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Observations of play in animals have been suggested as a promising indicator of positive emotions and thus of positive animal welfare. However, if play can follow the proposed reward cycle concept where animals estimate and value reward differently in different phases of the cycle (anticipation, consummation and post-consummation) is unclear. To investigate if a reward cycle for play exists in growing pigs, we carried out an exploratory study where pigs were tested when they were naïve to a reward cycle test (first occasion) against when they were accustomed to going through the test after having the access to an open play arena with objects. Forty undocked pigs were housed in a weaner stable with two castrated males and two females per pen. Within each litter, we randomly selected and tested one male and one female test pig, each being tested as naïve or accustomed to the testing environment. The first week the pigs (n = 20) were tested four times and regarded as naïve during the first day. After that they were regarded as accustomed, and were tested twice a week for 3 weeks. We observed the behavior of the tested pairs in three subsequent stages: (1) in a holding pen 3 min, (2) in a play arena 15 min, and (3) in their home pen 10 min. When accustomed, pigs showed more locomotor play, social interactions and standing, and a tendency of more orientation toward the play arena and exploring bars facing the play arena (i.e., reward-seeking behavior) in the holding pen than when they were naïve, suggesting an anticipation to enter the play arena. Performing high numbers of object play in all sessions, and for accustomed pigs more exploration and social interaction, but less locomotor play and walking in the play arena may suggest consumption of play and exploration. Finding more lying and sitting in accustomed pigs, but less standing and walking in the home pen is in line with the previous hypothesis of the post-consummatory behaviors. Our study showed mixed results for the existence of a reward cycle for play in pigs and generated questions for future research.

Keywords: fattening pigs, anticipation, consumption, relaxation, locomotor play, object play, social interactions, exploration


INTRODUCTION

Positive emotions are suggested to be shown in a rewarding environment, which elicit a cognitive appraisal in the central nervous system that is followed by physiological and behavioral reactions (Boissy et al., 2007). Yeates and Main (2008) indicate that it is important to consider both the animals positive feeling, i.e., what an animal “likes,” and which resources the animals are motivated to obtain, i.e., what an animal “wants.” If animals' likes to perform play behavior it may be possible to investigate if the animals will show behaviors indicating that it wants to play. Paul and Mendl (2018) discuss the problem that there is not one uniform definition of positive emotions, but there are two types of definitions. The descriptive definitions, that are many and varying, are used more to tell “this is what I am going to talk about.” The prescriptive definitions can be grouped into three categories; (1) emotional building blocks (for ex., Anderson and Adolphs, 2014), (2) emotions as states elicited by instrumental reinforces (for ex., Rolls, 2014), and (3) emotions as states that mediate goal directed learning (for ex., Dickinson and Balleine, 2009). If animals through repeated exposures are conditioned to expect or anticipate that a certain procedure will lead to the possibilities to perform play behaviors we may be able to identify behaviors that indicate this anticipation. Lawrence et al. (2019) have created an interpretation of the inter-relationship between the four elements of Positive Animal Welfare (PAW) and the scientific literature. The elements are: (1) positive emotions (the capacity of animals to experience positive emotions), (2) positive affective engagement (seeks to create a link between positive emotions and behaviors animals are motivated to engage in), (3) Quality of Life (QoL, acts to give PAW a role in defining an appropriate balance of positive over negative emotions) and (4) Happiness (brings a full life perspective to PAW). Play behaviors may induce positive emotions that animals are motivated to engage in, and in the process of playing increase QoL and bring happiness to animals.

There is a limited knowledge on how positive emotions in animals are expressed behaviorally, but among certain affiliative behaviors and vocalization, observations of play have been proposed as a promising indicator of positive emotions and good animal welfare (Boissy et al., 2007; Yeates and Main, 2008). If engaging in play is experienced as positive, it seems reasonable that animals would anticipate performing such behavior (Fraser and Duncan, 1998). Such a finding would also render support to the concept of a “reward cycle” or a “successful cycle of reward acquisition” as proposed by Keeling et al. (2008) and Mendl et al. (2010), respectively.

These cycles involve a wanting (anticipation) phase, a consummation phase and a post-consummation (satisfactory) phase (Keeling et al., 2008). Accompanying behavioral responses (e.g., anticipation, consumption, satisfaction) have also been suggested to be associated with positive emotions (Spruijt et al., 2001). Anticipatory behavior is commonly regarded as the behavioral response that animals show from the time when they receive a stimulus signaling that a forthcoming reward will be presented until the reward is presented (Anderson et al., 2020). The animal has learned during repeated exposures to the stimulus the connection between the stimulus and the reward, i.e., it has been conditioned to the stimulus. During anticipatory periods mink and horses have shown an increased activity (Hansen and Jeppesen, 2006; Peters et al., 2012) and mink, laying hens and calves have shown a proximity to where the reward will be presented (Vinke et al., 2006; Wichman et al., 2012; Neave et al., 2021). In a previous study of the reward cycle in lambs, Chapagain et al. (2014) found that lambs performed an increasing number of recordings sniffing the pen and standing facing the play arena over the 4 weeks of testing. Anderson et al. (2015) found that lambs receiving a palatable food or opportunities to play in an arena had a higher frequency of behavioral transitions (i.e., number of times the animal changes between different behaviors), more walking of longer duration and more exploration of shorter duration. Calves were found to show an increased frequency of behavioral transitions and decreased latency to access the reward arena (a larger enriched pen) when being housed in smaller basic pens compared to calves being housed in larger enriched pens (Neave et al., 2021). In a critical review about anticipatory behaviors in animals Anderson et al. (2020) discuss that many studies use the frequency of behavioral transitions as a measure of positive emotions, but raise the problems that these responses may relate more to frustration than to a positive emotional state.

In pigs, it has been found that during anticipation for a positive reward they showed more behavior toward the door from which they entered into the anticipation box (Reimert et al., 2013), made less high-frequency vocalizations and had a shorter latency to approach the anticipated event (Imfeld-Mueller et al., 2011) and showed a higher proportion of activity (sitting, standing or walking), (Imfeld-Mueller and Hillmann, 2012).

When the reward is presented for the animal the consumption of the reward follows. This consists of either eating food in humans (Kringelbach et al., 2012), dust bathing in hens (Zimmerman et al., 2011) or performing play behaviors (Anderson et al., 2015), which was the subject of this study. Such behaviors are performed during the consummation phase. In humans, the consumption phase has been called the liking phase (Kringelbach et al., 2012). When testing the reward cycle for play in pairs of lambs in two studies following each other, the consumption was performance of social, locomotor and object play (Chapagain et al., 2014; Anderson et al., 2015), and when offering a palatable food reward it was eating (Anderson et al., 2015).

After consumption of the reward, the animal is expected to show satisfaction or relaxation such as resting and eating. These behaviors are associated with the post-consummatory phase (Keeling et al., 2008). To our knowledge, there are only few studies that have investigated how this phase would express itself behaviorally following a reward, but it seems plausible that this phase will be linked to the previously accustomed reward. Kringelbach et al. (2012) show in a food pleasure cycle for humans how consummation is followed by a satiety or learning phase, where one learns and updates predictions for the reward. However, in a previous study of the reward cycle for play in lambs eating was the main behavior during the post-consumption phase after having been in a play arena (Chapagain et al., 2014). During the first min the lambs were standing and walking more, but from the second min eating had the highest number of recordings (Chapagain et al., 2014).

The aim of this study was to explore whether a reward cycle for play in pigs exist by comparing naïve pigs going through a play arena test for the first time with accustomed pigs going through the same test after repeated exposures to the play arena. To investigate this we used tentative behaviors found in previous studies on other species. We predicted that the accustomed pigs would show more walking, exploration and orientation toward the play arena during the anticipation phase, more object, locomotor and social play behaviors in the arena during the consumption phase and more resting and eating during the post-consumption phase than the naïve pigs. Finding a positive correlation between those behaviors being more common in the experienced pigs than in the naïve pigs during the anticipation phase and play in the arena and between play in the arena and resting in the home pen would support our hypothesis that the pigs were anticipating play, and that consumption of more play resulted in more relaxation.



MATERIALS AND METHODS


Ethics Statement

The Swedish Ethical Committee of Experimental Animals in Uppsala approved this study (Drn: C 34/12).



Animals, Housing and Management

The study was conducted at the Swedish National Livestock Research Center Lövsta, Uppsala during April-May 2012. 10 L from the second farrowing batch of Specific Pathogen Free (SPF) Yorkshire sows were used. Five sows were inseminated by Yorkshire boars and five sows by Landrace boars resulting in five litters of pure-bred Yorkshire (YxY) and 5 L of half Yorkshire and half Landrace (YxL). Piglets were undocked and weaned at a mean age of 33 days by removal of the sow. Half of the litters (both YxY and YxL) had been subjected to one enrichment object per week, i.e., a knotted rope, a ball or a tire, during the 3 weeks before weaning in order to test which enrichment activated the piglets the most. For the first 6 days post-weaning, all three enrichment objects were placed in the five pens, which had objects before weaning, while the other five pens continued to have no objects (see Lidfors et al., 2020). Pigs were weighed three times during the study; at weaning (mean ± SE: 15.47 ± 0.64 kg), 2 weeks after weaning (28.12 ± 0.93 kg) and 4 weeks after weaning (42.95 ± 1.26 kg).

At day 11 post-weaning, 4 growing pigs from each of the 10 L (two females and two castrated males of similar weight) were moved to a weaner stable and housed together with their littermates in 10 separate pens. The pigs were given an acclimatization period in the weaner stable of 5 days before the observations begun. Each pen had a total area of 6.5 m2 (3.25 × 2 m) with concrete solid floor along the feeding trough and the resting area and elevated slatted floor for the manure area and water nipple. The walls were constructed of galvanized steel bars. These pens were henceforth called “home pen(s).” The humidity was adjusted at 80% and the temperature ranged from 21.3–27.3°C. Water was provided ad libitum through a water nipple. The growing pigs were fed a commercial weaner feed (SOLO 331 P BK, Lantmännen) in a stainless steel feeder trough. Feeding was provided manually three times a day at 8:00 a.m. (1 h before observations), 12:00 a.m. and 15:00 p.m. (1 h after finishing the observations). Pigs also received 0.5 to 1 kg long straw (wheat) twice daily. Feces were removed from the home pens in the morning and around 12 a.m.



Experimental Design

To investigate the reward cycle in pigs, in one end of the testing room (Figure 1), a “play arena” (1.3 ×4.5 m) for the consumption of play and two holding pens for measuring if pigs would show anticipation were created. The play arena (Figure 1), where we aimed to stimulate play behaviors had concrete floor and was covered with long-cut straw. In the arena, two of each of a single welly, brushes, traffic cones, rubber pipes, balls and knotted ropes were presented. The knotted ropes were hanging from the wall, and all other objects were placed on the floor. Half of the pigs (5 of the 10 pens) had previous experience of knotted ropes, balls and rubber rings hanging in their pens before and the first 6 days after weaning (Lidfors et al., 2020). Adjacent to the arena, a pen (1.3 × 1.55 m) was built, containing a gate toward the home pen corridor and the gate entering into the arena. This pen was henceforth called “holding pen.” The gate between the play arena and the holding pen consisted of bars so that pigs could see through. Due to lack of space in the room and to avoid having pigs using up their energy on walking too far to get to the holding pen we built up the holding pen on the right side of the play arena when testing pigs from the five pens on the right side. The holding pen was build up to the left side of the play arena when testing the pigs on the left side. When one holding pen was used, the other holding pen was deconstructed in order to increase the space in the play arena.


[image: Figure 1]
FIGURE 1. Drawing of the stable. The room had 10 home pens, a play arena and the holding pen for testing pig behavior. The holding pen was moved between the right and left sides so that pigs did not have to walk so far to enter the holding pen (A) vs. (B).


In each of the home pens, one female and one castrated male pig were randomly chosen as focal animals and marked with pig marking spray. The two remaining pigs were not used for behavioral observations. Information on previous experiences of objects was blind to the observers. The first day of behavioral observations the pigs were naïve to the procedure, and they are hereafter called “naïve pigs.” Pigs were always tested in the same pair and the other two pigs remained in the home pen. The procedure was carried out in three steps:

(1) A pair of pigs was led into the holding pen, where they remained for 3 min.

(2) The gate into the play arena was opened and pigs entered into the play arena where they were kept for 15 min.

(3) The pair was led back to their home pen where they were observed for 10 min.

During the first week of the observations each of the ten pairs underwent the procedure four times, and only during the first day pigs were regarded as naïve to the procedure. During this week, the naïve pigs were expected to learn to associate entering into the holding pen was something that preceded entering into the presumably rewarding play arena, thus being accustomed for the coming weeks of testing. In the three coming weeks, each of the 10 pairs underwent this procedure twice per week with a 2 day gap in between test sessions, which is hereafter called “week 2, 3 and 4” of testing. After each test session, faces were removed from the arena and objects were re-placed on the same place. Objects were washed at the end of each week and not after each test session or day.



Behavioral Recordings

A pilot study was carried out where four pigs were tested in an identical experimental set-up to test for practical limitations, to construct an ethogram and to standardize observations between the observers. Standardization between observers was done by watching the same videos individually and scoring behavior, and thereafter comparing the recordings and fine tuning recordings. No test of inter-observer reliability was carried out. Two observers, one for each pig, observed the behavior of the focal pigs in each session. Three observers carried out observations throughout the study, one observer was the same in each session, whereas one of the other observers carried out observations during weeks 1 and 3 and the other during weeks 2 and 4. It was not possible to keep the observers blind to if pigs were accustomed or not to the procedures. Behavioral observations were recorded in the holding pen, the arena and the home pen (see previous explanation). Recordings were conducted during the first session in week 1 (naïve pigs) on all pigs during the same day, and during all sessions during the three study weeks (accustomed pigs). The pens were tested in order of placement and initial pair each day alternated.

Three protocols were prepared for each phase of the test. In each protocol, focal pigs were observed using both instantaneous scan sampling every 30 s (for behaviors with long durations, Table 1) and continuous frequency sampling within every 30 s (for behaviors with short durations, Table 1). These observations were performed during the complete periods in each pen (3 + 15 + 10 min). A stopwatch gave a sound signal every 30 s to facilitate these recordings.


Table 1. Behavioral recording methods, behaviors, their definitions and place of observation (HP, Holding pen; P, Play arena; H, Home pen).
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Statistical Analyses

Statistical analysis was performed in SAS Software version 9.3 (Statistical Analysis Systems, SAS Institute, Cary, NC, USA). A non-parametric GLIMMIX procedure (Generalized Linear Model for Mixed procedure) was utilized for dependent variables taking into account a Binomial distribution for all investigated variables. Statistical analysis was done separately for the holding pen, the play arena and the home pen. During week 1 we only used the data set of 1 day when the pigs were naïve to the procedure and during week 2, 3, and 4 we used 2 days per week. Pen was used as a random effect. For the purpose of multiple comparisons, we used a Studentised Maximum Modulus, SMM method, and differences within effects were tested with a t-test. The model tested if there were significant effects of the following factors; week (Week 1 = naïve, Weeks 2, 3, 4 = accustomed), sex (females, castrated males), time (holding pen;1, 2 vs. 3 min, play arena; 0–5 min, 5–10 min, 10–15 min; home pen; first 5 vs. last 5 min), previous experience (1 = if a pig had objects before and after weaning or 2 = not). The effect of time was excluded from the model for variable “walk” in the holding pen and the effect previous object experience from the model for variable “standing” in the home pen since data did not convert. The number of instantaneous recordings of “stand” in the play arena was insufficient to run the analysis. In order to show the results means per pen and pig within each week were first calculated, and then medians with 95% confidence intervals (CL) were calculated. All reported p-values are 2-tailed, and significance level was set at p < 0.05 and tendencies at p < 0.1.

Spearman correlation coefficients using procedure CORR was used to assess if there were positive correlations between those behaviors being more common in the experienced pigs than in the naïve pigs during the anticipation phase and play in the arena. Additionally, procedure CORR was used to assess if there were any positive correlations between play in the arena and resting and eating in the home pen that could support our hypotheses about the reward cycle for play. This was done only for week 4 as we wanted to make sure that the pigs had been completely accustomed to the procedures of being moved from the holding pen, to the play arena and back to the home pen at this point. Tests were done on a pen level (n = 10). Similar correlations were performed in other animal studies investigating the reward cycle or individual stages of the cycle (Chapagain et al., 2014; Anderson et al., 2015).




RESULTS

The significant differences in the performance of behaviors in the three stages of the reward cycle when considering the main fixed effects are summarized in Table 2. The most significant effects were week of testing and time. Regarding sex and experience with objects, some results were found in the holding pen and home pen. In the holding pen, castrated male pigs had a higher number of recordings of “explore pen” than female pigs. Pigs that had experience with objects before and after weaning had a higher number of recordings of “orient arena” than pigs without the experience. In the home pen, castrated males had a higher number of recordings of “lie” than females, but a lower number of recordings of “stand,” “walk” and “eat.”


Table 2. Behavioral observations in different stages of a reward cycle with significant differences across weeks, time, sex, and experience with objects.
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Holding Pen

When pigs had become accustomed to enter the play arena, they had higher number of recordings of “orient arena,” “explore bars,” “stand,” “locomotor play” and “social interaction,” and fewer number of recordings of “walk” than when they were naïve to the play arena (Figure 2A). Over 4 weeks of testing, changes in the number of recordings of “walk” showed a gradual decrease while “locomotor play” and “social interaction” was significantly higher in accustomed pigs compared to the naïve pigs in each of the tested weeks (Figure 2A).


[image: Figure 2]
FIGURE 2. Holding pen behavior. Median number of recordings (95% CL) of behaviors in pairs of pigs when kept in a holding pen for 3 min before being let into a play arena; (A) when they were naïve (first time in the arena, week 1) or accustomed (week 2–4 in the arena) and (B) for each of the 3 min separately (week 1–4). Significant differences between weeks or times are indicated by different superscripts (p < 0.05, t when p < 0.1).


In the 3 min in the holding pen, there was a significant effect of time in the behaviors “orient arena,” “explore bar” and “locomotor play” (Figure 2B). In the second min pigs had a higher number of recordings of “orient arena” and “explore bar” than during the first min while in the third min pig had had a lower number of recordings of “locomotor play” compared to the first 2 min (Figure 2B).



Play Arena

Object play was the most commonly recorded behavior in the play arena, but it did not differ between accustomed pigs and naïve pigs (p = 0.17, F = 1.673, 4,168). In the play arena, accustomed pigs had a higher number of recordings of “explore pen” and “social interaction” than naïve pigs, but a lower number of recordings of “locomotor play” and “walk” (Figure 3A).


[image: Figure 3]
FIGURE 3. Play arena behaviors. Median number of recordings (95% CL) of object play, locomotor play, social interactions, walk and explore pen in pairs of pigs (A) during 15 min in a play arena when they were naïve (first time in arena) and when they were accustomed (week 2–4 in arena) vs. (B) during 5 min periods during all 4 weeks (n = 10 pairs). Significant difference between weeks vs. time in play arena are indicated by different superscripts (p < 0.05).


When dividing the 15 min of testing into three 5 min periods, the time periods had a significant effect on “object play,” “locomotor play,” “social interaction,” “walk” and “explore pen” (Table 2). “Object play,” “locomotor play” and “walk” occurred more during the first 5 min compared to the following 10 min, but “social interaction” and “explore pen” occurred more in the final 10 min (Figure 3B).

There were no significant effects of previous experience to objects or sex of pigs. Regarding the six tested objects, pigs had the highest number of interactions (mouth, sniff, paw) in the following order; brush (148.4 ± 6.68, mean ± SE, n = 10 pens), traffic cone (129.5 ± 11.48), rubber pipe (129.4 ± 21.33), knotted rope (100 ± 7.31), welly (97 ± 8.42) and ball (52.4 ± 4.03).



Home Pen

After finishing the testing in the play arena and returning back to their home pen, the most frequently recorded behavior was “lie” in accustomed pigs, whereas naïve pigs had similar number of recordings of “lie” and “stand” (Figure 4A). On the same figure it is illustrated that accustomed pigs performed “sit,” but naïve pigs did not. Accustomed pigs had a lower number of recordings of “stand” and “walk” than naïve pigs. The number of recordings of “eat” was low, but accustomed pigs had a higher number of recordings of “eat” during week 3 and a tendency for higher numbers during week 2 and 4 compared to naïve pigs (Figure 4A). It was noted that the two remaining pigs in the home pen often made social contact with the returning two pigs, including pushing them up from a lying position.


[image: Figure 4]
FIGURE 4. Home pen behavior. Median number of recordings (95% CL) of body postures in pigs (A) in the first 10 min after returning to their home pen from the play arena when they were naïve (first time in arena) and when they were accustomed (week 2–4 in arena), and (B) during the first 5 min and the last 5 min (n = 10 pairs). Significant difference between weeks vs. time are indicated by different superscripts (p < 0.05, t when p < 0.1).


In the first 5 min, pigs performed a higher number of recordings of “stand,” “walk,” “sit,” and “explore pen,” but performed a lower number of recordings of “lie” and “eat” (Figure 4B).



Proposal of the Reward Cycle for Play in Pigs

In order to explore if the results from this study indicates the existence of a reward cycle for play in commercial pigs we have put together the results where naïve pigs differed significantly from the accustomed pigs (Figure 5). We tested four of the behaviors in the holding pen that had increased from naïve pigs to experienced pigs against object play in the play arena during week 4. Further, we tested the total amount of play (“total play” = object play + locomotor play + social interactions) in the play arena against “social interaction” in the holding pen and “lie” and “eat” in the home pen during week 4. The predictions of a positive correlation between these behaviors in the holding pen and play behavior in the play arena could not be confirmed. There was only one tendency of a positive correlation between “social interactions” in the holding pen and “total play” in the play arena (r = 0.57, p = 0.088, n = 10). The following results were found when comparing the holding pen and the play arena; “social interactions”–“object play” (r = 0.45, p = 0.19, n = 10), “orient arena”–“object play” (r = 0.25, p = 0.48, n = 10), “explore bar”–“object play” (r = 0.17, p = 0.63, n = 10), and “locomotor play”–“object play” (r = 0.23, p = 0.53, n = 10). When comparing the play arena and the home pen the following results were found; “total play”–“lie” (r = −0.30, p = 0.40) and “total play”–“eat” (r = 0.097, p = 0.79).


[image: Figure 5]
FIGURE 5. Reward cycle proposal for play in pigs based on the their behaviors in the holding pen, play arena and home pen.





DISCUSSION

In regard to the results of this study, a reward cycle for play in the 7–10 weeks old pigs showed mixed results. The main findings that could support the existence of a reward cycle was that pigs accustomed to enter the play arena showed more “locomotor play,” “social interactions,” “explore bar,” “stand,” and tended to show more “orient arena,” but showed less “walk” in the holding pen than naïve pigs and these behaviors could indicate that they anticipated to access the play arena. Once in the play arena accustomed pigs showed more “social interactions” and “explore pen,” but less “locomotor play” and “walk” than the naïve pigs. Regardless of whether pigs were naïve or accustomed they showed a large amount of “object play,” and together with the performance of locomotor play and social interactions the pigs could be regarded to have shown consumption of play in the play arena. When returning to their home pen accustomed pigs showed more “lie,” “sit” and “eat,” whereas naïve pigs showed more “stand” and “walk” indicating that accustomed pigs were more relaxed after their session in the play arena. However, the test of correlations between behaviors in the holding pen and play arena vs. in the play arena and home pen did not show any associations between the pigs performance in the different areas of the test.


Anticipation Phase in the Holding Pen

Increased locomotor play and social interactions including some elements of social play performed in the holding pen indicated that the accustomed pigs had learned to associate between being in the holding pen and being let into the play arena where they would perform different types of play behaviors. During the 3 min in the holding pen accustomed pigs tended to orient toward the play arena and explored the bars facing the play arena more than the naïve pigs. This suggest that the pigs had learned that they would be let into the play arena soon. Dudink et al. (2006) found that when pigs were offered positive stimuli, e.g., extra space, food, or straw, they were orientated more often toward the location in which the reward was offered. Also silver foxes spent more time in the front of their cages where reward was offered by a person (Moe et al., 2006). Our set-up was so that the pigs could see all the objects placed on the floor when they were looking through the bars from the holding pen. Thus, we cannot separate between if the pigs saw the objects and just wanted to access them or if they remembered the interactions with the objects from the previous sessions. To separate these things we could have used a full wall, which was done in a similar study with lambs (Anderson et al., 2015).

Classical conditioning was used to induce learning in the pigs in this study. In order for the pigs to associate being in the holding pen (unconditioned stimuli) with an unconditioned response (being let into the play arena), they had four repetitions of the procedure before they were tested as accustomed pigs during two repetitions per week for 3 weeks. Over time the learning was expected to develop so that the holding pen became a conditioned stimuli and entering the play arena became a conditioned response. The time in the holding pen was the same throughout the study as was done in previous studies (van der Harst et al., 2003; Chapagain et al., 2014; Anderson et al., 2015), but other studies have increased the time to allow animals to show more anticipatory behaviors (van den Bos et al., 2003). We only used the first test day of the four training days, and called the pigs naïve during this day, but it could have been interesting to also show how the learning developed day by day, as done by Anderson (2016). There are many ways of studying how learning through classical condition takes place, but that was not the main focus of this study.

Higher frequency of locomotor play and social interactions in the accustomed pigs are forms of play behaviors which indicate that they were preparing themselves for the coming play (i.e., anticipating to play, Dudink et al., 2006) and can be a sign of finding play a rewarding experience. This is in agreement with our first prediction, i.e., accustomed pigs would show more play than naïve pigs which was based on other studies in pigs showing higher activity level and play behavior when anticipating environmental enrichment (Dudink et al., 2006) and increased level of activity and running while anticipating food reward (Haskell et al., 1996).

Pigs are known for their exploratory and foraging nature (Van de Weerd et al., 2003), and the exploratory nature of pigs has a crucial role in pigs' “survival” (Studnitz et al., 2007). Therefore, the finding in this study that the accustomed pigs explored the bars facing the play arena more than the naïve pigs may be a sign that they were anticipating to enter the play arena. In previous studies of anticipation in rats they were found to have higher levels of exploration (Spruijt et al., 2001).

Accustomed pigs showed more standing than naïve pigs, but less walking. However, both naïve and accustomed pigs never showed sitting or lying positions in the holding pen. In previous studies, horses increased their time spent standing and walking as a result of food anticipation (Peters et al., 2012), rats increased their locomotor behavior in anticipation for some form of reward (van den Bos et al., 2003), and silver foxes and mice increased their activity when anticipating both feed and non-feed related rewards (Moe et al., 2006; Luuk et al., 2012). The difference in our study compared to the previous ones is that we found a reduction in walking in the accustomed pigs compared to when they were naïve to the test. However, as locomotor play was absent in naïve pigs and performed to a relatively high degree in the accustomed pigs adding locomotor play and walking together would give an increase in general locomotion in the pigs in our study. Thus, our results agree with previous studies that general activity level increased in pigs accustomed to anticipate the reward.

It is possible that a phase of anticipation that becomes too long can lead to inactivity or frustration in animals (Bloomsmith and Lambeth, 1995). The risk of causing frustration in animals when studying anticipation was thoroughly discussed by Anderson et al. (2020). It was noted during the pilot study that when pigs had to spend longer time in the holding pen (e.g., 4–6 min), they attempted to jump over the exit gate leading back to their home pens. In this study “locomotor play” was significantly lower, and “orient arena” and “explore bar” was slightly lower during the third min. Thus, in future studies an anticipation time of 2 min may be enough, but definitely no longer than 3 min.



Consumption of Play Phase in the Play Arena

As predicted, the pigs performed all three types of play (i.e., object, locomotor and social play) in the play arena. Object play was the most performed type of play during the play arena observation. This may be due to that the pigs had the least experience with these objects compared with other substrates in the environment (i.e., straw, play partners, etc.). Since pigs are curious, exploratory and foraging (Van de Weerd et al., 2003), they investigated all new objects in their environment. It is likely that pigs would lose interest in the objects with time if they would have continuous access to them. Trickett et al. (2009) reported this, where pigs with continuous access to rope interacted more with it the first week and at the time after changing it to a fresh one. Van de Weerd et al. (2003) reported similar results when within 5 days a significant habituation to most objects occurred and object interaction decreased significantly by time. In this study, there were no significant effects of having previous experience with objects before weaning and during 6 days after weaning. This may be due to that they then had three objects (a hanging rope, a rubber ball and a rubber tire) permanently hanging in their pen (Lidfors et al., 2020). Since then some time has passed without having access to any objects, so some novelty effect was probably occurring in this test. In the arena, two of each of a single welly, brushes, traffic cones, rubber pipes, balls and knotted ropes were presented. The knotted ropes and the balls were the same as half of the pigs had access to before and after weaning. The most popular objects were brushes, traffic cones and rubber pipes, none of which pigs had previous experience with.

Locomotor play was higher in the naïve pigs compared to the accustomed pigs. This can be the result of lower weight in the pigs at that age that made it easier to move faster or perform physically active behaviors such as running, pivoting etc. The temperature in the pig room was increasing during the study and went up to 27.3°C at some point, which may also have affected their level of movements over time. Huynh et al. (2005) found decreased activity levels in growing pigs when temperatures exceeded 24.2°C. Locomotor play was highest during the first 5 min, which can be due to the access to a bigger space after being in a holding pen that induced locomotor activity during the first min after entrance to the larger play arena. These results are in agreement with Jensen and Kyhn (2000) who found that dairy calves performed more locomotor play after they were introduced to a larger space. This phenomenon is called a rebound effect and is a response of animals to having been kept in a space that did not allow for locomotor activity (Jensen and Kyhn, 2000). Blackshaw et al. (1997) noted that even if locomotor play in pigs increased with age it reached a constant level at the age of 26–30 days. Pigs in this study had an age of 49–77 days, thus being considerably older than in that study. However, we believe that by bringing them to the play arena we stimulated play to levels higher than could be expected if they had stayed in their home pen.

Social interactions, including social play, was the least performed play type in the play arena and it increased over 15 min of observation and was significantly higher during the last 5 min of the observation. According to Jensen et al. (1998) social play and locomotor play usually are connected to each other. However, in this study we noted that sometimes when one pig started to run the other pig started to follow but this locomotor play did not lead to play fight or social interaction; rather they ended it by going back to pen exploration or object interaction. That social interaction including social play was performed the least of all three types of play during all sessions, can have to do with the novelty effect. By that we mean that the play partners were the pen mates and siblings, so they were not new to each other and therefore no novelty effect was involved in social interactions. In previous studies on male lambs being let into a play arena after 5 min in a holding pen social play was the most common play behavior (Chapagain et al., 2014; Anderson et al., 2015). The difference between studies may be that the lambs only had three objects (tunnel, chain and ball or platform and two balls) and a larger area.

The most observed body posture in the play arena was standing, followed by walking. Both standing and walking can suggest that animals were alert/active and curios to explore the arena. The naïve pigs performed more walking than the accustomed pigs, and one can interpret this as an attempt to discover the new environment. However, exploration was lowest in the naïve pigs and increased over the second, third and fourth week of testing as well as being higher during the last 10 min of the time in the play arena compared to the first 5 min. Špinka et al. (2001) proposed that exploration has associations with play in many ways and Blackshaw et al. (1997) proposed that exploration can be the first movement toward play initiation. Therefore, higher exploration of the pen during both the last week and the last 5 min of the observations can be interpreted as habituation to the objects and a decrease of the novelty effect of these objects (Van de Weerd et al., 2003; Trickett et al., 2009). So, it could be that they compensated their novelty seeking motivation with higher performance of exploratory behaviors toward the pen instead.



Post-consumption Phase in the Home Pen

Accustomed pigs were lying more, while standing and walking less than naïve pigs during their first 10 min in the home pen, and they also showed small amounts of sitting which naïve pigs did not. This indicates that they needed to relax after their active period away from the home pen, and supports our predictions that pigs would show relaxation after having been offered access to a play arena. Similar results were found with humans showing a satiety phase after consumption of food (Kringelbach et al., 2012). Lying was higher during the second 5 min than during the first 5 min in the home pen, thus indicating that it took some time for the pigs to relax. Similar finding were reported by Chapagain et al. (2014) where lambs were still in an activated stage during the first min after returning to their home pen after having spent 20 min in a play arena. However, that study found that lambs performed higher amounts of eating silage when returning to their home pen than lying down, indicating that they needed to restore their energy loss after the play session. In this study accustomed pigs also performed more eating of concentrate when returning to their home pen than accustomed pigs, but the levels of eating was relatively small compared to the lying. In the study by Haskell et al. (1996), investigating the persistence of foraging behavior during the post-consumption phase of a feed reward, the pigs with larger reward had more persistent feeding motivation which disappeared over time and by learning. The impression from our study was that pigs were quite exhausted after the session in the play arena. This is based on the observations that they tried to lie down quite soon after returning, but were disturbed by the other pigs that pushed them up many times. Some pigs even lied down in the play arena at the end of the session toward the end of the study. Their high growth rate and the temperature being a bit higher than optimal in the barn may have contributed to this. Thus, eating may have been post-poned to after the 10 min of observation time that we used in this study.

When the pigs returned to the home pen the two remaining companion pigs that were never moved to the play arena initiated social interactions with the returning pigs. This may have been performed as a form of reunion-related behaviors with non-play littermates especially since it occurred more often in the first 5 min of the observation. Reimert et al. (2017) found that when two pigs were moved from their home pen to a test room the pigs remaining in the home pen performed more nose-nose and nose-body contact toward the returning pigs when they had received positive treatment compared to negative treatment in the test room. In this study the pigs had only received positive treatment in the play arena. Boissy and Le Neindre (1997) found that heifers initiated licking and sniffing of conspecifics at reunion with them following a period of separation. Having both two play and two companion non-play pigs in the same pen affected both naïve and accustomed pigs as the non-play pigs disturbed the behavior of the play pigs' performance of relaxation-related behaviors.

According to Zimmerman et al. (2011), comfort behavior in domestic fowl was reported as an indicator of relaxation and positive emotional states. There were only four recordings of comfort behaviors performed by the pigs in this study, thus they were too few to be able to carry out any statistical analysis.



Suggestions for Future Research

Further investigations in this area would be beneficial to find out more about the behaviors connected to each phase of the reward cycle namely appetitive/anticipatory, consumption and post-consumption/relaxation. Some suggestions for improvements of the current study are presented separately for the holding pen, play arena and the home pen.

The holding pen should preferably have four walls around it so that the pigs do not see the arena, i.e., rewards, as done in a previous study on lambs (Anderson et al., 2015). The time pigs are left in the holding pen could be reduced to 2 min to reduce the risk of frustration, which has been suggest in previous research (Moe et al., 2009; Zimmerman et al., 2011; Peters et al., 2012). Another design where the time is very short in the beginning and then step by step prolonged is another suggested improvement that was used for lambs by Anderson (2016). The pigs should preferably be tested in another room, as the pigs to be tested later and the non-play pigs in the home pens seemed to be affected by hearing the play pigs' activities in the holding pen and play arena. This was done in previous studies on pigs by for example Reimert et al. (2013, 2017). In future studies, testing pigs from different housing conditions to see if their anticipatory behavior is different would be very interesting (see review by Anderson et al., 2020; Neave et al., 2021).

The play arena could be improved in future studies by making it larger, as it seemed it was a bit too small for the pigs to perform full locomotor play. Earlier studies by Forkman et al. (2007) suggest that the size of the arena is important and that it should be adjusted according to the size of the animals. However, in this study we used all space available in the room for the play arena, and even build up and removed the holding pen on each side to allow the pigs' maximum space. It is also important to secure that the floor is not slippery as this will affect the pigs' possibilities to run and show locomotor play. We had to add some straw to reduce the slipperiness during the training week of the pigs. The heat in the room is also important to keep below 24°C, as too warm environment may lead to reduced activity level in the pigs, shown by Huynh et al. (2005).

In the home pen it should be avoided to have other pigs that were not allowed to play meeting the returning pigs, as this disturbed their possibilities to show behaviors indicating relaxation. The social re-union behaviors from the non-play pigs has also been shown before by Reimert et al. (2017). There is need for more studies on pigs after they have experienced access to a play arena as a reward, as there are very few studies on this in other species (Chapagain et al., 2014). This is important in order to show if there exist a reward cycle for play in pigs.




CONCLUSIONS

In conclusion, this study gave a very mixed evidence for if there exist an anticipation–consumption–post-consumption reward cycle for play in pigs. The behaviors indicating anticipation to enter a play arena shown by accustomed pigs in the holding pen were increased frequencies of locomotor play and social interactions, tendencies of increased frequencies of orientation toward the arena, exploring the bars dividing the holding pen and arena, and standing, as well as decreased frequencies of walking. The behaviors indicating consumption of play in the play arena were a high frequency of interactions with the objects during all session, and that accustomed pigs showed higher frequencies of exploring the pen and social interactions, but lower frequencies of locomotor play and walking. The behaviors indicating relaxation in the home pen in the accustomed pigs were higher frequencies of lying and sitting, and tendencies of higher frequencies of eating, but lower frequencies of standing and walking. There is a need for more research on a higher number of pigs to find out if a reward cycle exist for play in pigs.
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