mid-May. Data collection occurred from July to September, meaning that 

groups were exposed to different climatic conditions depending on their start date.  

Each group had at least 2 weeks of habituation to the outdoors prior to the first 

behavioural observation (see Housing for more details). Sows in Groups 1, 2, 4 and 6 were 

simultaneously involved in an experiment looking at forage preferences between weeks 8 and 11 

of gestation (Aubé et al., 2019). A detailed timeline for each of the six groups is included in 

Appendix A. 



 

 

55 

 

Housing 

After being transferred to the outdoor system, sows were kept in their groups of four for 

at least one week in a bare ground area (20×25 m), which included a shelter with three walls and 

straw bedding underneath (3×3 m, Figure 2.1A), an automatic bowl waterer with a float, a 

feeding pen (2.5×2.5m) with individual stalls and a wallow (Figure 2.1B). The straw in the 

shelter was replaced when it became soiled – at the discretion of the care staff. The wallow was 

dug before the arrival of the sows to create a round hole (3-4 m diameter, 15 cm deep) and was 

sprayed with water throughout the experiment no more than 2 times/day to maintain a muddy 

consistency that would allow it to remain on the pigs’ skin. This section of the pen was known as 

the “permanent area”.  

Sows were then additionally given access to a mixed legume-grass pasture plot (25×50m) 

next to the permanent area, 1-4 weeks later depending on their participation in the parallel study 

on forage preference. Depending on the week the group was moved outdoors, sows lived in this 

set-up for 2-6 weeks, with access to this first pasture for 1-5 weeks before the start of 

behavioural observations. 

At the end of the 14th week of gestation, the first pasture plot and the part of the 

permanent area containing the shelter were sectioned-off with electric fencing. We did not want 

the sows to use the shelter after farrowing because of the risk of crushing piglets while lying 

down against the walls. Sows still had access to the part of the permanent area containing the 

wallow and drinker, and they continued to be fed in the individual stalls until farrowing. The 

sows were then given access to a new mixed legume-grass pasture (25×40m), adjacent to the 

permanent area, containing four wooden modified A-frame farrowing huts (Figure 2.1C). A 
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rectangular portable shade structure was also placed at the boundary of the permanent area and 

the pasture (3.05×6.1 m; METEC Metal Technology Inc., Vankleek Hill, ON, Canada; Figure 

2.1C). Solar protection was provided by a black shade cloth placed flat as the roof of the 

structure (80% of solar radiation protection; GGS Structures Inc., Lincoln, Ontario, Canada). 

Two of the huts were designed for additional ventilation with openings in the roof which were 

opened when ambient temperature exceeded 20°C (Figure 2.1F). The huts were furnished with 

straw (10-12 cm deep; minimum 22 kg as recommended by Berger et al. (1997)). After 

farrowing, any wet, soiled straw was replaced with dry straw. Both the farrowing huts and the 

shade structure were removed approximately 2 weeks after the last sow of the group had 

farrowed, and sows were granted access to the communal shelter again, as lactating animals from 

the same herd and housing system in a different study (N. Devillers, personal communication, 

May 16, 2021) spent less than 20% of their time in the huts during the day by day 14, and 

crushing risk in the shelter was low by this point. Figure 2.2 depicts the overall site layout and 

relative location of the different environmental features.  

Farm personnel entered the pen in the morning before 10:00 am and between 2:00 and 

3:00 pm daily to replace bedding or food, except on farrowing days when they were in the pen as 

needed. 
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Figure 2.1: The three-walled shelter (A), wallow (B), shade structure with farrowing huts and 
wallow (C), feeders for lactating sows (D), standard farrowing hut (E), and farrowing hut with 
extra ventilation (F). 
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Figure 2.2: Layout (not to scale) of the experimental paddock composed of the second pasture 
(green background) and the 25 x 20m permanent area (light grey background). 

Feeding 

During gestation while outdoors, sows were fed individually once daily between 8:00 and 

10:00 am with concentrate feed (composed mainly of corn, barley, and soybean meal, 

12.74 MJ ME/kg DM, 13% CP, Nutreco Canada, St-Hyacinthe, QC, Canada) at 100% of their 

energy requirement. Feed was reduced to 90% of their energy requirement when the sows first 

went on pasture to encourage grazing; sows did not have a nose ring fitted that would impact 

grazing behaviour. The energy requirements were calculated at the beginning of gestation using 

INRAPorc® software (Dourmad et al., 2008), and accounted for the average historical ambient 

temperature and the energy expenditure from physical activity. Pasture plots were a third year 

pasture sown with a mix of red clover (7 kg/ha), timothy (7 kg/ha), birdsfoot trefoil (5 kg/ha), 
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meadow bromegrass (5 kg/ha), and Kentucky bluegrass (3 kg/ha). At day 100 of gestation 

(approximately week 14), each sow was provided with an additional 500 g of concentrate feed to 

meet the additional energy requirements of late pregnancy. Sows were fed in individual stalls 

during gestation. On the day of farrowing, sows were offered 1 kg of lactation concentrate diet 

(composed mainly of corn, barley, and soybean meal, 14.8 MJ ME/kg, 19.7% CP, Nutreco 

Canada, St-Hyacinthe, QC, Canada), and from day 2 of lactation onwards, sows had ad libitum 

access to the same lactation concentrate diet, which was provided in troughs in the permanent 

area (Figure 2.1D). Clean water was available ad libitum throughout the experiment. To ensure 

the feeding protocol was appropriate, body weight and backfat were assessed at insemination, 7 

and 13 weeks of gestation and 1 and 4 weeks of lactation. Backfat measurements were performed 

by ultrasonography (WED-3000, Shenzhen WELL D Medical Electronics Co., Ltd., Shenzhen, 

China) at the P2 position, found at the level of the last rib and 65 mm off the midline. 

Environmental recording 

Ambient temperature and relative humidity (RH) values for each of the six groups were 

collected with data loggers (DS1923 Hygrochron iButtons; Dallas Semiconductor, Maxim 

Integrated products, Sunnyvale, CA, USA), with a resolution of 0.5˚C and an accuracy of ±0.5˚C 

for temperature (operating range -20-85˚C) and a resolution of 0.5% and accuracy of ±5% for 

RH (operating range 0-100%). The loggers were placed in the lane separating the two rows of 

pens. They were secured to a wooden post so that they hung vertically and were protected from 

direct solar radiation by two plastic sheets. They recorded an observation every 15-min for the 

entire experimental period. Data from the loggers was downloaded using the manufacturer’s 

software (OneWireViewer software; Maxim Integrated Products Inc., San Jose, CA).  
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Behaviour recording 

Sows were observed Monday through Friday each week, starting the 15th week of 

gestation, through the farrowing period, until day 14 of lactation. Sows were observed 5 times/d; 

three times between 10:30 am and 2:00 pm, and two times between 3:00 and 5:30 pm. The time 

period of 10:30 am to 5:30 pm was selected for observations as it was likely to be the warmest 

part of the day, and therefore the most challenging from a thermoregulation perspective. The 

exact time of observations on a given day was determined by the availability of observers. There 

were no observations between 2:00 and 3:00 pm, as this is when farm personnel were attending 

to the sows and may have disrupted their behaviour. Observers recorded the location of all four 

sows in each group according to a 1-minute (min) scan sampling schedule for a 15-min period 

(15-min × 5 observations=75 scans/sow/day). Behavioural observations were coded according to 

an established list of operational definitions (Table 2.1).  

Six different trained observers performed the direct behavioural observations. For 

logistical reasons, a single observer performed all daily observations when there was only one 

group of 4 sows in the study. When there were two or three overlapping groups, two or three 

different observers were needed to complete observations simultaneously each day, and the 

observers rotated between experimental groups to help balance observers across groups. The 

observers performed observations from the fence line, outside the pen, and sows were familiar 

with the observers, as they were around the pens daily after the sows were moved outdoors. The 

sows within a group were identified from a distance by different colours of livestock spray paint 

along their dorsum. Inter-observer agreement (% of scans in accordance) was calculated on 65, 

15-min live observation sequences observed by 2 of the 6 observers, and scored above 96%. 
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To record the sows’ behaviour during lactation when they were in the hut with their 

piglets, cameras (HDR AS100V, Sony Corp., Tokyo, Japan) were installed inside the huts, which 

captured a photo at one-min intervals during the behavioural observation periods. Two trained 

observers later used the time stamp on the photos to appropriately code the posture and activity 

when they had not been discernible during the live observations. Inter and intra-observer 

agreement was calculated on 89 photos that were deemed to represent a wide variety of potential 

situations, and was above 95% for both. Sows occasionally used the huts during gestation, when 

there was no camera, which accounts for a portion of the missing data.  

Table 2.1: Operational definitions for coding location, posture, and activity 

Location 
(both front legs in the 
indicated location, or 
half of the body length 
for shade) 

Hut. 
Shade structure: 
the sow is within the shadow cast by the shade structure when weather is sunny 
or within the metal frame of the shade structure if the weather is cloudy (no 
visible shadow). 
Other shade: at least half of the body within the shadow of a structure other than 
the shade structure (e.g., in the shade cast by a hut). 
Wallow. 
Pasture (area starting 2 m behind the huts). 
Other: any other location in the permanent area. 
No data: when farm personnel were attending to a farrowing or animals were 
disturbed. 

Posture Standing: the sow's body is supported by at least 3 extended legs and is not in 
contact with the ground. 

 Sitting: the sow's body is supported by 1 or 2 of its front legs and the back of its 
body is in contact with the ground. 

 Kneeling: the sow is resting on at least one front knee, with the hind legs 
stretched out and the touching the ground. 

 Lying laterally: the sow is lying on one side without being supported by her feet. 
A front leg and a hind leg are visible and extended on the ground. One of her 
shoulders rests on the ground. 

 Lying ventrally: the sow is lying on her belly with at least 2 legs folded under 
her body. The sow's abdomen and chest touch the ground and neither of her 
shoulders are in contact with the ground. 

 No data: when sows were obscured by a structure or another sow, when the 
sows were disturbed, or when personnel were attending to a farrowing. 

 Drinking: the sow's snout is in the water bowl. 
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Activity Eating concentrate (for sows in lactation only who have access to ad libitum 
feed). 
Nursing (for sows who have farrowed): at least 3 piglets of the sow's litter are 
active at the udder (piglets are standing or sitting with their head directed 
towards the sow, in close proximity to the udder). 
Grazing: the sow is eating grass in the pasture or permanent area; her snout is in 
the grass or she is chewing with grass visible in her mouth. 
Exploring: the sow’s snout is in contact with the ground or any other object 
other than another sow OR oral manipulation of something other than grass or 
feed (e.g., pebbles, tongue, straw, rubber mats...). 
Wallowing: the sow is digging, rooting, rubbing and/or rolling the body back 
and forth in the mud or water pool. 
Walking: the sow walks at least two steps with the head raised (the snout does 
not touch the ground, if the sow walks with the snout on the ground then the 
activity is grazing or exploring as the case may be).  
Resting/is inactive: The sow does not perform any activity in whatever posture 
she has assumed. 
Other: elimination, social contact (with other sows or piglets), scratching on 
objects, or any activity not otherwise described. 
No data: when sows were obscured by a structure or another sow, when the 
sows were disturbed, or when personnel were attending to a farrowing 

Calculations and statistical analyses 

Calculations were performed in Excel (Microsoft, Redmond, WA, 2020) and STATA 

Intercooled 16.1 (StataCorp LLC, College Station, TX, 2020). The temperature humidity index 

(THI) was used to more accurately represent the conditions experienced by the sows (Mitchell 

and Kettlewell, 2008). THI was calculated from the raw temperature and humidity data as 

follows: 

THI = (0.8 + T + (RH/100) x (T-14.4) + 46.4) 

where T equals temperature in degrees Celsius, and RH equals relative humidity in % (Mader et 

al., 2006; Mengbing et al., 2021; Sasaki et al., 2018).  

For descriptive purposes, the mean, minimum, maximum and standard deviation of 

temperature, RH, and THI were calculated for all laneway locations between 10:30 am and 5:30 
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pm for all experimental days, as well as the average daily difference between the conditions in 

the hut and the laneway locations (see Table 2.2). The logger data were checked for relative 

accuracy against data from the closest Environment Canada weather station (Lennoxville station, 

QC), approximately 200 metres away. 

For descriptive purposes, the proportion of daily observations spent in different locations 

was calculated by averaging the percent of observations in each location for each sow-day, then 

averaging the values from all sow-days, and then from all sows. The same approach was used to 

calculate the proportion of observations spent in different postures while in each of three focal 

locations (wallow, shade, and hut), as well as different activities in the wallow. 

Statistical analyses were performed in SAS version 9.4 (SAS Institute, Inc., Cary, NC, 

2002-2012). For analysis, we focused primarily on location data, and specifically, three focal 

locations that were likely relevant to thermoregulation: the wallow, the shade and the farrowing 

hut. Sows were considered to be in the shade if they were within the shadow cast by either the 

artificial shade structure, the farrowing hut or any other structure in the paddock. We chose to 

focus on location for this paper because there was minimal missing data and the sows’ location 

preferences are relevant for outdoor pen design.  

The experimental unit was the sow, and the unit for analysis was each sow-day. As 

previously described, observations continued through the farrowing period until day 13-14; 

however, we only included the data from the weekdays within the 14 days prior to farrowing 

(gestation) and the 14 days after farrowing (lactation) for each sow for analysis (up to 10 days 

observed in gestation or lactation). Farrowing day was considered day 0, and so gestation days 
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were numbered -14 to -1, and lactation days were numbered 1 to 14. We did not use data from 

the day when a sow had farrowed, as the activity with personnel could have impacted 

behavioural observations. We also excluded observations from sow-days with more than 10% of 

the total of 75 potential observations missing within each category (8 observations or more 

missing) in the analysis. Based on this threshold, 5 sow-days out of 471 were excluded from the 

analysis for a total of 466 (N=232 and 234 sow-days in gestation and lactation respectively). We 

considered 10% a conservative threshold after randomly deleting up to 13% of the observations 

from a sow with complete data on all experimental days, and found that the change in the 

behaviour variables was less than 2.5% on any given day and less than 1% for the average over 

all experimental days.  

The relationship between the stage of reproduction (gestation vs. lactation) and sow 

group (1-6) on THI was analyzed by ANOVA. The relationship between the day relative to 

farrowing and THI was analyzed by ANOVA with day as a fixed repeated factor and group as a 

random factor, using unique sets of THI values for sows who shared the same farrowing day. 

For each sow-day, we calculated the percent of observations in each of the three focal 

locations. We then analyzed the relationship of day and THI with the percent of observations in 

each focal location with polynomial regression models for both gestation and lactation, using day 

and THI as covariates and the sow as the subject of repeated measures. The percentages were 

analyzed directly through the mixed procedure in SAS if the residuals were normally distributed. 

If the residuals were not normally distributed, the percentages were converted to proportions 

(values between 0 and 1) and analyzed through the Glimmix procedure using the Beta 
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distribution and logit link function. This approach was used for the percent of observations in the 

wallow (lactation only) and the shade (gestation and lactation). 

Starting with day and THI as mandatory predictor variables, we used the Fit Statistics 

table to select the best model for each focal location in gestation and lactation, which in some 

cases included the quadratic form of day or THI. The interaction between day and THI was never 

significant and thus not kept in the model. These models were evaluated for homoscedasticity 

with a graph of the studentized residuals against the predictions of percent of observations in a 

focal location. The assumption of normality was investigated using a Shapiro-Wilk’s test, and a 

P value of <0.05 was the threshold to reject the null hypothesis of normality. 

We created three-dimensional plots of the predicted values to compare relationships of 

interest between gestation and lactation. In models where the Glimmix procedure was used, plots 

depict back-transformed predicted values. 

 

Results 

Environmental conditions 

The environmental conditions (temperature, humidity, THI) during the behavioural 

observation periods on experimental days (Monday-Friday, 10:30 am – 5:30 pm) are 

summarized in Table 2.2. On average, the farrowing huts had marginally lower temperatures 

than the laneway (ambient) locations, but higher humidity and THI values in both gestation and 

lactation. The extra ventilation hut had on average THI values that were 0.5 (±0.5) lower than the 

standard hut. The maximum temperatures and THI values in the laneway (37.6˚C and 86.5 
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respectively) were greater than in the huts (34.6˚C and 86.1). The average ambient temperature 

exceeded 25˚C on 41 out of the 62 experimental days, and the average ambient THI was between 

74 and 79 on 12 experimental days and exceeded 79 on 38 experimental days. 

The temperature humidity index varied significantly between sow groups (P=0.011), but 

only tended to differ between gestation and lactation overall (P=0.079). THI was not 

significantly different between the days relative to farrowing during gestation (P=0.495), nor 

lactation (P=0.62). However, the first week of lactation had significantly higher THI values 

compared to the second week (1st week = 74.9±1.6; 2nd week = 72.5±1.6; P=0.008).  

Table 2.2: Summary of average environmental conditions for experimental days (Monday-Friday) 
between 10:30 am and 5:30 pm. 

  Gestation Lactation Overall* 
 N (experimental days) 51 50 62 
Temperature (˚C) Mean ambient ±SD 27.2±4.3 25.1±4.9 26.1±5.2 
 Maximum ambient 37.6 34.6 37.6 
 Minimum ambient 15.1 10.5 10.5 
 Delta hut-ambient ±SD+ -0.4±0.9 0.1±0.9 -0.2±1.1 
Humidity (% RH) Mean ambient ±SD 58.2±15.2 63.0±15.1 60.1±16.1 
 Maximum ambient 94.9 97.2 97.2 
 Minimum ambient 25.9 29.2 25.9 
 Delta hut-ambient ±SD+ 6.3±2.8 5.3±3.8 5.8±3.6 
THI Mean ambient ±SD 75.3±5.2 73.0±6.6 73.8±6.6 
 Maximum ambient 86.5 83.9 86.5 
 Minimum ambient 58.9 52.6 52.6 
 Delta Hut-ambient ±SD+ 0.3±0.9 0.9±1.1 0.6±1.2 

*All experimental days (Monday-Friday) 

+Average difference between the environmental conditions in the hut and the laneway. 

Overall description of sow behaviour 

The location of the sows varied between gestation and lactation. In gestation, the location 

with the highest percentage of observations (means±SD) was the wallow (40.3±1.6%), while in 
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lactation, sows were most frequently observed in the farrowing huts (54.1±17.4%) and the 

service area (33.4±14.6%), and were only observed in the wallow 6.1 (±4.1%) of the time 

(Figure 2.3). While in the wallow, resting was the preferred activity for both gestating 

(85.1±11.8%) and lactating (57.2±25.7%) sows (Figure 2.4). However, lactating sows had a 

more active profile in the wallow: exploring, walking and wallowing (actively digging or rolling) 

accounted for 37.2±27.1% of their activity, while the same behaviours only represented 

14.4±1.6% of the activity during gestation. In addition, within 15-min observation periods that 

included at least one scan in the wallow during gestation (N = 670), 41.5% were spent entirely 

(all 15 scans) in the wallow. By contrast, in lactation, only 5.0% of the observation periods with 

at least one scan in the wallow (N = 242) were spent there exclusively. Compared to the wallow, 

the shade was a less frequented location in gestation: sows were only observed in the shade 

7.2±9.0% of the time. Sows were also in the shade less frequently than the wallow in lactation 

(4.2±4.5%), but the difference in time spent between the two locations was relatively small (6.1-

4.2 = 1.9%).  

The sows’ posture in the three focal locations also depended on the stage of reproduction; 

however, the differences between gestation and lactation were more pronounced in the wallow 

than in the shade or farrowing hut (Figure 2.5). In gestation, sows in the wallow were most 

frequently observed lying laterally (46.5±20.0%) and ventrally (29.5±15.3%). Lactating sows in 

the wallow often lay ventrally as well (31.1±20.7%), but were also commonly observed in the 

standing (29.5 ± 20.2%) and sitting (23.7±20.0%) postures. Standing was the most frequent 

posture in the shade in both gestation (68.1±28.1%) and lactation (70.1±29.6%), and the overall 
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distribution of postures was similar between the two stages of reproduction. In the hut, the most 

common posture was lying laterally for both gestation (58.9±20.0%) and lactation (74.0±14.3%).  

While nursing, sows were observed most often in the hut (74.9±26.8%), but also nursed 

in other parts of the permanent area (20.4±23.0%), the shade (3.9±5.2%) and the pasture 

(0.9±2.3%). On the first day after farrowing, sows were in the hut for between 76 and 100% of 

nursing observations (average of 98.2±5.8%). Further information on the percent of time spent in 

each location, posture and activity within gestation and lactation can be found in Appendix B.  

 

Figure 2.3: Average percent of daily observations spent in different locations during gestation and 
lactation. 
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Figure 2.4: Average percent of daily observations spent performing different activities while in the 
wallow during gestation and lactation. 

 

Figure 2.5: Average percent of daily observations spent in different postures within each of the 
three focal locations during gestation and lactation. 



 

 

70 

 

Relationship of THI and day with the percent of daily observations in each location 

Table 2.3 summarizes the results of the models used to evaluate the relationship of THI 

and day with the percent of daily observations in the wallow, hut and shade. THI was positively 

associated with the percent of daily observations in the wallow in both gestation and lactation; 

however, the quadratic term of THI had a minor, but significant negative relationship in 

gestation. Day was also significantly associated with wallowing; gestating sows were more often 

observed in the wallow as farrowing approached, while lactating sows were more often observed 

in the wallow as the time from farrowing increased. Figure 2.6 depicts the predicted values of the 

percentage of observations in the wallow based on the models for each of gestation (A) and 

lactation (B). Despite the irregular plot surface due to the linear and quadratic effect of THI in 

gestation, higher levels of THI resulted in higher predicted values of wallowing, and the highest 

predicted values occurred at high levels of THI and in the days closest to farrowing.  

In gestation, THI had a negative relationship with the percentage of daily observations in 

the farrowing hut with no significant contribution of the day from farrowing (Figure 2.7A). 

During lactation, THI was not a significant predictor, but both the linear and quadratic term of 

day were associated with the use of the hut. The linear term indicated a substantial decrease in 

observations in the hut as the time from farrowing increased, while the quadratic term had a 

minor association in the opposite direction. Nevertheless, overall, the model predicts more 

observations in the hut earlier in lactation (Figure 2.7B).  

Neither THI nor day were significant predictors of the percent of daily observations in the 

shade in gestation. In contrast, both THI and day had a significant positive relationship with the 

percent of observations in the shade during lactation.
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Table 2.3: Summary of the models used to evaluate the relationship of THI and day with the percent of daily observations in each of the 
three focal locations during gestation and lactation. 

 Factor 

Location 
Wallow Hut Shade 

Coefficient DF F-value P-value Coefficient DF F-value P-value Coefficient DF F-value P-value 

Gestation THI -2.8754 227 19.65 <0.0001 -1.6578 228 26.09 <0.0001 -0.0460 227 1.95 0.1636 

 Day -0.0921 227 4.85 0.0286 -0.0323 228 0.00 0.9476 -0.2313 227 1.20 0.2736 

 THI*THI -0.0174 227 15.37 0.0001         

 Day*Day         -0.0231 227 3.29 0.0711 

Lactation THI -0.1019 227 16.61 <0.0001 -0.4373 226 1.86 0.1742 -0.1290 227 13.29 0.0073 
 Day -0.1871 227 46.22 <0.0001 -9.2019 226 29.63 <0.0001 -0.1121 227 7.32 0.0003 

 THI*THI             

 Day*Day     0.3566 226 10.48 0.0014     
 

 

Figure 2.6: 3-D plots of predicted values for the percentage of daily observations in the wallow in gestation (A) and lactation (B). 

 

A B 



 

 

72 

 

 

Figure 2.7: 3-D plots of predicted values for the percentage of daily observations in the hut for 
gestation (A) and lactation (B). 

 

Discussion 

The environmental conditions during our experiment were warm. The maximum average 

daily temperature exceeded 37˚C, with 41 out of 62 experimental days exceeding 25˚C, a 

threshold above which researchers have reliably documented physical consequences in lactating 

sows (Prunier et al., 1997; Quiniou and Noblet, 1999; Renaudeau and Noblet, 2001). 

Furthermore, 38 of the 62 experimental days with THI levels above 79 would have been 

considered dangerous according to transport recommendations (National Farm Animal Care 

Council, 2014; Whittier, 1993). As such, our behavioural observations occurred under conditions 

that had the potential to cause heat stress in gestating and lactating sows (Stewart and Cabezón, 

2016), which is relevant to the swine industry in the context of increasing global temperatures 

and more frequent heat waves (NOAA, 2017).  

We hypothesized that behaviour profiles would vary between gestation and lactation, and 

that the sows would be observed in the wallow and shade more frequently in warmer conditions. 

A B 
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Indeed, sows behaved fundamentally differently during the warmest part of the day depending on 

the stage of reproduction, and THI was a driver of behaviour in both gestation and lactation, 

although the relationship between THI and the observations in the wallow and shade was more 

complex than we anticipated. Interestingly, day relative to farrowing was also an important 

predictor of behaviour.  

Sows used the wallow in both gestation and lactation and were observed in the wallow 

more often as THI increased, which is in line with the concept of wallowing as an evaporative 

cooling mechanism and an important thermoregulation behaviour. To our knowledge, there are 

no other studies that have measured the relationship between THI and wallowing, but there are 

multiple reports of a positive relationship between air temperature and wallowing (Huynh et al., 

2007, 2005; Mós et al., 2020; Olsen et al., 2001), and other researchers have reported that 

evaporative cooling from the skin is particularly important when both temperature and humidity 

levels are high (Huynh et al., 2007). Nevertheless, the final model for wallowing in gestation that 

contained the quadratic term of THI suggests that THI and wallowing do not have a simple linear 

relationship. We performed our analyses using the average daily THI, which is a measure of the 

intensity of the heat load that the sows experienced, but the duration of exposure to thermally 

challenging conditions is also an important predictor of behaviour. For instance, Gaughan et al. 

(2008), Hahn and Mader (1997) and St-Pierre et al. (2003) have all developed heat load indices 

in cattle that account for both the intensity and duration of exposure and have demonstrated the 

importance of considering both factors, but similar modelling has not been performed in pigs. 

Our models did not incorporate the potential for heat dissipation during the night or heat load 

accumulation over multiple days, which could partially explain why we did not observe a 
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uniform increase in wallowing as THI levels rose. Furthermore, THI was significantly different 

between groups and lower in late lactation compared to early lactation, which is accounted for by 

seasonal progression from summer to fall during the experimental period, but could explain some 

of the behavioural variation. Wallowing may also serve functions beyond thermoregulation, 

including ectoparasite response, sun protection and scent-marking (Bracke, 2011), which could 

further account for variation in behaviour not explained by the models. Nonetheless, our results 

suggest that wallowing increases noticeably at a THI threshold of around 70, at least in gestation. 

“Safe” THI levels have been investigated in the context of transportation, but the threshold for 

concern varies depending on the source referenced. The Canadian Code of Practice for pigs has 

temperature and humidity guidelines for transport that correspond to THI levels of 66 for alert 

and 79 for danger (National Farm Animal Care Council, 2014), while the Livestock Weather 

Hazard Index considers THI levels below 74 to be safe (Whittier, 1993). Our results suggest that 

THI thresholds should be established separately for an outdoor, open-air setting, and although 

more research is needed, that a THI of 70 is a reasonable estimate for the point at which a 

wallow becomes important to thermal comfort in sows.  

While the overall direction of the relationship between THI and wallowing was similar 

for gestation and lactation, the results highlight important differences between the two stages of 

reproduction. The descriptive behavioural data and the relationships between THI, day, and the 

observations in both the wallow and the farrowing hut suggest a conflict of motivation between 

thermoregulatory and maternal behaviours once the sows had given birth. Sows were observed in 

the wallow more often in gestation than in lactation, and although THI was a significant 

predictor of behaviour during both stages, sows were more likely to be observed in the wallow at 
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higher THI values in gestation compared to lactation. This finding is in agreement with Schild et 

al. (2018b), who reported higher odds of wallowing before farrowing versus after. In contrast, 

sows were observed in the farrowing hut more frequently during lactation compared to gestation, 

and while THI was negatively associated with the percent of observations in the hut during 

gestation, only day had a significant association during lactation. Lactating sows were likely to 

be in the hut during the first few days following farrowing, regardless of THI, but were observed 

there less often as time from farrowing progressed. Although our behavioural observations were 

not continuous and do not represent an overall time budget, these results suggest that lactating 

sows substitute time spent on thermoregulatory behaviours (such as wallowing) for time in the 

farrowing hut, especially during the first few days after giving birth. This theory is in accordance 

with studies of maternal behaviour in loose-housed sows, who are able to exercise agency about 

their location. Wallenbeck et al. (2008) found that sows in an outdoor environment nursed their 

piglets more frequently and for longer durations and spent more time lying down at day 4 of 

lactation compared to week 4 or 6. Similarly, Hötzel et al. (2004) found that outdoor sows spent 

83% of their time in the farrowing hut on day 1 of lactation, but after day 11, this time allotment 

was less than 30%. When confined but given access to a “get-away” area, the majority of sows 

spent less than 20% of their time away from their piglets on day 6, and increased the percent of 

time away as litter age increased (Pitts et al., 2002). It is also unsurprising that observations in 

the hut during lactation were not associated with THI, as other studies have reported that sows 

will still lie on a warm floor during or after farrowing, even if it might contribute to heat stress 

(Malmkvist et al., 2012; Pedersen et al., 2007). Conversely, gestating sows seemed to avoid the 

hut in warmer conditions. While the average THI in the hut was only 0.6 greater than the open 
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air environment, other experiments have demonstrated that the farrowing hut, even though it 

provides shade, has a higher internal temperature under warm conditions (Randolph et al., 2005; 

Schild et al., 2018a, 2018b). However, in line with our results, Schild et al. (2018b) did record 

higher maximum temperatures in the paddock compared to inside the hut. In our case, the 

slightly lower temperatures in the huts compared to the laneway could be explained by the 

reduced impact of solar radiation on the hut loggers even with the plastic sheets protecting the 

laneway loggers, but with less ventilation, the huts had higher humidity levels that translated to 

overall higher THI values. It is also important to note that none of these studies, including ours, 

accounted for the cooling effect of wind outside the hut. As such, the absolute temperature or 

THI may not always reflect the differences in the sows’ thermal experience inside and outside 

the hut. If the hut was less comfortable, the relationship between THI and observations in the hut 

in gestation suggests that without piglets, gestating sows could pay attention to their own well-

being and choose the cooler open-air environment in warm conditions. It is also possible that 

sows were further acclimatized to the warmer temperatures by their weeks of lactation compared 

to gestation, and so were able to tolerate the warmer temperatures of the hut. This phenomenon 

has been demonstrated in growing pigs (Renaudeau et al., 2007).  

The activity and posture profiles additionally suggest a more restful behaviour pattern in 

the wallow during gestation compared to lactation. Gestating sows were inactive for more than 

85% of observations and predominantly lay down (both laterally and ventrally) in the wallow, 

while lactating sows were more frequently observed performing dynamic behaviours (exploring, 

walking, actively wallowing) and transient postures (standing and sitting). Furthermore, when 

sows were observed in the wallow during an observation period, gestating sows were often 
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recorded there for all 15 scans, while this was rare in lactating sows. It appears that without the 

burden of piglets, gestating sows were free to rest in the wallow for longer periods, while 

lactating sows only wallowed temporarily before returning to their litter. Given that mud remains 

on the skin and the water in it evaporates slowly (Ingram, 1965), a short visit to the wallow 

would still have potentially prolonged cooling benefits. When in the hut, lactating sows lay in a 

lateral position more often than during gestation, likely because this posture facilitates nursing 

(Pedersen et al., 2003), may relieve mammary pressure, and also conceivably because the hut 

was the main resting location for lactating sows.  

 The data suggest that the shade was not a primary location during either phase of 

reproduction. It seems that the sows strongly favoured the wallow over the shade as a method of 

thermoregulation during gestation; sows spent a much larger percent of daily observations in the 

wallow (40.3%) compared to the shade (7.2%), and neither THI nor day were associated with the 

percent of observations there. Given that pigs do not sweat, seeking shade alone may be 

relatively inefficient as a cooling strategy compared to wallowing, which allows for prolonged 

moisture evaporation from the skin (Ingram, 1965). Johnson et al. (2008) found no impact of a 

shaded vs. unshaded wallow on the physiology, behaviour and performance of lactating sows, 

suggesting that the wallow, and not the shade, was the primary means of cooling. Nevertheless, 

although lactating sows were observed in the shade even less frequently than gestating sows at a 

descriptive level, their visits to this location were positively associated with both by THI and 

day. As THI increased, the percent of observations in the shade increased, which suggests that 

lactating sows, unlike gestating sows, used shade seeking as a cooling strategy. The shade 

includes the shadow cast by the farrowing hut and sows may have relied on this shade during 
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lactation, even if it was less effective for cooling than the wallow, without having to venture as 

far from their piglets. Sows may have also visited the wallow to coat themselves in mud and then 

returned to the shade to rest. We also observed sows nursing their piglets in the shade of the 

farrowing hut, in accordance with another study in lactating sows who decreased their use of the 

farrowing hut at high temperatures when they had access to natural shade (Schild et al., 2018b). 

The use of the shade may have increased as lactation progressed because sows were reluctant to 

leave the hut at all during in the first few days after giving birth. Based on the high percentage of 

observations within the shade spent standing in both gestation and lactation, the shade appeared 

to be more of a transient location compared to the wallow or the hut, where sows were often 

lying down.  

 

Conclusion 

The wallow appears to be an important method of thermoregulation during the warmest 

portion of the day in both gestating and lactating sows, and wallowing behaviour depended on 

both THI and the day relative to farrowing. However, lactating sows seemed to exchange some 

of the time spent on thermoregulation for time in the farrowing hut, especially during the first 

few days after giving birth. The differences in the sows’ use of the wallow and farrowing hut 

between gestation and lactation may represent a conflict of motivation between thermoregulation 

and maternal behaviour when sows are nursing, which could place lactating sows at a greater risk 

of heat stress. Based on the preference shown for the wallow as a means of thermoregulation, our 

results suggest that sows housed outdoors should have access to a wallow, and it should be in 

close proximity to the farrowing huts so that lactating sows can take advantage of evaporative 
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cooling without venturing far from their piglets. The behavioural patterns observed suggest that 

sows can manage warm conditions when kept outdoors, but this assumption should be confirmed 

by tracking their body temperature simultaneously with behaviour and the environmental 

conditions.  
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CHAPTER 3: WARM WEATHER HAS DIFFERENTIAL 
EFFECTS ON THE PHYSIOLOGY OF OUTDOORS SOWS 

DURING GESTATION COMPARED TO LACTATION 

Abstract 

The objective of this study was to describe the physiological response of gestating and 

lactating sows to naturally-occurring environmental conditions, and to identify factors that may 

contribute to or prevent heat stress, while being kept outdoors in Québec, Canada during the 

summer. Six groups of 4 Yorkshire-Landrace sows lived in outdoor pens equipped with a 

wallow, shade structure, waterer, feed troughs, farrowing huts and access to a pasture from July 

to September, 2018. Between week 15 of gestation and week 3 of lactation (inclusive), we 

recorded the location of each sow 5 days/week during 5 daily 15-min observation periods, and 

additionally measured the sow’s respiratory rate and mud cover at the end of each observation 

period. Simultaneously, we collected sow body temperature data with vaginal temperature 

loggers 24h/d on week 15 of gestation and week 2 of lactation, and monitored environmental 

conditions with temperature and humidity loggers to calculate the temperature humidity index 

(THI). Sows had significantly higher and more variable body temperatures during lactation 

compared to gestation (P ≤0.0001), and when THI was analyzed as a continuous variable, it was 

positively associated with sow body temperature during the night in lactation. During gestation, 

neither respiratory rate nor body temperature were associated with the category of THI (P=0.15 

and 0.79, respectively) or mud cover (P=0.29 and 0.94). However, in lactation, there was a 

significant interaction between THI and mud cover categories that was associated with 

respiratory rate (P=0.006), while body temperature was associated individually with THI 

(P=0.016), and by mud cover (P=0.006). In lactation, the percent of observations in the 
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farrowing hut also had a positive relationship with respiratory rate (P=0.009). In summary, 

lactating sows were more likely to show increases in respiratory rate and body temperature in 

warmer conditions than gestating sows, and our findings also suggest that time in the farrowing 

hut may be a risk factor for heat stress. However, mud cover may limit these physiological 

consequences when sows have access to a wallow.  

Introduction 

Although they are still rare in Canada, outdoor housing systems for sows and their piglets 

are potentially attractive to the animals, producers, and consumers. Adult pigs and piglets will 

perform more potentially rewarding behaviours in these environments compared to an indoor 

facility, increasing their activity and exploratory behaviour (Hötzel et al., 2004; Johnson et al., 

2001; Nakamura et al., 2011), and sows will forage when there is fresh grass (Dailey and 

McGlone, 1997a; Tozawa et al., 2016). Sows who are group-housed also have more space when 

kept outdoors, especially on pasture, as demonstrated by the much lower stocking rates in studies 

that follow outdoor European guidelines (18.2 m2 per sow, Eriksen et al., 2006), compared to 

requirements for indoor sows in Canada (1.8-2.4 m2 per sow, National Farm Animal Care 

Council, 2014). The additional space and environmental features allow the animals to exercise 

agency, which has positive affective outcomes (Mellor, 2017).  

However, the naturalness of an outdoor system may also be reframed as a challenge. 

Sows and piglets kept outdoors are directly exposed to the elements, particularly solar radiation, 

which is an important contributor to heat stress (Brown-Brandl, 2018). In warm conditions, 

lactating sows can nearly double their respiration rate compared to thermoneutral conditions 

(Muns et al., 2016; Vilas Boas Ribeiro et al., 2018; Williams et al., 2013), but have non-
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functional sweat glands, a small lung capacity for their body size, and a thick layer of 

subcutaneous fat compared to other mammals (Bruce and Clark, 1979; Ingram, 1965), presenting 

challenges for thermoregulation. While modern pig breeds have been selected for more lean 

tissue growth, this trait, in addition to selection for high levels of reproduction, actually increases 

metabolic heat production (Brown-Brandl et al., 2001). This combination of factors leaves adult 

pigs particularly vulnerable to increases in core body temperature: previous studies have reported 

differences of 0.5˚C to 1.7˚C in sow body temperature between heated and thermoneutral 

conditions (Malmkvist et al., 2012; Muns et al., 2016; Vilas Boas Ribeiro et al., 2018). These 

changes have biological functioning consequences that are relevant to production in gestation, 

such as higher abortion rates and shorter gestation lengths (Lucy and Safranski, 2017), and 

lactation, such as decreased feed intake and milk production, especially above 25˚C (Prunier et 

al., 1997; Quiniou and Noblet, 1999; Renaudeau and Noblet, 2001). Hot weather is also 

detrimental to weight gain in piglets, likely as a result of the sow’s impaired performance (Muns 

et al., 2016; Renaudeau et al., 2002; Williams et al., 2013), given that conditions that could lead 

to heat stress in sows are still within the thermal comfort zone of piglets (Stewart and Cabezón, 

2016). Of note, sow body temperature can fluctuate in response to a circadian cycle (Stiehler et 

al., 2015) and may rise during lactation compared to gestation by more than 1˚C even in an 

equivalent, thermoneutral environment (Devillers et al., 2004; Williams et al., 2013), possibly in 

response to the metabolic processes associated with lactation or direct heat transfer from piglets. 

Sows can also respond to heated conditions with a greater increase in body temperature in 

lactation compared to in gestation (Williams et al., 2013).  
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Nevertheless, pigs can do more than increase their respiration rate to control increases in 

body temperature in challenging conditions: they can also modify their behaviour. As 

demonstrated under commercial housing conditions, pigs can lower their metabolic heat 

production by reducing their activity level (Olczak et al., 2015), increasing their time spent lying 

down (Canaday et al., 2013), and choosing cool surfaces to lie on (Huynh et al., 2005). Outdoor 

pigs may also have the space and resources to thermoregulate in ways that indoor pigs cannot, 

such as using a wallow. Wallowing is when a pig covers its skin in water, mud, or a similar 

substance, often after digging and rooting to access the substrate (Bracke, 2011). Multiple studies 

have cited a positive relationship between air temperature and wallowing in pigs (Huynh et al., 

2007, 2005; Mós et al., 2020; Olsen et al., 2001), and pigs will also wallow more often when 

humidity values are high, even at thermoneutral temperatures (Huynh et al., 2006, 2005), as heat 

transfer to the environment becomes challenging in these conditions. Mud is particularly 

effective for evaporative heat loss, as the water within the mud evaporates slowly and provides 

long-term thermoregulation benefits (Ingram, 1965). Interestingly, scientists have suggested that 

wallowing also plays a role in other processes such as ectoparasite and sun protection, social 

interactions, play, and sexual behaviour, but the available literature does not offer concrete 

evidence for any motivation beyond thermoregulation (Bracke, 2011).  

Although outdoor systems offer many potential benefits, there is little information on 

how best to implement them in Canada. Research that investigates how pigs thermoregulate in an 

outdoor environment is needed to help identify important risk factors for heat stress that are 

specific to this setting, and ultimately, help determine the protocols and pen designs that are 

needed to manage pigs outdoors successfully. The objective of this study was to investigate how 
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the body temperature and respiration rate of gestating and lactating sows living outdoors in 

Canada during the summer were influenced by different environmental conditions, the stage of 

reproduction, and their own behaviour. We predicted that 1) some of the sows’ physiological 

responses would indicate heat stress in warm weather and 2) that sows in lactation would be 

more susceptible to increases in body temperature and respiratory rate compared to sows in 

gestation, based on the differences identified in sow thermoregulatory behaviour in Chapter 2.  

Materials and Methods 

The experiment was conducted on sows housed in an outdoor, pasture-based system 

between May and October of 2018 at the Sherbrooke Research and Development Centre of 

Agriculture and Agri-Food Canada (SRDC, QC, Canada) during the last two weeks of gestation 

(weeks 15 and 16 of gestation), the farrowing event, and the first 2-3 weeks of lactation. The 

Institutional Animal Care Committee at the SRDC reviewed and approved the procedures 

(authorization #547) in accordance with the guidelines of the Canadian Council on Animal Care 

(CCAC, 2009) and the Code of Practice for the Care and Handling of Pigs (National Farm 

Animal Card Council, 2014). 

Animals 

We conducted the experiment on 24 second-parity Yorkshire × Landrace sows 

inseminated with Duroc semen. The sows were sourced from the SRDC indoor facility where 

they had completed their first parity. Average (±SD) body weight and backfat at insemination 

were 205.4±11.5 kg and 17.0±2.5 mm, respectively. The 24 sows were divided into six groups 

(four sows/group), dewormed, and then moved to an outdoor environment at weeks 8 (groups 1, 

2 & 3), 11 (groups 4 & 5) or 12 (group 6) of gestation. The commencement of groups in the 
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study was staggered by 1-2 weeks, with the first group having been inseminated mid-March and 

moved outside in mid-May. Data collection occurred from July to September, meaning that 

groups were exposed to different climatic conditions depending on their start date.  

Each group had at least 2 weeks of habituation to the outdoors prior to the first 

behavioural observation (see Housing for more details). Sows in Groups 1, 2, 4 and 6 were 

simultaneously involved in an experiment looking at forage preferences between weeks 8 and 11 

of gestation (Aubé et al., 2019). A detailed timeline for each of the six groups is included in 

Appendix A.  

Housing 

After being transferred to the outdoor system, sows were kept in their groups of four for 

at least one week in a bare ground area (20×25 m), which included a shelter with three walls and 

straw bedding underneath (3×3 m, Figure 3.1A), an automatic bowl waterer with a float, a 

feeding pen with individual stalls (2.5×2.5m) and a wallow (Figure 3.1B). The straw in the 

shelter was replaced when it became soiled – at the discretion of the care staff. The wallow was 

dug before the arrival of the sows to create a round hole (3-4 m diameter, 15 cm deep) and was 

sprayed with water throughout the experiment no more than 2 times/day to maintain a muddy 

consistency that would allow it to remain on the pigs’ skin. This section of the pen was known as 

the “permanent area”.  

Sows were then additionally given access to a mixed legume-grass pasture plot (25×50m) 

next to the permanent area, 1 to 4 weeks later depending on their participation in the parallel 

study on forage preference. Depending on the week the group was moved outdoors, sows lived 
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in this set-up for 2 to 6 weeks, with access to this first pasture for 1-5 weeks before the start of 

behavioural observations. 

At the end of the 14th week of gestation, the first pasture plot and the part of the 

permanent area containing the shelter were sectioned-off with electric fencing. We did not want 

the sows to use the shelter after farrowing because of the risk of crushing piglets while lying 

down against the walls. Sows still had access to the part of the permanent area containing the 

wallow and drinker, and they continued to be fed in the individual stalls until farrowing. The 

sows were then given access to a new mixed legume-grass pasture (25×40m), adjacent to the 

permanent area, containing four wooden modified A-frame farrowing huts (Figure 3.1C). A 

rectangular portable shade structure was also placed at the boundary of the permanent area and 

the pasture (3.05×6.1 m; METEC Metal Technology Inc., Vankleek Hill, ON, Canada; Figure 

3.1C). Solar protection was provided by a black shade cloth placed flat as the roof of the 

structure (80% of solar radiation protection; GGS Structures Inc., Lincoln, Ontario, Canada). 

Two of the huts were designed for additional ventilation with openings in the roof which were 

opened when ambient temperature exceeded 20°C (Figure 3.11F). The huts were furnished with 

straw (10-12 cm deep; minimum 22 kg as recommended by Berger et al. (1997)). After 

farrowing, any wet, soiled straw was replaced with dry straw. Both the farrowing huts and the 

shade structure were removed approximately 2 weeks after the last sow of the group had 

farrowed, and sows were granted access to the communal shelter again, as lactating animals from 

the same herd and housing system in a different study (N. Devillers, personal communication, 

May 16, 2021) spent less than 20% of their time in the huts during the day by day 14, and 
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crushing risk in the shelter was low by this point. Figure 3.2 depicts the overall site layout and 

relative location of the different environmental features.  

Farm personnel entered the pen in the morning before 10:00 am and between 2:00 and 

3:00 pm daily to replace bedding or food, except on farrowing days when they were in the pen as 

needed. 
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Figure 3.1: The three-walled shelter (A), wallow (B), shade structure with farrowing huts and 
wallow (C), feeders for lactating sows (D), standard farrowing hut (E), and farrowing hut with 
extra ventilation (F). 
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Figure 3.2: Layout (not to scale) of the experimental paddock composed of the second pasture 
(white background) and the 25 x 20m permanent area (light grey background). 

Feeding 

During gestation while outdoors, sows were fed individually once daily between 8:00 and 

10:00 am with concentrate feed (composed mainly of corn, barley, and soybean meal, 

12.74 MJ ME/kg DM, 13% CP, Nutreco Canada, St-Hyacinthe, QC, Canada) at 100% of their 

energy requirement. Feed was reduced to 90% of their energy requirement when the sows first 

went on pasture to encourage grazing; sows did not have a nose ring fitted that would impact 

grazing behaviour. The energy requirements were calculated at the beginning of gestation using 

INRAPorc® software (Dourmad et al., 2008), and accounted for the average historical ambient 

temperature and the energy expenditure from physical activity. Pasture plots were a third year 

pasture sown with a mix of red clover (7 kg/ha), timothy (7 kg/ha), birdsfoot trefoil (5 kg/ha), 
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meadow bromegrass (5 kg/ha), and Kentucky bluegrass (3 kg/ha). At day 100 of gestation 

(approximately week 14), each sow was provided with an additional 500 g of concentrate feed to 

meet the additional energy requirements of late pregnancy. Sows were fed in individual stalls 

during gestation. On the day of farrowing, sows were offered 1 kg of lactation concentrate diet 

(composed mainly of corn, barley, and soybean meal, 14.8 MJ ME/kg, 19.7% CP, Nutreco 

Canada, St-Hyacinthe, QC, Canada), and from day 2 of lactation onwards, sows had ad libitum 

access to the same lactation concentrate diet, which was provided in troughs in the permanent 

area (Figure 3.1D). Clean water was available ad libitum throughout the experiment. To ensure 

the feeding protocol was appropriate, body weight and backfat were assessed at insemination, 7 

and 13 weeks of gestation and 1 and 4 weeks of lactation. Backfat measurements were performed 

by ultrasonography (WED-3000, Shenzhen WELL D Medical Electronics Co., Ltd., Shenzhen, 

China) at the P2 position, found at the level of the last rib and 65 mm off the midline. 

Environmental recording 

Ambient temperature and relative humidity (RH) values for each of the six groups were 

collected with data loggers (DS1923 Hygrochron iButtons; Dallas Semiconductor, Maxim 

Integrated products, Sunnyvale, CA, USA), with a resolution of 0.5˚C and an accuracy of ±0.5˚C 

for temperature (operating range -20-85˚C) and a resolution of 0.5% and accuracy of ±5% for 

RH (operating range 0-100%). The loggers were placed in the lane separating the two rows of 

pens. They were secured to a wooden post so that they hung vertically and were protected from 

direct solar radiation by two plastic sheets. They recorded an observation every 15-min for the 

entire experimental period. Data from the loggers was downloaded using the manufacturer’s 

software (OneWireViewer software; Maxim Integrated Products Inc., San Jose, CA).  
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Animal observations 

Sows were observed Monday through Friday each week, starting the 15th week of 

gestation, through the farrowing period, to day 14 of lactation of the sow who farrowed last 

within each group. Therefore, depending on the sow’s individual farrowing day, their behaviour 

was recorded for 10-14 days of gestation and 9-12 days of lactation. Sows were observed 5 

times/d; three times between 10:30 am and 2:00 pm, and two times between 3:00 and 5:30 pm. 

The time period of 10:30 am to 5:30 pm was selected for observations as it was likely to be the 

warmest part of the day, and therefore the most challenging from a thermoregulation perspective. 

The exact time of observations on a given day was determined by the availability of observers. 

There were no observations between 2:00 and 3:00 pm, as this is when farm personnel were 

attending to the sows and may have disrupted their behaviour. Observers recorded the location of 

all four sows in each group according to a 1-min scan sampling schedule for a 15-min period 

(15-min × 5 observations=75 scans/sow/day). Location was coded according to an established 

list of operational definitions (Table 3.1).  

Six different trained observers performed the animal observations. For logistical reasons, 

a single observer performed all daily observations when there was only one group of 4 sows in 

the experiment. When there were two or three overlapping groups, two or three different 

observers were needed to complete observations simultaneously each day, and the observers 

rotated between experimental groups to help balance observers across groups. The observers 

performed observations from the fence line, outside the pen, and sows were familiar with the 

observers, as they were around the pens daily after the sows were moved outdoors. The sows 

within a group were identified from a distance by different colours of livestock spray paint along 
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their dorsum. Inter-observer agreement (% of scans in accordance) was calculated on 65, 15-min 

live observation sequences observed by 2 of the 6 observers, and scored above 96%. 

Table 3.1: Operational definitions for coding the sows’ location. 

Location 
(both front legs in the 
indicated location, or 
half of the body length 
for shade) 

Hut 
Shade structure: 
the sow is within the shadow cast by the shade structure when weather is sunny 
or within the metal frame of the shade structure if the weather is cloudy (no 
visible shadow). 
Other shade: at least half of the body within the shadow of a structure other than 
the shade structure (e.g., in the shade cast by a hut). 
Wallow 
Pasture (area starting 2 m behind the huts). 
Other: any other location in the permanent area. 
No data: when farm personnel were attending to a farrowing or animals were 
disturbed. 

The observers recorded a mud score for each sow at the end of each behavioural 

observation period, which corresponded to the degree of mud cover on the sow’s body (see 

Figure 3.3 for mud scoring system), and therefore to whether the sow had been in the wallow 

recently and the posture she had assumed (standing, sitting, lying ventrally or laterally). If both 

sides of the sow were visible, a separate score was recorded for both the left and right side. If the 

sow was lying laterally, a score was only recorded for the visible side.  

When possible, a resting respiratory rate (RR) was also recorded before and after the 

behavioural observation period. Observers only recorded a RR when the sow was lying ventrally 

or laterally and had been resting for at least 2 mins. The rate was based on 30 seconds of 

observation, using the movement of the sow’s ribcage and abdomen.  
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Figure 3.3: Mud scoring system used for sows. Left and right side scores were averaged, if different. 
Overall mud score was further categorized into low (≤1) and high (>1) for statistical analyses. 

Body temperature recording 

Sow body temperature (BT) was recorded with vaginal temperature loggers (High-

resolution Thermochron iButton, model DS1921H, Dallas Semiconductor, Maxim Integrated 

Products, Sunnyvale, CA; size = 17.35 × 5.89 mm, weight = 3.3 grams) with a resolution of 

0.125˚C and an accuracy of ±1˚C. BT was recorded for two periods of 5 days, during the sows’ 

15th week of gestation and then again during the calendar week after all the sows had farrowed. 

Loggers were inserted at approximately 9:00 am Monday morning and removed at 

approximately 3:00 pm Friday afternoon during each of these weeks. The loggers were removed 

during the two weeks surrounding farrowing (the 16th week of gestation and 1st week of 

lactation) to ensure they did not interfere with the farrowing process or the shedding of fetal 

membranes. Previous studies have demonstrated that vaginal temperature readings are well 
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correlated with manual rectal temperature measurements in postpartum sows, and that they can 

be used to continuously measure core temperature over multiple days (Cabezón et al., 2017; 

Schmidt et al., 2013; Stiehler et al., 2015, 2013).  

Prior to any cleaning, disinfection and insertion, the loggers were programmed to record 

BT every 3 mins. Next, before insertion, the loggers were attached to a modified controlled 

internal drug release (CIDR) device (Eazi-breed CIDR 330, Zoetis, Parsippany, NJ) that 

contained no hormones. Both the loggers and the CIDRs were soaked in 70% ethanol for a 

minimum of 24 hours, and then sprayed again with 70% ethanol before being placed under a 

fume hood for assembly. The logger was inserted inside the finger of a nitrile powder-free exam 

glove (Kimberly-Clark, Irving, TX) and the open end of the finger was knotted to contain the 

device (Figure 3.4). A 30 cm piece of non-absorbable suture material (Supramid SD608400, 

Serag Wiessner, Naila, Germany) was used to attach the glove containing the logger to the CIDR 

device at the intersection of the horizontal and vertical shafts. A modified applicator (CIDR 1380 

applicator, Zoetis, Parsippany, NJ; modified to fit CIDR 330) that contained a portion of split 

PVC pipe was assembled to help guide the CIDR during the insertion. See Appendix C (Figures 

C.1, C.2, C.3) for a complete description of the device assembly. The day before the procedure, 

this speculum applicator was soaked for a minimum of 12 hours in a disinfectant solution 

(Virkon Disinfectant, Lanxess, Cologne, Germany), sprayed in 70% ethanol, and finally dipped 

in saline just prior to insertion along with the logger-CIDR device. 

The applicator containing the device was coated in veterinary obstetric lubricant and 

inserted into the vagina of a standing sow, then the device was pushed through the speculum so 

that it was positioned caudal to the cervix with one end of the suture hung out of the vagina for 
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easy removal. See Appendix C (Figure C.4) for further details on insertion of the device. The 

sows were contained during this procedure but were not restrained or sedated. If the logger-

CIDR device fell out of the sow prior to the end of the week, a new device with another logger 

was inserted as soon as the lost device was detected. Sows were kept in the feeding pen when 

lost devices were detected at a meal for re-insertion, or moved back to the feeding pen for re-

insertion if not at a meal. After removal, the data were uploaded using OneWireViewer software 

(Maxim Integrated, San Jose, CA).  

 

Figure 3.4: Final temperature logger-CIDR device, with the logger contained in the finger of a 
nitrile glove and attached to the CIDR with suture material. 

Calculations and statistical analyses 

Calculations were performed in Excel (Microsoft, Redmond, WA, 2020) and STATA 

Intercooled 16.1 (StataCorp LLC, College Station, TX, 2020). The temperature humidity (THI) 

index was used to more accurately represent the conditions experienced by the sows (Mitchell 

and Kettlewell, 2008). THI was calculated from the raw temperature and humidity data as 

follows: 
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THI = (0.8 + T + (RH/100) x (T-14.4) + 46.4) 

where T equals temperature in degrees Celsius, and RH equals relative humidity in % (Mader et 

al., 2006; Mengbing et al., 2021; Sasaki et al., 2018). Average conditions (temperature, humidity, 

and THI) were calculated from all observations during the experimental period (24 hours a day, 

Monday-Friday, during the 15th week of gestation and the 2nd week of lactation starting at 8 am 

and 5 am on the Monday in gestation and lactation, respectively). Civil twilight hours were used 

to classify day and night (National Research Council Canada, 2020), so that the “day” and 

“night” periods began at civil dawn and dusk, respectively. During the experimental period, the 

minimum and maximum for civil dawn was 4:26 am and 6:09 am respectively, and the minimum 

and maximum for civil dusk was 7:09 pm and 9:17 pm respectively.  

Ultimately, experimental sow-weeks during which a logger device fell out of a sow were 

not used for any analyses using BT due to large sections of missing data and concerns about 

inaccurate recordings as the devices were becoming displaced. There were 14 and 18 sows who 

had continuous BT data during their 15th week of gestation and 2nd week of lactation, 

respectively, for a total of 32 sow-weeks available for investigation, distributed across 18 sows. 

Within the 32 sow-weeks that had continuous BT data, the first and last two temperature 

observations for each week (2 observations at 3-min intervals on each of Monday morning and 

Friday afternoon), as well as observations equal to or below 37˚C and equal to or above 42˚C 

were considered artifacts and were excluded from the dataset. These readings represented less 

than 0.1% of BT observations. Previous work has excluded any vaginal temperature observations 

from sows that were less than 38˚C (Stiehler et al., 2015); however, we included observations 
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between 37 and 38˚ based on the error margin of the loggers (±1˚C) and descriptive statistics that 

strongly suggested they were valid observations (ex. gradual increases/decreases over time; small 

differences between adjacent observations), despite a low absolute temperature reading. 

Nevertheless, to account for any potential differences in individual sows’ baseline as well as 

logger devices, a delta body temperature variable (deltaBT) was calculated from the raw data for 

analyses (except in cases where absolute differences in baseline BT were of interest). We 

identified a reference hour for every experimental week between the hours of 1:00 and 5:00 am 

during which the ambient temperature was between 15 and 18˚C (range: 15.6–17.94˚C), which is 

considered thermoneutral zone for sows (Stewart and Cabezón, 2016). The average BT for each 

sow was calculated during this reference hour for both her 15th week of gestation and 2nd week of 

lactation, and this value was meant to represent the sow’s baseline BT during that week. The 

average BT from the reference hour used to calculate deltaBT was 38.5±0.15˚C and 39.8±0.47˚C 

in gestation and lactation respectively. Previous work has identified 1:00 – 7:00 pm and 5:00-

6:00 am as the time windows where maximum and minimum BT occur, respectively, secondary 

to a sow’s circadian rhythms (Stiehler et al., 2015). Furthermore, data from accelerometers and 

GPS loggers from gestating animals from the same herd in the same housing system that was 

used for a different study (Aubé et al., 2021) demonstrated that when it was dark, sows spent 

99.1% (±2.5%) of their time in a lying posture in the area of the pen near the shade, shelter and 

huts. These reference hours therefore represent times during which the sows were most likely 

resting and lying, uninfluenced by light or farm personnel, and close to the minimum of their 

BT’s daily cycle. These reference values for each sow week were subtracted from the raw BT 

data to create the final deltaBT variable, which was normally distributed around 0.  
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An overall mud score was calculated as the average of the scores for the left and right 

side of the sow or, if only one side was visible, as that single score. RR was multiplied by two to 

represent the number of breaths per min (br/min).  

Statistical analyses were performed in SAS version 9.4 (SAS Institute, Inc., Cary, NC, 

2002-2012). The experimental unit was the sow, but the unit for statistical analysis differed 

depending on the type of analysis.  

Regarding the analyses of continuous BT and THI recordings, the relationship of the 

stage of reproduction (gestation vs. lactation) and the daily light cycle (day vs. night) with sow 

BT, variation in BT (standard deviation), and THI was analyzed by ANOVA using the mixed 

procedure of SAS. There were 5 repetitions for each of day and night for each sow within each 

week, resulting in 10 observations per sow/week, and 320 observations total (140 in gestation, 

180 in lactation). Week and part of the day were used as fixed factors in repeated measures, 

although only 14 of the 18 sows had an observation in both gestation and lactation.  

The relationship of THI with deltaBT and the variation in deltaBT was investigated using 

regression models with the mixed procedure of SAS, using sow as a random factor. These 

analyses were performed separately for gestation and lactation, and within the day and night 

periods defined above using civil twilight. The average THI, deltaBT, and standard deviation in 

deltaBT was calculated for each day and night period, with 5 observations per sow-week in each 

gestation/lactation and day/night combination. All models were evaluated for homoscedasticity 

with a graph of the studentized residuals against the predicted values. In cases where an extreme 

observation was identified, the model was run without the observation, to verify these omission 
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did not change the final associations and their statistical significance. The assumption of 

normality was investigated using a Shapiro-Wilk’s test, and a P value of <0.05 was the threshold 

to reject the null hypothesis of normality. 

Regarding daily animal observations, the relationship of THI, mud score, and percent of 

observations in the hut with RR and deltaBT was analyzed by ANOVA with the mixed 

procedure of SAS, using sow as a random factor. The experimental unit was still the sow but the 

statistical unit was the 15-min observation. The analyses were performed separately for gestation 

and lactation (N=14 and 18, respectively). The values for RR and mud score were those recorded 

after the behavioural observation period, and the deltaBT and THI were the measurement closest 

to the time that the RR was recorded. THI was categorized into low (<75) or high (³75), based 

on the guidelines for what is safe for livestock (Whittier, 1993). Average mud score was 

categorized as low (<1) or high (³1), with the high score representing the case where the sow had 

sat, stood, or lay down (sternally or laterally) in the wallow recently (Figure 3.3). The five 

category system was collapsed into two so that all categories had observations, and because any 

mud cover was likely to have a cooling effect. The percent of observations in the hut was 

categorized into some time outside the hut (<100% of observations in the hut) vs. never outside 

the hut (100% of observations in the hut). The percent of observations in the hut was only used 

for analyses in lactation because the sows did not use the hut often in gestation. Each category of 

combinations of THI, mud score, and percent of observations in the hut (4 combinations in 

gestation, 8 in lactation) was weighted by its frequency.  
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As a potential indicator of different motivations for wallowing, we explored deltaBT and 

THI around the onset of wallowing. We identified behavioural observation periods that captured 

the onset of wallowing, which was defined as the sow first being recorded in the wallow at the 

second scan or later (out of 15 scans). From the 32 sow-weeks that had continuous BT data, there 

were 111 sequences that met this requirement, with 40 sequences in gestation and 71 sequences 

in lactation. Each of the 18 sows was represented at least once. We examined the range of 

deltaBT and THI prior to entering the wallow, where deltaBT was the average of the three 

observations (separated by 3 mins) before the sow entered the wallow, and THI was the value 

recorded closest to when the sow actually entered the wallow. There were 14 cases (5 in 

gestation, 9 in lactation) where the onset of wallowing was recorded during the 5th behavioural 

observation on a Friday afternoon when the vaginal temperature loggers had stopped recording, 

so only the corresponding THI value was available for investigation. 

To see whether wallowing had made an acute impact on RR, we also investigated RR 

before and after the onset of wallowing. Data from all 24 sows in both gestation and lactation (48 

sow-weeks) was used for these descriptions, as it was a relatively rare occurrence to observe the 

sow entering the wallow and to have an RR measurement before and after the behavioural 

observations. These requirements were met 34 times: 19 times in gestation and 15 times in 

lactation, with 23 of the 24 sows being represented at least once.  

Results 

Description of environmental conditions and sow body temperature 
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The average ambient temperatures (means± SD) in the day and the night were 23.7 (±6.2˚C) 

and 17.3 (±4.6˚C), respectively. The average RH during the night (94.1±6.9%) was higher than 

during the day (72.3±18.7%), but the overall average THI during the day was still higher 

compared to the night (71.2±8.4 vs. 62.7±7.9). Maximum daily temperature exceeded 25˚C on 

27 of the 30 experimental days in gestation, and on 23 of the 30 experimental days in lactation, 

and the overall maximum temperature was 37.6˚C and 34.1˚C in gestation and lactation, 

respectively. Maximum daily THI values were between 74 and 79 and exceeded 79 on 24 and 16 

of the experimental days in gestation, and on 21 and 13 of the experimental days in lactation, 

respectively, with overall maximum THI levels reaching 86.5 in gestation and 83.9 in lactation.  

In gestation, BT ranged from 37.1 to 39.8˚C, while in lactation, BT ranged from 37.5 to 

41.9˚C. During gestation, deltaBT varied between -1.50 and 1.38˚C, while in lactation, deltaBT 

varied between -2.63 and 2.29˚C. On average, deltaBT in gestation showed a clear circadian 

rhythm with a peak around the time of feeding in the morning (between 8:00 and 10:00 am) and 

a second one at the end of the day around 8:00 pm (Figure 3.5A). While in lactation, variation of 

deltaBT was higher and the circadian rhythm less evident with a single large peak in the evening 

between 9:00 and 11:00 pm (Figure 3.5B).  

Respiratory rate was highly variable in both gestation and lactation and was not normally 

distributed. In gestation, the median RR was 20 and individual values ranged from 4 to 100 

br/min. In lactation, the median RR was 24 and individual values ranged from 8 to 158 br/min. 
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Figure 3.5: Average deltaBT (±2SD) over the 24 hour period (0 h = midnight) for all sows during 
gestation (A, N=14) and lactation (B, N=18). 

Relationship of the stage of reproduction and day/night cycle with THI and body temperature 

THI was significantly higher during the day than the night (day: 71.2; night: 64.3; 

F1,157=663; Table 3.2) and tended to be higher during gestation compared to lactation (gestation: 

69.2; lactation: 66.2; F1,30=3.11).  

There was a significant interaction between the week of reproduction and part of the day 

for both BT and the variation in BT, although in different ways (Table 3.2). Sows in lactation 

had a significantly higher BT than sows in gestation during both the day and the night; however, 

the part of the day was only associated with the sows’ BT during lactation, when nightly BTs 

exceeded daytime (F2,158=69.07). Sows in lactation also had significantly more variation in their 

BT than sows in gestation, but only sows in gestation demonstrated a difference in BT variation 

between day and night, with variation during the day period being greater than during the night 

period (F2,158=17.17).

B A 
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Table 3.2: Summary of the relationships of week of reproduction and part of the day with THI, 
body temperature (BT), and standard deviation in body temperature (least squares means). 

Variable Gestation  
(N=70  
sow-days) 

 Lactation 
(N=90  
sow-days) 

 Effects 
(P-value) 

  

 Day Night Day Night Week Part Week x 
Part 

THI 72.7 65.7 69.6 62.8 0.088 <0.0001 0.705 
BT 38.5 38.7 39.6 39.9 <0.0001 <0.0001 <0.0001 
SD BT 0.23 0.14 0.34 0.33 <0.0001 <0.0001 <0.0001 

Relationship between THI and continuous body temperature recordings 

Table 3.3 summarizes the relationship of THI with deltaBT and variation in deltaBT in 

the different weeks of reproduction and parts of the day as evaluated through regression 

analyses. THI was not associated with deltaBT in gestation during the day nor the night. In 

lactation, THI was only associated with deltaBT during the night, where a one unit increase in 

THI resulted in about a 0.01˚C increase in deltaBT. THI had a significant positive relationship 

with the variation in deltaBT during gestation, but only during the day. By contrast, THI 

significantly increased the variation in deltaBT in lactation in both the day and the night. Figure 

3.6 illustrates the relationship of THI with each of deltaBT and variation in deltaBT.  

Table 3.3: The relationship of THI with deltaBT and variation in deltaBT. 

  Delta body temperature SD Delta body temperature 
Week of 
reproduction 

Part of 
the day Coefficient DF F-value P-value Coefficient DF F-value P-value 

Gestation Day 0.0007 67 0.04 0.8518 0.0061 67 22.76 <0.0001 

 Night 0.0009 67 0.04 0.8339 0.0011 67 1.10 0.2978 

Lactation Day 0.0066 86 1.37 0.2445 0.0072 86 17.78 <0.0001 

 Night 0.0106 87 5.22 0.0248 0.0057 87 7.05 0.0094 
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Figure 3.6: The relationship between THI and deltaBT in gestation (A) and lactation (B) and 
between THI and variation in deltaBT in gestation (C) and lactation (D) for night and day periods. 

Relationship of THI, mud score, and percent of observations in the hut with sow physiology 
during behaviour observations 

Table 3.4 summarizes the differences between the effect of THI category and mud score 

on physiology in gestation and lactation. Neither deltaBT nor RR were associated with THI 

category or mud score in gestation. Conversely, in lactation, THI and mud score had independent 

relationships with deltaBT, but interacted to be associated with RR. Figure 3.7 illustrates the 

differences between gestation and lactation, and the way the interaction between THI and mud 

score is associated with RR in lactation: high THI increased RR when mud score was low, but 

A B 

C D 
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not when mud score was high. High THI also increased deltaBT, whereas a high mud score 

decreased deltaBT, but these relationships were independent from one another. In lactation, the 

percent of observations in the hut (least squares means±SEM) was positively associated with RR 

(<100% in the hut: 16.9±2.7 br/min; 100% in the hut: 22.3±2.4 br/min) but not deltaBT (<100% 

in the hut: -0.25±0.11°C; 100% in the hut: -0.16±0.10°C).  

Table 3.4: The relationship of THI, mud score, and the percent of observations in the hut with sow 
physiology in gestation and lactation. 

Week of reproduction Factor 
Respiratory rate Delta body temperature 

DF F-value P-value DF F-value P-value 
Gestation THI 27 2.15 0.15 24 0.07 0.79 
 Mud score 27 1.19 0.29 24 0.01 0.94 
 THI*Mud score 27 0.24 0.63 24 0.07 0.80 
Lactation THI 42 11.88 0.001 38 6.97 0.012 
 Mud score 42 7.85 0.008 38 9.45 0.004 
 THI*Mud score 42 6.74 0.013 38 1.28 0.27 
 Presence in Hut 42 7.50 0.009 38 1.86 0.18 
 THI*Hut 42 2.78 0.10 38 0.05 0.82 
 Mud score*Hut 42 0.22 0.64 38 0.49 0.49 
 THI*Mud score*Hut 42 0.11 0.74 38 1.02 0.32 
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Figure 3.7: The relationship of THI and mud score with respiratory rate and delta body 
temperature in gestation (A and C) and lactation (B and D) (least squares means±SEM). 

A B 

C D 
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Description of onset of wallowing 

There was a wide range in deltaBT prior to entering the wallow in gestation 

(median=0.00; range=-0.73–0.66) and even more so in lactation (median=-0.17; range=-1.73–

0.93), and in both cases, deltaBT was somewhat normally distributed around the median. The 

sows also entered the wallow at a wide range of THI values in both gestation (median=75.2; 

range=68.6–84.11) and lactation (median=75.5; range=58.5–81.8). Within the 34 observation 

periods where the onset of wallowing was captured and observers were able to record both an 

initial and final RR, RR decreased in 24 cases, stayed the same in 3 cases, and increased in 7 

cases. When RR decreased, it did so by as little as 2 br/min and as much as 92 br/min (median 

decrease = 16 br/min). Within the 3 cases where RR stayed the same, both the sow’s initial and 

final RR were less than 25. Within the 7 cases where RR increased, the median increase was 8 

br/min. In 2 of these cases, RR increased by more than 40 br/min (42 and 62 br/min), but in both 

of these instances, the sow only entered the wallow at the final (15th) observation.  

Discussion 

With the majority of experimental days reaching temperatures above 25˚C, the environmental 

conditions during our experiment put the sows at risk of heat stress (Stewart and Cabezón, 2016) 

and the related physical consequences that can occur above this threshold (Prunier et al., 1997; 

Quiniou and Noblet, 1999; Renaudeau and Noblet, 2001). Furthermore, 16 and 13 experimental 

days out of 30 in gestation and lactation respectively reached THI levels higher than 79 deemed 

dangerous for transport (National Farm Animal Care Council, 2014; Whittier, 1993). How sows 

respond to these extreme conditions in an outdoor, open-air environment is important 

information for swine producers as global temperatures rise, heat waves become more common 
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(NOAA, 2017) and, simultaneously, Canadian consumers become more interested in “natural” 

living conditions for farm animals (Spooner et al., 2014).   

We hypothesized that sows would sometimes demonstrate signs of physiological heat stress, 

and that these responses would depend on the environmental conditions. Based on differences in 

sow thermoregulatory behaviour between the two stages of reproduction (Chapter 2), we also 

predicted that sows in lactation were more likely to show increases in BT and RR compared to 

sows in gestation during hot weather. Indeed, some individual observations were suggestive of 

heat stress, and lactating sows were more susceptible to changes in BT and RR in response to 

THI than gestating sows, but the results generally suggest that sows were thermoregulating 

successfully. Interestingly, although mud cover seemed to minimize increases in BT and RR, the 

results also suggest that sows may be motivated to wallow for reasons other than 

thermoregulation.  

Sows had higher BTs in lactation compared to gestation, which is consistent with previous 

studies that tracked sow BT before and after farrowing under constant environmental conditions 

(Kelley and Curtis, 1978; Littledike et al., 1979; Williams et al., 2013). This phenomenon is 

likely due to the higher energy requirements and metabolic rates while nursing (Williams et al., 

2013), and our results extend the findings of these experiments by demonstrating this effect in 

naturally varying weather conditions. Surprisingly, the BT of lactating sows increased during the 

night, while in gestating sows, there was no difference between daytime and night. A possible 

explanation is that BT rose while sows were in the hut with their piglets, who were a source of 

heat, for an extended period overnight. This result may also be secondary to how BT was 

analyzed, as the daily peak in BT in gestation (around 8 pm) was captured in the day or the night 
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period depending on the timing of civil twilight, whereas the peak in lactation (between 9 and 11 

pm) would mostly have been captured in the night period. Sows will also leave the hut during the 

day to visit the wallow (Chapter 2), but if this behaviour was the sole cause of the cooler daytime 

BTs, we would expect to see the same effect in gestating sows who were frequently in the 

wallow during the day.  

Interestingly, sows also had more variable BT in lactation compared to gestation, and while 

BTs were more variable during the day in gestation, there was no difference between day and 

night in lactation. Correspondingly, THI was positively associated with the variation in deltaBT 

in gestation during the day, but had a positive relationship with the variation in deltaBT in both 

the day and the night in lactation. We expected higher variation in BT during daylight hours 

because this was when sows performed behaviours such as eating, walking, and wallowing that 

would lead to BT fluctuations, and sows were likely inactive during the night (Aubé et al., 2021). 

However, we expected to see this effect during both gestation and lactation. The global increase 

in variation in BT during lactation compared to gestation has, to our knowledge, not been 

reported previously. It could be another physiological manifestation of the metabolic and/or 

behavioural changes that take place during lactation, such as higher energy requirements 

(Williams et al., 2013) and the presence of nursing cycles, or because sows living outdoors have 

the ability to perform more heat dissipating activities. Either way, further research would be 

needed to explain the source of this variation.  

The sows also exhibited a circadian rhythm in BT, which has not, to our knowledge, been 

previously described in an outdoor housing system. There is prior evidence of the important role 

of feeding in the entrainment of a circadian BT rhythm in pigs (Ingram and Dauncey, 1985; 
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Stiehler et al., 2015; Wilcox, 2007), and our results further support this theory: sow BT peaked 

around feeding in gestation and sows fed ad libitum in lactation had no equivalent peak. There 

was also a noticeable evening peak in BT that occurred at about 8:00 pm in gestation and 

between 9:00 and 11:00 pm in lactation. This result is similar to the timing of peak BT in a study 

using growing-finishing pigs (Hanneman et al., 2005) and another in sows (Williams et al., 

2013), but somewhat different from the circadian rhythm of lactating sows described by Stiehler 

et al. (2015) in which sow BT peaked around 3:00 pm and remained elevated until 7:00 pm. Our 

sows also had a larger range and less pronounced peaks and valleys in BT compared to Stiehler 

et al. (2015); however, the sows in this earlier experiment were kept indoors and in farrowing 

crates. Our sows could dictate their activity level, perform thermoregulatory behaviour, and were 

exposed to natural light and weather, any or all of which could explain the higher variability and 

lower predictability in their BT and the altered timing of its peak. Correspondingly, Williams et 

al. (2013) may have reported a similar timing in peaks because, although the experiment was 

conducted indoors, their temperature treatments mimicked natural conditions with a higher 

temperature during daylight hours and a lower temperature at night. The mean absolute BT was 

also lower in Stiehler et al. (2015) compared to that of our lactating sows, which is likely due to 

lower activity levels of the sows in crates and possibly also due to differences in environmental 

or lighting conditions, which were not reported. Regardless of the source, the difference between 

the timing of the peaks in BT in our study compared to previous work highlights the importance 

of understanding the unique circadian rhythm of any experimental animals prior to drawing 

conclusions using BT measurements. This is a limitation of our analysis looking at the 
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relationship between THI and deltaBT during the day and night periods, as it is difficult to 

separate the impact of THI from the impact of the sows’ natural circadian rhythms on deltaBT.  

 The results also suggest important differences in how sows respond physiologically to 

warm conditions depending on the stage of reproduction. The relationships between THI, mud 

score, and the physiological response variables all indicate a higher risk of heat stress in lactation 

compared to gestation. Regardless of whether THI was modelled as a continuous or categorical 

variable, it did not have a significant relationship with deltaBT in gestation. THI category and 

RR were also unrelated during gestation, and furthermore, mud score was not associated with 

deltaBT or RR during this stage. In lactation however, THI had a positive relationship with 

deltaBT (albeit only during the night when THI was modelled as a continuous variable, but this 

relationship may have be confounded by the circadian peak in BT) and interacted with mud score 

to be associated with RR. It appears that gestating sows were able to keep their BT relatively 

constant regardless of the environmental conditions, while, in agreement with a meta-analysis by 

Vilas Boas Ribeiro et al. (2018), the BT of lactating sows rose in warmer conditions. Gestating 

sows also exhibited stable RRs across high and low categories of THI and mud score, while 

lactating sows had elevated RRs when high THI levels were combined with low mud scores. As 

suggested in Chapter 2, gestating sows may spend long periods in the wallow while lactating 

sows visit it temporarily. These results, along with the lower BTs in lactating sows with a higher 

mud score, support the idea that lactating sows strongly benefit from even brief visits to the 

wallow, as the mud that stays on their skin allows for ongoing evaporative heat loss (Ingram, 

1965). The absence of an effect of mud score on the physiology of gestating sows is also worth 

noting: the effect may be less detectable when sows spend the majority of their time in the 



 

 

117 

 

wallow, but it may also indicate that lactating sows are at a greater risk of heat stress for reasons 

beyond their pattern of wallow usage. A potential explanation is the use of the farrowing hut: 

sows appear to spend the majority of their time in the hut in lactation (Chapter 2), and the 

percent of observations in the hut had a positive relationship with RR. Time in the farrowing hut 

may be a risk factor for heat stress, as temperatures inside the hut can exceed ambient 

temperatures (Randolph et al., 2005; Schild et al., 2018a, 2018b). Even when temperatures in the 

hut are lower than temperatures outside the hut (as was the case in Chapter 2), natural ventilation 

in the open-air environment can decrease RR and the potential for heat stress, as shown in cattle 

(Brown-Brandl, 2018). The impact of air velocity is likely also relevant to pigs in the context of 

the farrowing hut, although research is limited on this topic (Bjerg et al., 2020). The metabolic 

processes associated with lactation may, in addition to increasing baseline BT, also cause 

lactating sows to be more vulnerable to changes BT when the environment is warm. Indeed, 

Williams et al. (2013) found that sows had greater increases in body temperature in lactation 

compared to gestation under heated conditions. It is also important to note that the different 

categorical combinations of high and low THI, mud score, and time in the hut were not well 

balanced, and not all sows were represented in each category, which may have impacted the 

results. 

 Despite the apparent higher risk of heat stress in lactating sows, the analyses that 

modelled the relationship between THI and the sows’ physiology suggest overall that both 

gestating and lactating sows were able to thermoregulate effectively in this outdoor housing 

system. When THI had a positive association with deltaBT during the night in lactation, a one-

unit increase in THI resulted in only about a 0.01˚C increase in deltaBT. This increase in THI is 
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equivalent to a 1.55˚C increase in temperature at a constant RH level of 75%, which is reported 

by Veit and Troutt (1982) to be the upper limit of the ideal range for pigs. In addition, the 

average deltaBTs in both gestation and lactation (0.04 and -0.06 respectively) suggest that sows 

were generally not experiencing above-baseline BTs in either stage of reproduction. Although 

RR was associated with THI in lactation, it was only elevated in the riskiest scenario: when THI 

was high and mud score was low. Furthermore, increased RR allows for heat dissipation by 

evaporation and will occur before BT rises (Brown-Brandl et al., 2001; Vilas Boas Ribeiro et al., 

2018); it does not necessarily constitute heat stress, which is defined as an increase in BT in 

response to conditions outside of animal’s thermoneutral zone (Brown-Brandl, 2018). When 

sows are housed in crates, temperatures above 25˚C are sufficient to cause changes in both RR 

and BT (Muns et al., 2016), and when Mós et al. (2020) kept gestating sows in a free-range 

outdoor housing system, they also found that RR was affected by the environmental conditions. 

However, as was the case with our sows in gestation, rectal temperature was not affected by the 

environment, even though mean daytime temperatures exceeded 25˚C. Sows housed outdoors 

may be able to avoid increases in BT when crated sows cannot because they have greater 

freedom to behaviourally thermoregulate by changing their posture or location. Alternatively, the 

outdoor setting itself may be a superior thermal environment even at equivalent temperatures due 

to the cooling effects of vegetation (Schild et al., 2018b) or wind (Bjerg et al., 2020).  

While some studies have suggested that wallowing may serve functions beyond 

thermoregulation, there is little concrete evidence to demonstrate its other purposes (Bracke, 

2011). To our knowledge, this is the first account of pigs wallowing across a range of BTs and in 

environmental conditions within their thermoneutral zones. Moreover, the median deltaBT at the 
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onset of wallowing was 0 in gestation and -0.17 in lactation, implying that pigs are often at 

baseline BT or even below when they enter the wallow. This result by itself is not conclusive 

evidence of additional motivations for wallowing, as the sows could have experienced thermal 

discomfort and sought a way to cool down before their BT rose far above baseline. Indeed, as 

previously mentioned, the sows appeared to be thermoregulating well, and wallowing likely 

played an important role, as suggested by the frequent drop in RR after the onset of wallowing. 

However, sows also entered the wallow at a wide range of THI values, which, in combination 

with the BT data, is evidence that additional proposed motivations for wallowing, such as 

pleasure (Bracke, 2011), are credible.  

 

Conclusion 

In summary, the physiological response to the environment of sows housed outdoors 

differs significantly between gestation and lactation, with lactating sows demonstrating higher 

and more variable BTs. Although lactating sows appear to be at a greater risk of heat stress 

compared to gestating sows, taken as a whole, the results suggest that the sows were capable of 

thermoregulating effectively when housed outdoors with the resources available to them in our 

study. Time in the farrowing hut may be an additional risk factor for heat stress, while mud cover 

may be protective against the physiological consequences of heat stress when sows have access 

to a wallow. Sows may be motivated to wallow for reasons besides thermoregulation (e.g., 

pleasure or social purposes), and so may benefit from a wallow even when their 

thermoregulatory needs are met, regardless of the type of housing.  
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CHAPTER 4: SUMMARY DISCUSSION AND CONCLUSIONS 

Introduction 

The overall objective of this thesis was to characterize the behavioural and physiological 

response of sows living outdoors to different temperature and humidity conditions, and to assess 

the value of different behaviours and environmental resources to thermoregulation. To our 

knowledge, this project is the first to explore the behaviour of sows housed outdoors with a 

pasture in Canada and offers a foundation for further research. 

Summary of findings 

In Chapter 2, I described the relationship between the environmental conditions and the 

behavioural time budgets of gestating and lactating sows living outdoors in Canada during the 

summer, with a particular focus on the wallow, farrowing hut, and shade. In both stages of 

reproduction, the wallow seemed to be a principal method for heat dissipation during the 

warmest part of the day. Wallowing behaviour also had a significant relationship with both THI 

and the day relative to farrowing, although gestating sows were more often observed in the 

wallow compared to lactating sows. In lactation, the sows appeared to exchange some of the time 

spent on wallowing for time in the farrowing hut, especially in the first few days following the 

birth of their piglets. This behavioural pattern in lactation may represent a conflict of motivation 

between thermoregulatory and maternal behaviour. 

In Chapter 3, I explored how the sows’ core body temperature and respiration rates were 

associated with the stage of reproduction, the environmental conditions, and the sows’ 

behaviour. Lactating sows had higher and more variable body temperatures compared to 
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gestating sows, and also appeared to be at a greater risk of heat stress based on significant 

positive relationships between THI and delta body temperature, and a significant interaction 

between THI and mud score that was associated with respiration rate. Based on the sows’ 

respiration rates in lactation, time in the hut and mud cover may be risk and protective factors for 

heat stress, respectively. However, the sows generally appeared to be thermoregulating well in 

both gestation and lactation. Finally, the wide range of environmental conditions and delta body 

temperature measurements recorded around the onset of wallowing suggest that sows may have 

other motives for wallowing besides thermoregulation. 

Implications 

Based on the differences in the behavioural profiles between the two stages of 

reproduction reported in Chapter 2, sows may be at a greater risk of heat stress in lactation 

compared to gestation. Specifically, the higher percentage of observations in the farrowing hut, 

the lower percentage of observations in the wallow, and the non-significant relationship between 

THI and the percent of observations in the hut were of concern with respect to lactating sows. 

The results of Chapter 3 directly support this idea, as the physiological indicators of heat stress 

were only associated with the environmental conditions during lactation. This finding implies 

that gestating sows were able to thermoregulate effectively, while lactating sows were more 

susceptible to warm weather.  

Taken together, the results of both chapters provide strong evidence for what behaviours 

and environmental resources may prevent or contribute to heat stress in this outdoor 

environment. First, wallowing is likely protective. Gestating sows, who were more often 

observed in the wallow, were not physically influenced by the environmental conditions, and 
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neither were lactating sows with high mud scores. Second, time in the farrowing hut is a risk 

factor: lactating sows were frequently observed in the hut, and their physiological outputs were 

associated with both the percent of observations spent there and THI levels. While the results of 

Chapter 3 suggest that the sows were usually able to thermoregulate effectively, lactating sows 

may at times have prioritized the needs of their piglets above their own thermal comfort. As 

such, outdoor pens should be designed with the behaviour of the nursing sow in mind. Sows in 

outdoor housing should have access to a wallow, and it should be located strategically: 

specifically, it should be placed close to the farrowing huts and have room for all sows in the 

group to lie down together. Furthermore, the farrowing huts should be designed and positioned in 

a way that keeps them cool during the summer, with careful attention paid to the impacts of 

ventilation and solar radiation. 

Limitations and future directions 

A major limitation of this research is that, for logistical reasons, the behavioural 

observations were performed using scan sampling as opposed to continuous observation. There 

were 75 scan samples performed per day, which represented only 75 mins of the sows’ behaviour 

in a 24-hour period, 5 days a week. As such, we were limited to using the percent of observations 

as the unit of measurement for behaviour (as opposed to percent of total behaviour), and could 

only draw conclusions about the time periods that we observed. Furthermore, rare behaviours, 

such as actively digging or splashing in the wallow, could easily have been under or 

overrepresented. Future work that uses continuous or at least more frequent behavioural 

observations (perhaps with the help of accelerometers, GPS, or automated behavioural 
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monitoring technology) would allow researchers to develop a more accurate time budget for 

sows in an outdoor environment.  

Another considerable limitation to this study is that THI conditions could not be applied 

as a controlled treatment and were therefore not well balanced between groups or stages of 

reproduction. Although having six groups of sows spread over three months allowed us to 

conduct our experiment within a wide range of THI conditions, this study design also meant that 

we were merging groups that had different environmental experiences into a single dataset. Also, 

some sows in the same group farrowed up to 3 days apart, which meant that they experienced 

different conditions in gestation and lactation even compared to the sows they were housed with. 

We were able to control for these differences somewhat by including the sow or the group as a 

repeated measure or a random factor in our analyses, but our study was not equipped to explore 

nuances in the relationship between THI and behaviour. For instance, thermoregulatory 

behaviour (such as wallowing) may not have followed THI as closely when environmental 

conditions were more stable. In other words, pigs may acclimatize to stable conditions and 

display more observable thermoregulatory behavioural patterns when there is a sudden change in 

THI. An uncontrolled environment also meant that our analyses that used THI as a categorical 

predictor variable were not well balanced between categories. If the goal is to study pigs 

outdoors, then using a controlled indoor environment, as previous work has done (Kelley and 

Curtis, 1978; Littledike et al., 1979; Williams et al., 2013) would not be an appropriate solution 

to these limitations. However, incorporating a measure of the stability or pattern of the 

environmental conditions into the analysis may help uncover the subtleties in the relationship 
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between behaviour and THI. If both behaviour and THI were measured continuously, then a time 

series analysis would also be useful.  

In a similar vein, our analyses that explored the relationship between THI and delta body 

temperature did not investigate a potential delay in the impact of THI on the sows’ core body 

temperature. Moreover, our analyses did not account for the duration of exposure to challenging 

conditions, and therefore could not capture the cumulative effect of THI over multiple hours or 

days, which could include acclimatization to a warmer climate. In addition, our analyses did not 

incorporate the sows’ natural circadian rhythm in body temperature, which is impacted by factors 

such as feeding and light conditions. Future research that used a time series approach could 

investigate the impact of both intensity and duration of the environmental conditions. A more 

complex THI equation that incorporated other factors such as wind, solar radiation and duration 

of exposure, as well as the potential for heat dissipation or heat accumulation over multiple days 

(Gaughan et al., 2008) would also help address this limitation. Correspondingly, it would be 

useful to determine the timing of the sows’ circadian peak(s) in body temperature under 

controlled conditions prior to an outdoor experiment to be able to separate the effects of 

circadian rhythms and the environment on body temperature. This type of research may also help 

identify the source(s) of the higher body temperature variation in lactation compared to gestation.  

Finally, an important limitation of this study is that we did not directly measure the sow’s 

affective state with any of our response variables. The physiological indicators of heat stress are 

related to affective state, as thermal discomfort is a negative experience (Mellor, 2017), but they 

do not necessarily correlate with the sow’s subjective experience. Motivational testing to 

determine how hard sows will work to access a wallow in both indoor and outdoor settings as 
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well as in both thermoneutral and heat stress conditions would be an interesting next step. We 

suspect that wallowing was a pleasurable experience, but cannot draw this conclusion from these 

results alone.  
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APPENDIX A: TIMELINE OF THE EXPERIMENT IN 2018 

 

 

 

Month March April May June July August September October 
Date 

(Monday) 
19 26 2 9 16 23 30 7 14 21 28 4 11 18 25 2 9 16 23 30 6 13 20 27 3 10 17 14 1 8 

Group 1 I 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21                 
Group 2     I 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21             
Group 3       I 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21           
Group 4           I 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21       
Group 5               I 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21   
Group 6                 I 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21       

  
                        

 
Legend I Insemination (on Friday) 

               
     

8 Transfer to outdoor environment; restricted to 

permanent area; beginning of habituation 

period 

 
17 Expected farrowing date (all sows in each group 

farrowed between Monday and Saturday of this 

week) 

    

     
8-

11 

Forage experiment during gestation: restricted 

to permanent area if outdoors (Groups 1,2) 

 
19 Behavioural observations end and farrowing 

huts/shade structures removed (Tuesday-Thursday 

depending on latest farrowing date within the 

group)  

    

9-

13 

Access to first pasture 
 

     
14 Access to second pasture, shade structure and 

farrowing huts at end of this week 

 
W Weaning 

    

15 Behavioural observations begin on Monday 
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APPENDIX B: THE PERCENT OF OBSERVATIONS SPENT 
PERFORMING DIFFERENT BEHAVIOURS 

 

Table B.1: The percent of observations spent in different locations, postures and activities 
(N=24).  

  Gestation ±SD Lactation ±SD 
Location Hut 22.9 9.6 54.1 17.4 
 Shade structure 6.3  8.1 0.8 0.7 
 Other shade 0.9 5.4 3.4 2.1 
 Wallow 40.3 1.6 6.1 4.2 
 Pasture 9.4 17.4 2.1 4.7 
 Other 20.0 4.4 33.4 14.6 
 No data 0.4 0.7 0.1 0.2 
Posture  Sitting 4.7 3.0 2.9 2.1 
 Standing 28.7 9.2 31.2 9.4 
 Kneeling 0.1 0.2 0.1 0.2 
 Lying laterally 46.1 10.8 53.8 10.0 
 Lying ventrally 19.6 7.1 11.9 6.7 
 No data 0.8 1.1 0.1 0.2 
Activity  Drinking 0.9 0.5 1.8 0.7 
 Eating concentrate N/A 0.0 5.9 1.5 
 Exploring 9.9 3.8 8.8 3.9 
 Grazing 13.7 5.9 4.0 2.9 
 Walking 2.9 1.0 4.4 1.7 
 Nursing N/A 0.0 13.3 4.4 
 Resting 62.8 9.4 56.3 8.7 
 Wallowing 1.3 1.6 0.7 0.6 
 Other (ex. social) 1.6 0.7 4.6 2.1 
 No data 6.8 8.1 0.3 0.3 
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APPENDIX C: VAGINAL TEMPERATURE RECORDING DEVICE 

 

 

Figure C.1: Process of protecting the logger with the finger of a nitrile glove by A) 
removing the finger of a glove B) inserting the logger into the finger C) knotting the glove 
finger to contain the logger D) tying non-absorbable suture material between the knot and 
the logger 
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Figure C.2: Process of attaching the logger within the glove to the CIDR device by A) 
wrapping one end of the suture material around the vertical shaft of the CIDR device B) 
wrapping the suture material diagonally in each direction at the intersection of the 
horizontal and vertical shafts of the CIDR device C) again wrapping the suture material 
around the vertical shaft twice D) tying a noose-type knot between the two ends of suture 
material.  

 

 

Figure C.3: The logger-CIDR device in the applicator modified with split PVC pipe. 
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Figure C.4: Insertion of the logger-CIDR device using the applicator after application of 
veterinary obstetric lubricant: A) aligning the device with the vulva and vaginal canal B) 
inserting the tip of the device into the vulva C) lowering the handle tilting the applicator 
slightly upwards (30-40˚ angle) and advancing it to a minimum depth of 15 cm, then 
pushing the applicator plunger to position the device caudal to the cervix D) after insertion, 
one end of the suture material is visible outside of the vulva for easy removal.  

 


