
ABSTRACT 

PAGE, SARAH MARIE. Effect of Gestation Housing on Salivary Cortisol Concentrations 
and Reproductive Performance of Sows and the Response of their Piglets to an Immune 
Challenge. (Under the direction of Drs. C. Scott Whisnant and William Flowers.)  
 

The main objective of this study was to determine the effect of gestation housing on 

reproductive performance and salivary cortisol of sows and the subsequent response of their 

offspring to a phytohemagglutinin challenge. A secondary objective was to determine 

whether the social hierarchy of sows housed in groups influenced their salivary cortisol 

concentrations and the subsequent immune response of their offspring. During breeding and 

the first two weeks of gestation, all sows were housed in individual crates. During the third 

week of gestation, sows were placed in pens in groups of 3 (n=9) or remained in their 

individual crates (n=9) where sows stayed until moved into individual farrowing crates 

approximately 10 days before parturition (week 16).  There was a housing type by time 

interaction for salivary cortisol (p = 0.04).  Salivary cortisol was either greater (p < 0.05) or 

tended to be greater (0.06 < p < 0.15) in sows housed in pens compared with their 

counterparts in crates during weeks 10 through 13 of gestation. In contrast, sows housed in 

crates had (p = 0.05) or tended to have (0.06 < p < 0.15) elevated cortisol concentrations 

during weeks 14 and 15 of gestation and during week 3 of lactation compared with their 

contemporaries kept in pens. There were no effects of social rank (dominant, intermediate, or 

subordinate) on weekly cortisol concentrations for sows housed in group pens (p > 0.56). 

Survival analyses revealed a tendency for a gestation stage by sow housing interaction for 

pregnancy losses (p = 0.07). Pregnancy losses at 5 weeks of gestation were 33.3% (3/9) for 

sows in both housing types. However, after week 5, none of the sows housed in crates were 

identified as not pregnant whereas 22.2% (2/9) of the sows housed in pens failed to farrow (p 



= 0.07).  These patterns resulted in farrowing rates of 66.7% (6/9) for sows that gestated in 

crates and 44.4% (4/9) for their counterparts kept in pens. Gestation length tended to be 

longer for sows in pens than those maintained in crates (p = 0.10). There were no other 

differences in litter characteristics at birth between the two types of gestation housing (p > 

0.19). Lactation performance, as estimated by the survival and growth of piglets, also was not 

affected by gestation housing environment (p > 0.23).  Pigs born to sows that gestated in 

either pens or crates were given phosphate buffered saline and phytohemoagglutinin 

challenges at 9 weeks of age and subsequent changes in the surface temperature of the skin 

around the injection site were considered to be an estimate of the responsiveness of their 

immune systems. There was a time effect (p < 0.05) on rectal and skin temperatures, but 

there was no (p = 0.27) housing effect on piglet immune response to the phytohemagglutinin 

challenge. Results from this study indicate that salivary cortisol concentrations are influenced 

by both gestation housing and stage of pregnancy with peak levels occurring about 2 weeks 

earlier for sows housed in pens compared with those housed in crates. Pregnancy losses 

tended to be higher for sows in pens and occurred later in gestation compared with those for 

their contemporaries maintained in crates. Except for a tendency for group-housed sows to 

have a longer gestation length and their offspring to have higher rectal temperatures there 

were no other significant effects of gestation housing on reproductive performance and piglet 

performance.   
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CHAPTER 1 

LITERATURE REVIEW 

Introduction 

 Globally, pork is the highest-consumed animal protein source and this trend is 

projected to increase significantly in the future (Giamalva et al, 2014). Consequently, in 

order to meet this growing need for pork a major focus of the swine industry has been to 

increase production in a cost effective manner. One of the major advances that has allowed 

this to occur has been moving production from small outdoor facilities to large confinement 

operations.  This management shift allowed high quality pork to remain affordable to most 

socio-economic groups. Though price is still the main determinant of which protein source is 

purchased, consumers are increasingly aware of and concerned about how their food is 

produced. The majority of consumers are also willing to pay more for items that are grown in 

what is believed to be socially-responsible and humane production systems. One of the main 

concerns that these consumers typically have about pork production is the practice of keeping 

pregnant sows in crates during gestation. This has caused the swine industry to re-evaluate 

this type of housing system in terms of its strengths and weaknesses with regards to animal 

well-being and productivity.  The purpose of this literature review is to examine previous 

work in this area.   

Socioeconomic Aspects of Swine Production 

 According to Mauget, (1982), the wild boar has one of the “highest reproductive 

capacities” of all ungulate species and is extremely adaptable.  In a world of rapid human 

population growth, these characteristics were likely major considerations as to why swine 
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were domesticated for food production and as to why commercial pork production systems 

are continually evolving. 

 China was first to domesticate pigs in 4900 B.C. It is still the world-wide leader in 

terms of pig inventories. China has an estimated 464 million pigs on mostly small family-

owned farms. This accounts for 58% of the total global swine inventory.  In contrast, fewer 

people own pigs in Europe and North America, but house them on large commercial farms 

(Moeller and Crespo, 2008).  

There are several factors that have contributed to this commercialization of the swine 

industry in various parts of the world. An important one is referred to as the “hog cycle”. A 

typical “hog cycle” begins when consumer demand is high and pork availability is low which 

results in high prices for market pigs. As a result, producers increase production to meet 

consumer demand and to make a profit. Eventually, production surpasses consumer demand 

or consumer demand declines, thus producers produce less pork since the price received and 

profits decrease significantly. As pork becomes less available in retail stores consumer 

demand increases; pork prices increase; and the cycle begins again.  The length of time 

required for an entire cycle is approximately four years: two years of increased production 

and two of decreased production (Giamalva, 2014).  

 Another factor that resulted in commercialization of the swine industry is vertical 

integration. Vertical integration occurs when a single person or company has ownership of 

the farms that produce the live animals, the processing plants that harvest the live animals 

and convert them into wholesale products, and often the retail outlets that sell them to 

consumers. Vertical integration has caused consolidation within the swine industry: farms 
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have increased in size while the number of owners has decreased.  (Giamalva, 2014). 

Vertical integration has helped stabilize pork production relative to consumer demand which, 

in turn, has started to normalize the hog cycle. There is more time between periods of high 

and low production and the price that producers receive for market animals has stabilized.  

 Commercialization of the swine industry has provided many countries with the 

opportunity to export pork and generate income. The United States sends approximately 20% 

of the pork that it produces to other countries which makes it the world’s largest exporter 

(Giamalva, 2014). Much of the pork exported is sent to countries like China that have a high 

yearly per capita consumption and relatively inefficient domestic production systems.   

 To meet the global demands of pork, swine management techniques have evolved, 

especially in countries that are exporters. Both the size of typical market pigs and the total 

number of pigs marketed has increased. Typical market weights for pigs have risen from 100 

kg in the late 1980s to 150 kg currently. The modern sow often weans 30 or more pigs per 

year compared with her 1980 counterparts that averaged fewer than 20. Consumers of pork 

have changed during the last 30 years as well. While price and quality are still their most 

important considerations, the present day consumer has become increasingly aware of the 

production systems in which pigs are produced, and many of them appear to be willing to 

purchase pork only from those that they feel treat animals in a humane manner. Consumers 

have communicated these expectations to retailers that sell pork products. Retailers have in 

turn  passed these concerns along to producers. One of the pivotal aspects of humanely 

produced pork from the consumer’s perspective is the type of housing system in which 

pregnant sows are kept. Most consumers are of the opinion that systems which house sows 



 

4 

together in pens are an important aspect of humane production systems that enhance the 

sows’ welfare. As a result many countries, including the U.S., have begun to evaluate the 

relative merits of individual and group housing systems for pregnant sows. 

Definitions of Animal Welfare  

 The definition of animal welfare is a matter of perception. There is no one set 

definition, but rather many definitions that pertain to how the animal is being used and by 

whom (Hewson, 2003). The US Animal Welfare Act and USDA-APHIS Animal Welfare 

Regulations state that enclosures must provide enough space for “normal postural and social 

adjustments with adequate freedom of movement,” (USDA, 2013). This could be interpreted 

as an anti-negative:  if there is not a negative consequence for the animal, then there is 

sufficient space. A study in Norway found that consumer definitions of animal welfare 

revolve around emotion (Skarstad et al., 2007). The study concluded that consumers want 

“…animals to be treated as animals, not as food.” Physically speaking, consumers want a 

natural environment for animals and a compassionate relationship between farmer and 

animal in addition to the standard sanitary, well-resourced production setting.  

 Surveys in Sweden and the United States have found a positive willingness to pay 

value from consumers if it meant improved welfare of the animals (Tonsor et al., 2009). This 

means that consumers are willing to pay more for their protein sources if it means that the 

animal experiences quality welfare while it is alive. Consumers control markets by rewarding 

practices they agree with and boycotting practices they do not agree with.  Consequently, it 

seems that a commonly accepted definition for welfare should be a priority since it influences 

the purchasing decision of many consumers. 
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 Consumer pressure to phase out sow gestation stalls has had a global effect on swine 

production practices. Consumers can decide that they will not purchase products from farms 

that use certain husbandry techniques. This forces the retailer who sells directly to customers 

to provide assurances that pork in their products are from swine raised in compliance with 

consumer preferences.  The most common way that this is accomplished is for the retailor to 

adopt policies so that they only buy from “humane” farms as defined by consumer 

preferences. Production systems are forced to comply with the retailors criteria or risk losing 

marketing opportunities for their pork.  

 The Brambell Committee created a definition of animal welfare that may be the most 

widely accepted. It defines welfare as something that covers both the physical and mental 

well-being of the animal (Ralph and Tilbrook, 2016). The animal must not only maintain 

physical health via lack of disease or injury, but must also lack mental distress or depression. 

Physical well-being is easier to measure. If the animal does not show signs of pain, 

dystrophy, or abnormal excretions, one could assume the animal is generally healthy. A 

veterinarian can usually detect most internal physical ailments. There is less variation when 

assessing physical well-being compared to assessing mental well-being.  

A good system for measuring mental well-being has yet to be found. Behaviors have 

been widely used as indicators of positive or negative mental states. However, behaviors are 

known to be ambiguous and humans are known to anthropomorphize animal behaviors. One 

behavior could stem from a resource need, a reproductive need, or boredom, just to name a 

few. People tend to associate human emotions with animals based on their own interpretation 

of the situation. A consistent system for measuring mental welfare needs to be established 
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and should include factors that can be paired with both physiological changes and behaviors 

to make accurate judgments. 

The European Economic Union lists five widely accepted freedoms that every animal 

should have. These freedoms include freedom from hunger and thirst, freedom from 

discomfort, freedom from injury or disease, freedom from fear and distress, and freedom to 

express normal behaviors (EU, 2016). Current production systems meet the first freedom 

undoubtedly. Whether the other four freedoms are met, however, is a topic of much debate. 

Behavioral scientists could argue that gestation crates are too small and cause discomfort, 

prevent sows from expressing natural behaviors, and therefore cause distress. However, 

group housing predisposes sows to injury and disease, which can also lead to fear or distress. 

Thus, finding a production system that guarantees all of these freedoms for swine may not be 

possible.  

The Federation of Animal Science Societies (FASS) lists four indicators of well-

being including the following: behavior patterns; immunological traits; physiological 

characteristics; and reproductive and/or productive performance.  Arguing that not one of 

these indicators alone can lead to confident conclusions, combinations of these four areas are 

used to provide a valuable estimate of an animal’s well-being (FASS, 2013). Each of these 

areas has the potential to be affected when animals are displaced from homeostasis. When 

this happens, animals often are described as being “stressed.”  Therefore, one potential 

measure of animal welfare is how well the animals can cope with being “stressed.” 

Homeostatic or “Stress” Physiology 
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Stress, like welfare, is a difficult term to define. An accepted definition of stress is 

that it is “a complex physiological state that embodies a range of integrative and behavioral 

processes when there is a real or perceived threat to homeostasis,” (Ralph and Tilbrook, 

2016). A threat may be real or nonexistent and result in the same physical response.  

The immediate physiological response includes those found in the “fight or flight” 

reaction and is mediated by two hormone categories. Catecholamines, norepinephrine and 

epinephrine, are released immediately from terminal sympathetic nerve endings and the 

adrenal medulla. They initiate the fight or flight response and are responsible for the initial 

physiological and behavioral response to a stressor. Glucocorticoids are released from the 

adrenal cortex. They also assist with the stress response, but their effects are more latent and 

often remain for extended periods of time after the stressor has passed (Romero and Butler, 

2007).  

When threats are perceived by the senses of the body, the hypothalamic-pituitary-

adrenal (HPA) axis is activated. Eyesight is improved, heart rate increases, muscles gain 

more access to glucose, and lung efficiency is optimized. Noncritical mechanisms, such as 

digestion, are inhibited (Romero and Butler, 2007). This prepares the body to react for the 

best chance of survival. As mentioned previously, these are mediated by the release of 

catecholamines. 

Glucocorticoids are released when neurons in the hypothalamus secrete 

corticotrophin-releasing hormone (CRH) and vasopressin (AVP) . These hormones act on the 

anterior pituitary, causing it to secrete adrenocorticotrophic hormone (ACTH). ACTH travels 

through the bloodstream to the adrenal cortex to signal the release of glucocorticoids 
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(Herman et al, 2012). Once released, glucocorticoids cause a cascade of events. Initially, 

noncritical physiological functions are inhibited. These include reproduction, growth, and the 

immune system (Romero and Butler, 2007).  Subsequently, the parasympathetic nervous 

system is activated to restore homeostasis. As a result, appetite increases; heart rate and 

blood pressure return to normal levels, digestive and reproductive processes resume, and 

skeletal muscles relax.  

If the stressor does not subside, then the body will not return to homeostasis and 

remains in what is commonly referred to as “chronic stress.” Reproduction and growth may 

be inhibited or reduced. In these situations, offspring may have reduced birth weights and 

develop epigenetic effects, such as a suppressed immunity, anxiety, and obesity. When 

pregnant sows were given oral HCA, a synthetic glucocorticoid, the offspring had lighter 

birth and weaning weights and poorer pre-weaning growth rates than their control 

counterparts (Kranendonk et al., 2006). Salivary cortisol concentrations in response to an 

ACTH challenge were also reduced in the treated sows.  

Immune changes due to stress differ greatly based on circumstance. There is a level 

of stress that is considered healthy. Exercise, for example, stresses the body physically, but 

has positive effects, including boosting the immune system. Similarly, vaccines arm the 

immune system with the necessary resources to attack pathogens more efficiently than the 

body may have naturally. However, when stress on the body exceeds the healthy level, the 

immune system may become hyperactive and attack itself, or may be suppressed. As 

mentioned by Salak-Johnson et al. (1996), immune suppression caused by stress occurs via 

“lymphocyte proliferation, antibody synthesis, natural killer cell activity, and shifts in 
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leukocyte distributions.” It is also mentioned that though stress-induced immunosuppression 

was once believed to be mediated by glucocorticoids, other critical factors have been found 

as well. The experiments done by Salak-Johnson et al. (1996) injected porcine corticotropin-

releasing hormone (pCRH) or cortisol into the brain of gilts and measured the effects on the 

immune systems and behaviors of the gilts. The cortisol did not have any effect on the 

immune measures, including “natural killer cell cytotoxicity, lymphocyte proliferation, 

chemotaxosis, or leukocyte distribution.” When pCRH was administered, though, neutrophil 

chemotaxosis decreased, neutrophil to lymphocyte ratios increased, and lymphocyte numbers 

increased compared to the control counterparts. This all happened as the blood cortisol 

concentrations increased. This implies that stress-induced immunosuppression is mediated by 

CRH in the brain, and correlates with high blood cortisol levels.  

One way to measure the status of the immune system is to challenge it and measure 

its response. This is demonstrated in Ekkel et al. (2014) via phytohemagglutinin injection. 

PHA has a well-documented effect on the immune system. Ekkel et al. (2014) measured the 

change in skinfold thickness. Other measures not mentioned in the Ekkel et al. study include 

body temperature and injection site temperature. When the body is fighting off a foreign 

substance, it releases white blood cells, specifically macrophages, to attack the pathogen via 

phagocytosis. Macrophages stimulate the release of cytokines and small proteins to initiate 

fever and inflammation. Fever increases metabolism, which further improves immune 

efficiency for pathogen destruction and tissue repair (Broom, 2007). So, when challenged 

with PHA, a known immune stimulant, fever and swelling can be measured to determine if 

the immune system is functioning normally, is hyperactive, or is suppressed. 
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Consequences of Stress during Gestation in Sows 

 The consequences of “stress” in gestating sows include loss of pregnancy, 

mummified fetuses, and stillbirths. It is important to understand physiologically how each of 

these abnormalities occurs in order to know when during pregnancy the stress occurred.  

 Gestation length in sows averages 114 days. Maternal recognition of pregnancy 

occurs around 10-14 days after fertilization (Anderson, 1993). The embryos are migrating 

within the uterine horns and are secreting estradiol, which changes the destination of 

endometrial PGF2α from the uterine vein to the uterine lumen, and therefore acts as the 

antiluteolytic agent (DeRensis et al., 2012). The embryos attach to the endometrium at day 

13-14 of gestation and implantation is complete by day 30 of gestation. For pregnancy to 

continue, there must be at least four viable, implanted embryos by day 30 post breeding 

(Dziuk, 1985). The first 30 days of gestation are critical to embryo survival and poor 

management during this period typically results in a complete loss of pregnancy with sows 

often returning to estrus.  

By day 35 of gestation, the fetal skeleton begins to calcify. The body cannot resorb 

bones, so any mortality that occurs after day 35 in swine results in mummified fetuses. Fetal 

mortality can result from numerous management or pathogenic factors. If there are several 

mummies in a litter, the fetal losses are likely due to an infectious disease; but if there are 

few mummies per litter, the cause of death is believed to be physiology-related. To mummify 

the fetus, the body resorbs the uterine and fetal fluids, leaving the fetal membranes and 

uterine wall to “adhere to the fetus,” (Lefebvre, 2015). Consequently, stressors that cause 

fetal death loss after day 35 result in an increased incidence of mummified fetuses per litter. 
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Stillborn piglets are morphologically normal piglets that are born dead. It is generally 

assumed that stillborns died either during farrowing or during the last 2 weeks of gestation. 

Consequently, an increase in stillborns per litter typically is associated with exposure of sows 

to stress late in gestation. A variety of things have been shown to increase stillborns in 

pregnant sows such as physical trauma, heat stress, disease, and poor nutrition (Britt et al., 

1999).  

Effects of Gestation Housing System of Sows and Offspring 
 

A comprehensive review of 35 papers which investigated the effect of sow gestation 

housing systems on a variety of production parameters was published in 2004 (McGlone et 

al., 2004). Performance measurements included but are not limited to number of piglets born 

alive, stillborns, litter size, and piglet birth weight. Additional measurements monitored by 

some studies were bar biting and cortisol concentrations. The only measurement that showed 

a tendency for statistical significance was farrowing rate, which was improved for sows 

housed in individual stalls. Other measures of performance were equivocal and the 

conclusion from this review was that there were no consistent differences between the two 

types of gestation housing systems.  

 Several more recent studies have investigated the effects of gestation housing on sows 

and their offspring. However, results from these studies appear to be equivocal. Sorrells and 

Eicher (2006) found that cortisol levels, birth weights, and immune responses in the offspring 

were not affected by the type of gestation housing.  However, by day 35 post-weaning, the 

pigs from sows that gestated in stalls weighed 2.3 kg less than those from sows housed in 

gestation pens. This was a result of them not adjusting to solid food post weaning as quickly 
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as their counterparts from sows housed in groups during gestation. The conclusion of the 

authors was that gestation housing produced latent effects in the offspring of sows under 

different conditions, which could be related to epigenetic changes. Kim and co-workers 

(2015) housed sows in either pens or stalls during the last 5 weeks of gestation. This study 

found that sows housed in pens during late gestation had reduced weaning-to-estrus intervals, 

weaned more piglets, and had greater piglet growth rates compared with sows housed in 

stalls.  

 In contrast, Zhao et al. (2014) reported no differences in reproductive performance of 

sows housed in pens versus crates during gestation. This study also examined performance 

difference related to the social hierarchy in the group-housed sows. Sows considered to be in 

the middle of the “pecking order” had fewer stillborn piglets and larger litter birth weights 

compared with the dominant sows. These intermediate sows also had the best farrowing 

rates. In contrast, offspring of the dominant sows had the highest average daily weight gain. 

Subordinate sows had the lowest farrowing rate. These results are a good example of the 

question raised earlier concerning definitions of animal well-being. In this particular 

example, housing sows in pens during gestation would be viewed as improving the well-

being for the intermediate sows but not for the subordinate sows. This exemplifies the 

difficulty in developing a comprehensive gestation housing system for all sows, even those 

maintained in pens.  

 Jansen et al. (2007) conducted a study in which sows were moved to individual stalls 

or group pens with 50 sows per pen. This study is unusual in that it contains such a large 

group size for sows during gestation. The group housed sows had a significant rise in cortisol 
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the day after being moved into group pens, while the magnitude of the increase observed in 

the sows in individual stalls was smaller. Farrowing rates were not different between housing 

systems, both being about 76-78%. There was a tendency for larger litters for the sows 

housed in stalls compared with those in pens and the wean-to-estrus interval was not affected 

by gestation housing. Aggressive behaviors, such as biting, were more commonly observed 

among the sows in groups compared with their counterparts in stalls.   

 Similar results were reported in another study in which sows were housed in large 

groups during gestation (Anil et al., 2005). Like Jansen et al. (2007) sows were housed in 

pens of 50 and had between 1.5 and 2.2 square meters per sow compared with their 

individually housed counterparts that had about 1.5 square meters. Salivary cortisol 

concentrations in penned sows were higher over the entire gestation period compared with 

those maintained in pens. In addition, though the total injury scores were higher for penned 

sows throughout gestation, there was no significant difference between housing systems. No 

differences were found for farrowing rate, litter size, or stillborns. 

 In summary, the current literature as summarized does not consistently demonstrate 

any difference in well-being or productivity of sows in gestation crates versus sows in group 

housing.  
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CHAPTER 2 

INTRODUCTION  

Production of pigs in a humane and welfare friendly environment is viewed as a high 

priority for the swine industry. Producers rank it high because pigs exposed to management 

stresses often exhibit poor reproduction, reduced growth and compromised immune systems. 

Consumers rank it high because the conditions to which pigs are subjected to before they are 

harvested for pork are becoming increasingly important to them.  Housing systems for 

pregnant sows is an issue receiving increased scrutiny. Consumers are of the general opinion 

that sows housed in pens are exposed to less stress and, for lack of a better adjective, are 

“happier” compared to their counterparts housed individually in crates. Several years ago, 

European Union regulations made it illegal to house sows in gestation stalls after confirmed 

pregnant and the U.S. swine industry has agreed to voluntarily phase out individual housing 

systems for pregnant sows in the near future largely due to economic pressure from pork 

processors.  

Nevertheless, the question as to which system is best for the sow and her offspring 

remains unresolved from a physiological perspective. Most of the studies indicate that there 

is no difference in reproductive performance of the sows housed in group pens compared 

with those maintained in individual crates during gestation (McGlone et al., 2004). However, 

results from recent studies indicate that the gestation environment to which sows are exposed 

may have more of an effect on their offspring than on the sows themselves (Estienne and 

Harper, 2010). Moreover, objective measures of the sows’ well-being were not always 

collected simultaneously in many of these studies and when they were obtained. Serum or 
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plasma concentrations of cortisol obtained via venipuncture were the most common measures 

examined. This technique requires short periods of physical restraint in order to collect the 

blood sample, which results in an acute increase in corticosteroids which is problematic when 

cortisol is being used to evaluate “stress-levels”. Alternatively, saliva samples can be 

obtained easily without restraining the sow, and have been used to estimate changes in 

corticosteroids and “stress” levels in humans (Hellhammer et al., 2009), so it is reasonable to 

assume that saliva samples may provide a better way to monitor similar changes in swine.      

Consequently, the main objective of this study was to determine the effect of gestation 

housing on reproductive performance and salivary cortisol of sows and the subsequent 

immune response of their offspring. A secondary objective was to determine whether the 

social hierarchy of sows housed in groups influenced their salivary cortisol concentrations 

and the subsequent immune response of their offspring. 

MATERIALS AND METHODS 

Animals, General Management and Experimental Design 

Twenty-four sows that were composites of Large White, Yorkshire, and Landrace 

breeds were bred May 4-7, 2015, once each day of estrus. Insemination doses consisted of a 

minimum of 2.5 billion viable sperm cells in 60 mL of BTS semen extender (Minitube of 

America, Mt. Horeb, WI). All sows were bred by the same experienced technician with 

semen collected from the same boar. All sows were housed in individual crates (0.6 x 2.0 m) 

in a curtain-sided breeding barn with an under-slat ventilation system prior to breeding, 

during breeding, and for the first 3 weeks after breeding. Supplemental cooling was provided 

by 6 fans distributed equally throughout the barn and a dripper system which were activated 
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when the ambient temperature reached 23.3oC and 25.5oC, respectively.  All sows were fed 

1.8 kg of a complete corn-soy bean meal diet daily while in the breeding barn. The diet was 

formulated to meet or exceed all the nutrient requirements for gestating sows (NRC, 2012). 

All sows were checked for estrus between 18 and 22 days post breeding.  

At approximately 23 days post breeding,18 pregnant sows were randomly assigned to 

their gestation housing treatments. Nine sows were moved to the gestation barn and placed in 

gestation crates (0.6m x 2.0m). Each crate was equipped with an individual drop feeder and 

nipple waterer. Nine sows were moved to the gestation barn and placed in groups of three in 

gestation pens (2.5 m x 3.0m). Sows were placed in pens according to size. Each pen had a 

3.0m long feed trough located at the front of the pen and 2 nipple waterers located at each 

rear corner of the pen. The crates and pens which housed the experimental animals were 

located in the northwest corner of the gestation barn and across an alley way (1.5 m) from 

each other (see Figure 1).  The gestation barn was also a curtain-sided, under-slat ventilated 

building with an under-slat flush system for waste removal. Supplemental cooling was 

provided by 18 fans evenly distributed throughout the barn and either misters for sows in 

pens or dippers for sows in crates. Activation temperatures for fans and misters/drippers were 

the same as those in the breeding barn.  

All sows were fed a 14% protein corn-soy bean meal based diet formulated to meet 

all the nutrient requirements of gestating sows (NRC, 2012). The amount of daily feed was 

adjusted weekly during gestation based on visual estimations of sow body condition. Sows 

deemed to be in good body condition were fed 1.8 kg per day. Thin sows were fed between 

2.3 and 2.8 kg per day depending on their stage of gestation. All sows received an extra 0.5 
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kg of feed per day during the last three weeks of gestation. Pregnancy diagnoses were 

conducted using real-time ultrasonography (SonoVet, Orlando, FL) at day 35 and 98 of 

gestation. Sows in the pens identified as not pregnant remained with their respective groups 

until all sows were moved to the farrowing barn at day 105 of gestation. 

Experimental sows were moved into individual farrowing crates in a solid-walled 

barn with a side-wall baffle ventilation system that contained an evaporative cooling unit 

which was used as the air inlet during the summer months. Each farrowing crate consisted of 

two 0.6 x 2.4 m areas for the baby pigs, which were located on either side of a central 2.4 x 

0.8 m area where the sow was housed. Supplemental heat for the baby pigs was provided by 

two heat lamps (AgriSupply, Garner, NC) suspended over the center of each of the piglet 

areas (Figure 2). All experimental sows were placed in the same farrowing room and were 

assisted during parturition by experienced technicians if necessary.  

Piglets were allowed to nurse their birth sow for at least 24 hours prior to 

crossfostering which occurred within gestation housing treatments. All piglets received 

supplemental iron injections (Dextran; Elanco, Indianapolis, IN), oral preventive medication 

for diarrhea (Spectram; Merck Animal Health,  Fort Dodge, IA), and an intramuscular 

injection of penicillin G procaine (Merck Animal Health, Fort Dodge, IA). Piglets had their 

ears notched, tails docked, and umbilical cords trimmed and dipped in a 1% iodine solution 

(MidWest Veterinary Supply, Oakland, NE) between 24 and 48 hours after birth. Sows were 

fed ad libitum a 17% protein corn-soy bean meal based diet formulated to meet all the 

nutrient requirements for lactating sows whose litters were expected to gain 200 g per day 

(NRC, 2012).   
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Piglets born to experimental sows were weaned at an average age of 20.7 + 0.1 days. 

Piglets nursing the same sow were housed together in 1.5 x 1.8 m elevated pens in the same 

nursery room. Each pen had two 0.3 by 0.5 m stainless steel feeders located at the front of the 

pen and 2 nipple waterers located at each corner in the back of the pen (Figure 3). Each room 

was equipped with a side-wall baffle ventilation system; a flush system for waste removal; 

and a propane heater for supplemental heat. All piglets were fed a nursery starter diet that 

contained blood plasma proteins, dried milk products, corn, and soybean supplemented with 

vitamins and minerals for the first 5 days after weaning. Piglets were then transitioned from 

this diet to a corn and soybean meal based diet over the next 6 weeks. All diets were 

formulated to meet the nutrient requirements of pigs between 3 and 9 weeks of age as 

appropriate (NRC, 2012).    

Saliva Collection 

 Beginning on the day sows were assigned to their gestation housing treatments saliva 

was collected from all eighteen sows using Cortisol Salivette Device (Sarstedt , Numbrecht, 

Germany). Procedure was as follows. The round sponge was removed from the holder and 

taped to the end of a plastic rod. The sponge was held so that the sows could chew on it for 1 

minute until the sponge was saturated with saliva. The sponge was then removed from the 

rod and placed back into the “holder” portion of the Salivette tube and stored at  -40° C for 

subsequent analysis of cortisol concentrations.  Samples were taken in the same manner from 

every sow weekly between 3:15 and 4:00 pm throughout gestation until the litters were 

weaned.  
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Dominance Testing 

 During the fifth week of gestation sows in the group pens were tested for dominance 

and social hierarchy status. This was done in the following manner. A small amount of feed 

was dropped into the trough of each pen, and the reaction of each sow in the pen was 

observed.  Sows classified as dominant exhibited the following behaviors: pushing other 

sows away from the feed; biting other sows; displaying defensive stances; and growling. 

Sows classified as submissive retreated when approached by other sows and squealed. The 

intermediate sows expressed a combination of these dominant and submissive behaviors. 

Intermediate sows retreated from the dominant sow and pushed the submissive sow away 

from the food.  

Farrowing and Litter Data 

 After farrowing, litter data was obtained from that recorded on the farrowing card by 

the farrowing barn technicians. These included gestation length, number born alive, litter 

birth weight, individual piglet birth weight, gender of each piglet, number of mummified 

fetuses, and number of stillbirths. Gestation length was calculated by determining the number 

of days between the date of first mating and farrowing. Mummies and stillbirths were placed 

into 5-gallon buckets until farrowing was complete. The crown-to-rump length and weight of 

each mummy and stillborn was recorded. Number of piglets weaned, average piglet weaning 

weight, and litter weaning weight were recorded at weaning.  

Temperature Response of Offspring to Immune Challenges 

 When offspring from experimental sows were 9 weeks old, 16 piglets born to sows in 

each gestation housing treatment (n=32 total) were chosen for further study. The rectal 
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temperature of each pig was measured with a digital thermometer (MidWest Veterinary 

Supply, Oakland, NE) and then all pigs were injected with 0.1 mL phosphate buffered saline 

(PBS) in their left flank and 0.1 mL phytohemagluntinin (PHA; Sigma Chemical Company, 

Aldrich, NJ) in their right flank. The PHA was prepared by suspending a 50 gram bottle of 

phytohemaglutinin in 33 mL PBS to get a 150 µg/0.1 mL concentration and storing it in the 

refrigerator until use. The time of injection was considered time 0. At 6, 12, 24 and 48 hours, 

both the rectal and the surface temperatures of both injection sites were measured. An infra-

red thermometer (Gemplers, Omaha, NE) was used to measure the surface temperatures by 

pointing the laser guide at the marked injection sites and recording the temperatures shown 

on the screen of the thermometer.   

Cortisol Assays  

 A cortisol radioimmunoassay kit (ImmunoChem, Quest Diagnostics, Durham, NC) 

was used to determine the salivary cortisol concentrations. Frozen saliva samples were 

allowed to warm up to room temperature overnight and then subjected to centrifugation at 

3000 rpm for 15 minutes at 22.2oC in order to separate the saliva from the collection sponge. 

A 100 µL aliquot of each sample was pipetted into each tube and assayed according to the 

manufacturer’s recommendations.  Sensitivity of the assay as reported by the manufacturer 

was 10 ng/mL. Salivary cortisol was analyzed in a single assay. The intra-assay coefficient of 

variation of 15% which was determined by analyzing the same salivary sample from a sow at 

the beginning, middle and end of the chronological sequence of unknown samples.  

Statistical Analyses 
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 The pattern of pregnancy losses during gestation for each housing treatment was 

determined using survival analysis techniques (Rosner, 1990). The censor variables consisted 

of the following: 21 days post breeding (pregnancy diagnosis via boar exposure); 35 days 

post breeding (first ultrasound pregnancy evaluation); and 98 days post breeding (second 

ultrasound pregnancy diagnosis).  Salivary cortisol concentrations were subjected to a square 

root transformation due to heterogeneity of variance and the transformed data were analyzed 

using analysis of variance procedures for repeated measures (Rao, 1998). The statistical 

model included gestation housing treatment, time (week of gestation or lactation) and their 

interaction. The variation associated with individual sows within their respective gestation 

housing treatment was used to test the main effect of gestation housing. Pregnancy status 

determined retrospectively was used as a covariate in all analyses involving salivary cortisol. 

A significant interaction between gestation housing and time was present (p = 0.04). 

Consequently, differences between gestation housing treatments during each week of the 

study were determined using analysis of variance procedures (Snedecor and Cochran, 1989). 

Individual cortisol characteristics (mean, maximum, and variation), gestation length, litter 

characteristics at birth, and litter characteristics at weaning were analyzed with analysis of 

variance techniques using the general linear models procedures in SAS (SAS, Cary, N.C.). 

Changes in rectal and injection site temperatures in response to the immune system challenge 

were analyzed by analysis of variance procedures for repeated measures in a factorial 

arrangement of treatments. The statistical model consisted of gestation housing treatment 

(pens versus crates); immune system challenge (Phosphate Buffered Saline versus 

Phytohemagglutinin skin temperatures), pig sex (male versus female), and time. Main effects 
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of gestation housing, immune system challenge, and their interaction were tested with the 

variance associated with individual sows nested within each unique combination of gestation 

housing and immune challenge (Snedecor and Cochran, 1984). Tukey’s multiple range test 

was used to determine differences over time when a significant main effect was observed. 

 For sows housed in group pens the effect of social status (dominant, intermediate, and 

subordinate) on salivary cortisol concentrations was determined using analysis of variance 

procedures for repeated measures similar to those described for the effect of gestation 

housing on salivary cortisol. The main differences were that only data from sows housed in 

groups during gestation was used and social hierarchy was evaluated instead of gestation 

housing. 

RESULTS 

There was a tendency (p = 0.07) for a gestation housing by stage of gestation 

interaction for pregnancy losses (Figure 4). By day 35, three of the 9 sows were detected as 

not pregnant (33.3%) in each type of gestation housing. However, by day 98, no additional 

losses were observed for sows housed in crates (0%) whereas two additional sows housed in 

groups had lost their pregnancies (22.2%).  This resulted in a farrowing rate of 66.6% (6/9) 

for sows housed in crates during gestation compared with 44.4% (4/9) for their counterparts 

housed in pens. One of the subordinate sows maintained pregnancy and farrowed 

successfully (33%). All three of the intermediate sows maintained pregnancy and farrowed 

successfully (100%). None of the dominant sows maintained their pregnancies long enough 

to farrow (Table 2).  
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An interaction between gestation housing type and time was present for salivary 

cortisol (p = 0.04; Figure 5). Salivary cortisol was either higher (p < 0.05) or tended to be 

higher (0.06 < p < 0.15) in sows housed in pens compared with their counterparts in crates 

during weeks 10 through 13 of gestation. In contrast, sows housed in crates had (p < 0.05) or 

tended to have (0.06 < p < 0.15) elevated cortisol concentrations during weeks 14 and 15 of 

gestation and during week 3 of lactation compared with their contemporaries kept in pens. 

However, there were no differences (p > 0.65) between sows housed in pens versus crates 

during gestation in terms of their average cortisol concentrations, maximum cortisol 

concentrations, or the variance associated with cortisol during the study (Table 1). All sows 

in the study had at least one sampling period in which their salivary cortisol concentrations 

were below the sensitivity of the assay so there was no variance associated with this 

dependent variable and statistical analyses could not be performed.  

There was a tendency (p = 0.10) for a longer gestation length for sows housed in pens 

compared with sows housed in crates (115.0 versus 113.4, respectively; Table 1). There was 

no (p = 0.54) effect of gestation housing on number of pigs born alive (Table 1). Sows that 

gestated in crates farrowed 7 piglets per litter while those maintained in pens during gestation 

gave birth to an average of 9 live pigs (Table 1). For the sows housed in gestation pens, only 

1 subordinate sow farrowed and she gave birth to 5 piglets. None of the dominant sow 

farrowed. In contrast all three of the intermediate sows farrowed and produced, on average, 

10.3 pigs.  

There was no (p > 0.28) housing effect on the average or litter birth weight of the 

offspring (Table 1). The average birth weight of the offspring of the subordinate sows was 
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1.5 kg, whereas the average birth weight of the offspring of the intermediate sows was 1.40 

kg (Table 2).  Similarly, there was no (p > 0.87) effect on average or litter weaning weight of 

the piglets. The average weaning weight of the offspring of the crated sows was 6.3 kg, 

whereas the average weaning weight of the offspring of the penned sows was 6.4 kg (Table 

1). The average weaning weights of the offspring of the subordinate sow that farrowed was 

6.4 kg, whereas the average weight of the piglets weaned by the intermediate sows was 6.3 

kg (Table 2).  

There was no (p = 0.76) housing effect on the male to female ratio per litter. There 

was an average of 1.1 males to every female in the litters of the crated sows and 1.0 males to 

every female in the litters of the penned sows (Table 1). The subordinate sow that farrowed 

had a male-to-female ration of 0.7, whereas the intermediate sows had an average of 1.1 

males to every female in their litters (Table 2). 

There was no (p = 0.36) housing effect on the number of stillbirths per litter. The 

subordinate sow that maintained her pregnancy to term had 11 stillbirths out of a total of 16 

piglets born. The intermediate sows had an average of 0.7 stillbirths per litter (Table 2). 

There were no mummified fetuses born in litters from sows housed in crates. Consequently, a 

statistical evaluation could not be conducted. 

There was a time effect (p < 0.0001) associated with rectal temperature in the 

offspring of the experimental sows (Figure 6). Rectal temperature decreased (p < 0.05) 

during the first 24 hours post-challenge, but was similar between 24 and 48 hours post 

challenge (p > 0.05; Figure 6). There was an increase (p < 0.05) in skin temperature at the 

PHA injection site between the 6 and 12 hours post-challenge (Figure 7). After this initial 
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increase, skin temperature decreased (p > 0.05) between 12 and 48 hours post-challenge 

(Figure 7). Similar changes were observed at the injection site treatment with BSA (Figure 

8). There was no effect (p > 0.27) of sow housing on the temperature responses of their 

offspring to either the BSA or PHA challenges. Males had (p < 0.0001) a higher injection site 

temperature than females (35.6 + 0.4oC versus 34.3 + 0.3oC, respectively). In contrast, rectal 

temperatures were not affected by the sex of the offspring (males 38.3 + 0.2oC versus 

females 38.4 + 0.1oC). 

DISCUSSION 

The lack of significance in mean salivary cortisol concentrations during gestation 

between crated and penned sows is consistent with previous research. Previous research 

seems to have equivocal results in terms of the effect of housing systems on cortisol and a 

recent review of a number of studies concluded that housing system had minimal effects on 

average cortisol concentrations (McGlone et al., 2004).  The only housing system 

consistently shown to produce elevated cortisol in sows during gestation was the use of 

tethers (reviewed by McGlone et al., 2004). In tethered systems, a sow basically can stand or 

lie down with very little lateral or horizontal motion. Therefore, it appears that only very 

severe restrictions of movement produce variations in cortisol secretions. To have a complete 

and accurate understanding of how housing systems impact sow welfare, additional research 

must be done to compare all housing systems, and only then can a valid conclusion be made 

with respect to the production system that requires sows to adapt the least in terms of their 

hypothalamic-adrenal system.  
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The reduced farrowing rate observed in the penned sows is consistent with a 

speculation made by Jansen et al. (2007). This study did not find a significant difference in 

farrowing rate between group and individual housing. However, sows were moved into their 

assigned treatment on day 50 of gestation and placed in groups of 50. Their prediction was 

that moving sows into group housing earlier in gestation could have an impact on farrowing 

rate. The present study supports their speculation as there was a tendency for the penned 

sows to have a lower farrowing rate. This is also consistent with the conclusion reached by 

McGlone and coworkers (2004), though that review was a compilation of 35 papers that 

references multiple variations of housing. 

Zhao et al. (2014) examined the effect of hierarchy on farrowing rate. This study 

found the subordinate sows had a reduced farrowing rate, the dominant sows had the fewest 

piglets born alive and had the highest stillborn rate, while the intermediate sows had a 

significantly higher farrowing rate than either subordinate or dominant sows. These findings 

are consistent with tendencies observed in the present study, although no statistical analyses 

could be performed due to low numbers of observations in several treatments. All of 

intermediate sows farrowed while none of the dominant sows and only one of the subordinate 

sows carried their pregnancies to term. In both the present study and the one conducted by 

Zhao and coworkers (2014), sows were housed in groups of three, so that there was one sow 

in each social category. With larger group sizes it is possible that there still would be a 

dominant and a subordinate sow while the remaining females would be considered 

intermediate and possibly have improved reproductive performance. Clearly, additional 
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research is needed to determine the optimum group size for sows housed in pens during 

gestation.  

Previous studies failed to demonstrate a difference in pigs born alive between sows 

housed in pens versus crates (McGlone et al., 2004). The present study likewise did not find 

a difference between gestational housing systems on any of the dependent variables 

associated with litter size. However, it is important to note that the numbers of observations 

in each treatment by the end of the study were lacking due to the low farrowing rates, so any 

comparisons would have very low statistical power. Similar to the situation with farrowing 

rates, the review article by McGlone and coworkers (2004) did demonstrate reduced numbers 

of pigs born alive for sows kept in tethers. Thus, it seems that gestation crates and tethers 

cannot be generalized under the category of “individual housing” because the two systems 

have very different outcomes. This is important to producers because a major goal is to 

maximize the number of pigs born and weaned per sow.  

Effects of gestation housing on birth weight have been inconsistent in the literature. 

Some papers report group housing results in reduced birth weights (reviewed by McGlone et 

al., 2004), while others found no differences (Sorrells et al., 2006). The present study found  

no housing effect on birth weight, although as mentioned previously, numbers of 

observations per treatment were low. Birth weight is important because the piglets should be 

large enough to survive while not being too large as to cause dystocia. 

Another production variable that has mixed reports is the average weaning weight of 

piglets. Sorrells et al. (2006) found no difference in birth weights between housing systems, 

but did report that offspring of sows that gestated in stalls weighed less at weaning than their 



 

32 

counterparts born to sows housed in pens. The present study found no difference in either 

average birth or weaning weight between the two housing systems as was the case with most 

of the studies reviewed by McGlone et al. (2004).  

Cronin et al. (1996) found that sows housed in pens had a higher chance of piglet 

losses via stillbirths or post-partum mortality compared with sows housed in pens. It is 

interesting that the only subordinate sow that farrowed had 11 stillbirths. She also gave birth 

to five live piglets, making her full litter size 16. This is a very large litter and litters with 

more than twelve piglets tend to have higher numbers of fetal death losses (Lefebvre, 2015) 

Whether or not her high stillborn rate was due to gestation housing or the fact that she 

experienced some level of dystocia or complications during parturition cannot be determined.  

Changes in rectal and surface temperatures in response to the phytohemagglutinin 

(PHA) challenge were viewed as an indirect estimate of the pig’s immune system. PHA is a 

mild adjuvant that will cause an immune response with minimal risk of harm to the piglets. 

The lack of a significant difference in the immunity of the offspring of sows housed in pens 

versus crates during gestation is consistent with the cortisol concentrations of sows during 

gestation in both the current study and previously reported research. The experience of 

“psychological stress” during the last third of pregnancy decreases circulating 

Immunoglobulin G levels in the fetal pig (Merlot et al, 2008). IgG is responsible for 

preventing infection. Both treatment groups experienced significant increases in cortisol 

concentration in the last trimester of gestation, although at different time periods, which 

would potentially result in the same degree of immune suppression among offspring. When 

challenged, the offspring of both housing systems had similar elevation in body temperatures 
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initially, which returned to normal after 48 hours. This is an important observation for 

producers, as disease prevention is critical, especially in 4 to 9 week old pigs whose immune 

systems are still developing. A healthy pig will be of higher quality than an unhealthy pig, 

and thus has the potential to make more money for the producer. Moreover, disease treatment 

can become a major cost for producers, so knowing that gestation crates and small group 

pens will not have a detrimental effect on immune responses is important. It should be noted 

that these findings only apply to standard gestation crates and group pens of three sows with 

2.5 square meters of space per sow and cannot be assumed for different sized pens, groups, 

or other forms of housing.  

While the gestation length in the penned sows tended to be longer than that of the 

crated sows, both lengths are considered to be within the normal range. The typical sow 

gestation length is 114 + 2 days, but often is herd specific. The crated sows had or tended to 

have higher cortisol concentration toward the end of their pregnancies. Fetal cortisol is 

believed to be the parturition signal in swine. Thus, it is possible that these elevated systemic 

cortisol levels observed during the last week of gestation in the sows housed in stalls signaled 

an earlier parturition. The penned sows farrowed, on average, two days after the crated sows, 

perhaps because of the lower stress levels at the end of gestation. Litter size, breed, and 

parity are all factors that may affect gestation length (Garnett and Rahnfeld, 1979).  Since all 

of these factors were similar between group and individually housed sows in the present 

study, it is possible that gestation housing played a role in this observed difference.  

 The male to female ratio is a variable that may be an indicator of prenatal maternal 

stress and may have economic impacts on producers. Drickamer et al (1997) followed gilts 
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from 154 litters and found a correlation between male-biased litters and reproductive 

inefficiency or failure. Gilts that came from litters with a high proportion of males failed to 

conceive more than gilts that did not come from litters with a high male to female ratio. 

Drickamer et al (1997) suggested that producers should be selective about which gilts they 

keep for breeding based on their birth litter data and that gilts that come from male-biased 

litters should become market hogs for maximum productivity (Drickamer et al., 1997). In 

multiple species, mothers will abort male offspring if the environment is too stressful or the 

resources are too scarce. Male offspring require more energy from the mother to develop. A 

previous study reported that development of male offspring and their subsequent survival 

were affected by elevated corticosteroids (Mack et al., 2014). The male to female ratio was 

not affected, but sows who were administered a synthetic glucocorticoid during gestation had 

more sons die prior to weaning than sows that were frequently exposed to new groups 

throughout the experiment. Given that the sows in the present experiment were treated the 

same except for the gestation housing system, a low male to female ratio would have 

indicated potential maternal stress, resulting from the housing or social status within the 

group. However, there was no significant difference in the male to female ratio between 

housing systems or between dominance rankings. Results from Mack et al. (2014) imply that 

stress hormones may have to be at a very high level to have an effect on either sex.  

 Given that only one subordinate sow farrowed and she had a very large litter, the 

number of stillbirths in subordinate sows should be viewed with caution. This result is 

consistent with a review on non-infectious factors associated with stillbirths, which found 

that large litter sizes correlate with higher stillbirth rates (Vanderhaeghe et al., 2013).  
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In summary, effects of sow gestation housing were minimal in the present study. 

Future research should focus on comparing various group sizes to gestation crates, space 

allowances, and the effects of using a combination of crates and pens. There should be 

enough repetitions in each treatment to accurately evaluate the effect of social hierarchy for 

sows housed in both pens and crates. If intermediate sows seem to consistently perform 

better than subordinate or dominant sows, then having an appropriate group number with 

multiple intermediate sows may be a compromise to the welfare debate.  

Space allowance studies could lead to multiple resolutions. Animal rights groups 

seem to use the limited space of gestation crates to promote their agendas. Penned sows show 

decreased aggression and cortisol concentrations with increased space per sow (Hemsworth 

et al., 2013). If an optimal space allowance and management style were found, sow welfare 

and production should both be optimized. 

A mixed housing management style may improve production and improve sow 

welfare. Penned sows will always experience stress when establishing a hierarchy. However, 

if penned sows seem to have higher welfare behaviorally and physiologically, then it should 

implemented into gestation management. However, it is recommended that stress be 

minimized during the first 35 days to prevent embryonic death. Research should examine the 

effects of mixed housing, or housing sows individually for the first 35 days of gestation, then 

moving them into group housing until farrowing. There may be an increase in fetal mortality 

or a decrease in birth weight due to social rank stress during fetal development. However, the 

potential for production improvement makes this research relevant and practical. 
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TABLES 

Table 1 Effect of Gestation Housing on Salivary Cortisol Parameters and 
Reproductive Performance. 
 
 
Variable 

Crates  Pens  
P-Value Mean  SE  Mean SE 

Average Cortisol (ng/mL) 54.6 26.5  61.5 35.5 0.65 
 

Maximum Cortisol (ng/mL) 221.5 94.5  249.0 208.1 0.72 
 

Minimum Cortisol (ng/mL) 10.00 -----  10.00 ----- ----- 
 

Cortisol Variation (no units) 5576.5 4690.2  9455.8 10688.0 0.33 
 

Farrowing Rate (%)** 66.7 -----  44.4 ----- 0.07 
 

Gestation Length (days)* 113.4 0.5  115.0 1.8 0.10 
 

Number Born Alive 7.0 2.3  9.0 2.4 0.54 
 

Litter Birth Weight (kg) 10.4 2.5  12.6 2.8 0.60 
 

Piglet Birth Weight (kg) 1.6 0.3  1.4 0.1 0.28 
 

Mummies (%) 0.0 -----  2.5 0.5 ----- 
 

Stillbirths (%) 11.8 4.8  5.2 3.2 0.36 
 

Male: Female Ratio 1.1 0.8  1.0 0.5 0.76 
 

Number  Weaned 5.0 1.5  6.2 1.8 0.83 
 

Litter Weaning Weight (kg) 40.3 5.2  42.6 4.5 0.87 
 

Ave. Weaning Wt. (kg) 6.4 1.1  6.4 1.4 0.97 
* Tendency (0.05 < p < 0.15) for a difference between housing treatments 
** Significant (p < 0.05) difference between housing treatments
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Table 2 Effect of Social Hierarchy on Salivary Cortisol and Reproductive Performance of Sows Housed in Pens 

 
Variable 

Subordinate  Intermediate  Dominant  
P-Value N Mean SE  N Mean SE  N Mean SE 

Average Cortisol (ng/mL) 3 78.7 26.8  3 52.0 47.9  3 54.0 37.0 0.66 
 

Maximum Cortisol (ng/mL) 3 349.7 101.2  3 255.4 89.4  3 211.0 92.9 0.65 
 

Minimum Cortisol (ng/mL) 3 10.00 -----  3 10.00 -----  3 10.00 ----- ----- 
 

Cortisol Variation (no units) 3 12,729.1 9736.6  3 13,561.6 8068.1  3 12,409.0 7579.2 0.85 
 

Farrowing Rate (%) 3 33.0 -----  3 100.0 -----  3 0.0 ----- ----- 
 

Gestation Length (days) 1 114.0 -----  3 115.3 2.0  0 ----- ----- ----- 
 

Number Born Alive 1 5.0 -----  3 10.3 5.8  0 ----- ----- ----- 
 

Litter Birth Weight (kg) 1 7.7 -----  3 14.3 7.6  0 ----- ----- ----- 
 

Piglet Birth Weight (kg) 1 1.5 -----  3 1.4 0.2  0 ----- ----- ----- 
 

Mummies (%) 1 0.0 -----  3 0.33 0.5  0 ----- ----- ----- 
 

Stillbirths (%) 1 11.0 -----  3 0.67 0.5  0 ----- ----- ----- 
 

Male: Female Ratio 1 0.67 -----  3 1.1 0.5  0 ----- ----- ----- 
 

Number Weaned 
 

1 5.0 -----  3 6.7 1.3  0 ----- ----- ----- 
 

Litter Weaning Weight (kg) 1 38.8 -----  3 43.9 9.9  0 ----- ----- ----- 
 

Piglet Weaning Weight (kg) 1 6.4 -----  3 6.3 1.7  0 ----- ----- ----- 
!
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FIGURES!

 
 

 
 
 
 
 
 

Figure 1: Diagram of Gestation Barn (Gestation Housing Treatments) 
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Figure 2: Diagram of Individual Farrowing Crate 
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Figure 3: Diagram of Nursery Pens (Phytohemagglutinin Challenge Study) 
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Figure 4: Effect of Gestation Housing on Proportion of Pregnant Sows from Breeding 
until Farrowing. * indicates a tendency (p = 0.07) for differences between gestation 
housing. 
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Figure 5: Effect of Gestation Housing on Salivary Cortisol of Sows during Gestation 
and Lactation. * indicates that differences between housing types tends to be 
different (0.06 < p < 0.10). ++ indicates that difference between housing types is 
different (p < 0.05) 
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Figure 6: Effect of Gestation Housing on Rectal Temperatures in Offspring Treated 
locally with Bovine Serum Albumin and Phytohemagglutinin.  There was no effect of 
gestation housing (p = 0.27). Rectal temperatures decreased between 6 and 24 
hours post (p < 0.05) but were not different at 48 hours (p > 0.05) post challenge. 
!

!
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Figure 7: Effect of Gestation Housing on Skin Temperature around the Injection Site 
in Offspring Treated with Phytohemagglutinin. There was no effect of gestation 
housing (p = 0.94). Surface temperature at the injection site increased between 0 
and 12 hours (p < 0.05) and then decreased from 12 to 48 hours (p < 0.05).   
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Figure 8: Effect of Gestation Housing on Skin Temperature around the Injection Site 
in Offspring Treated with Bovine Serum Albumin. There was no effect of gestation 
housing (p = 0.98). Surface temperature at the injection site increased between 0 
and 12 hours (p < 0.05) and then decreased from 12 to 48 hours (p < 0.05).!
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APPENDICES!

Appendix!A!

Comparison!of!Salivary!and!Serum!Cortisol!Concentrations!

Blood!and!saliva!were!collected!on!three!mature!boars.!This!was!done!in!order!

to!compare!salivary!and!serum!cortisol!concentrations!obtained!from!the!same!animals!

at!the!same!time.!From!each!boar!was!being!collected!a!3!mL!serum!sample!from!a!

marginal!ear!vein!with!an!infusion!set!attached!to!a!21Egauge,!1!inch!needle!(BectonE

Dickson,!Chicago,!IL).!At!the!same!time,!a!sample!of!saliva!was!collected!as!described!

previously.!Concentrations!of!cortisol!were!analyzed!in!both!the!serum!and!saliva!also!

as!described!previously.!!Salivary!cortisol!averaged!15.5!+!5.7!ng/mL!while!serum!

concentrations!were!35.3!+!3.7!ng/mL.!These!were!statistically!different!(p!=!0.03)!with!

concentrations!in!the!saliva!being!about!20!ng/mL!lower!compared!with!their!serum!

counterparts.!Pearson!correlation!coefficient!between!salivary!and!serum!

concentrations!was!0.74!(p!<!0.05).!!

!

  



!

! 50!

Appendix!B!

SAS!Programs!

Effect!of!Gestation!Housing!Treatments!on!Salivary!Cortisol!

data sarah1; 
filename billy1 'C:\CORT.prn'; 
infile billy1; 
 
input SOWID TRT $ DOM PSTATUS TIME CORT; 
 
TCORT=SQRT(CORT); 
 
proc glm; 
classes TRT TIME; 
model CORT TCORT= PSTATUS TRT TIME TRT*TIME SOWID(TRT); 
test h=TRT e=SOWID(TRT);!

!

Effect!of!Gestation!Housing!Treatments!on!Sow!and!Piglet!Performance!

data sarah1; 
filename billy1 'C:\SowLitter.prn'; 
infile billy1; 
 
input SOWID STDY PAR TRT $ DOM  
      GESTL FST NBA LBW ABW MUM STB MALE FEM MFR  
      NW LWW AWW 
   ACORT MXCORT VARCORT 
   ARTMP MXRTEMP MNRTEMP VARRTMP 
      ASTMP MXSTEMP MNSTEMP VARSTMP; 
 
proc glm; 
classes DOM; 
model GESTL FST NBA LBW ABW MUM STB MALE FEM MFR  
      NW LWW AWW 
   ACORT MXCORT VARCORT 
   ARTMP MXRTEMP MNRTEMP VARRTMP 
      ASTMP MXSTEMP MNSTEMP VARSTMP=DOM; 
 
proc sort; by DOM; 
proc means n mean stderr maxdec=2; by DOM; 
var   GESTL FST NBA LBW ABW MUM STB MALE FEM MFR  
      NW LWW AWW 
   ACORT MXCORT VARCORT 
   ARTMP MXRTEMP MNRTEMP VARRTMP 
      ASTMP MXSTEMP MNSTEMP VARSTMP;!

!
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Rectal!and!Surface!Temperatures!in!Response!to!Phytohemagglutinin!and!BSA!

data sarah1; 
filename billy1 'C:\Immune.prn'; 
infile billy1; 
 
input SOWID TRT DOM PIGID PSEX TIME INJ RTEMP STEMP; 
 
proc glm; 
classes PSEX TRT INJ TIME; 
model RTEMP STEMP=TRT TIME INJ TRT*INJ INJ*TIME TRT*TIME TRT*INJ*TIME PSEX 
PIGID(TRT*INJ); 
test h=TRT INJ TRT*INJ e=PIGID(TRT*INJ);!

!
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