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Environmental enrichment is an important strategy to improve the welfare of farm animals. However, relatively little is known about enrichment for gestating sows, especially those raised on farms with slatted floors and for which provision of straw may be difficult. The objective of this study was therefore to investigate the short-term (4 d) impact of a point-source enrichment object on the behavior of gestating sows housed in group pens. Four pens of gestating sows on a university research farm were randomly allocated to receive either enrichment or no enrichment (control) in a 2 by 2 crossover design. Time budgets were established by video recording focal sows' behaviors (n = 10 focals per pen) every 15 min between 0800 and 1500 every day. Enrichment use was further characterized by continuous behavior sampling for a 1 h interval between 0830 and 0930 each day. The impact of parity, lameness and presence of stereotypical behavior such as sham chewing on enrichment use was evaluated. Over the course of the study, focal sows spent approximately 73% of observations inactive [either lying down (70%), standing (2%), or sitting (1%)]. Within the remaining observations, sows were most commonly observed sham-chewing (16%), followed by 3% exploring, 2% feeding, 2% walking and 1% interacting with the enrichment when it was available. Low-parity sows, moderately-lame sows, and sows observed sham chewing at baseline displayed more consistent enrichment use over the course of the study (p = 0.02, p < 0.01, p = 0.04, respectively). While no adverse behavioral effects (increased agonism or sham chewing) due to provision or removal of the enrichment object were observed and while 85% of sows were observed to interact with enrichment at least once, interest declined sharply after the first day. We conclude that further research is needed to identify effective and sustainable enrichment strategies for gestating sows.
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INTRODUCTION

The housing of pregnant sows is one of many areas of livestock welfare that has elicited societal concern in recent decades. Until recently, most sows in the United States were housed in individual crates during their entire gestation period, without the possibility to turn around. Individual sow housing systems were designed to enable individualized attention to nutrition, health, reproduction, and management (McGlone et al., 2004). However, systems that prohibit postural movements also induce many welfare challenges (McGlone et al., 2004), including but not limited to the restriction of motivated behaviors to socialize, forage, and explore the environment. Such systems have been the focus of increased concern amongst members of the public (Ryan et al., 2015; Yunes et al., 2018). In response, numerous US states have passed voter-driven referenda to prohibit or phase-out the use of systems that prevent basic postural movement, while in the European Union, the Council Directive 2001/88/EC prohibits the individual housing of sows and gilts after the fourth week of gestation until the week preceding farrowing (Pedersen, 2018). To address increasing concerns about animal welfare, swine production companies and retailers have started to ask suppliers to transition toward group systems, which allow greater freedom of movement and social interaction with conspecifics (e.g., in early 2018, the largest pork producer in the world, Smithfield Foods, announced that they had transitioned all company-owned farms to group housing of pregnant sows apart from breeding and farrowing, Smithfield Foods Company).

Transitioning to group systems can represent a significant challenge for farmers, partially because housing sows in groups can introduce new challenges to swine welfare. For example, sows must establish social hierarchies within the group to function well (Hunter et al., 1988; Greenwood et al., 2014) and aggressive behaviors are common within the first 48 h after sows are mixed together. Additionally, such aggression can persist if sow social dynamics are managed inappropriately (e.g., frequent mixing of groups), compromising sow welfare and production (Verdon and Rault, 2018).

However, strategic changes in the existing environment through environmental enrichment have the potential to improve sow well-being. Enrichment has been defined by Newberry (1995) as an improvement in an animal's biological functioning through modifications to the environment. Successful enrichment should result in some or all of the following outcomes: (1) increased expression (i.e., frequency and range) of normal, motivated behaviors, (2) reduction or prevention of abnormal behaviors, (3) improved use of available space, and (4) improved abilities to cope with challenges associated with the captive environment (Mkwanazi et al., 2019). While the science of enrichment for growing pigs is extensive, research relative to gestating sows is limited (Van De Weerd and Ison, 2019). Of the enrichment approaches explored for gestating sows, most have sought to stimulate the expression of normal foraging and oral behaviors or to improve the structural complexity and division of the available pen space (Stewart et al., 2008; Van de Weerd and Day, 2009; Horback et al., 2016).

Provision of straw is considered an important component of gold-standard enrichment for pigs, as it is destructible, manipulatable, and edible (Van De Weerd and Ison, 2019), but straw can pose management challenges for many commercial swine facilities. In such cases, various forms of point-source enrichment objects may be useful in providing an outlet for some of the most important motivated behaviors in pigs, such as foraging and other oral behaviors. EasyFix Lunas are made of natural rubber and are designed to encourage play and oral behaviors in pigs (EasyFix, EasyFix). While Lunas may have a mild positive effect in growing pigs (generating more interaction overall and reducing harmful behaviors during the weaner stage compared to spruce wood posts (Chou et al., 2020a), there is little published research on their effects in gestating sows. While there does not appear to be consensus on what constitutes “short-term” when investigating impacts of enrichment, an evaluation of 74 different enrichment objects given to growing pigs showed that a duration of five days was sufficient to identify which enrichments failed to sustain interest in the animals (Van De Weerd et al., 2003). Additionally, Elmore et al. (2011) observed agonistic behaviors in sows within the hour following introduction of enrichment.

Therefore, the objectives of this study were to: (1) assess the short-term impact of providing point-source object enrichment on the behavior of gestating sows housed in groups (with attention to stereotypic and agonistic behaviors), (2) describe sows' interactions with this enrichment and, (3) evaluate the association between sow parity, sham chewing, and lameness status with enrichment interaction.



MATERIALS AND METHODS

The animal protocol was reviewed and approved by the University of Minnesota Institutional Animal Care and Use Committee under the reference 1811-36558A.


Animal Care and Provision of the Enrichment
 
Facility and Animal Management

This study was conducted at the University of Minnesota Southern Research and Outreach Center 750-head swine unit in Waseca, Minnesota in April 2019. This farrow-to-wean farm was managed in a batch farrowing schedule, such that the herd was divided into 10 groups of sows, one of them farrowing every other week. Sows were comprised of Landrace and Yorkshire breeds and were gestating their first to tenth litter. The facility housed sows in gestation stalls from weaning until they were confirmed pregnant for approximately 35 days. At that time, sows were grouped into pens. Sows were fed via a single electronic sow feeder per pen and water was available ad libitum via four nipple drinkers per pen. Feed rations were individualized based on body condition and gestation stage. Sows were relocated to individual farrowing stalls in a farrowing room during the week prior to their expected farrowing date. The flooring of the gestation room consisted of concrete slats above deep manure pits. Manure pit exhausts and wall fans ensured active ventilation of the room by creating negative air pressure. The barn was temperature-controlled (between 21 and 23°C) and lighting schedule was 9 h light: 15 h dark. At the time of the study, each pen (dimensions 6.88 m by 13.11 m) housed between 44 and 53 sows, with stocking densities ranging from 1.70 to 2.05 m2 per sow.



Experimental Design

The enrichment evaluated in this study was a point-source object called Luna 142 (Figure 1), designed as a food-grade durable rubber star-shaped toy to stimulate oral and investigatory behaviors in adult pigs (EasyFix, Galway, Ireland). Four pens out of the six available in the gestation room were enrolled in this study. The two remaining pens were not included because they either housed non-pregnant gilts or sows due to be moved into farrowing rooms during the experiment. In a cross-over design, the pens were randomly allocated to receive the enrichment object at a ratio of at least one per nine sows during either the first period (d1–4, group 1) or the second period (d5–8, group 2) of the study (Table 1). Once placed, enrichments remained in the pen until the end of the period to allow sows continuous access. Enrichment objects were cleaned and disinfected between treatment periods.
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FIGURE 1. Picture of the enrichment objects (Luna) in the pen.



Table 1. Crossover design of the study.
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Focal Sows

Behaviors were recorded for 10 randomly selected focal sows per pen (40 sows in total). The list of sows' identification numbers was randomized in the 2016 Excel software (Microsoft Corporation, Redmond, WA) and the first 10 sows in each pen were selected for behavioral observations. Each of the selected focal sows were scored for lameness based on a previously described protocol (Performance Zinpro Swine Locomotion Scoring, Feet First Scoring System, Zinpro Performance Minerals) where sows were scored between 0 and 3. Any sow scoring above 2.5 (defined as: “Lameness is involved in one or more limbs. The sow exhibits compensatory behaviors such as dipping her head or arching her back”) was not considered for behavioral observations and the next sow on the randomly generated list was evaluated. Focal sows were designated with numbers between 1 and 10, written on their backs and flanks with a livestock marker to allow for visual identification during video observations.



Data Collection

Eight cameras (two per pen) were installed on the ceiling or walls surrounding pens. Cameras captured video footage for a total of nine days including day 0 (baseline) before enrichment was added. Video footage of the pens was recorded daily from 0800 until 1500, when the lights were on in the gestation room and when farm staff were less likely to be in the room for morning and late afternoon checks.

To obtain estimates of time budgets (Whalin et al., 2016), four observers recorded behaviors for each of the focal sows every 15 min between day 0 and day 8, yielding 29 observations per sow per day (261 total behavior scans per sow over the study period). Training of observers was considered sufficient after at least 90% agreement between observers for 120 scans. Table 2 presents the ethogram of behaviors recorded for this study.


Table 2. Experimental ethogram for gestating sows.
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Continuous behavior sampling for enrichment use was also performed by two observers each day from 0830 to 0930. This time period, directly after the daily reset of the electronic sow feeders and the sows' first feeding, was chosen based on expected greater activity levels of sows during the morning, which was hoped to optimize the observation of enrichment object use. The intra-class correlation coefficient was computed to assess agreement between the observers in recording total daily duration and daily total bouts of enrichment use in all focal sows for five of the nine experimental days (100 observations). There was high absolute agreement between observers, using the two-way random effect models and single rater unit, kappa ≥ 0.94, p < 0.01. Statistical analysis showed no significant difference in behaviors recorded by observers.



Statistical Analyses
 
Time Budget

Data from the behavioral scans were used to construct a time budget for the following behaviors: standing inactive, lying inactive, walking, exploring, enrichment use, sham chewing, sitting, agonistic behaviors, and other. Agonistic behaviors, including vulva biting, knocking over, levering, biting, mounting, chasing, disturbing, and displacing, were aggregated into a single behavior for analysis. All other behaviors, including scratching, elimination, human interaction, positive or neutral social interactions, were aggregated due to low frequencies of observation. For each behavior outcome, daily pen means were calculated by summing the number of observations that sows were recorded performing that behavior outcome and dividing by the number of complete observations, resulting in a single daily non-Bernoulli binomial value per pen. The total possible number of daily observations per pen was 290 (29 observations for 10 focal sows). However, some observations were missing because of either camera recording issues or poor visibility of focal sows, which resulted in a different number of complete observations for each pen. Seventeen percent of daily pen observations were missing on average (range 3–34%).

Data were analyzed using logistic regression models with binomial error distributions and logit link functions using the glmmTMB function of the glmmTMB package (Brooks et al., 2017) in RStudio (version 1.3.1073, R Core Team). Models were built for each behavior outcome with a covariate for baseline measures, fixed factors of treatment (2 levels: control and enrichment), day (4 levels: day 1–day 4), the treatment and day interaction, period (2 levels; period 1: day 1–4 and period 2: day 5–8), and order in which pens received the enrichment (2 levels: first or second). Pen within treatment (8 levels) was a random subject intercept and the weight statement included the total number of complete observations. The baseline covariate was removed if the corresponding Wald Chi-square test had p > 0.05. Baseline covariates were included to analyze behaviors of exploring, sham chewing, standing inactive, and walking. The model for the analysis of enrichment interaction included only the fixed factors of order and day, and the random subject intercept was pen (4 levels). Furthermore, a subset of the full dataset was used that only included data for when the enrichment was present in the pen. The weighted arithmetic mean was used to determine means and 90% CIs for baseline behaviors.



Continuous Enrichment Use

Data from 1-h observations of sows were aggregated for each focal sow and day. Sows were divided into low (0–2; n = 21) or high (3–9; n = 19) parity groups, low (0–1; n = 19) or moderate (1.5–2.5; n = 20) lameness groups, and absence (n = 16) or presence (n = 24) of baseline sham chewing (i.e., whether sows had been observed to sham chew on the baseline day) groups to investigate the effects of parity, lameness, and baseline sham chewing behaviors on enrichment use outcomes (Table 3). One sow was removed from this analysis because of a missing lameness score.


Table 3. Characteristics of focal sows (number out of n = 10 focal sows).
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Zero-inflated negative binomial linear mixed models analyzed duration of enrichment interaction per hour and the number of enrichment interaction bouts per hour using the glmmTMB function. A similar model that excluded the zero-inflation factor was used to analyze durations of bouts. Fixed effects included day (4 levels), period (2 levels), parity (2 levels), lameness (2 levels), and sham chewing (2 levels), the parity and day interaction, the lameness and day interaction, and the sham chewing and day interaction. Random effects were included for sow (39 levels) and pen (4 levels).

For all analyses, the significance of main effects was tested by obtaining the p-value for the Wald Chi-square test and declared when p ≤ 0.05. Pairwise comparisons were carried out only when effects had p ≤ 0.05. Pairwise comparisons were made using odds ratios (OR) for outcomes analyzed on the logit-link scale (binomial) and rate ratios (RR) for outcomes analyzed on the log-link scale (negative binomial). If the Wald Chi-square test for a two-way interaction with day had p ≤ 0.05, then daily predicted means for each treatment are reported, else the overall treatment means are reported. The results of the analyses are reported as back-transformed predicted means and 90% CIs. The Tukey p-value adjustment was applied for multiple pairwise comparisons of days.





RESULTS


Time Budget

Overall, focal sows spent ~73% of observations inactive [either lying down (70%), standing (2%), or sitting (1%)]. Within the remaining observations, sows were most commonly observed sham-chewing (16%), followed by 3% exploring, 2% feeding, 2% walking, and 1% interacting with the enrichment when it was available (Figure 2). Sows were rarely observed performing agonistic behaviors, drinking or other behaviors (<3% collectively).
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FIGURE 2. Estimated proportion of observations and 90% CIs in which each behavior was observed for focal sows averaged across pens with enrichment (n = 4) and without enrichment (n = 4). P-values of T × D are reported when p ≤ 0.05. The main effect of treatment had p > 0.20 for all behaviors. “All other behaviors” reports the arithmetic means and 90% CIs. T × D = treatment-day interaction; p = p-value of Wald Chi-squared test statistic.


No behavior was affected by treatment alone. Period and order effects were not detected for any analyses of behaviors, except for exploring such that the odds of exploring in period 2 was 1.6 (90% CI 1.2–2.3, p = 0.02) times the odds of exploring in period 1.

Additionally, day of study had an effect on the lying inactive [χ2(3) = 18.5, p < 0.01], standing inactive [χ2(3) = 17.6, p < 0.01], and enrichment use behaviors [χ2(3) = 40.9, p < 0.01], while a treatment and day interaction was detected for sham chewing [χ2(3) = 7.9, p = 0.05]. Daily predicted means for these behaviors are illustrated in Figure 3. No effect of day nor treatment and day interaction was found for the remaining behaviors: exploring, feeding, walking, agonistic, sitting, and drinking.


[image: Figure 3]
FIGURE 3. Proportions and 90% CIs of observations recording (A) lying inactive, (B) standing inactive, (C) sham chewing, and (D) enrichment use behaviors. a-c, days averaged between treatment groups (plots A–C) and days (plot D) without a common letter have different means at p ≤ 0.05.



Inactive Postural Behaviors of Lying and Standing

The main effect of day was the only source of variation in the model to predict both lying inactive and standing inactive behaviors. With respect to lying inactive, sows on day 2 had 1.5 (90% CI 1.2–1.7, p < 0.01) and 1.3 (90% CI 1.1–1.5, p < 0.01) times greater odds of lying inactive compared to sows on days 1 and 4, respectively. Sows on day 3 had 1.4 (90% CI 1.2–1.6, p < 0.01) times greater odds of lying inactive compared to sows on day 1 (Figure 3A).

In terms of standing inactive, sows on day 1 had 2.3 (90% CI 1.3–4.0, p < 0.01) and 1.8 (90% CI 1.1–3.0, p = 0.05) times greater odds of performing this behavior compared to sows on day 2 and 3, respectively. Sows on day 4 had 2.2 (90% CI 1.3–3.9, p < 0.01) times greater odds of standing inactive compared to sows on day 2 (Figure 3B). Ultimately, both standing inactive and lying inactive behaviors were expressed similarly across days in the control and enrichment treatment groups.



Sham Chewing

Observations of sham chewing were affected by the interaction between treatment and day (p = 0.05), such that a numerically greater proportion of control sows were observed sham chewing on day 1 compared to sows receiving enrichment (Figure 3C).




Enrichment Use
 
Contribution to Time Budget

Enrichment use by sows varied over the days of the study (p < 0.01). The odds of enrichment use on day 1 was 12.4 (90% CI 3.3–46.0, p < 0.01), 4.3 (90% CI 1.9–10.1, p < 0.01), and 2.6 (90% CI 1.3–5.3, p = 0.02) times the odds of enrichment use on days 2, 3, and 4, respectively (Figure 3D).



Sow Use of Enrichment

Because of the sporadic nature of the enrichment use, sow behavior was further analyzed through daily 1-h continuous observations. Fifteen percent of the focal sows were never observed interacting with the enrichment during these observation intervals. Over half (55%) of the focal sows were observed using the enrichment at least two of the four observation days, whereas 8% of focal sows interacted with enrichment every day of the study. On average, sows spent less than a minute interacting with enrichment within the 1-h observation interval, although the rate of interaction varied greatly among individuals (ranging from 0 to 18.7 min per h).

Enrichment use (i.e., the number and duration of enrichment bouts, and total duration of use) was not affected by study period but was affected by study day and sow characteristics (e.g., parity, sham chewing, and lameness status). Daily least squares means for bouts of enrichment use for groups with different sham chewing prevalence are presented in Figure 4, and the daily least squares means for duration and number of bouts of enrichment use for groups with different lameness scores are presented in Figure 5. For all other variables, the two-way interactions with day were not significant.
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FIGURE 4. Back transformed means and 90% CIs for the frequency of enrichment bouts observed during the 1-h observation of sows with and without sham chewing. * Means within a day are different at p ≤ 0.05.



[image: Figure 5]
FIGURE 5. Back transformed means and 90% CIs comparing sows in low and moderate lameness score groups for outcomes of (A) total duration of enrichment interaction during the 1-h observation interval and (B) frequency of enrichment interaction bouts during the 1-h observation interval. * Means within a day are different at p ≤ 0.05.



Parity

Over the course of an hour of continuous observation, low-parity sows spent significantly more time interacting with enrichment (60 s/h) compared to high-parity (21 s/h) sows (p = 0.02). Furthermore, low-parity sows interacted with the enrichment at a rate of three bouts/h on average, whereas high parity sows interacted with enrichment at a rate of 1 bout/h (p = 0.01). There was no difference in the amount of time spent interacting with the enrichment for each of the bouts (Table 4).


Table 4. Least squares means and 90% CIs for sows according to parity group and baseline sham chewing prevalence.
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Sham Chewing

The interaction between sham chewing and day impacted the rate of enrichment use bouts [χ2(3) = 8.1, p = 0.04], such that sows observed sham chewing at baseline had a more consistent number of enrichment use bouts over the study, compared to sows who were not observed to sham chew at baseline (Figure 4).



Lameness

There was an interaction between lameness and day for the analysis of total duration of enrichment use [χ2(3) = 19.5, p < 0.01] and number of bouts [χ2(3) = 9.2, p = 0.03]. On the first day of enrichment provision, total duration of enrichment use and number of bouts were similar across sows regardless of their lameness status. After day 1, moderately lame sows spent more time with enrichment compared to sows with low lameness (Figure 5A). Moderately lame sows also had more frequent bouts on day 2 of the study compared to sows with lower lameness scores (Figure 5B). Effectively, moderately lame sows appeared to more consistently retain enrichment interaction behaviors across the course of the study compared to relatively sound sows, whose enrichment use declined after day 1.






DISCUSSION

Finding environmental enrichment that engages gestating sows, avoids increased competition pressure, and is workable for farmers remains a challenge for the swine industry. For many farmers (e.g., those raising sows on fully slatted floors, or those facing tight economic margins), complex and varied enrichment schedules may be beyond reach. Thus, our objective was to discern whether provision of point-source enrichment designed to stimulate oral manipulation would sustain sow interest beyond the initial day of provision, as pigs may lose interest toward enrichment after the novelty wears off (Ernst et al., 2018). Previous work showed that nursery and finishing pigs were highly and sustainably interested in interacting with the same enrichment objects used in the current study (Chou et al., 2019, 2020a,b). Additionally, provision of these enrichment objects decreased the frequency of harmful behaviors including tail and ear biting in nursery pigs compared to spruce posts (Chou et al., 2020a), though that protective effect was not seen when the enrichment objects were provided to older pigs (Chou et al., 2020b). In contrast, while our results suggest that the Lunas did not introduce new behavioral problems in our population of gestating sows (i.e., no differences in agonistic or sham chewing behaviors between treatments), interest seemed to decline among most of the sows after the first day of provision.


Time Budget
 
Sham Chewing

The time budget analysis showed that lying inactive and sham chewing were the two most prevalent behaviors observed amongst focal sows in the present study. Sham chewing is a stereotypic behavior commonly observed in swine raised in intensive rearing systems (Rushen, 1985). Stereotypies are defined as invariant, repetitive, and apparently functionless behaviors and are generally considered to signal impaired animal welfare (Mason, 1991; Mason and Latham, 2004). Low feeding levels and behaviorally restrictive or barren environments have been shown to increase the prevalence of sham chewing behaviors in sows (Terlouw et al., 1991; Vieuille-Thomas et al., 1995). This study population was reared in a system characterized by these limitations; as part of the management of this particular facility, sows were feed-restricted to maintain body condition according to industry standards and spent several weeks in individual gestation stalls before being moved into group pens for the remainder of their gestation periods. The proportion of time that sows were observed sham chewing was not affected by provision of the enrichment objects, an effect that may be explained by the short amount of time that most sows spent engaging with them. While some enrichment studies have failed to reduce sham chewing in sows [e.g., sows provided with access to a straw rack showed no difference in sham chewing compared to those without access (Stewart et al., 2008)], other enrichment strategies have successfully reduced observations of this behavior [e.g., farrowing and lactating sows provided with alfalfa hay showed reductions in sham chewing (Edwards et al., 2019)].



Lying Inactive

Proportions of time spent lying inactive differed by day, regardless of whether sows were provided with enrichment or not. Sows were most often observed lying inactive on days 2 and 3, compared to days 1 and 4. This pattern might be explained by the initial interest in the enrichment objects and the subsequent rebound sows displayed, respectively, on the first and fourth days of enrichment provision. These results may also indicate that activity levels were influenced by sow behavior and/or presence of enrichment in adjacent pens. This is not surprising, as pens were separated by bars and sows could see, hear, and engage in nose contact with neighbors. Finishing pigs have been shown to synchronize their behavioral expression, including enrichment use (Zwicker et al., 2015). Alternatively, this effect could be explained by emotional contagion, which has been demonstrated in pre-weaned (Goumon and Špinka, 2016), nursery (Reimert et al., 2017), and finishing pigs (Reimert et al., 2013). Those studies showed that pigs' behaviors were affected by positive or negative events administered directly to them and that control pigs—not subjected to those same events—nonetheless displayed similar behavioral and emotional states.



Agonistic Behavior

Aggression is a major welfare concern in group-housed sows (Maes et al., 2016), though it tends to be most problematic in the first few hours or days after social groups have been adjusted (Verdon and Rault, 2018). Incidence of aggression is influenced by many factors, including restriction of foraging and rooting, behavioral motivations which animals then redirect to conspecifics (Godyń et al., 2019). Environmental enrichment, as a (theoretically) desirable resource, can increase competition pressure (Van De Weerd and Ison, 2019), especially if individuals must compete for access to enrichment, for example if the enrichment is provided in insufficient quantities or is otherwise not accessible to all members of the group (Van de Weerd et al., 2006). Indeed, higher levels of aggression between conspecifics have been observed upon enrichment provision (Stewart et al., 2008; Roy et al., 2019). In the present study and similarly to Greenwood et al. (2018), neither provision nor removal of the point-source enrichment had any impact on expression of agonistic behavior among focal sows. However, this observation might be the result of the low prevalence of agonistic behaviors observed in the population studied.




Enrichment Use

Though the majority of focal sows (85%) interacted with the enrichment on day 1, their interest in enrichment had decreased sharply by the second day. Sows are more likely to remain interested in point-source enrichment if a rotation between objects of different natures is provided (Roy et al., 2019). However, sows' interest in the enrichment rebounded slightly after the second day of enrichment provision, a pattern consistent with another study in which sow play behaviors were highest 4, 7, and 20 days after the day of enrichment provision (Greenwood et al., 2018).

Lower parity sows spent more time interacting with the enrichment object as indicated by an increase in the number of enrichment interaction bouts. One hypothesis that could explain this phenomenon is that younger sows' behavior is closer to juvenile play than adult drive to interact with the enrichment, increasing their interest in the enrichment object (Greenwood et al., 2014). Alternatively, the hierarchy status of the sows may have played a role in the varying levels of enrichment use between younger and older sows. Although hierarchy status of the sows was not recorded in this study, there is evidence that lower parity sows tend to be subordinate until they reach their fourth parity, after which point body weight seems to be a stronger factor in determining status (Hoy et al., 2009). While both dominant and subordinate sows show the same motivation to access enrichment, a previous study suggests that dominant sows interact more with the enrichment when it is first presented to the group whereas subordinate sows interact thereafter (Elmore et al., 2011). The provision of point-source enrichment did not increase competition between sows in our study as demonstrated by the consistency in recorded agonistic behaviors across treatments. Here at least, the motivation to interact with the enrichment object was not strong enough to upset the social hierarchy in place in the study groups. This is in alignment with a previous study evaluating the impact of three different enrichment objects in a commercial sow herd (Horback et al., 2016). Therefore, the effect of parity on the level of enrichment interaction may be influenced by both age and hierarchy status.

Based on our results, lameness status may be associated with day-to-day fluctuations in the intensity of enrichment use, such that lamer sows seemed to have a prolonged interest in enrichment after the first day of provision. It is possible that less mobile sows are more limited within their behavior repertoire, as they might be reluctant to stand up, walk or explore unless motivated by food. Therefore, if an enrichment object is available and in close proximity (i.e., it does not require movement on their part to reach it) these sows may spend more time dedicated to enrichment interaction. Alternatively, engaging with enrichment may help sows attenuate their experience of pain brought on by lameness. Applications of environmental enrichment to alleviate pain have been explored in other animal models, perhaps most commonly rodents (Gabriel et al., 2010; Wang et al., 2019). For example, one study demonstrated that an enriched environment (social housing, shelter, running wheel, and marbles) reduced sensitivity to cold and mechanical stimuli in mice subjected to a spared nerve injury compared to mice housed singly in barren housing (Vachon et al., 2013). Piglets provided with object and substrate enrichment in the farrowing environment (rope, ball, newspaper, and soil) demonstrated improved growth 24 h after processing (castration, tail docking), and increased activity; however, enrichment did not reduce pain behaviors nor cortisol response after processing, leading the authors to conclude that enrichment improved piglet welfare but not necessarily pain experience per se (Backus and McGlone, 2018). Whether these differences are attributable to the nature of the pain (acute vs. chronic inflammation), age, species, nature, and timing of enrichment or previous experience is unclear, but this area warrants further investigation.



Limitations

This study examined the behaviors of a population of sows on a single farm for a limited duration of time and as such the results described here should be taken in context. There would be value in repeating this experiment to follow a different population of sows in other slatted floor facilities to strengthen understandings of how and if sows retain interest in these enrichment objects over a longer period of time. Other populations of sows characterized by lower incidences of sham chewing or lameness, for example, may interact differently with the point-source enrichment examined here. Lastly, there were a few times during the study that the enrichment objects became trapped in the electronic sow feeders and required workers to remove them. This is cause for concern as sows could become trapped within or blocked from accessing the feeders, so caretakers are cautioned that this type of point-source enrichment may require additional oversight to implement safely and effectively.




CONCLUSION

The objective of this study was to identify if point-source enrichment objects, seen as practical and easy from a management standpoint, would be biologically relevant to gestating sows housed in group pens. We first sought to confirm that provision of enrichment objects did not induce additional competition pressure or other unforeseen negative effects (e.g., increased sham chewing or aggression). From that standpoint, the enrichment objects were a success, as no additional adverse behavioral effects were observed, though we note that the enrichment objects may become trapped within electronic sow feeders. However, the majority of focal sows failed to sustain interest in the enrichment past the first day of provision. Van De Weerd et al., 2003; Van De Weerd and Ison, 2019 emphasized that effective enrichment for pigs should be investigable, manipulatable, destructible, and edible. Our results thus contribute to the growing consensus that effective enrichment strategies for pigs, including gestating sows, should focus on a combination of materials, including those which may be destroyed. The challenge remains to identify a compromise between what is best for pigs and what remains achievable for farm managers facing facility or management constraints.
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Assuming or maintaining an upright position on four extended legs.
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4-beat locomotion in which legs propel sow's movement across the pen.

4-beat locomotion which is faster than a walk, for more than 1s.

Rooting, sniffing, touching the pen floor or pen elements with snout or mouth.

Snoutis directed toward Luna object and sow is snifing or contacting the toy (e.g., pushing, biting, or picking up
and tossing).

Oral stereotypic behavior in which sow repeatedly chews without having anything in her mouth. Sow may be in
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Sow vigorously rubs her body against pen object
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Workers walk the pens once/day for animal health checks/heat detection/breeding. Human interaction recorded
when focal sow is observed <1 meter from human.

Al other behaviors, or behavior cannot be clearly defined
Sow is not visible on camera/occluded and behavior cannot be determined or the camera has malfunctioned

1 For observations in which a sow was occluded or not visible on camera, or camera malfunctioned, observations were removed and excluded from analysis.
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