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Juvenile male rats form preferences based on strain when playing in groups but not in pairs
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Like many young mammals, juvenile rats engage in rough-and-tumble play. Play occurs naturally both in wild and laboratory rats, making it a suitable, ethologically relevant behavior to investigate. In the laboratory, rats are typically housed and tested in dyads, despite living in large colonies in the wild. Consequently, when tested in the lab, rats do not have a choice of partners and are instead paired with whomever the researcher selects. Given that both the amount and style of play rats engage in varies considerably depending on the strain of rat being studied, we tested whether rats select play partners based on strain. To do so, juvenile male Long Evans (LE) focal rats (n = 8) were subjected to three play contexts: (1) group play; (2) dyadic play; and (3) social conditioned place preference. During group play, the LE subject rats were given the choice to play with an LE, a Sprague Dawley (SD), or Fischer 344 rat (F344), simultaneously. During dyadic play, focal rats played one-on-one with an LE, SD, or F344 partner. Finally, the rats were conditioned to a context and a social stimulus, with the context either being paired with an LE (preferred stimulus) or F344 (unpreferred stimulus) partner. We found that, when given a choice in a group setting, LE focal rats prefer to play with same-strain partners over both SD and F344 partners. However, when playing under dyadic conditions (i.e., with an assigned partner), LE rats played with each strain equally. Finally, in the socially conditioned place preference test, we found that the focal rats formed preferences for a particular enclosure, but not for the strain. Together, these results suggest that when given a choice, LE rats prefer to play with their own strain, but when they do not have a choice, any strain will do. Given that the testing paradigm can greatly influence the results obtained and the conclusions drawn, our findings highlight the need to consider the research question(s) being asked when determining the most appropriate paradigms to employ.
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Introduction

Though there are many forms of play behavior (Burghardt, 2005; Fagen, 1981; Pellis and Pellis, 2009), rough-and-tumble play (RTP) or play fighting is the most common form of social play reported and studied, especially in young mammals (Pellis et al., 2024; Pellis and Pellis, 1998). Regardless of the species, RTP is centered around animals competing for an advantage—such as access to a particular location on the partner’s body—while also showing some degree of cooperation, making the interactions somewhat reciprocal (Pellis et al., 2024). Laboratory rats have been the most intensively studied species and have provided many of the major insights into the neurobiology and developmental consequences of RTP (Achterberg and Vanderschuren, 2023; Pellis et al., 2023).

Rats engage in RTP both as juveniles and adults (Pellis and Pellis, 1990; Thor and Holloway, 1984b), although its occurrence peaks during the juvenile period, between 30 and 40 days after birth (Panksepp, 1981; Pellis and Pellis, 1990; Thor and Holloway, 1984a). Juvenile male rats are frequently reported to engage in RTP more than females (e.g., Meaney, 1988; Meaney and Stewart, 1981; Thor and Holloway, 1983), however, this is not always the case (Northcutt and Nwankwo, 2018). Indeed, it seems that other factors, particularly how the rats are reared as juveniles can greatly modify the prominence of this sex difference. For example, when reared in multi-animal, mixed-sex groups, males play more than females. However, when rats are reared with one, same-sex partner, sex differences in RTP are diminished (Himmler et al., 2016a). Regardless of sex differences in the frequency of RTP, in rats of both sexes RTP involves attack and defense of the nape of the neck, which is gently nuzzled with the snout if contacted (Pellis and Pellis, 1987; Siviy and Panksepp, 1987). Typically, for 80% or more of nape attacks the recipient uses defensive tactics to prevent contact, such as rolling to supine so that its nape is pressed to the ground and cannot be contacted (Himmler et al., 2013a; Pellis et al., 2022a). While sex differences emerge in how rats play as they age (Pellis, 2002), during the juvenile period, males and females adopt similar defensive tactics (Pellis and Pellis, 1990). Though most intensely studied in domesticated strains of rat in the laboratory (e.g., Achterberg et al., 2014, 2019; Himmler et al., 2014b; Siviy et al., 2017; Veenema et al., 2013), this pattern of attack and defense of the nape is also observed in wild populations (Calhoun, 1963) and wild-caught rats observed under laboratory conditions (Barnett, 1958; Himmler et al., 2013b).

Given that in rats RTP has been shown to be a naturally motivated behavior (Siviy, 2016; Vanderschuren, 2010), does not require training (Pellis et al., 2022b), and has a considerable degree of individual variation (Achterberg et al., 2023; Ham and Pellis, 2023; Lesscher et al., 2021), this behavior has become increasingly used as means to study social behavior and its development. For example, play has been implicated in the development of executive functions, social skills, and cognitive flexibility, with anatomical and physiological changes of the areas of the prefrontal cortex associated with these capabilities (Bijlsma et al., 2022, 2024; Ham et al., 2024; Schneider et al., 2016; Stark and Pellis, 2020, 2021).

Though every strain of laboratory rat studied to date targets the nape of the neck during RTP (Himmler et al., 2016b; Himmler et al., 2014a; Himmler et al., 2014b), there is variation in how much they play. For example, Sprague Dawley rats (SD) rats typically initiate around 1.5 times more play than Long Evans (LE) rats (Himmler et al., 2014b). Fischer 344 (F344) rats typically launch half as many attacks as LEs when tested with partners from other strains (Siviy et al., 1997, 2003; Stark et al., 2021), but more than LE rats when tested in same-strain pairs (Ham et al., 2024). As well as the variation in play frequency both within and among strains, how the rats play also varies from strain to strain. For example, compared to LE rats, SD and F344 rats are more likely to evade a playful attack, by swerving or running away, than rolling to supine (Ham et al., 2024; Himmler et al., 2014b; Orsucci et al., 2024; Siviy et al., 2023).

Given the differences in playfulness and defensive tactics, some combinations of strains are more compatible than others. For example, LE, SD, and F344 rats tend to retain their strain-typical preferences in tactics of defense when tested with unfamiliar partners from other strains (Himmler et al., 2014a; Schneider et al., 2016; Siviy et al., 1997; Siviy et al., 2003; Siviy et al., 2011; Siviy et al., 2017; Siviy et al., 2023; Stark et al., 2021). If reared together, some strains, such as LE and SD, tend to modify their play styles to more closely match the style of the other strain (Himmler et al., 2014a), but others, such as F344 rats, maintain their strain-typical style regardless of the strain with which they are reared (Schneider et al., 2016; Siviy et al., 2017; Stark et al., 2021). Critically, F344 rats, unlike SD and LE rats, seem unable to create the opportunities for role reversals and symmetry in playful attacks when playing with a partner from a different strain (Ham et al., 2024; Schneider et al., 2016; Stark et al., 2021), and so ensure the experiences of reciprocity that are essential for play to provide its developmental benefits (Pellis et al., 2023). Because of these strain differences, given the choice among potential play partners, we predicted that LE rats should prefer their own strain over SD and F344 rats, but likely prefer SD over F344. Partner preferences among adults in non-playful contexts support this prediction. LE and SD rats prefer to socialize with their own strain or even each other, before socializing with a F344 partner (Kiyokawa et al., 2022; Kogo et al., 2021).

Typically, when testing play in rats, the “dyadic paradigm” is used, where two rats are placed in a neutral arena after some period of social isolation (Achterberg and Vanderschuren, 2023; Pellis et al., 2022a). A limitation with this paradigm is that rats are forced to play with partners selected by the experimenter, and play ensues even if the partner is not optimal (Achterberg et al., 2023). Indeed, if given the choice of multiple partners, in a group testing paradigm, rats will tend to preferentially initiate more play with some members of the group than with others (Ham and Pellis, 2023, 2024, 2025). Such a group play paradigm more closely resembles the situation in which rats evolved, where they not only have multiple littermates as potential partners, but also peers from the litters of other females in the colony (Meaney and Stewart, 1981; Pellis and Pellis, 1997; Schweinfurth, 2020). Therefore, to test our prediction, we used a group paradigm to assess play preferences in partner selection across strains.

Groups of four rats, comprising two LE rats and one each of SD and F344 rats, were tested. One LE rat was selected as the focal rat and the frequency of nape attacks it initiated toward the other three rats was used as a means to determine partner preference. Because of the quantitative (number of attacks) and qualitative (preferred defense tactics) differences among these strains discussed above, our prediction was that the order of preference would be LE > SD > F344. The focal LE rats were also tested in dyads with the three different strains, and we predicted that LE rats would play with LE, SD, and F344 rats at similar frequencies as they satisfy their motivation to play with the only partner available (Ham et al., 2024; Himmler et al., 2014a; Stark et al., 2021). Finally, we used socially conditioned place preference (sCPP) (Achterberg et al., 2012, 2014; Trezza et al., 2009, 2011), and predicted that the focal LE rats would prefer to spend time in a context in which they had played with a same-strain partner over one in which they had played with a less compatible F344 partner.

To assess the LE rats’ preference in the sCPP test further, their ultrasonic vocalizations were recorded. As 50 kHz calls are emitted in positively affective contexts, including play (Burgdorf et al., 2008), and their rate of emission is increased in a play anticipation paradigm (Burke et al., 2017, 2021; Knutson et al., 1998) but reduced during dyadic play encounters between LE and F344 partners (Stark et al., 2021), we predicted that more calls would be emitted when accessing the preferred box in the sCPP trials.



Materials and methods


Ethics

All care and testing procedures were approved by the University of Lethbridge Animal Welfare Committee (Protocol #2408) in compliance with guidelines from the Canadian Council for Animal Care.



Subjects

Sixteen LE, eight SD, and eight F344 male rats were purchased from Charles River Laboratories (Kingston, New York) and arrived at the Canadian Center for Behavioral Neuroscience at 24 days of age. Upon arrival, the rats were housed in same-strain pairs. Animals were housed in double decker cages with corncob bedding. Two days after arriving, the animals were handled and weighed daily by the experimenters to habituate the rats to the experimenters, being handled, and being weighed. Food and water provided were ad libitum. The rats were housed on a 12-h light-dark cycle (lights on between 7:30 a.m. and 7:30 p.m.) in a room maintained at a constant temperature of 21–23°C.



Apparatus


Group play

Play in groups was tested in a clear Plexiglas enclosure (80 × 80 × 50 cm). The floor of the enclosure was covered with corncob bedding. Interactions were filmed with a digital video camera (Sony Handycam FDR-AX53) which was placed above the enclosure at a 90° angle so that all four rats could be visualized simultaneously. Red lights were used to illuminate the enclosure.



Dyadic play

Play in pairs was tested in a clear Plexiglas enclosure (50 × 50 × 50 cm). The floor of the enclosure was covered with corncob bedding. Interactions were filmed with a digital video camera which was place outside of the enclosure obliquely, at a 45° angle. Red lights were used to illuminate the enclosure.



Social conditioned place preference

sCPP was tested in an apparatus comprised of three compartments, each with a removable Plexiglas lid. Two of the compartments were large and equal in size (41 × 41 × 50 cm) separated by a smaller alleyway (16.5 × 11 × 11 cm). The two large enclosures, where the animals were conditioned to a stimulus, had different visual and tactile cues (Figure 1). One of the contexts was a white box with a black floor, with stainless-steel bars spaced 1.5 cm apart lining the floor. The other was a black box with a white floor that did not have bars along the floor. Both chambers had Pettersson M500-384 USD ultrasound microphones (Pettersson Elektronik AB, Sweden) affixed to the Plexiglas lids so that USV could be recorded. Sessions were filmed with a digital camera which was placed above the enclosures at about a 70° angle.


[image: Timeline diagram illustrating the experimental setup involving rats from postnatal day 24 to day 47. From days 24 to 37, rats are housed in same-strain pairs. Group play occurs from day 27 to day 31, with box habituation on days 27-29, and play testing on days 30 and 31. Dyad play happens from day 32 to day 37, with box habituation on days 32-34, and play testing on days 35-37. From days 38 to 47, the sCPP phase includes pre-exposure (day 38), training (days 39-46), and preference testing (day 47).]
FIGURE 1
The experimental paradigm illustrating how the animals were tested in groups on postnatal day (P) P30 and P31, tested in pairs between P35–37, and pre-exposed, trained, and tested using social conditioned place preference (sCPP) on P38, P39–P46, and P47, respectively. Created with BioRender.com.





Procedure

Eight of the 16 LE rats ordered were designated as “focal” rats and were the primary subjects of this study. These eight focal rats were housed together in pairs, and tested and scored in both the group and dyadic contexts for play, and finally, they were tested in the sCPP paradigm (Figure 1).


Group play

At 27 days of age, the rats of each strain were habituated to the test enclosure for 20 min, with their cage mates, in red light. This was done for 3 consecutive days between 7:30 a.m. and 3:00 p.m. At 30 days of age, group play testing began. Before testing, rats were weighed, their fur marked with a permanent marker pen (Sharpie®), and socially isolated for 2.5 h to increase their playfulness (Pellis et al., 2022a). Food and water were provided ad libitum during social isolation. Groups consisting of two LE (one being the focal LE), one SD, and one F344, all of which were unfamiliar with one another, were placed into the test enclosure, in red light, for 20 min and filmed. The group play trials were repeated for 2 days, switching the individuals within each group so that they were again all unfamiliar on the second test day. Following a test session, the animals were placed back into their respective home cages.



Dyadic play

As the dyadic enclosure was located in a different room and is a different size, at 32 days of age, the rats were habituated to the dyadic test enclosure for 10 min, with their cage mates, in red light. This was done for 3 consecutive days between 7:30 a.m. and 3:00 p.m. At 35 days of age, dyad play testing began. Before testing, rats were weighed, marked with a permanent marker pen (Sharpie®), and socially isolated for 2.5 h. Again, food and water were provided ad libitum during social isolation. Pairs of either two LEs, one LE and one SD, or one LE and one F344, who were unfamiliar with one another, were placed into the test enclosure, in red light, for 10 min and filmed. The dyadic play trials were run over 3 days, counterbalancing the strains paired with the focal rats. Following all test sessions, the animals were placed back into their respective home cages.



Socially conditioned place preference


Pre-exposure

Using a modified version of sCPP (see Achterberg et al., 2012, 2014; Trezza et al., 2009, 2011), at 38 days of age, the rats were placed into the middle alley chamber, which was connected to both large boxes, one at a time. Under red-light conditions, the rats were allowed to explore both chambers freely for 15 min while being video recorded. Time spent in both chambers, and the middle alley, was measured. According to the pre-exposure results, the rats were counterbalanced such that any innate preferences for either context was balanced for partner × context pairing. Following pre-exposure, all rats, including the partner rats, were socially isolated with food and water provided ad libitum.



Training

Training began approximately 24 h after pre-exposure. The two chambers were sealed, making the middle alleyway and the opposing chamber inaccessible. Half the rats experienced an LE partner in the white box while the other half experienced an LE partner in the black box. In the opposite context, they were paired with a F344. On days 1, 3, 5, and 7 of the training, rats were placed in one of the chambers for 15 min with an unfamiliar partner (either LE or F344). In the afternoon, they were placed in the opposite box, for 15 min, with the opposite partner. On days 2, 4, 6, and 8 of training, the order of the two daily sessions was inverted. For example, on day 1, focal Rat A would be partnered in the morning with an LE rat in the white box. In the afternoon, they would be partnered a F344 rat in the black box. On day 2, focal Rat A would be partner with a F344 rat in the black box in the morning, and an LE in the white box in the afternoon. Morning and afternoon sessions, on any given day, were separated by at least 4 h. Partners were counterbalanced so that half of the partners experienced an LE in the morning and half experienced a F344 in the morning. Similarly, the focal rats starting a training session was counterbalanced so that if Rat A started first on day 1, he would start last on Day 2. Partners were rotated each day so that they were always unfamiliar with the focal rat to preclude the formation of partner preferences and ensure that any preferences formed were for the strain and not the particular individual with which they were interacting. Training was done for 8 consecutive days. Following morning and afternoon training session, the rats were placed back into social isolation.



Preference test

Twenty-four hours after the 8th and final day of training, the preference test was conducted (Figure 1). Both boxes were unsealed, and the gray alleyway was replaced so that the two boxes were connected. Like pre-exposure, rats were placed in the middle alleyway and allowed to explore both boxes freely for 15 min under red-light conditions. The test sessions were filmed, and the recordings were subsequently used to score the time spent in the two boxes and the alleyway.





Behavioral analyses


Group play

Following group play trials, the videos were analyzed using a combination of normal speed and frame-by-frame analysis to score play behavior (Himmler et al., 2013a; Pellis et al., 2022a). As we were interested in how a focal rat would distribute its play among the potential play partners, we used a focal follow approach (Bateson and Martin, 2021) and scored the distribution of nape attacks directed toward each partner by the focal LE rat. Playful attacks were scored when the snout of one rat was in contact with, or directed toward, the nape of another rat (Pellis et al., 2022a). The frequency of play, and latency to first and last attack, were scored for both days.



Dyadic play

We measured playful RTP bouts to determine if the focal LE rats played with one strain more than the others. Like above, a playful attack was scored when the snout of one rat was in contact, or directed toward, the nape of another rat (Pellis et al., 2022a).



Socially conditioned place preference

To calculate if there was a preference for a particular chamber during the pre-test, the time spent in each of the three sections of the apparatus, was calculated. Time in a box was accumulated when both forepaws and half the body were past the threshold of the doorway into one of the boxes (McDonald et al., 2023). Similarly, time spent in each box was scored by an observer blind to the training conditions after the preference test to determine if a certain box was preferred.

Based on previous studies, we assumed that LE-F344 pairs would have less reciprocal play relationships than LE-LE pairs; thus, we expected an LE partner would be more compatible than a F344 partner despite the absolute frequency of play being similar (Ham et al., 2024; Stark et al., 2021). However, to be certain that the play experiences differed when paired with a F344 vs. a LE during training, the encounters in both the morning and afternoon on training days 1, 5, and 8 (beginning, middle, and end of the training, respectively) were scored and averaged. The number of attacks launched by the focal rat were scored. Additionally, the amount of play the partner initiated was scored so we could quantify how playful the partner rats were, and thus, how rewarding they were as a play partner (Lampe et al., 2019). If bedding is not provided in the play enclosure, rats switch defense strategies, reducing the number of rotations to supine (Pellis and Pellis, 2021). As we used two different floors, we scored the number of attacks resulting in a pin to determine if the floor biased how rats played.



Ultrasonic vocalizations

The vocal recordings from the preference tests were analyzed using Raven Pro 1.6 software (Bioacoustics Research Program, Cornell Lab of Ornithology, Ithaca, NY). Raven Pro generated spectrograms with a 256-sample Hann window. Using this window, vocalizations were manually selected and labeled by a scorer blind to the play partner context pairing. Each of the USV was scored according to the 14 category schema provided by Wright et al. (2010). These data were used to compare the number and type of calls made in each context. The total number of vocalizations and call types were compared. In addition, the percentage of total calls, and each call type, was calculated to determine if more calls or more calls of a certain type were made in either context. Finally, the rate at which calls were made was calculated (number of calls/total time spent in the context).




Statistical analyses

All plots were created using Prism version 10 (GraphPad Software).


Group play

The frequency of nape attacks and latency to first and last attack of each partner, on each day, were compared using two-way repeated measures ANOVAs with Bonferroni corrections.



Dyadic play

The frequency of nape attacks initiated by each pair in all strain combinations, as well as the frequency of nape attacks initiated by the focal rat in each of those pairings was compared using Freidman’s tests in Prism. After plotting the data, we noted a large degree of variation in the latency to first attack on Day 1, and so we performed a robust regression and outlier removal (ROUT) test, with a false discovery rate (Q) set to 1% using Prism. However, no outliers were detected.



Socially conditioned place preference

Using Prism, paired t-tests were used to determine if the rats had an inherent bias for either the black or white box during the pre-test. After conditioning, we used a paired t-test to test if the rats formed a preference for the LE or F344 context, as well as for either the black or white box. The frequency of play behavior initiated by the focal rat and how they defended themselves from playful attacks by the LE and F344 partners, and whether this differed in the black and white boxes, was tested with paired t-tests. We used unpaired t-tests to determine if the frequency of play behavior initiated by the partner rats in either the LE or F344 context and the black or white box was significantly different. This was repeated to determine if the partner rats defended themselves differently from playful attacks by different partners or different boxes.


Vocalizations

Two-way repeated measures ANOVAs were used to compare the number, distribution, and rate of vocalizations in the contexts with different partners and different boxes.






Results


Group play

We found that the focal rats did not play with each strain equally [F(2, 14) = 64.18, p < 0.0001] (Figure 2A), however, there was no effect of day [F(1, 7) = 2.40, p = 0.166] or strain × day [F(2, 14) = 0.70, p = 0.515]. Post-hoc tests showed that focal rats played with LE partners more than SD (p < 0.0001) and F344 (p < 0.0001) partners on Day 1. Similarly, on Day 2 (Figure 2B), focal rats played more with LE partners than SD (p < 0.0001) and F344 (p < 0.0001) partners.


[image: Box plots showing frequency of playful attacks and latency to attacks directed towards each of the three tested rat strains (Long Evans in purple, Sprague Dawley in teal, and F344 in orange), over the two group testing days. Significant differences are marked with asterisks.]
FIGURE 2
On both day 1 (A) and day 2 (B) of group play, the frequency of nape attacks initiated by the focal rat and directed toward a LE, SD, and F344 varied with focal rats directing more of their play toward LE partners than SD and F344s. LE partners were attacked faster than SD and F344 partners on day 1 (C) but not day 2 (D). No difference was found in latency to last attack on day 1 (E), but on day 2 (F), LE rats were attacked later in the session than both SD and F344s. *p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001.


When the latency to first attack was compared, we found that there was a significant effect of strain [F(2, 14) = 6.815, p = 0.009], but not day [F(1, 7) = 0.77, p = 0.411] or strain × day [F(2, 14) = 1.968, p = 0.177]. Post-hoc tests showed that there was no difference in time to first attack between LE vs. SD, but F344 partners were the last to be attacked compared to LE and SD (p = 0.002; p = 0.03, respectively) on Day 1 (Figure 2C). No differences were found in latency to first attack on Day 2 (Figure 2D). When the latency to last attack among partners was compared, we found a significant effect of strain [F(2, 14) = 5.07, p = 0.022], day [F(1, 7) = 6.38, p = 0.040], and strain × day [F(2, 14) = 6.21, p = 0.012]. Post-hoc tests showed that there was no difference in latency to last attack between strains on Day 1 (Figure 2E). However, on Day 2 (Figure 2F), LE and SD were attacked later in the test session than the F344 rats (p = 0.0005; p = 0.010, respectively). Post-hoc tests also revealed that F344 rats were attacked sooner in the test session on Day 1 compared to Day 2 (p = 0.0003).



Dyadic play

The total play between pair mates did not differ significantly in the any of the strain combinations (Figure 3A) [X2(2) = 5.87, p = 0.053], although there was a trend for less play in the pairs with F344 partners. Similarly, LE focal rats launched a comparable number of nape attacks (Figure 3B), regardless of the strain with which they were partnered [X2(2) = 1.75, p = 0.531].


[image: Box plots show playful attacks among rat pairs and focal rats across three strain pairings: LE-LE, LE-SD, and LE-F344. Plot A compares total playful attacks by pair, with LE-LE and LE-SD pairs showing higher medians than LE-F344, though, not statistically different. Plot B compares playful attacks by focal rats, showing similar trends with lower variance and differences in medians across groups.]
FIGURE 3
When the frequency of attacks by both partners in the pair was summed for dyadic play, no difference was found between LE-LE, LE-SD, nor LE-F344 pairs (A). Similar, the frequency of play initiated by the focal rat when playing with either an LE, SD, or F344 partner did not differ (B).




Socially conditioned place preference

During the pre-test, we found that there was no bias for the box that was to-be-paired with an LE nor the box that was to-be-paired with a F344 [t(7) = 0.216, p = 0.835] (Figure 4A). After 8 days of training, we found that the focal rats did not form a preference for either the LE or F344 paired contexts [t(7) = 0.773, p = 0.465] (Figure 4B). However, when further analyzing the data, we found that the rats significantly preferred the white box during the preference test [t(7) = 6.261, p = 0.0004], regardless of whether they were partnered with a LE or a F344 in the white box (Figure 4C).


[image: Box plots A to F show data comparisons between different groups. A and B compare time spent in context for LE and F344 groups in pre-test and preference test settings. C shows preference test time between white and black contexts, with significant differences. D to F illustrate nape attacks initiated by focal and partner groups with notable distinctions, particularly in E and F. Significance levels are indicated by asterisks.]
FIGURE 4
The time spent in each box was not different between the to-be-paired LE and to-be-paired F344 contexts (A). After 8 days of condition place preference training, focal rats did not prefer the LE social context over the F344 context (B). The focal rats did, however, prefer the white box over the black box, regardless of the social partner they experienced in the box (C). The focal rats did not initiate more play with LE or F344 rats (D). However, LE partners played more than F344 partners (E). Though focal rats did not play more depending on the social context, the focal rats initiated more play in the white box compared to the black box (F). † Attacks were measured on three different days (day 1, 5, and 8) and the average frequency of attacks across the 3 days was used. **p < 0.01; ***p < 0.001.


After scoring the interactions on training Days 1, 5, and 8, we found that the focal rats did not play with LE partners more than F344 partners across the three sample days [t(7) = 1.431, p = 0.196] (Figure 4D). The focal rats, however, did defend attacks by rolling over into a supine position when playing with an LE partner (mean number of supine defenses: 6.29) more than when with a F344 partner (mean number of supine defenses: 1.17) [t(7) = 0.230, p = 0.0131]. LE partners, on average, initiated more play than the F344 partners [t(14) = 3.102, p = 0.0078] (Figure 4E), but did not defend themselves with more supine defenses when playing [t(14) = 1.772, p = 0.098].

Given that focal LE rats preferred the white box over the black box, we compared whether the focal rats initiated more play in the white box. We found that LE rats launched more playful attacks in the white than the black box, across the 3 days measured [t(7) = 4.336, p = 0.0034] (Figure 4F). The focal rats did not, however, defend themselves by rolling to a supine position more in either the white or black box [t(7) = 0.865, p = 0.416]. No difference was found in the frequency of play initiated by the partner in either the white or black box [t(14) = 0.652, p = 0.525] or in the number of supine defenses they used [t(14) = 1.104, p = 0.288].

Of all the USV emitted, the majority (93%) were trills, trill with jumps, and flat calls, so these were the call types we analyzed further. There was no interaction effect between the number of ultrasonic vocalizations recorded and the context paired with either strain [F(3, 42) = 0.165, p = 0.919] (Figure 5A) nor for the white or black boxes [F(3, 42) = 0.622, p = 0.605] during the preference test (Figure 5B). When we compared the percentage of vocalizations emitted in the LE vs. F344 contexts, no interaction effect was found in the distribution of calls [F(3, 42) = 1.524, p = 0.222] (Figure 5C). However, an interaction effect was found between the color of the box and the type of vocalizations emitted [F(3, 42) = 8.450, p = 0.0002], with the focal rats emitting more trill with jumps in the white box and more flat calls in the black box (Figure 5D). Given that the focal rats did not spend equal amounts of time in each chamber, we also assessed the rate at which each vocalization type was used in each context. Focal rats vocalized at a different rate depending on the context [F(3, 42) = 72.85, p < 0.0001], vocalizing at a higher rate in the F344 paired context (Figure 5E). Similarly, focal rats vocalized at a different rate depending on whether they were in the white or black box [F(3, 42) = 7.777, p = 0.0003], emitting vocalizations at a higher rate in the black context (Figure 5F). However, for neither partner pairing nor box type pairing were there any significant differences in call types emitted.


[image: Box plots illustrate various vocalizations measurements across different conditions during sCPP. Plots A and B display the number of vocalizations while C and D show the percentage of total vocals. Plots E and F present the number of vocals relative to time spent in a box. Categories include total vocals (black), trill (pink), trills with jumps (teal), and flat (purple). Statistical significance is indicated by asterisks, with more asterisks denoting higher significance levels. Vocalizations are compared between the color of the sCPP enclosure (black vs white) and between the strain of the partner (LE vs F344).]
FIGURE 5
The total number of vocalizations, trills, trill with jumps, and flat calls emitted in each paired context (i.e., LE or F344) did not significantly differ (A). Similarly, the number of calls did not differ depending on the box (i.e., white or black) (B). When calculated as a percentage, the total number of calls and the types of calls emitted did not differ between paired contexts (C). However, focal rats did emit more trill with jumps in the white box, compared to the black box, and more flat calls in the black box, compared to the white box (D). When calculated as a rate, more calls were made in the F344 context than the LE context (E) and more calls were made in the black box than the white (F), however, the call type did not differ between either context or box. *p < 0.05; ***p < 0.001; ****p < 0.0001.





Discussion

Given that there is a considerable degree of variation in both the amount of play and the style of play among strains of rats (Himmler et al., 2014b; Siviy et al., 2023), we aimed to determine whether rats have play partner preferences based on strain identity in different contexts. To do so, we tested juvenile male LE rats and in three conditions. First, we tested the rats with unfamiliar partners in a group setting where they had the choice to play with either an LE, SD, or F344 rat. In the group play test, which was repeated twice on 2 consecutive days, focal rats consistently played more with the same-strain LE partner over the SD and F344. Unexpectedly though, SD were not preferred over F344 rats. However, both LE and SD partners were playfully attacked before the F344 rats were on Day 1 of testing, suggesting some preference of SD rats over F344 rats. Following the group play testing, the focal rats were paired with each strain, one at a time, in a dyadic play encounter. We found that the focal rats directed the same amount of play to all partners, suggesting that when rats do not have a choice, they will play with partners of different strains equally. That is, despite there being considerable differences in both the amount and the style of RTP among strains of rats (Himmler et al., 2014b; Siviy et al., 2023), when playing with members of a different strain in a dyadic context, the strain-typical differences are reduced, leading to a convergence in both frequency and style of play (Ham et al., 2024; Reinhart et al., 2006; Siviy et al., 1997, 2003; Stark et al., 2021). Nevertheless, it should also be noted that prior rearing with a different strain can affect the degree of such convergence (Himmler et al., 2014a). That is, subject to modifying influences of the test paradigm used (see also Argue and McCarthy, 2015b), the dyadic test context can lead to the partners accommodating to each others’ play styles, but again, some strains, such as the F344, are more resistant to such accommodation than others (Ham et al., 2024; Siviy et al., 1997, 2003, 2017). When restricted to playing with a particular partner in the dyadic test paradigm, rats seem to adjust their play (Achterberg et al., 2023) in a manner that may not be necessary when multiple partners are available (Ham and Pellis, 2023, 2024, 2025), and, as shown here, a partner from a less suitable strain, can be avoided in preference to members of more suitable strains. Finally, we used a modified version of the play-induced socially conditioned place preference paradigm (Achterberg et al., 2014; Trezza et al., 2009, 2011) to determine if the focal LE rats would prefer the context in which they played with a compatible, same-strain play partner over an incompatible, F344 partner (Ham et al., 2024; Stark et al., 2021). The focal rats preferred the white box over the black box, and this was the box in which they played more, irrespective of the strain of the play partner. Interestingly, the focal rats vocalized at a higher rate in the black box, and in boxes that had been rewarded with F344 partners, indicating that while some parameters of 50 kHz, such as the number and types of calls may reflect positive affective states (Burke et al., 2017, 2021; Knutson et al., 1998), others, like rate of emission, may reflect overall level of arousal (e.g., Gaub et al., 2016; Raza et al., 2015). Consequently, it would seem that, at some level, the rats are distinguishing between both the box and the strain of the training partner.


Play is better than no play

When given a choice, we found that focal rats significantly prefer their own strain, however, when the choice in play partner is removed, the rats play equally with all partners (F344 or SD). That is, in a dyadic set-up, as is done in most play research, the focal rat will play with a less preferred partner as much as with a preferred partner. This may be in part due to the rats having been socially isolated (even if just for 2.5 h) before testing play. Though briefly isolating the rats to ensure they are motivated to play before testing is a commonly used technique (Himmler et al., 2013a; Pellis et al., 2022a), this increased motivation to play might influence the results from the dyadic tests. For instance, if the rats are highly motivated to play, and the only partner they have is a suboptimal one, the motivation to play may outweigh the reluctance to play with such a partner. Perhaps, if they were not isolated at all, and so not as motivated to play, they would only play with the LE partners and avoid both the SD and F344 partners during the group test. How the duration of social isolation and motivation to play affects partner selection will be the focus of future studies; however, preliminary results from our laboratory indicate that LE focal rats are not less selective with increased isolation time suggesting that the time spent in isolation did not bias the strength of their partner preferences. Alternatively, the lack of discrimination between SD and F344 rats in the group test may be due to the presence of an LE rat. As in the non-play social tests using adults, when given the choice, LE rats preferred to interact with other LE rats over other strains, but when the only choice available were SD rats, they preferred the SD rats over the F344 rats (Kiyokawa et al., 2022; Kogo et al., 2021). Similarly, if a group test for play only involved a choice between an SD and a F344 rat, LE rats may show a preference for SD play partners. That is, cross-strain preferences may still exist, but to characterize them, the appropriate testing paradigm needs to be identified.

That context is critical for identifying the occurrence of behaviors is one implication from this study, as LE rats tested in pairs did not show the same play partner preferences as when tested in groups. It should be noted that we chose F344 and SD rats because their style of play differs markedly from that of LE rats (Himmler et al., 2014a; Himmler et al., 2014b; Siviy et al., 1997; Stark et al., 2021), which may possibly exaggerate the effects of partner preference in mixed-strain group play. Indeed, we selected the three strains we did as they each play differently. However, their differences are graded. SD share a more similar play style to LE than F344 (Himmler et al., 2016b; Himmler et al., 2014a; Himmler et al., 2014b). Had we used strains that play more similarly to LE rats, such as Brown Norway and Wistar rats (Himmler et al., 2014b), we may not have observed such a strong preference during the group play testing. Still, even subtle differences within a strain appear to be sufficient for rats to form partner preferences in a group setting. For example, LE rats playing in groups of same-strain, same-sex partners, form partner preferences whether playing with strangers (Ham and Pellis, 2024), cage mates (Ham and Pellis, 2025), or with partners of mixed familiarity (Ham and Pellis, 2023). Nonetheless, as stated above, when rats do not have a choice and are motivated to play, they will play with whatever partner is available. However, when provided the opportunity to choose, they will select a same-strain partner (present study), or a same-strain partner with particular characteristics (Ham and Pellis, 2023, 2024, 2025). These contradictory results highlight the need to study ethologically relevant behaviors and to test animals under more naturalistic conditions (d’Isa and Gerlai, 2023; Dennis et al., 2021; Kondrakiewicz et al., 2019) as, depending on the question being tested, the paradigm used could bias the results. Indeed, had we only tested the rats using the dyadic paradigm, we may have concluded that LE rats do not prefer their own strain. For general or fundamental phenomena, such as the effect of pharmacological manipulation and deciphering which brain regions are involved in play, using play frequency, duration, and the microstructure of play as tested under the dyadic test set-up is sufficient for now (Achterberg et al., 2016, 2019; Achterberg and Vanderschuren, 2020; Trezza and Vanderschuren, 2008; VanRyzin et al., 2019; Veenema et al., 2013). However, to answer more ethologically relevant questions, such as partner preference due to experimental manipulations or treatments, the group set-up may be better suited (Ham and Pellis, 2023, 2024; Holman et al., 2019).

In addition to partner discrimination, the focal LE rats played far more when in a group setting than when in a dyadic setting. On day 1, the focal rats launched on average 102.38 attacks, and 78.88 on day 2, that is roughly 4.2 times and 3.3 times more play than when tested in the dyadic context (Figure 3B). This large difference between test conditions suggests that there may be a group contagion effect whereby rats are more motivated to play when more individuals are present. Alternatively, it could be that the novelty of choice is motivating given that the animals were pair housed and so were never offered the opportunity to choose a partner. In either case, the increased frequency of play when in groups cannot be explained by the natural increase and decrease in playfulness with age. Play in rats is most frequent between 30 and 40 days of age, typically peaking around 35–36 days of age (Panksepp, 1981; Pellis and Pellis, 1990; Thor and Holloway, 1984a). In the present study, group testing occurred when the rats were 30 and 31 days old, and dyadic testing around 35 days, so, if anything, play should have been more frequent when tested in pairs.



Socially conditioned place preference: partner or context?

Previous studies have shown that isolated rats prefer contexts that are paired with RTP over contexts without the opportunity to play (Achterberg et al., 2012, 2014; Trezza et al., 2009, 2011). Here, a slightly altered methodology was used to determine if rats would prefer a context in which they encounter a playful same-strain partner over a context where they encounter a playful partner from a different strain. We predicted that rats would prefer the context in which they had a same-strain partner because the play experiences would be more compatible, both in style and frequency.

To our surprise, we found that the focal LE rats did not prefer the context that was paired with a same-strain partner. Instead, they preferred a particular box, regardless of the strain of the partner. The focal rats in our study significantly preferred the white box. Following previous protocols (Achterberg et al., 2012, 2014; Trezza et al., 2009, 2011), we varied the color of the enclosure and the texture of the floor so the rats could easily distinguish between the two contexts. However, unlike the previous sCPP studies where fine metal mesh and wide metal mesh flooring was used to distinguish the two contexts, we had one floor with metal rods lining the surface while the other floor was smooth. Despite us wanting the floor texture varied so to provide the rats an additional cue, we may have inadvertently biased the play experiences.

Depending on the context or the enclosure in which rats are tested, both the frequency and structure of play can be altered. For example, when tested in circular arenas, rats play significantly less than when tested in square or rectangular ones (Hole and Einon, 1984). If no bedding is provided in the enclosure, the rats will switch defense strategies, favoring evasive strategies over rotating to a supine position (Pellis and Pellis, 2021). Given that RTP in rats can be rough, it is suspected that having bedding to cushion the wrestling ensures that the play remains comfortable (Pellis and Pellis, 2021). Knowing this, we selected chambers that were both square (and of the exact same dimensions) and devoid of bedding, so as not to have one with bedding and one without. We believe this was achieved as we did not find a difference in the number of supine defenses performed between boxes.

In addition to the texture of the floor, the color of the walls and floors of the boxes were varied and this could have possibly biased the animals even though it is standard to both alter the floor and wall color (e.g., Martínez et al., 1995; McDonald et al., 2021; Roux et al., 2002). In the white enclosure, the floors were black while in the black enclosure the floors were white. It remains unclear if the color of the walls and/or floors, texture of the floor, or both biased the rats’ behavior. For instance, considering the box preference that we observed, it is possible that a black floor is less alerting to rats and hence favors play. In future experiments, these factors (wall color, floor color, and floor texture) should be separated and tested singularly for their effects on RTP.

Regardless of the environmental cues that were salient to the rats, they played less in the black box during the training days and emitted different vocalizations during the preference tests depending on the context. In the white box, rats emitted more trills with jumps than in the black box. These trills have been associated with positive experiences (Burke et al., 2022; Reinhold et al., 2019) and seem to be used in coordinating play behavior (Burke et al., 2018, 2020; Kisko et al., 2015). Conversely, 50 kHz flat calls, which are often used as contact calls (Brudzynski, 2015), frequently emitted after having been socially isolated (Wöhr et al., 2008), were emitted more in the black, unpreferred box.

Given that the animals did prefer a box, and they preferred the box they played in more, it seems that like previous studies (Achterberg et al., 2012, 2014; Trezza et al., 2009, 2011), the rats in this study formed preferences based on their play experiences. This preference, though, was not due to the social context (i.e., not the strain × context association). Instead, it seems that the attractive nature of the white box, whatever that may be, overpowered any effect of the play partner despite the F344 partners playing less than the LE partner, providing hence a different play experience. Rather, it is the environmental context that facilitated the preferred experiences that is selected and not the partner during the sCPP preference test. In any case, this suggests that rats do prefer contexts in which they had experienced more attractive play experiences. However, this can be driven by the context/enclosure and not necessarily the identity of the partner. Nevertheless, because the rats were isolated for 23.5 h a day for 8 consecutive days, they were highly motivated to play (Panksepp, 1981). After such chronic social isolation, socializing, regardless of the quality or nature of the interaction, may be so rewarding that the possible effect of the identity of the partner was masked. Consequently, the present findings do not preclude the possibility that in a different testing paradigm, rats would show a preference for one strain over another. Even so, as noted above, the focal rats had a higher rate of vocalizing when in both the least preferred black box and in the box, either white or black, that had involved playing with a F344 partner, which suggests that there may be subtle aspects of behavior that reflect preferences, including social ones. Again, this reinforces our earlier point that constructing the appropriate test paradigm and identifying the most appropriate behavioral markers are central to drawing firm conclusions about what is and what is not salient to the animals.

One limitation of this study is that we only used males. Indeed, the appropriate test paradigm and behavioral markers may need to differ for females despite male and female juvenile male rats using the same RTP behavioral patterns (Pellis et al., 2022a). Female rats are more sensitive to the familiarity of their partner when playing in dyads, playing more with familiar animals than strangers (Argue and McCarthy, 2015a), and, similarly, they may be more sensitive to the strain of their play partners. As such, replicating this study with females may further refine the conclusions of this study.




Conclusion

The use of rat RTP has become increasingly popular as a tool for studying social regulation, communication, and development given that is a naturally occurring behavior in which rats are highly motivated to engage (Pellis et al., 2022b). While it is a powerful tool, our results highlight that the testing paradigm used can greatly affect the behavioral outcomes. For example, when LE rats are given the choice, they prefer to play with same-strain partners. However, this preference is no longer present when the testing paradigm was changed. When tested using the dyadic paradigm (Pellis et al., 2022a), the rats did not play more with same-strain partners. Similarly, focal LE rats did not appear to prefer contexts that were paired with a same-strain partner after 8 days of conditioning using a modified sCPP paradigm (Achterberg et al., 2012, 2019; Trezza et al., 2009, 2011). Instead, the LE rats preferred the context in which they played more, regardless of the identity of the partner. In other words, the environmental or social context in which rats find themselves in may trump partner preferences. In addition to changes in partner preferences, we also found that when playing in groups, the rats played 3–4 times more, suggesting there is a group play contagion effect in rats. Our results underline the need to keep the natural ecology and ethology of the animal in mind when designing studies of play behavior in rats given that the testing paradigm, environment, and social partners used can greatly influence the behavioral outcome.
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