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ABSTRACT 

Social play is a motivating and rewarding behavior displayed by juveniles of many mammalian 

species, including humans and rats. Social play is vital to the development of social skills. 

Autistic children show less social play engagement which may contribute to their impairments in 

social skills. There is limited knowledge about what external conditions may positively or 

negatively influence social play engagement in humans or other animals. Therefore, we 

determined how two common external conditions, playmate familiarity and social isolation, 

modulate social play levels and social play defense tactics in juveniles of three common 

laboratory rat strains: Long-Evans, Sprague-Dawley, and Wistar. Males and females were 

socially isolated for either 2h or 48h prior to social play testing and were then exposed to either a 

familiar (cage mate) or novel playmate, creating four testing conditions: 2h-Familiar, 48h-

Familiar, 2h-Novel, and 48h-Novel. Both playmate familiarity and social isolation length 

influenced social play behavior levels and tactics in juvenile rats, but did so differently for each 

of the three rat strains. Long-Evans played most with a familiar playmate, irrespective of time 

isolated, Sprague-Dawley played most in the 48h-Familiar condition, and Wistar played the least 

in the 2h-Familiar condition, but Wistar played more with a novel playmate than Long-Evans 

and Sprague-Dawley. Analysis of social play tactics by the playmates in response to nape attacks 

by the experimental rats revealed strain differences with novel playmates. Here, Sprague-Dawley 

and Wistar defended more nape attacks than Long-Evans. Sprague-Dawley evaded these attacks, 

thereby shortening body contact. In contrast, Wistar turned to face their playmate attacker and 

showed more complete rotations, thereby extending body contact and wrestling longer. Role 

reversals, which increase social play reciprocity and reflect the quality of social play, were 

higher in Long-Evans and Sprague-Dawley with familiar playmates. Role reversals decreased for 

Sprague-Dawley but increased for Wistar after 48h isolation. The effects of playmate familiarity 

or social isolation length on social play levels and tactics were similar across sex for all three 

strains. In conclusion, we showed that two common external factors (playmate familiarity and 

social isolation length) that largely vary across social play studies have a major impact on the 

level and quality of social play in the three rat strains. Strain differences indicate higher level and 

quality of social play with familiar playmates in Long-Evans, with familiar playmates after short 

isolation in Sprague-Dawley, and with novel playmates after longer isolation for Wistar. Future 

research could determine whether strain differences in neuronal mechanisms underlie these 
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condition-induced variations in social play engagement. Our findings are also informative in 

suggesting that external conditions like playmate familiarity and social isolation length could 

influence social play levels and social play quality in typical and atypical children.  
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INTRODUCTION  

 

Social play, also known as rough-and-tumble play or play-fighting, is the most characteristic 

social behavior in young mammals (Manduca et al., 2014; Schiavi et al., 2020), with juvenile 

animals spending upwards of 20% of their time participating in play (Pellis and Pellis, 2013). 

Social play is a highly motivating and rewarding behavior (Calcagnetti and Schechter, 1992; 

Pellis and Pellis, 1987; Trezza et al., 2010; Vanderschuren et al., 2016). The pleasures of play 

have been long recognized by scientists; Charles Darwin wrote that `Happiness is never better 

exhibited than by young animals, such as puppies, kittens and lambs, when playing together, like 

our own children' (Darwin et al., 1871). Nonetheless, social play does much more than bring 

pleasure to young mammals. In humans, non-human primates, and rats, social play is important 

to the development of emotional, social, physical, and cognitive skills (Barnett, 1990; Ginsburg 

et al., 2007; Ljubetic et al., 2020; Nijhof et al., 2018; Pellis et al., 2023, 2014; Spinka et al., 

2001; Vanderschuren et al., 1997). Social play also promotes executive function, contributes to 

the development of a prosocial brain, and helps to develop flexible problem solving skills 

(Barnett, 1990; Ham et al., 2024a; Panksepp, 2007, 1998; Pellis et al., 2017; Spinka et al., 2001; 

Yogman et al., 2018). 

 

Social play deficits are a core symptom of neurodevelopmental disorders, such as autism 

spectrum disorder (ASD), early-onset schizophrenia, and attention-deficit/hyperactivity disorder 

(Alessandri, 1992; Helgeland and Torgersen, 2005; Jones, 1994; Jordan, 2003; Moller and 

Husby, 2000). For example, ASD children show less involvement in social play with their peers 

compared to typically developing children (Alessandri, 1992; Moller and Husby, 2000; 

Panksepp, 1981; Supekar et al., 2018). ASD children also report that they find social interactions 

less pleasant than non-social interactions, such as bike-riding or eating (Supekar et al., 2018). 

Furthermore, schizophrenic children show no attempt to establish social play with other children 

(Potter, 1933), and do not show interest in playing with school mates (Potter, 1933). Moreover, 

the preference for playing alone versus with others in children ages four to six predicted 

schizophrenia (Bender, 1947; Jones et al., 1995). It has been suggested that limited social play 

engagement may reduce the development of social skills and thus the ability of ASD and 

schizophrenic individuals to appropriately navigate social and emotional situations later in life 
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(Jordan, 2003). This indicates the need to enhance our understanding of what conditions 

influence social play engagement. The play environment is an external condition that can 

influence social play engagement in ASD children. For example, enclosed/confined play 

environments increased peer interaction and play between ASD children (Black et al., 1975), as 

did playgrounds designed to have high spatial density and a structured layout (Yuill et al., 2007). 

Another external condition is the quality of the play partner. Here, social interactions, including 

social play, increase when socially competent peers are included as the play partner in ASD 

children (Wolfberg and Schuler, 1993). But overall, there is an incomplete understanding of what 

specific external conditions may positively or negatively influence engagement in social play in 

human children or other young animals.  

 

The vast majority of our current knowledge of social play behavior stems from laboratory rat 

studies (Siviy and Panksepp, 2011; Trezza et al., 2010; Vanderschuren et al., 2016). Social play 

bouts in rats typically begin with a nape attack, in which a rat touches the nape of the neck of a 

conspecific with its snout (Panksepp and Beatty, 1980; Pellis and Pellis, 1987; Poole and Fish, 

1975; Vanderschuren et al., 1997). This is considered the most important parameter of play 

initiation (Vanderschuren et al., 2016). To protect the nape, the recipient of a playful attack may 

engage in various defensive tactics. The recipient may evade an attack, running away from the 

attacker. Alternatively, the recipient may turn to face its attacker. After turning to face, this 

frequently results in the recipient rolling onto its dorsal surface so that the nape is pressed against 

the floor/ground and inaccessible to the attacker. In other cases, the recipient may turn and face 

and meet its attacker in an upright position, where the animals appear to be boxing with one 

another. Regardless of the defense tactic employed, the recipient rat frequently attempts to gain 

access to the attacker rats' neck area, so that play is prolonged. In turn, this maintains a level of 

reciprocity where the attacking rat and defending rat switch roles.   

 

The dyad test is the most widely used experimental paradigm for the analysis of social play in 

rats, and typically consists of two rats joined together following a period of social isolation to 

increase their motivation to engage in play (Pellis et al., 2022). But even within this dyadic social 

play paradigm there exist many different versions in which several conditions can be modified, 

including the type of playmate (e.g., familiar versus novel), test enclosure (e.g., familiar versus 
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novel), time of day at testing (dark phase versus light phase), illumination levels (bright light 

versus dim light versus red light versus complete darkness). Modifying one or more of these 

conditions may affect both the amount and style of social play behaviors (Ham et al., 2024b; 

Himmler et al., 2014a; Panksepp, 1981; Reinhart et al., 2006; Siviy et al., 2017).  

 

Social play levels and social play tactics may also depend on the strain of rats. Indeed, the three 

standard laboratory rat strains Long-Evans, Sprague-Dawley, and Wistar differ in their social 

play behaviors (Himmler et al., 2013a, 2014a, 2014b). For example, Sprague-Dawley rats play 

more than Wistar rats when exposed to a familiar conspecific in a novel environment after 24h 

isolation, and being tested in complete darkness (Himmler et al., 2014b). Moreover, Sprague-

Dawley rats showed higher engagement in social play than Long-Evans rats when exposed to a 

novel conspecific in a novel environment without prior isolation, and being tested in the light 

phase (Ku et al., 2016). However, Wistar and Long-Evans rats played more than Sprague-

Dawley rats when exposed in their home cage to an unfamiliar sibling without prior isolation, 

and being tested in the light phase (Northcutt and Nwankwo, 2018). Regardless of strain, the 

degree of competition and cooperation, as measured by the likelihood of a role reversal occurring 

after a playful attack, seems similar among these three rat strains  (Himmler et al., 2016, 2014b). 

However, other social play tactics differ among Long-Evans, Sprague-Dawley and Wistar 

(Himmler et al., 2013a, 2016). For example, Sprague-Dawley rats are more likely to evade a 

playful attack than both Long-Evans and Wistar rats (Himmler et al., 2016, 2014b). Conversely, 

Long-Evans and Wistar rats typically defend themselves by rolling to supine, resulting in the 

attacker pinning the defender (Himmler et al., 2016, 2014b). Together, these findings suggest 

that playmate familiarity and social isolation are both important factors influencing social play 

levels and tactics differently across these three rat strains.  

 

Therefore, in the current study, we determined how two external conditions would modulate 

social play levels and social play tactics in Long-Evans, Sprague-Dawley, and Wistar rats. The 

first external condition manipulated was playmate familiarity, in which experimental rats were 

exposed to either a familiar (cage mate) or novel playmate during the social play tests. The 

second external condition manipulated was length of social isolation. Socially isolating rats for 

various lengths has resulted in differences in social play levels. For example, Long-Evans and 
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Wistar rats show more social play after a 24h social isolation versus no isolation (Long-Evans) 

or versus 1h and 3.5h isolation (Wistar) (Panksepp and Beatty, 1980; Vanderschuren et al., 

1995a). In the current study, rats were isolated for either 2h or 48h prior to the social play test.  
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METHODS  

 

Subjects 

Three-week-old male and female Long-Evans rats were obtained from Envigo (Indianapolis, IN; 

n=5 per sex) or were bred and raised in house (n=13 males, n=14 females). Three-week-old male 

and female Sprague-Dawley rats were obtained from Charles River Laboratories (Raleigh, NC; 

n=5 males, 5 females) or were bred and raised in house (n=9 males, 20 females). Three-week-old 

male and female Wistar rats were obtained from Charles River Laboratories (Raleigh, NC; n=20 

males, n=20 females). Rats were maintained under standard laboratory conditions (12 hr 

light/dark cycle, lights off at 14:00 hr, food and water available ad libitum). Rats were housed in 

single-sex groups of three in standard Allentown cages (58.8 cm x 19.4 cm x 39.5 cm) with 

woodchip bedding unless otherwise mentioned. The experiments were conducted in accordance 

with the National Institute of Health Guidelines for Care and Use of Laboratory Animals and 

approved by Michigan State University Institutional Animal Care and Use Committee.  

 

Social Play Testing 

Social play was assessed in postnatal day 29-34 (juvenile) rats because social play is at its peak 

at this age (Panksepp, 1981; Paul et al., 2014; Pellis and Pellis, 1987; Thor and Holloway, 1984). 

Social play tests started at the beginning of the dark phase under red-light illumination because 

rats are nocturnal and most active in the dark phase (Hawkins and Golledge, 2018; Himmler et 

al., 2013a). All testing was completed in the experimental rat’s home cage to abolish the 

suppression of play induced by unfamiliarity to the test cage (Vanderschuren et al., 1995b). 

When testing began, the experimental rat’s home cage was removed from the cage rack, placed 

on the testing table and its lid was replaced with a Plexiglass lid to allow recording of the tests 

from above using a tripod and video camera. A sex-, age-, and strain-matched playmate was 

placed into the experimental rat’s home cage. The experimental subject was allowed to freely 

interact with the stimulus subject for 10 min. Food and water were not available during the 10 

min testing sessions but were immediately returned when each session was complete. Rats 

assigned playmates were striped on their back and sides with a Sharpie marker 1h prior to social 

play testing to distinguish between the experimental and playmates during later video analysis. 
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Behavioral Scoring 

The 10-min social play tests were videotaped, and the behavior of the experimental rats was 

measured by a researcher blind to the test conditions using SolomonCoder software 

(https://solomon.andraspeter.com/). The following social play behaviors were scored for the 

experimental rats according to Veenema and Neumann (2009): duration of social play (the total 

amount of time spent in playful social interactions including nape attacks, pinning, and supine 

poses), numbers of nape attacks (nose attacks or nose contacts towards the nape of the neck of 

the intruder), number of pins (the resident holds the intruder on its back in a supine position), and 

number of supine poses (the resident is pinned by the intruder). Other behaviors scored were 

duration of social investigation (sniffing the anogenital and head/neck regions), duration of 

allogrooming (the experimental subject is grooming the stimulus subject), and duration of non-

social cage exploration (the experimental subject is walking, rearing, sitting, or engaging in other 

neutral behaviors). Finally, the duration of total social behaviors (social play duration, social 

investigation duration, allogroom duration) was calculated. Results of these other behaviors and 

total social behaviors appear in the supplementary materials and are not further discussed in the 

main document. 

 

Additionally, social play tactics used to defend against a nape attack of the experimental rat were 

scored for the experimental rat’s playmate, using a combination of normal speed and frame-by-

frame analysis following the protocol described by (Pellis et al., 2022). After a nape attack is 

launched by the experimental rat, the playmate can employ different defensive tactics (Figure 1). 

If the playmate defends itself, it can either engage in an evasive maneuver (i.e., runs away) or it 

can turn to face its attacker (i.e., facing defense) (Himmler et al., 2013b). If the playmate turns to 

face, it can do so by either rotating along the vertical or horizontal axis of the body. If the 

playmate rotates along the vertical axis, the pair ends in an upright, standing defense position, 

where they appear as if they are boxing. If the playmate rotates along the horizontal axis, the pair 

ends in one of two pin configurations: a partial rotation, where the playmate’s body is rotated 

~45º, or a complete rotation, where the playmate is completely supine and has rotated ~90º. Both 

pin measures indicate the playmate’s motivation to sustain in close bodily contact with the 

attacker rat (Stark et al., 2021). Finally, rats engage in role reversals or turn taking, and the 

degree to which role reversals are engaged can serve as a measure of reciprocity and how 
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motivated the playmate is to continue the ongoing playful encounter (Pellis et al., 2024). Using 

these behavioral definitions, for each playmate, the proportion of nape attacks that were 

defended were calculated. Of the defended attacks, the proportion that led to a facing defense 

was calculated, along with the proportion that were evaded, leading to proportions of partial and 

complete rotations, and mutual uprights that were calculated. Lastly, the proportion of playful 

attacks that were the result of a role reversal were calculated. See Ham and Pellis (2024) for a 

detailed description of the calculations. 

 

 
Figure 1. Decision tree showing the diverse social play defense tactics of the experimental 

rat’s playmate in response to a nape attack by the experimental rat. When attacked, a rat can 

either defend itself (defense) or ignore the playful attack (no response). If the attacked rat 

defends itself, it can either show evasion (i.e., run away) or engage in a facing defense. If it turns 
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to face the attacker rat, it either rotates along the vertical body axis or horizontal body axis. 

Vertical axis rotations end in a mutual upright or standing defense. In contrast, horizontal axis 

rotations result in either a partial or complete rotation, both of which are commonly referred to as 

a pin. Only attacks that are defended can result in a role reversal. For an in-depth read of the 

microstructure of rat play, see Pellis et al. (2022). Adapted from Stark (2021). 

 

Experimental Conditions 

Experimental rats were randomly assigned to one of four experimental conditions in which 

length of social isolation (2h or 48h) and familiarity of playmate (cage mate or novel playmate) 

were fixed factors, resulting in four experimental groups: (1) 2h isolation + familiar playmate 

(2h-Familiar), (2) 48h isolation + familiar playmate (48h-Familiar), (3) 2h isolation + novel 

playmate (2h-Novel), and (4) 48h isolation + novel playmate (48h-Novel). For the isolation 

periods, the experimental rat stayed in its home cage while the two cagemates were removed and 

placed together in a new cage. 2h or 48h later, the 10-min social play tests were conducted by 

placing either a cagemate (familiar playmate) or a sex- and age-matched novel playmate in the 

experimental rat’s home cage. All playmates (cagemates and novel playmates) were group 

housed prior to being placed into the experimental’s home cage for social play testing. After 

testing was completed, the two cagemates were rehoused with the experimental rat in the 

experimental rat’s home cage. See Figure 2 for experimental design and Table 1 for number of 

rats per experimental condition. 

 

Table 1. Number of rats per strain, sex, and experimental condition. 

 2h-Familiar 48h-Familiar 2h-Novel 48h-Novel 

Long-Evans 

(n=37) 

Male: 4 

Female: 6 

Male: 5, 4 

Female: 5, 4 

Male: 5 

Female: 5 

Male: 5 

Female: 4 

Sprague-Dawley 

(n=39) 

Male: 3 

Female: 7 

Male: 5, 2 

Female: 5, 5 

Male: 5 

Female: 5 

Male: 4 

Female: 8 

Wistar Male: 10 Male: 10 Male: 10 Male: 10 
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(n=40) Female: 10 Female: 10 Female: 10 Female: 10 

Not every rat was tested in every condition. Bold or italic font represents the same rats used in 

two conditions. Normal font represents rats tested in one condition. 

 

 
Figure 2. Experimental design to determine the effects of playmate familiarity (familiar or 

novel) and social isolation (2h or 48h) on social play engagement in juvenile male and 

female Long-Evans, Sprague-Dawley and Wistar rats. On Day 1, rats were randomly 

assigned as experimental rat (E), familiar playmate (F1, F2), or novel playmate (N1-4). During 

social isolation, the experimental rat remained in its home cage (indicated with a blue lid) while 

the two cagemates (F1 and F2) were placed in a new cage (‘familiar playmate cage’, indicated 

with a red lid). Novel playmates were housed in pairs (‘novel playmate cages’, indicated with a 

green lid). Social play testing occurred in the home cage of the experimental rat at the start of the 

dark phase (14:00 h). After a 2h or 48h isolation period, experimental rats were exposed to a 10-

min Habituation Social Play Test on Day 7 with either a familiar (F1) or novel (N1 or N2) 

playmate. After this habituation test, the familiar playmates were rehoused with the experimental 

rats in the 2h Isolation group while the experimental rats in the 48h Isolation group remained 
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singly housed. On Day 8, experimental rats underwent the 10-min Social Play Test by exposing 

them to the other familiar playmate (F2) or to a novel playmate from the other novel playmate 

cage (N3 or N4). All familiar and novel playmates remained socially housed during the 

experiment to prevent any isolation effects on the stimulus rats. Image created with 

BioRender.com 

 
Statistical Analysis 

Statistical analysis was done using IBM SPSS. A three-factor design analysis of variance 

(ANOVA) was conducted to determine the effects of Playmate (familiar versus novel), Isolation 

(2h versus 48h), and Sex on social play expression and social play tactics per strain. A one factor 

design ANOVA was conducted to determine the effects of Strain (Long-Evans, Sprague-Dawley, 

Wistar) on social play expression and social play tactics for each of the four experimental 

conditions (2h-Familiar, 48h-Familiar, 2h-Novel, 48h-Novel). When significant interactions or 

strain differences were found, Bonferroni post hoc tests were conducted to clarify the effects. 

Significance was set at p < 0.05. Partial eta squared (ƞp2) were manually computed when 

significant main effects or interactions were found.  
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RESULTS 

 

1. Experimental Condition comparisons per rat strain for social play behavior 

 

Long-Evans 

There was a significant main effect of Playmate on the duration of social play, number of nape 

attacks, and number of pins (See Table 2 for statistical details), with more social play, nape 

attacks and pins with exposure to a familiar versus novel playmate (Fig 3A-C).  

 

There was a significant Playmate x Isolation effect on the number of nape attacks (Table 2). 

Bonferroni post hoc tests indicate that Long-Evans in the 48h-Familiar condition showed more 

nape attacks compared to the 2h-Familiar and 48h-Novel conditions (Fig. 3B; Table 3). 

 

There were no significant main effects of Sex or interaction effects with Sex on any social play 

behavior analyzed (Table 2). 

 

Sprague-Dawley 

There was a significant main effect of Isolation on the duration of social play and the number of 

pins (Table 4), with more social play and pins after 48h isolation versus 2h isolation (Fig. 

3E,3G).  

 

There was a significant Playmate x Isolation effect on the duration of social play, number of 

nape attacks, number of pins, and number of supine poses (Table 4). Bonferroni post hoc tests 

indicate that Sprague-Dawley in the 48h-Familiar condition showed more social play, nape 

attacks, and pins compared to the 2h-Familiar and the 48h-Novel conditions (Fig. 3E-G; Table 5) 

but fewer supine poses compared to the 2h-Familiar condition (Fig. 3H; Table 5).  

 

There was a significant main effect of Sex on the number of supine poses (Table 4), with more 

supine poses in males versus females.  

 

Wistar 
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There was a significant main effect of Isolation on the duration of social play, number of nape 

attacks, pins, and supine poses (Table 6), with more social play, nape attacks, pins, and supine 

poses after 48h isolation versus 2h isolation (Fig. 3I-L).  

 

There was a significant Playmate x Isolation effect on the duration of social play and the number 

of nape attacks (Table 6). Bonferroni post hoc tests indicate that Wistar in the 2h-Familiar 

condition showed less social play compared to the 2h-Novel and 48h-Familiar conditions and 

fewer nape attacks compared to the 48h-Familiar condition (Fig. 3I-J; Table 7). 

 

There was a significant main effect of Sex on the duration of social play and the number of nape 

attacks (Table 6), with more social play and more nape attacks in males versus females.  

 

2. Experimental Condition comparisons per rat strain for social play defense tactics 

 

Long-Evans 

There was a significant main effect of Playmate on the proportion of attacks defended and 

evaded, and role reversals (Table 8), with more attacks being defended, evaded, and resulting in 

more role reversals by familiar versus novel playmates (Fig. 4A, 4C, 4G). 

 

There was a significant Playmate x Isolation effect on the proportion of mutual uprights (Table 

8). Bonferroni post hoc test showed that Long-Evans playmates in the 48h-Novel condition 

engaged in more mutual uprights compared to those in the 2h-Novel condition (Table 9, Fig. 4F). 

 

There was a significant main effect of Sex on the proportion of complete rotations (Table 8), 

with more complete rotations used by females than males. There was a significant effect of 

Playmate x Isolation x Sex on role reversals (Suppl. Table 8). Bonferroni tests showed that 

females engaged in more role reversals in the 48h-Familiar condition compared to the 48h-Novel 

condition (Suppl. Table 9). Moreover, females engaged in more role reversals in the 2h-Novel 

condition than 48h-Novel condition. Males engaged in more role reversals in the 2h-Familiar 

condition compared to the 2h-Novel condition. 
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Sprague-Dawley 

There were significant main effects of Playmate and Isolation on the proportion of role reversals, 

with more role reversals occurring between familiar versus novel playmates and after 2h versus 

48h isolation (Fig. 4N; Table 10). 

 

There was a significant Playmate x Isolation effect on the proportion of partial rotation (Fig. 4K; 

Table 10). Bonferroni post hoc tests showed that Sprague-Dawley playmates in the 2h-Familiar 

condition engaged in fewer partial rotations compared to the 48h-Familiar and 2h-Novel 

conditions (Table 11).  

 

There were no significant main effects of Sex or interaction effects with Sex on any play defense 

behavior analyzed (Table 10). 

 

Wistar 

There was a significant main effect of Playmate on the proportion of complete rotations, with 

more complete rotations occurring by novel versus familiar playmates (Fig. 4S; Table 12). 

There was a significant main effect of Isolation on the proportion of role reversals, with more 

role reversals occurring in the 48h isolation versus 2h isolation condition (Fig. 4U; Table 12).  

There were no other significant main or interaction effects.  

 

3. Strain comparisons per condition for social play behavior 

 

2h-Familiar Condition 

There were no significant strain differences on the duration of social play, number of nape 

attacks, and number of pins. There was a significant strain difference on the number of supine 

poses (Table 13) with Bonferroni post hoc tests revealing that Long-Evans showed more supine 

poses than Wistar (p = 0.006; Fig. 5D). 

48h-Familiar Condition 

There were no significant strain differences on the duration of social play, number of nape 

attacks, and number of pins. There was a significant strain difference on the number of supine 
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poses (Table 13), with Bonferroni post hoc tests revealing that Long-Evans showed more supine 

poses than Sprague-Dawley (p = 0.017; Fig. 5H). 

 

2h-Novel Condition 

There were significant strain differences on the duration of social play, number of nape attacks, 

and number of pins (Table 13), with Bonferroni post hoc tests revealing that Wistar rats showed 

more social play than Long-Evans (p = 0.001) and Sprague-Dawley (p = 0.026; Fig. 5I) and 

more nape attacks (p = 0.006) and pins (p = 0.012) than Long-Evans (Fig. 5J, 5K). There were 

no significant strain differences on the number of supine poses. 

 

48h-Novel Condition 

There were significant strain differences on the duration of social play, number of nape attacks, 

and number of pins (Table 13). Bonferroni post hoc tests revealed that Wistar showed more 

social play (Fig. 5M), more nape attacks (Fig. 5N) and more pins (Fig. 5O) than Long-Evans (p 

< 0.001 for social play, nape attacks, and pins) and Sprague-Dawley (p < 0.001 for social play 

and pins; p = 0.016 for nape attacks). In addition, Sprague-Dawley showed more nape attacks 

than Long-Evans (p = 0.032; Fig. 5N). There were no strain differences on the number of supine 

poses. 

 

4. Strain comparisons per condition for social play defense tactics 

 

2h-Familiar Condition 

There were significant strain differences on the proportion of role reversals (Table 14), with 

Bonferroni post hoc tests revealing that both Long-Evans (p = 0.010; Fig. 6G) and Sprague-

Dawley (p < 0.001) playmates engaged in more role reversals than Wistar playmates. No other 

strain differences in defensive tactics were found.  

 

48h-Familiar Condition 

There were significant strain differences on the proportion of attacks defended and evaded 

(Table 14). Bonferroni post hoc tests revealed that both Sprague-Dawley (p = 0.001; Fig. 6H) 

and Wistar (p = 0.017) playmates defended more playful attacks than Long-Evans playmates. 
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Additionally, Sprague-Dawley playmates were more likely to evade a playful attack than Long-

Evans playmates (p = 0.014; Fig. 6J). There were no other strain differences in defensive tactics.  

 

2h-Novel Condition 

There were significant strain differences on the proportion of attacks defended, facing defenses, 

evasions, and complete rotations (Table 14). Bonferroni post hoc tests revealed that both 

Sprague-Dawley (p = 0.007; Fig. 6O) and Wistar (p = 0.001) playmates defended more playful 

attacks than Long-Evans playmates. Wistar playmates also engaged in more facing defenses 

compared to Long-Evans playmates (p = 0.027; Fig. 6P). Sprague-Dawley playmates evaded 

playful attacks more than both Long-Evans (p < 0.001; Fig. 6Q) and Wistar (p < 0.001) 

playmates. Finally, Wistar playmates defended playful attacks with complete rotations 

significantly more than Long-Evans playmates (p = 0.041; Fig. 6S).  

 

48h-Novel Condition 

There were significant strain differences on the proportion of attacks defended, facing defenses, 

evasions, mutual uprights, and complete rotations (Table 14). Bonferroni post hoc tests revealed 

that both Sprague-Dawley (p < 0.001; Fig. 6V) and Wistar (p < 0.001) playmates defended more 

attacks than Long-Evans playmates. Wistar playmates also engaged in more facing defenses than 

Long-Evans playmates (p = 0.008; Fig. 6W). Sprague-Dawley playmates evaded playful attacks 

more than Long-Evans (p < 0.001; Fig. 6X) and Wistar (p < 0.001) playmates. Additionally, 

Wistar playmates engaged in more complete rotations than both Long-Evans (p < 0.001; Fig. 6Z) 

and Sprague-Dawley (p = 0.021) playmates. Finally, Long-Evans playmates engaged in mutual 

uprights more than Wistar playmates (p = 0.036; Fig. 6Z’). 
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DISCUSSION  

 

We found that playmate familiarity (familiar versus novel) and social isolation length (2h versus 

48h) influenced social play levels and tactics in juvenile rats, but did so differently for each of 

the three rat strains. Long-Evans rats played significantly more with a familiar than with a novel 

playmate, irrespective of time isolated, demonstrating that playmate familiarity influences social 

play for this strain. Sprague-Dawley rats played more in the 48h-Familiar condition compared to 

both the 2h-Familiar condition and 48h-Novel condition, demonstrating that for this strain a 

combination of longer social isolation with exposure to a familiar playmate facilitates social play 

expression. Wistar rats played less in the 2h-Familiar condition compared to both the 48h-

Familiar condition and the 2h-Novel condition, demonstrating that either a longer isolation from 

a familiar playmate or exposure to a novel playmate facilitates social play in this strain. 

Moreover, strain differences in social play levels emerged when rats were exposed to a novel 

playmate. Here, Wistar rats played more with a novel playmate than Long-Evans and Sprague-

Dawley rats, irrespective of isolation time. Playmate familiarity influenced social play tactics in 

Long-Evans rats with more attacks defended, more evasions, and more role reversals by a 

familiar than a novel playmate. A combination of playmate familiarity and social isolation length 

influences social play tactics in Sprague-Dawley with more role reversals by a familiar versus a 

novel playmate and after 2h versus 48h isolation. Isolation length influenced social play tactics 

in Wistar with more role reversals after 48h isolation. Additionally, strain differences in social 

play tactics were most prevalent in novel playmates with more attacks defended by Sprague-

Dawley and Wistar versus Long-Evans. This was followed by more evasions by Sprague-

Dawley playmates. In contrast, Wistar playmates turned to face their playmate attacker more and 

showed more complete rotations, thereby lengthening body contact and wrestling bouts. Across 

the three rat strains, the effects of playmate familiarity and social isolation length on social play 

levels and tactics were similar across sex. Taken together, Long-Evans showed more and better 

quality (indicated by role reversals) of social play with familiar playmates. Sprague-Dawley also 

played more with familiar playmates and showed better quality of social play with familiar 

playmates after a short isolation.  Wistar played equally well with familiar and novel playmates, 

but the quality of play was higher after a longer isolation time. Given that the majority of social 

play research is conducted in rats, our findings underscore the importance of taking into account 
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variations in external conditions and type of strain when interpreting outcomes. Future research 

could determine the neuronal mechanisms mediating strain- and condition-induced variations in 

social play levels and tactics. 

 

1. Effects of playmate familiarity and social isolation length on social play levels 

 

Long-Evans play more with familiar than novel playmates, irrespective of isolation time 

Long-Evans rats have been commonly used to study the ontogeny, function, and neural basis of 

social play behavior using a wide variety of social play paradigms (Ham and Pellis, 2024; Ku et 

al., 2016; Parent and Meaney, 2008; Stark et al., 2022; Takahashi and Lore, 1983). Even so, and 

to the best of our knowledge, our study is the first demonstrating that juvenile male and female 

Long-Evans rats played more with a familiar than with a novel playmate, irrespective of a shorter 

(2h) or longer (48h) isolation time. A previous study showed that juvenile male and female 

Long-Evans rats had similar play levels when exposed to an unfamiliar sibling (that they had not 

seen since weaning) versus a sibling cagemate (two-way ANOVA, main effect of play partner: 

F(1, 36) = 0.87, p = 0.36, statistical analysis provided by Dr. Katherina Northcutt based on 

Northcutt and Nwankwo (2018). A notable difference between this study and our study is that 

the rats in the latter study were not socially isolated prior to social play testing. Social isolation 

typically increases social play levels, which is driven, in part, by increased social motivation 

(Achterberg et al., 2023; Ikemoto and Panksepp, 1992; Vanderschuren et al., 2016). Indeed, 

several studies have demonstrated that a longer duration of social isolation (varying from no 

social isolation up to 15 days) increased social play levels in juvenile male and female Long-

Evans rats (Panksepp, 1981; Panksepp and Beatty, 1980; Thor and Holloway, 1984). This 

finding was independent of the play partner's sex or familiarity. We also found that a longer 

isolation time (48h vs 2h) increased social play levels in juvenile male and female Long-Evans 

rats. However, this was true when rats were exposed to a familiar playmate but not when they 

were exposed to a novel playmate. The lower levels of social play with a novel playmate could 

be due to social neophobia. Yet, adult female Long-Evans rats worked harder for access to a non-

cagemate than a cagemate peer (Hackenberg et al., 2021). Moreover, adult male and female 

Long-Evans rats spent a similar time with a same-sex partner compared to a same-sex stranger in 

a 3h partner preference test (Beery and Shambaugh, 2021). However, neither study was 
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performed in the home cage. Based on our own breeding experience with Long-Evans, 

reproductive success increased when the female was housed in the male's home cage rather than 

in the female's home cage. Taken together, it would be interesting to determine whether Long-

Evans prefer to play with a familiar over a novel playmate when given the choice and whether 

this preference changes when social play testing would occur in a neutral versus a home cage.  

 

Sprague-Dawley play most with a familiar playmate after a 48h isolation period  

We found that social play in male and female Sprague-Dawley rats is driven by a combination of 

playmate familiarity and isolation time, with higher social play levels after a 48h isolation period 

and exposure to a familiar playmate. This finding is in line with another study showing more 

play-soliciting interactions (females only) and more social investigation (both sexes) when 

juvenile Sprague-Dawley rats were reunited after 24h isolation with a familiar as opposed to an 

unfamiliar peer in a neutral cage (Livia Terranova et al., 1999). Moreover, juvenile female, but 

not male, Sprague-Dawley rats played more with a familiar than a novel playmate in a neutral 

cage without prior isolation (Argue and McCarthy, 2015). Yet, juvenile male and female 

Sprague-Dawley rats had similar social play levels when exposed to an unfamiliar versus 

familiar sibling without prior isolation (two-way ANOVA, main effect of play partner: F(1, 38) = 

0.006, p = 0.936, statistical analysis provided by Dr. Katherina Northcutt based on Northcutt and 

Nwankwo (2018). Finally, single-housed, but not pair-housed, adult female (males were not 

tested) Sprague-Dawley rats earned more social interactions when lever-pressing for a familiar 

than for a novel partner (Chow et al., 2022). Despite the different paradigms used, these studies 

together provide evidence suggesting that Sprague-Dawley rats prefer interacting with a familiar 

over a novel conspecific, an effect that may remain consistent across the lifespan and may 

require a period of social isolation.  

 

Wistar play least with a familiar playmate after a 2h isolation period 

Male and female Wistar rats had significantly lower levels of social play in the 2h-Familiar 

condition compared to the 48h-Familiar condition. This suggests that the motivation to play with 

a familiar playmate in Wistar rats increases with a longer period of social isolation. A previous 

study showed that the number of pins increased with longer social isolation periods (i.e., 0, 1, 2, 

3.5, 4, 6, 24 or 48 h; leveling off after 24h) in 4-week-old male Wistar rats when tested with a 
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familiar rat (Niesink and Van Ree, 1989). This shows support that a relatively longer social 

isolation facilitates the expression of play behaviors with a familiar playmate in Wistar rats. 

Additionally, Wistar rats played significantly more with a novel than a familiar playmate after 2h 

isolation and played equally well with a novel and familiar playmate after 48h isolation. This 

finding is supported by a previous study showing that without prior social isolation, juvenile 

male and female Wistar rats played more with an unfamiliar sibling (that they had not seen since 

weaning) than with a sibling cagemate (two-way ANOVA, main effect of play partner: F(1, 40) = 

4.65, p = 0.037, no significant sex or interaction effects; statistical analysis provided by Dr. 

Katherina Northcutt based on Northcutt and Nwankwo (2018). To the best of our knowledge, no 

other studies compared social play levels between familiar and novel playmate exposure in 

Wistar rats. However, several studies compared social play levels in juvenile Wistar rats exposed 

to either a novel or familiar environment (Bredewold et al., 2014; Trezza and Vanderschuren, 

2008; Vanderschuren et al., 1995b). When juvenile male Wistar rats were tested for social play 

with a familiar playmate in a novel versus a familiar test cage after a 3.5h isolation, they showed 

fewer pins in the first 5 min, but more pins in the next 5 min, leading to similar number of pins 

over the full length of the test (Trezza and Vanderschuren, 2008; Vanderschuren et al., 1995b). 

Likewise, social play behaviors were similar when juvenile male and female Wistar rats were 

exposed to a novel playmate in a novel versus familiar test cage after a 3-5 day isolation 

(Bredewold et al., 2014). These findings may show that novelty perse (novel playmate or novel 

test cage) does not negatively influence the expression of social play behaviors in Wistar rats. In 

contrast, a 3h isolation period is sufficient to reduce social novelty preference in a 3-chamber 

choice test by primarily increasing time spent with a cage mate in juvenile male and female 

Wistar rats (Smith et al., 2018, 2015). Taken together, it would be interesting to determine 

whether juvenile Wistar rats have a preference to play with a familiar over a novel playmate 

when given a choice and whether this changes depending on the social isolation time.  

 

No sex differences in the effects of playmate familiarity or social isolation length on social 

play levels  

We found that the effects of playmate familiarity and isolation time on social play levels were 

similar across sex for all three rat strains. There were also no sex differences in social play 

duration, number of nape attacks, and number of pins in Long-Evans and Sprague-Dawley rats. 
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However, Sprague-Dawley males showed more supines and Wistar males showed higher levels 

of social play and more nape attacks than females. The lack of sex differences in the major 

elements of social play behavior in Long-Evans and Sprague-Dawley is supported by several 

other studies (Kisko et al., 2018; Lee et al., 2024; Northcutt and Nguyen, 2014; Northcutt and 

Nwankwo, 2018). These studies use a dyadic design, similar to our social play test. Yet, other 

studies reported sex differences in social play in Long-Evans (Meaney et al., 1983, 1981; 

Meaney and McEwen, 1986; Meaney and Stewart, 1981; Takahashi and Lore, 1983) and 

Sprague-Dawley (Jessen et al., 2010; Kurian et al., 2008; Marquardt et al., 2023; Olesen et al., 

2005; Olioff and Stewart, 1978). All of these studies found higher social play levels in males 

compared to females. Most of these studies used a focal observation design with multiple rats in 

a cage and often mixed-sexed. Thus, sex differences in social play are not uniformly found, 

which led to the suggestion that variations in testing paradigms may explain the presence or 

absence of sex differences (Panksepp, 1981; Panksepp and Beatty, 1980; Thor and Holloway, 

1984; VanRyzin et al., 2020). The same seems true for Wistar rats, with some studies reporting 

sex differences in social play (Birke and Sadler, 1983; Götz et al., 1991; Lukas and Wöhr, 2015; 

Lundberg et al., 2017), and other studies, including those from our lab, reporting no sex 

differences in social play (Bredewold et al., 2018, 2015; Northcutt and Nwankwo, 2018; Paul et 

al., 2014; Veenema et al., 2013). The inconsistency of finding sex differences in social play even 

in one lab, namely ours, might be worrisome. However, we observed that there were no 

significant sex differences in social play levels when each of the four experimental conditions 

was tested separately, suggesting that a high number of rats (i.e. n=40/sex) is required to find a 

sex difference in social play in Wistar rats using a dyadic design. 

 

 

 

Strain differences in social play levels upon exposure to a novel, but not a familiar, playmate 

Long-Evans, Sprague-Dawley and Wistar rats showed similar levels of social play when they 

were exposed to a familiar playmate. However, there were robust strain differences in social play 

levels when they were exposed to a novel playmate. In detail, Wistar played more (longer social 

play duration, more pins) with a novel playmate than Long-Evans and Sprague-Dawley, 

irrespective of isolation time. Moreover, Sprague-Dawley played more (longer social play 
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duration, more nape attacks, more pins) with a novel playmate than Long-Evans after a 48h 

isolation period. Our findings are partly supported by Northcutt and Nwankwo (2018) reporting 

that Wistar rats played more with an unfamiliar playmate compared to Sprague-Dawley. 

However, none of these two strains differed in their play levels compared to Long-Evans 

(Northcutt and Nwankwo, 2018). Northcutt and Nwankwo (2018) did not isolate the 

experimental rats prior to testing, which may explain the lack of a difference in social play levels 

between Wistar and Long-Evans and between Sprague-Dawley and Long-Evans. In support, 

Sprague-Dawley showed more nape attacks than Long-Evans (regardless of playmate 

familiarity) after a 24h isolation (Himmler et al., 2014a). Moreover, Sprague-Dawley had higher 

levels of social play and more nape attacks with a novel playmate than Long-Evans rats after 

only a 10 minute isolation (Ku et al., 2016). Indeed, when male Long-Evans are playing in 

groups, and so can choose with whom they wish to play, they play more with novel conspecifics, 

playing little with their familiar cage mates (Ham and Pellis, 2023). These findings together 

suggest that all strains are motivated to play with novel partners, but among these three strains, 

the motivation to play with a novel playmate is the highest in Wistar rats while social isolation 

reduces, rather than enhances, the motivation to play in Long-Evans rats. 

 

The observed strain differences in social play levels with a novel playmate may be due to strain 

differences in general and/or social neophobia. Both adult albino/Wistar and hooded/Long-Evans 

rats initially avoided eating from a novel food container when there was a familiar food container 

present (Mitchell, 1976), which suggests the presence of neophobia in both strains. However, 

albino/Wistar required less time than hooded/Long-Evans to eat equally from both containers 

(Mitchell, 1976), demonstrating less neophobia in Wistar compared to Long-Evans. Yet, 

potential strain differences in social neophobia are less clear. Juvenile male and female Wistar 

rats spend more time investigating a novel over a familiar conspecific in a 10-min social novelty 

preference test (Smith et al., 2015), suggesting low levels of social neophobia. Although similar 

studies are lacking for juvenile Long-Evans, adult Long-Evans rats spent more time in contact 

with a novel rat than they did with a familiar rat in a 5-min social novelty preference test 

(Fujihara et al., 2021). Lastly, juvenile-adolescent male (postnatal days 27-43) and adult male 

and female Sprague-Dawley rats spent more time investigating a novel over a familiar 

conspecific in a 10-min social novelty preference test (Hughes et al., 2020b, 2020a; Win-Shwe et 
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al., 2021). These findings do not support the suggestion that strain differences in social play 

levels with a novel playmate are due to strain differences in social neophobia.  

 

Alternatively, the observed strain differences in social play levels with a novel playmate may be 

due to strain differences in responding to social isolation combined with exposure to a novel 

playmate. Long-Evans show lower social play levels with a novel playmate than Sprague-

Dawley and Wistar after 48h isolation. It could be that Long-Evans experience social isolation as 

more stressful. In support, Long‐Evans show higher hypothalamic-pituitary-adrenal axis (HPA) 

activity in response to acute stressors compared to Sprague-Dawley and Wistar (Sanchís-Ollé et 

al., 2021). Even under baseline conditions, Long-Evans rats have higher HPA axis activity than 

Wistar as shown by significantly higher peripheral plasma concentrations of ACTH and 

corticosterone (Tannahill et al., 1988). Whether these three rat strains differ in their hormonal 

and physiological responses to social isolation remains to be tested, but could be a first step 

toward understanding the neurobiological mechanisms underlying strain differences in social 

play levels when rats are exposed to a novel playmate. 

 

2. Effects of playmate familiarity and social isolation length on social play tactics 

 

Long-Evans and Sprague-Dawley show more role reversals with familiar playmates while 

Wistar show more role reversals with longer isolation time 

Social play revolves around competition for species-typical bodily targets (Ham et al., 2024b), 

such as the nape of the neck in rats (Pellis and Pellis, 1987). For play bouts to be sustained, there 

must be some degree of reciprocity or turn taking (Palagi et al., 2016a; Pellis et al., 2024). In 

rats, play typically follows the ‘50:50’ rule (Altmann, 1962), with each rat in the pair acting in 

both the play offensive and play defensive roles equally (Palagi et al., 2016b). Indeed, rats will 

even engage in self-handicapping behaviors in order to maintain this even split in roles (Foroud 

and Pellis, 2003; Pellis et al., 2005). Here, we found that around 45-50% of playful attacks 

launched by both Long-Evans and Sprague-Dawley rats resulted in role reversals when exposed 

to a familiar playmate. This number dropped to around 20-30% when exposed to a novel 

playmate. In contrast, Wistar rats engaged in similar, albeit lower (10-25%) levels of role 

reversals regardless of playmate familiarity. Isolation time of the experimental rats influenced 
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the proportion of role reversals in Sprague-Dawley and Wistar playmates with 48h versus 2h 

isolation resulting in fewer role reversals in Sprague-Dawley but more role reversals in Wistar. 

Role reversals reflect cooperation and reciprocity between playmates and are used to assess the 

quality of social play. For example, a lower proportion of role reversals was associated with 

impaired development of the prefrontal cortex and executive functions (Ham et al., 2024a; 

Schneider et al., 2016; Stark et al., 2022). Thus, our findings show that the quality of social play 

may be higher in Long-Evans with exposure to familiar playmates, in Sprague-Dawley with 

exposure to familiar playmates or upon short isolation, and in Wistar upon longer isolation.  

 

Sprague-Dawley and Wistar defend more playful attacks than Long-Evans and do so by 

showing opposing defensive play tactics  

Strain differences were observed for social play tactics, especially when exposed to novel 

playmates. Here, Sprague-Dawley and Wistar defended more playful attacks than Long-Evans. 

Sprague-Dawley did so by evading playful attacks, confirming previous findings (Himmler et al., 

2014a, 2014b). In contrast, Wistar turned to face their attacker resulting in more complete 

rotations. These different defensive styles have opposing effects on the duration of body contact: 

evasion decreases body contact (the defender withdraws from the attacker) while facing 

defenses, especially followed by complete rotations, increases body contact as the rats wrestle 

one another. Notably, rats with neonatal damage to the motor cortex exhibited more evasions but 

fewer complete rotations than did control rats (Kamitakahara et al., 2007). Although the study 

used Long-Evans rats, their outcomes suggest that strain differences in social play tactics, as 

observed in our study, may be due to variations in the degree of motor cortex control over 

defensive play patterns, a possibility that could be tested in future studies.  

 

All domesticated strains of rat originate from a common ancestor, a wild caught Norway rat 

(Rattus norvegicus), however, individual strains have diverse origins (Castle, 1947). Wistar rats 

come from the first domesticated lineage. From this Wistar strain, Long-Evans rats were 

developed by crossing several female Wistar rats with a single wild caught male rat (Castle, 

1947; Lockard, 1968). Sprague-Dawley rats were derived by selective breeding of a line of 

Wistar rats (Castle, 1947; Krinke, 2000). Though both Long-Evans and Sprague-Dawley rats 

were first bred in the early 20th century, their variation in genetic background means that 
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Sprague-Dawley rats are more closely related to Wistars than Long-Evans rats are. This could, in 

part, explain why most of the differences in defensive tactics, when partnered with a novel 

partner, are observed between the Long-Evans x Sprague-Dawley and Long-Evans x Wistar rats, 

and not between Sprague-Dawleys x Wistars.  

 

Sex differences in social play tactics in Long-Evans, but not in Sprague-Dawley or Wistar 

In rats, the proportion of attacks defended is similar between the sexes (Pellis, 2002), a result 

confirmed in all three rat strains in the present study. However, how males and females defend 

themselves was different in the Long-Evans strain. As Long-Evans rats age, weanlings switch 

from engaging in more partial rotations to more complete rotations once becoming juveniles 

(Pellis and Pellis, 1997). This is a change that both males and females exhibit. As males enter 

young adulthood, they switch back to preferring partial rotations over complete rotations. 

However, females continue to rotate fully when defending themselves as adults (Pellis, 2002). In 

our study, we found that female Long-Evans rats engage in more complete rotations than males 

do. This might reflect these sex-typical developmental differences, though at a younger age than 

what is typically observed, as all of the rats tested in this study were juveniles. The sex 

difference in complete rotations was not observed in Sprague-Dawley or Wistar rats suggesting 

that these sex-typical defensive tactics are specific for the Long-Evans strain.  

 

 

Conclusions 

We showed that both playmate familiarity and social isolation length influenced social play 

behavior levels and tactics in juvenile rats, but did so differently for Long-Evans, Sprague-

Dawley and Wistar. This resulted in robust strain differences with almost opposite playing 

preferences in Long-Evans versus Wistar, with Sprague-Dawley being the intermediate.  

Future research could aim to reveal the underlying neurobiological mechanisms linked to higher 

motivation to play with familiar playmates in Long-Evans and with novel playmates in Wistar. 

Given the common use of each of these rat strains in social play studies, our findings highlight 

the importance of taking into account the choice of strain in combination with external 

conditions like playmate familiarity and social isolation length. Finally, our findings are 

informative in suggesting that external conditions like playmate familiarity and social isolation 
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length could influence social play levels and social play quality in typical and atypical children. 
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TABLES 
 
Table 2. Experimental Condition comparisons for social play behaviors in 
experimental Long-Evans rats. Three-way ANOVA statistics and partial eta squared 
(η2) effect sizes for the effects of Playmate (Familiar, Novel), Isolation (2h, 48h), and 
Sex on behavior of experimental male and female juvenile Long-Evans rats in the social 
play test. Significant effects and their corresponding behaviors are indicated in bold. 

 
 
 
 
 
 
 
 
Table 3. Posthoc tests for experimental condition comparisons for social play behaviors in 
experimental Long-Evans rats. Bonferroni post hoc statistics and partial eta squared (η2) effect 
sizes for the interaction effects of Playmate (Familiar, Novel) and Isolation (2h, 48h) on behaviors of 
experimental male and female juvenile Long-Evans rats in the social play test. Significant effects 
and their corresponding behaviors are indicated in bold.  
 
 48-Hour Familiar  

vs  
2-Hour Familiar         48-Hour Novel 

2-Hour Novel 
vs 

2-Hour Familiar          48-Hour Novel  

Nape attacks 
(#) 

 F(1,43) = 6.16,   
p = 0.017 
ƞp

2 = 0.13 

 F(1,43) = 32.1,   
p < 0.001 
ƞp

2 = 0.43 

 F(1,43) = 3.09,   
p = 0.086 

 F(1,43) = 1.42,   
p = 0.240 

 
 
 
 
 
 

  Playmate Isolation Playmate x Isolation Sex 
Social play 
(% Time) 

F(1,39) = 20.4,   
p < 0.001 
ƞp

2 = 0.34 

F(1,39) = 0.42, 
p = 0.520 

F(1,39) = 3.03, 
p = 0.090 

 

F(1,39) = 0.90,  
p = 0.350 

Nape 
attacks 

(#) 

F(1,39) = 24.3,   
p < 0.001 
ƞp

2 = 0.38 

F(1,39) = 0.56, 
p = 0.457 

F(1,39) = 6.44, 
p = 0.015 
ƞp

2 = 0.14 

F(1,39) = 1.23,  
p = 0.274 

Pins  
(#) 

F(1,39) = 15.2,  
 p < 0.001 
ƞp

2 = 0.28 

F(1,39) = 0.15, 
p = 0.701 

F(1,39) = 1.73, 
p = 0.197 

 

 F(1,39)  = 2.17,  
p = 0.148 

Supine 
poses 

(#) 

F(1,39) = 3.40, 
p = 0.073 

F(1,39) = 0.01, 
p = 0.933 

F(1,39) = 0.02, 
p = 0.882 

F(1,39)  = 0.42,  
p = 0.523 
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Table 4. Experimental Condition comparisons for social play behaviors in 
experimental Sprague-Dawley rats. Three-way ANOVA statistics and partial eta 
squared (η2) effect sizes for the effects of Playmate (Familiar, Novel), Isolation (2h, 
48h), and Sex on behavior of experimental male and female juvenile Sprague-Dawley 
rats in the social play test. Significant effects and their corresponding behaviors are 
indicated in bold. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  Playmate Isolation Playmate x Isolation Sex 

Social play 
(% Time) 

F(1,41) = 3.82,   
p = 0.057 

F(1,41) = 10.3, 
p = 0.003 
ƞp

2 = 0.20 

F(1,41) = 7.46, 
p = 0.009 
ƞp

2 = 0.15 

F(1,41) = 2.21,  
p = 0.144 

Nape attacks 
(#) 

F(1,41) = 1.37,   
p = 0.248 

F(1,41) = 3.61, 
p = 0.064 

F(1,41) = 5.96, 
p = 0.019 
ƞp

2 = 0.13 

F(1,41) = 1.33,  
p = 0.256 

Pins (#) F(1,41) = 1.50,  
 p = 0.228 

F(1,41) = 9.30, 
p = 0.004 
ƞp

2 = 0.18 

F(1,41) = 4.69, 
p = 0.036 
ƞp

2 = 0.10 

 F(1,41)  = 3.07,  
p = 0.087 

Supine poses 
(#) 

F(1,41) = 0.03, 
p = 0.860 

F(1,41) = 1.33, 
p = 0.256 

F(1,41) = 5.73, 
p = 0.021 
ƞp

2 = 0.12 

F(1,41)  = 5.84,  
p = 0.020 
ƞp

2 = 0.12 

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted November 15, 2024. ; https://doi.org/10.1101/2024.11.14.623692doi: bioRxiv preprint 

https://doi.org/10.1101/2024.11.14.623692
http://creativecommons.org/licenses/by-nc-nd/4.0/


Table 5. Posthoc tests for experimental condition comparisons for social play behaviors in 
experimental Sprague-Dawley rats. Bonferroni post hoc statistics and partial eta squared (η2) 
effect sizes for the interaction effects of Playmate (Familiar, Novel) and Isolation (2h, 48h) on 
behavior of experimental male and female juvenile Sprague-Dawley rats in the social play test. 
Significant effects and their corresponding behaviors are indicated in bold.  
 

 48-Hour Familiar  
vs  

2-Hour Familiar          48-Hour Novel 

2-Hour Novel 
vs 

2-Hour Familiar          48-Hour Novel  

Social play 
(% Time) 

F(1,45) = 20.3,  
 p < 0.001 
ƞp

2 = 0.31 

 F(1,45) = 15.8,   
p < 0.001 
ƞp

2 = 0.26 

 F(1,45) = 0.45,   
p = 0.506 

 F(1,45) = 0.00,   
p = 0.996 

Nape 
attacks 

(#) 

 F(1,45) = 10.5,   
p = 0.002 
ƞp

2 = 0.19 

 F(1,45) = 8.70,   
p = 0.005 
ƞp

2 = 0.16 

 F(1,45) = 0.91,   
p = 0.346 

 F(1,45) = 0.34,   
p = 0.563 

Pins (#)  F(1,45) = 15.1,   
p < 0.001 
ƞp

2 = 0.25 

 F(1,45) = 7.43,   
p = 0.009 
ƞp

2 = 0.14 

 F(1,45) = 0.58,   
p = 0.449 

 F(1,45) = 0.17,   
p = 0.680 

Supine 
poses 

(#) 

 F(1,45) = 5.00,   
p = 0.030 
ƞp

2 = 0.10 

F(1,45) = 2.15,  
 p = 0.150 

 F(1,45) = 1.54,   
p = 0.222 

 F(1,45) = 0.25,   
p = 0.617 
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Table 6. Experimental Condition comparisons for social play behaviors in 
experimental Wistar rats. Three-way ANOVA statistics and partial eta squared (η2) 
effect sizes for the effects of Playmate (Familiar, Novel), Isolation (2h, 48h), and sex 
on behavior of experimental male and female juvenile Wistar rats in the social play 
test. Significant effects are indicated in bold. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  Playmate Isolation Playmate x Isolation Sex 

Social play 
(% Time) 

F(1,72) = 0.06,   
p = 0.811 

F(1,72) = 9.43, 
p = 0.003 
ƞp

2 = 0.12 

F(1,72) = 7.73, 
p = 0.007 
ƞp

2 = 0.10 

F(1,72) = 5.93,  
p = 0.017 
ƞp

2 = 0.08 

Nape attacks 
(#) 

F(1,72) = 0.16,   
p = 0.695 

F(1,72) = 8.43, 
p = 0.005 
ƞp

2 = 0.10 

F(1,72) = 4.55, 
p = 0.036 
ƞp

2 = 0.06 

F(1,72) = 5.94,  
p = 0.017 
ƞp

2 = 0.08 

Pins (#) F(1,72) = 0.01,  
 p = 0.927 

F(1,72) = 10.2, 
p = 0.002 
ƞp

2 = 0.12 

F(1,72) = 0.85, 
p = 0.359 

 

 F(1,72)  = 2.33,   
p = 0.132 

Supine poses 
(#) 

F(1,72) = 0.36, 
p = 0.550 

F(1,72) = 6.80, 
p = 0.011 
ƞp

2 = 0.09 

F(1,72) = 0.16, 
p = 0.690 

 

F(1,72)  = 0.04,  
p = 0.842 
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Table 7. Posthoc tests for experimental condition comparisons for social play behaviors in 
experimental Wistar rats. Bonferroni post hoc statistics and partial eta squared (η2) effect 
sizes for the interaction effects of Playmate (Familiar, Novel) and Isolation (2h, 48h) on 
behavior of experimental male and female juvenile Wistar rats in the social play test. Significant 
effects are indicated in bold. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 48-Hour Familiar  
vs  

2-Hour Familiar         48-Hour Novel 

2-Hour Novel 
vs 

2-Hour Familiar          48-Hour Novel 

Social play 
(% Time) 

F(1,76) = 16.5,  
 p < 0.001 
ƞp

2 = 0.18 

 F(1,76) = 3.10,   
p = 0.082 

 

 F(1,76) = 4.39,   
p = 0.040 
ƞp

2 = 0.05 

 F(1,76) = 0.04,   
p = 0.841 

Nape attacks 
(#) 

 F(1,76) = 12.3,   
p < 0.001 
ƞp

2 = 0.14 

 F(1,76) = 3.09,   
p = 0.083 

 

 F(1,76) = 1.46,   
p = 0.231 

 F(1,76) = 0.29,   
p = 0.594 

Total social 
behaviors 
(% Time) 

 F(1,76) = 9.69,   
p = 0.003 
ƞp

2 = 0.11 

 F(1,76) = 1.13,   
p = 0.292 

 F(1,76) = 7.74,   
p = 0.007 
ƞp

2 = 0.09 

 F(1,76) = 0.53,   
p = 0.468 
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Table 8. Experimental Condition comparisons for social play defense tactics in 
playmate Long-Evans rats. Three-way ANOVA statistics and partial eta squared (η2) 
effect sizes for the effects of Playmate (Familiar, Novel), Isolation (2h, 48h), and Sex on 
the proportion of social play tactic behaviors of playmate male and female juvenile Long-
Evans rats in the social play test. Significant effects and their corresponding behaviors are 
indicated in bold. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

  Playmate Isolation Playmate x Isolation Sex 

Attacks 
defended 

F(1,39) = 5.27, 
p = 0.027 
ƞp

2 = 0.12 

F(1,39) = 0.99, 
p = 0.326 

F(1,39) = 0.02, 
p = 0.878 

F(1,39) = 2.00, 
p = 0.166 

Facing defenses F(1,39) = 3.20, 
p = 0.081 

F(1,39) = 0.96, 
p = 0.334 

F(1,39) = 0.00, 
p = 0.996 

F(1,39) = 1.86, 
p = 0.181 

Evasions F(1,39) = 4.77, 
p = 0.035 
ƞp

2 = 0.11 

F(1,39) = 0.00, 
p = 0.965 

F(1,39) = 0.40, 
p = 0.533 

F(1,39) = 0.11, 
p = 0.742 

Mutual uprights F(1,39) = 0.06, 
p = 0.806 

F(1,39) = 0.19, 
p = 0.663 

F(1,39) = 7.23, 
p = 0.011 
ƞp

2 = 0.16 

F(1,39) = 0.18, 
p = 0.676 

Complete 
rotations 

F(1,39) = 2.69, 
p = 0.109 

F(1,39) = 0.15, 
p = 0.701 

F(1,39) = 0.69, 
p = 0.412 

F(1,39) = 6.50, 
p = 0.015 
ƞp

2 = 0.14 

Partial rotations F(1,39) = 0.08, 
p = 0.776 

F(1,39) = 1.05, 
p = 0.311 

F(1,39) = 0.45, 
p = 0.508 

F(1,39) = 0.28, 
p = 0.603 

Role reversals F(1,39) = 4.73, 
p = 0.036 
ƞp

2 = 0.11 

F(1,39) = 1.44, 
p = 0.237 

F(1,39) = 0.29, 
p = 0.593 

F(1,39) = 0.95, 
p = 0.336 
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Table 9. Posthoc tests for experimental condition comparisons for social play defense 
tactics in playmate Long-Evans rats. Bonferroni post hoc statistics and partial eta squared (η2) 
effect sizes for the interaction effects of Playmate (Familiar, Novel) and Isolation (2h, 48h) on 
the proportion of social play tactic behaviors of playmate male and female juvenile Long-Evans 
rats in the social play test. Significant effects and their corresponding behaviors are indicated in 
bold. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 48-Hour Familiar  
vs  

2-Hour Familiar         48-Hour Novel 

2-Hour Novel 
vs 

2-Hour Familiar          48-Hour Novel 

Mutual 
uprights 

 F(1,43) = 1.87,   
p = 0.179 

 

F(1,43) = 3.13,   
p = 0.084 

 

 F(1,43) = 2.76,   
p = 0.104 

 F(1,43) = 4.07,   
p = 0.050 
ƞp

2 = 0.09 
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Table 10. Experimental Condition comparisons for social play defense tactics in 
playmate Sprague-Dawley rats. Three-way ANOVA statistics and partial eta squared 
(η2) effect sizes for the effects of Playmate (Familiar, Novel), Isolation (2h, 48h), and Sex 
on the proportion of social play tactic behaviors of playmate male and female juvenile 
Sprague-Dawley rats in the social play test. Significant effects and their corresponding 
behaviors are indicated in bold. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  Playmate Isolation Playmate x Isolation Sex 

Attacks defended F(1,41) = 0.03,   
p = 0.873 

F(1,41) = 1.30,   
p = 0.260 

F(1,41) = 1.43,   
p = 0.239 

F(1,41) = 0.19,   
p = 0.662 

Facing defenses F(1,41) = 0.64,   
p = 0.430 

F(1,41) = 0.81,   
p = 0.374 

F(1,41) = 0.90,   
p = 0.350 

F(1,41) = 0.54,   
p = 0.468 

Evasions F(1,41) = 1.50,   
p = 0.227 

F(1,41) = 0.00,   
p = 0.986 

F(1,41) = 0.01,   
p = 0.945 

F(1,41) = 0.08,   
p = 0.784 

Mutual uprights F(1,41) = 0.86,   
p = 0.358 

F(1,41) = 1.16,   
p = 0.288 

F(1,41) = 0.22,   
p = 0.638 

F(1,41) = 0.00,   
p = 0.962 

Complete 
rotations 

F(1,41) = 1.24,   
p = 0.273 

F(1,41) = 0.07,   
p = 0.797 

F(1,41) = 0.07,   
p = 0.788 

F(1,41) = 0.71,   
p = 0.403 

Partial rotations F(1,41) = 0.72,   
p = 0.400 

F(1,41) = 0.92,   
p = 0.343 

F(1,41) = 4.63,   
p = 0.037 
ƞp

2 = 0.10 

F(1,41) = 0.02,   
p = 0.888 

Role reversals F(1,41) = 4.23,   
p = 0.046 
ƞp

2 = 0.09 

F(1,41) = 6.47,   
p = 0.015 
ƞp

2 = 0.14 

F(1,41) = 0.54,   
p = 0.465 

F(1,41) = 0.37,   
p = 0.548 

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted November 15, 2024. ; https://doi.org/10.1101/2024.11.14.623692doi: bioRxiv preprint 

https://doi.org/10.1101/2024.11.14.623692
http://creativecommons.org/licenses/by-nc-nd/4.0/


Table 11. Posthoc tests for experimental condition comparisons for social play defense 
tactics in playmate Sprague-Dawley rats. Bonferroni post hoc statistics and partial eta squared 
(η2) effect sizes for the interaction effects of Playmate (Familiar, Novel) and Isolation (2h, 48h) 
on the proportion of social play tactic behaviors of playmate male and female juvenile Sprague-
Dawley rats in the social play test. Significant effects and their corresponding behaviors are 
indicated in bold. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 48-Hour Familiar  
vs  

2-Hour Familiar         48-Hour Novel 

2-Hour Novel 
vs 

2-Hour Familiar          48-Hour Novel 

Partial 
rotations 

 F(1,45) = 5.74,   
p = 0.021 
ƞp

2 = 0.11 

 F(1,45) = 1.92,   
p = 0.173 

 

 F(1,45) = 4.22,   
p = 0.046 
ƞp

2 = 0.09 

  F(1,45) = 1.29,   
p = 0.262 
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Table 12. Experimental Condition comparisons for social play defense tactics in 
playmate Wistar rats. Three-way ANOVA statistics and partial eta squared (η2) effect 
sizes for the effects of Playmate (Familiar, Novel), Isolation (2h, 48h), Sex on the 
proportion of social play tactic behaviors of playmate male and female juvenile Wistar rats 
in the social play test. Significant effects are indicated in bold. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  Playmate Isolation Playmate x Isolation Sex 

Attacks defended F(1,72) = 1.56,   
p = 0.216 

F(1,72) = 0.77,   
p = 0.384 

F(1,72) = 1.62,   
p = 0.208 

F(1,72) = 0.12,   
p = 0.733 

Facing defenses F(1,72) = 3.81,   
p = 0.055 

F(1,72) = 0.71,   
p = 0.404 

F(1,72) = 1.36,   
p = 0.248 

F(1,72) = 0.00,   
p = 0.955 

Evasions F(1,72) = 3.40,   
p = 0.069 

F(1,72) = 0.05,   
p = 0.823 

F(1,72) = 0.07,   
p = 0.791 

F(1,72) = 0.02,   
p = 0.879 

Mutual uprights F(1,72) = 1.26,   
p = 0.266 

F(1,72) = 0.00,   
p = 0.952 

F(1,72) = 1.43,   
p = 0.236 

F(1,72) = 2.70,   
p = 0.105 

Complete 
rotations 

F(1,72) = 7.21,   
p = 0.009 
ƞp

2 = 0.09 

F(1,72) = 1.92,   
p = 0.170 

F(1,72) = 0.00,   
p = 0.961 

F(1,72) = 2.31,   
p = 0.133 

Partial rotations F(1,72) = 0.20,   
p = 0.654 

F(1,72) = 0.08,   
p = 0.786 

F(1,72) = 1.58,   
p = 0.214 

F(1,72) = 0.24,   
p = 0.626 

Role reversals F(1,72) = 3.56,   
p = 0.063 

F(1,72) = 6.67,   
p = 0.012 
ƞp

2 = 0.08 

F(1,72) = 1.09,   
p = 0.300 

F(1,72) = 2.54,   
p = 0.115 
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Table 13. Strain comparisons for social play behaviors of experimental rats in each of the four 
experimental conditions. One-way ANOVA statistics and partial eta squared (η2) effect sizes for the 
effect of Strain on behavior of experimental male and female juvenile Long-Evans, Sprague-Dawley, and 
Wistar rats in the social play test. Significant effects are indicated in bold. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  2-Hour Familiar 48-Hour Familiar 2-Hour Novel 48-Hour Novel 

Social play 
(% Time) 

F(2,37) = 1.60,   
p = 0.215 

 

F(2,52) = 3.06,   
p = 0.055 
ƞp

2 = 0.11 

F(2,37) = 8.87,   
p < 0.001 
ƞp

2 = 0.32 

F(2,38) = 23.0,   
p < 0.001 
ƞp

2 = 0.55 

Nape attacks (#) F(2,37) = 0.59,   
p = 0.560 

F(2,52) = 1.01,   
p = 0.372 

 

F(2,37) = 5.53,   
p = 0.008 
ƞp

2 =  0.23 

F(2,38) = 16.6,   
p < 0.001 
ƞp

2 = 0.47 

Pins (#) F(2,37) = 3.08,   
p = 0.058 

F(2,52) = 1.61,   
p = 0.209 

F(2,37) = 5.66,   
p = 0.007 
ƞp

2 = 0.23 

F(2,38) = 21.0,   
p < 0.001 
ƞp

2 = 0.52 

Supine poses (#) F(2,37) = 5.60,   
p = 0.008 
ƞp

2 = 0.23 

F(2,52) = 4.39,   
p = 0.017 
ƞp

2 = 0.14 

F(2,37) = 0.07,   
p = 0.931 

 

F(2,38) = 0.60,   
p = 0.554 
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Table 14. Strain comparisons for social play defense tactics of playmate rats in each of the four 
experimental conditions. One-way ANOVA statistics and partial eta squared (η2) effect sizes for the 
effect of Strain on the proportion of social play tactic behaviors of playmate male and female juvenile 
Long-Evans, Sprague-Dawley, and Wistar rats in the social play test. Significant effects are indicated in 
bold. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

  2-Hour Familiar 48-Hour Familiar 2-Hour Novel 48-Hour Novel 

Attacks defended F(2,37) = 0.04,   
p = 0.961 

F(2,37) = 7.84,   
p = 0.001 
ƞp

2 = 0.23 

F(2,37) = 8.20,   
p = 0.001 
ƞp

2 = 0.31 

F(2,37) = 11.6,   
p < 0.001 
ƞp

2 = 0.38 

Facing defenses F(2,37) = 0.68,   
p = 0.513 

F(2,37) = 0.95,   
p = 0.394 

F(2,37) = 4.76,   
p = 0.014 
ƞp

2 = 0.20 

F(2,37) = 5.74,   
p = 0.007 
ƞp

2 = 0.23 

Evasions F(2,37) = 2.58,   
p = 0.089 

F(2,37) = 4.37,   
p = 0.018 
ƞp

2 = 0.14 

F(2,37) = 15.2,   
p < 0.001 
ƞp

2 = 0.45 

F(2,37) = 14.1,   
p < 0.001 
ƞp

2 = 0.43 

Mutual uprights F(2,37) = 2.29,   
p = 0.115 

F(2,37) = 0.71,   
p = 0.495 

F(2,37) = 0.24,   
p = 0.786 

F(2,37) = 3.50,   
p = 0.040 
ƞp

2 = 0.16 

Complete rotations F(2,37) = 0.03,   
p = 0.973 

F(2,37) = 0.84,   
p = 0.438 

F(2,37) = 4.36,   
p = 0.020 
ƞp

2 = 0.19 

F(2,37) = 9.41,   
p < 0.001 
ƞp

2 = 0.33 

Partial rotations F(2,37) = 3.12,   
p = 0.056 

F(2,37) = 2.85,   
p = 0.067 

F(2,37) = 1.64,   
p = 0.208 

F(2,37) = 0.38,   
p = 0.687 

Role reversals F(2,37) = 14.3,   
p < 0.001 
ƞp

2 = 0.44 

F(2,37) = 1.62,   
p = 0.208 

F(2,37) = 2.17,   
p = 0.129 

F(2,37) = 0.92,   
p = 0.409 
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Fig. 3 | Experimental condition comparisons for social play behaviors per rat strain - Long-
Evans showed most social play with familiar playmates, Sprague-Dawley show most social 
play with familiar playmates after 48h isolation, and Wistar showed the least social play 
with familiar playmates after 2h isolation. A-D: Long-Evans played more with a familiar than 
a novel playmate, as shown by longer duration of social play under both 2h and 48h isolation 
(A), more nape attacks under 48-h isolation (B), and more pins under both 2h and 48h isolation 
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(C) while no effects were seen for number of supines (D). E-G: Sprague-Dawley played more 
with a familiar playmate after 48h isolation than with a familiar playmate after 2h isolation and a 
novel playmate after 48h isolation, as shown by longer duration of social play (E), more nape 
attacks (F), and more pins (G). Sprague-Dawley had more supines with a familiar playmate after 
2h versus 48h isolation (H). I-J: Wistar played more with a familiar playmate after 48h  versus 
2h isolation, as shown by longer duration of social play (I) and more nape attacks (J). Wistar 
played more with a novel than a familiar playmate after 2h isolation (I). K-L: Wistar had more 
pins (K) and supines (L) after 48h versus 2h isolation. Males are represented by blue squares, 
females are represented by red circles; Three-way ANOVA analyses per strain to assess effects of 
Playmate, Isolation, and Sex, followed by Bonferroni post hoc tests to assess interaction effects;  
* p < 0.05, ** p ≤ 0.01, *** p ≤ 0.001.  
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Fig. 4 | Experimental condition comparisons per rat strain for social play defense tactics of 
the playmates in response to nape attacks by the experimental rat – Most notably are more 
role reversals by familiar playmates in Long-Evans and Sprague-Dawley and fewer role 
reversals by Sprague-Dawley but more role reversals by Wistar after 48h isolation. A-G: 
Long-Evans familiar playmates showed higher proportions of attacks defended (A), evasions 
(C), and role reversals (G) than novel playmates irrespective of time isolated by the experimental 
Long-Evans rats. Long-Evans novel playmates showed a higher proportion of mutual uprights 
(F) when experimental rats were isolated for 48h versus 2h. Long-Evans familiar and novel 
playmates showed a higher proportion of role reversals (G) when experimental rats were isolated 
for 2h versus 48h. There were no experimental condition differences on facing defenses (B), 
partial rotations (D) or complete rotations (E). H-N: There were no experimental condition 
differences for Sprague-Dawley playmates on attacks defended (H), facing defenses (I), evasions 
(J), complete rotations (L), or mutual uprights (M). However, Sprague-Dawley familiar 
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playmates exposed to an experimental Sprague-Dawley rat isolated for 2h showed a lower 
proportion of partial rotations (K) compared to novel playmates and compared to familiar 
playmates exposed to an experimental Sprague-Dawley rat isolated for 48h. Sprague-Dawley 
familiar playmates showed a higher proportion of role reversals (N) than novel playmates 
irrespective of time isolated by the experimental rats. Moreover, Sprague-Dawley playmates 
exposed to an experimental rat isolated for 2h showed a higher proportion of role reversals (N) 
than those exposed to an experimental rat isolated for 48h. O-U: There were no experimental 
condition differences for Wistar playmates on attacks defended (O), facing defenses (P), 
evasions (Q), partial rotations (R), or mutual uprights (T). However, Wistar novel playmates 
showed a higher proportion of complete rotations (S) than familiar playmates, irrespective of 
isolation time. Wistar playmates exposed to an experimental Wistar rat isolated for 48h showed a 
higher proportion of role reversals (U) than playmates exposed to an experimental Wistar rat 
isolated for 2h. Behaviors are expressed as proportions. Males are represented by blue squares, 
females are represented by red circles; Three-way ANOVA analysis per strain to assess effects of 
Stimulus, Isolation, and Sex, followed by Bonferroni post hoc tests to assess interaction effects; 
* p < 0.05, ** p ≤ 0.01, *** p ≤ 0.001.  
 



 
 
Fig. 5 | Rat strain comparisons for social play behaviors per experimental condition - Strain 
differences are most prevalent when rats were exposed to a novel playmate. A-D: There 
were no strain differences on social play behaviors when exposed to a familiar playmate after 2h 
isolation, except for fewer supines in Wistar compared to Long Evans (D). E-H: There were no 
strain differences on social play behaviors when exposed to a familiar playmate after 48h 
isolation, except for fewer supines in Sprague-Dawley compared to Long Evans (H). I-K: Long 
Evans played less than Wistar when exposed to a novel playmate after 2h isolation, as shown by 

So
ci

al
 P

la
y 

[%
 ti

m
e]

N
ap

e 
A

tta
ck

s 
[#

]
Pi

ns
 [#

]
Su

pi
ne

s 
[#

]

A E I M

N

O

P

JFB

KGC

LHD

Familiar

2h isolation 48h isolation

Novel

2h isolation 48h isolation



shorter duration of social play (I), fewer nape attacks (J), and fewer pins (K). I: Sprague Dawley 
played less than Wistar when exposed to a novel playmate after 2h isolation. M-O: Long Evans 
and Sprague-Dawley played less than Wistar when exposed to a novel playmate after 48h 
isolation, as shown by shorter duration of social play (M), fewer nape attacks (N), and fewer pins 
(O). N: Long-Evans had fewer nape attacks than Sprague Dawley when exposed to a novel 
playmate after 48h isolation. L, P: There were no strain differences on supines when exposed to 
a novel playmate after 2h or 48h isolation. One-way ANOVA analysis per condition followed by 
Bonferroni post hoc tests to assess strain differences; * p < 0.05, ** p ≤ 0.01, *** p ≤ 0.001. 
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Fig. 6 | Rat strain comparisons per experimental condition for social play defense tactics of 
the playmates in response to nape attacks by the experimental rat – Most notable are strain 
differences with novel playmates with more attacks defended by Sprague-Dawley and 
Wistar, more evasions by Sprague-Dawley and more facing defenses and complete rotations 
by Wistar. A-G: When experimental rats were exposed to a familiar playmate after 2h isolation, 
there were no strain differences on the proportions of attacks defended (A), facing defenses (B), 
evasions (C), partial rotations (D), complete rotations (E), or mutual uprights (F) by the 
playmates. However, Wistar playmates showed fewer role reversals (G) than Long-Evans and 
Sprague-Dawley playmates. H-N: When experimental rats were exposed to a familiar playmate 
after 48h isolation, Long Evans playmates showed fewer defended attacks (H) than Sprague-
Dawley and Wistar playmates and fewer evasions (J) than Sprague-Dawley playmates. No strain 
differences were found for the other defense tactics. O-U: When experimental rats were exposed 
to a novel playmate after 2h isolation, Long Evans playmates showed fewer defended attacks (O) 
than Sprague-Dawley and Wistar playmates and fewer facing defenses (P) and complete 
rotations (S) than Wistar playmates. Sprague-Dawley playmates showed more evasions (Q) than 
Long-Evans and Wistar playmates. No strain differences were found for the other defense tactics. 
V-Z’’: When experimental rats were exposed to a novel playmate after 48h isolation, Long 
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Evans playmates showed fewer defended attacks (V) but more mutual uprights (Z’) than 
Sprague-Dawley and Wistar playmates. Wistar playmates showed more complete rotations (Z) 
than Long-Evans and Sprague-Dawley playmates. No strain differences were found for the other 
defense tactics. Behaviors are expressed as proportions. One-way ANOVA analyses per 
experimental condition followed by Bonferroni post hoc tests to assess strain differences; * p < 
0.05, ** p ≤ 0.01, *** p ≤ 0.001. 
 


