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Abstract 23 

Play fighting, the most iconic form of social play, has been hypothesised to serve multiple evolutionary 24 

roles as a function of the age of the players. Although widely practiced by youngsters, in some mammal 25 

species this form of play can be also present in the adult phase. Here, we aim to test these hypotheses by 26 

looking at the play fighting behaviour of spotted hyenas (Crocuta crocuta) by analyzing the behavior across 27 

the different age classes. Spotted hyenas live in fission-fusion societies characterized by a rigid, nepotistic 28 

system of dominance hierarchy. Yet, the species is also characterized by social flexibility, which is evident 29 

from the high levels of support, cooperative behaviours and alliances. All these social features make 30 

spotted hyenas a valuable model to explore play fighting at every age. We found that both immature 31 

individuals and adults invested a comparable amount of time in playful activities and showed a similar 32 

motivation in initiating and maintaining their playful interactions. By play fighting, immatures can improve 33 

their motor and physical skills as predicted by the motor training hypothesis and, in agreement with the 34 

social assessment hypothesis, adults can gain information on social partners with whom they will have to 35 

interact in the future. Finally, contrary to our expectations, we found that those playful interactions 36 

characterized by strong competition (measured via play asymmetry index) also had the longest durations 37 

independently from the age of the players involved. Due to the absence of escalation into real fighting, 38 

both immatures and adults appear to be able to manage the playful sessions despite their unbalanced 39 

nature. All these findings suggest that play fighting in spotted hyenas can function as a “safe social bridge” 40 

navigating both immatures and adults into the real future competitive challenges of the clan. 41 

 42 
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Highlights  48 

 Wild spotted hyenas (Crocuta crocuta) are highly playful 49 

 Both adults and immatures are motivated to initiate playful sessions  50 

 Play fighting is highly unbalanced between players  51 

 Play fighting sessions never escalate into overt aggression 52 

 Spotted hyenas are able to fine-tune their playful interactions 53 

 54 
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 70 

Introduction 71 

Play behaviour occurs sporadically in the animal kingdom, and has been observed in many species 72 

of mammals (Fagen, 1981; Burghardt, 2005; Pellis & Pellis, 2009; Palagi et al., 2016a), several 73 

species of birds, and few species of reptiles, fish and invertebrates (Diamond & Bond, 2003; Wenig, 74 

Boucherie & Bugnyar, 2021; Burghardt, 2005; Dapporto, Turillazzi & Palagi, 2006; Zylinski, 75 

2015). As play lacks characteristics that are typical of the so-called functional behaviours (e.g., 76 

predation, reproduction), it has been often defined as a non-functional behaviour with no obvious 77 

immediate benefits (Bekoff & Allen, 1998; Martin & Caro, 1985; Graham & Burghardt, 2010). 78 

Recently, Burghardt (2005, 2011) described five criteria that a behaviour must meet to be 79 

categorized as play:  i) it is not fully functional in the context in which it is expressed, ii) it is 80 

spontaneous and autotelic, iii) it is structurally and temporally modified respect to the functional 81 

behaviours, iv) it is performed repeatedly and, v) it is more likely to occur during relaxed contexts.  82 

Play has been traditionally divided into three main categories: solitary locomotor-acrobatic play (an 83 

animal engaging in running, jumping, pirouetting and somersaulting) (Nishida & Inaba, 2009), 84 

solitary object play (an animal carrying, throwing, splitting or generally manipulating an inanimate 85 

object) (Cangiano & Palagi, 2020) and social play (two or more group mates fighting, chasing, or 86 

otherwise manipulating one another) (Fagen, 1981; Smith, 1982). Social play can include different 87 

behavioural patterns derived from different behavioural domains such as rearing of offspring, 88 

courtship and reproduction, and aggression (Burghardt, 2005; Cordoni, Gioia, Demuru & Norscia, 89 

2021; Fagen, 1981; Vankova & Bartos, 2002; Pellis & Pellis, 2009). Play fighting, the most iconic 90 

form of social play, may be a combination of behavioural patterns involving competitive 91 

interactions from many different functional contexts. By engaging in play fighting, subjects 92 

compete to reach specific body parts typically contacted during agonistic interactions, courtship, or 93 

grooming (Pellis & Pellis, 2017, 2018). For play fighting to remain playful, the partners need to 94 

negotiate between cooperative and competitive elements, ensuring that “playful competition” does 95 



not escalate to aggression. Such fairness can be achieved by fine-tuning movements, inhibiting 96 

some forms of offensive playful patterns and by avoiding the performance of behaviours that might 97 

be interpreted as cheating (Palagi et al., 2016b). 98 

Generally, play fighting begins in infancy, reaches its peak during the juvenile phase, and tends to 99 

decrease at puberty (Fagen, 1993). In mammals, although widely practised by youngsters (Fagen, 100 

1993; Burghardt, 2005), play fighting can be also present during adulthood. Examples of this 101 

include some species of rodents (for an extensive review see Pellis & Pellis, 2009), carnivores 102 

(wolves, Canis lupus, Cordoni, 2009, Cordoni & Palagi, 2016; dogs, Canis familiaris, Bauer & 103 

Smuts, 2007, Cordoni, Nicotra & Palagi, 2016; meerkats, Suricata suricatta, Sharpe, 2005, Palagi, 104 

Marchi, Cavicchio & Bandoli, 2019) and primates (Pellis & Iwaniuk, 2000; bonobos, Pan paniscus 105 

and chimpanzees, Pan troglodytes, Palagi, Paoli & Borgognini Tarli, 2006; geladas, Theropithecus 106 

gelada, Mancini & Palagi, 2009; sifaka, Propithecus verreauxi, Antonacci, Norscia & Palagi, 2010; 107 

ring-tailed lemurs, Lemur catta, Palagi, 2009).  108 

In the last two decades, studies have revealed that play fighting may have different evolutionary 109 

functions depending on the species, sex, and age of players (Burghardt, 2005; Pellis & Pellis, 2009; 110 

Palagi et al., 2016a; Smith & Roopnarine, 2019). Due to the apparent absence of immediate 111 

benefits, hypotheses on the functions of play fighting have often focused on long-term rather than 112 

immediate advantages gained (Graham & Burghardt, 2010; Palagi et al., 2016a). 113 

Developing/refining motor skills (motor training hypothesis, Smith, 1982; Byers & Walker, 1995) 114 

and the skills needed to control emotional reactions (training for the unexpected hypothesis, Špinka, 115 

Newberry & Bekoff, 2001) are two of the main hypotheses advocated to explain the potential long-116 

term benefits of play fighting in immature subjects. However, play fighting seems to have important 117 

roles at an immediate level as well, and these may explain the presence of this behaviour in adults. 118 

The social assessment hypothesis (Pellis & Iwaniuk, 2000) predicts that playful contact helps 119 

individuals to i) gain information about the physical/social skills of players with whom they share a 120 

low degree of familiarity (Antonacci et al., 2010) and ii) maintain/reinforce alliances that have been 121 



already established (Palagi & Paoli, 2007; Palagi, 2008; Cafazzo, Marshall-Pescini, Lazzaroni, 122 

Viranyi & Range, 2018; Cordoni & Palagi, 2015). Of course, while all these hypotheses are 123 

commonly accepted, they are neither mutually exclusive nor are they sufficient to explain the 124 

presence and role of play fighting in every species, age, or sex. 125 

Play fighting is considered one of the several behavioural domains that is epigenetically correlated 126 

with the competitive/cooperative pattern of inter-individual relationships across species (Thierry et 127 

al., 2000; Hare, Wobber, & Wrangham, 2011). For example, in those species, whose relationships 128 

rely on rigid and crystallized hierarchical ranking, play fighting rarely involves adults and is 129 

characterized by a high degree of asymmetry in its performance. In contrast, when the inter-130 

individual relationships are characterized by social flexibility thanks to the possibility of 131 

circumventing rank-rules, subjects of different ages are often involved in play fighting, which is 132 

characterized by higher balanced exchanges of offensive/defensive patterns (Reinhart et al., 2010; 133 

Palagi, 2006, 2018; Beltrán Francés et al., 2020).  134 

Spotted hyenas (Crocuta crocuta), like some species of primates, live in fission-fusion societies 135 

(Smith, Memenis & Holekamp, 2007; Drea & Frank, 2003). The spotted hyena is characterized by a 136 

rigid, nepotistic system of dominance hierarchy (Frank, 1986; Kruuk 1972; Tilson & Hamilton 137 

1984; Mills, 1990; Wahaj et al., 2004) in addition to social flexibility, which is evident from the 138 

high levels of support, cooperative behaviour and alliances (Vullioud et al., 2019; Stratford & 139 

Périquet, 2019). In the Crocuta nepotistic system, individuals of each matriline occupy adjacent 140 

ranking positions in the clan. Before reaching reproductive maturity, both male and female 141 

juveniles inherit rank similar to that of their mothers (Kruuk, 1972; Tilson & Hamilton, 1984; 142 

Frank, 1986; Mills, 1990; Engh, Esch, Smale & Holekamp, 2000). However, social support is an 143 

important tool to manipulate power asymmetries among individuals (Vullioud et al., 2019). The 144 

social support can take different forms such as helping in rearing offspring (König, 1997), in 145 

cooperative hunting and in defence of their territory (Holekamp, Sakai & Lundrigan, 2007). All 146 



these social features make Crocuta crocuta a valuable model to test hypotheses on the potential role 147 

of play fighting according to the different age-class of the players.   148 

By playing, infants and juveniles can refine and develop their physical skills and improve their 149 

kinematic and emotional responses to unexpected events. The experiences thus gained through play 150 

can translate into greater skill in real competitive interactions engaged in at later ages (Turner et al., 151 

2020). In spotted hyenas the first two weeks of life are characterized by high levels of aggression, 152 

followed by a shift into play fighting in their subsequent weeks (Drea et al., 1996). Play fighting is 153 

the main behaviour through which young hyenas interact with conspecifics once the mothers 154 

introduce them to their peers and other clan members (Kruuk 1972; Mills 1990; East, Hofer, & 155 

Wickler, 1993). If play fighting affords young hyenas the opportunity to train/improve their motor 156 

skills (motor training hypothesis, Smith, 1982; Byers & Walker, 1995) and to navigate the uncertain 157 

interactions with the adults of the clan with which they are not familiar (training for the unexpected 158 

hypothesis, Špinka et al., 2001), we predict that immature subjects are equally likely to initiate play 159 

with peers and adults (Prediction 1).  160 

For the adult clan members, engaging in play fighting with immature group mates could serve 161 

several functions. Since cubs gain ranking positions immediately below those of their mothers 162 

(Holekamp & Smale 1993, Smale, Frank & Holekamp, 1993), for adult clan members playing with 163 

the young would not only allow them to become acquainted, but may also help lay the foundation 164 

for future alliances and reinforce existing relationships with the mothers (Vullioud et al., 2019). If 165 

play fighting has a role in the regulation of social relationships among clan members (social 166 

assessment hypothesis, Pellis & Iwaniuk, 2000), we predict that adult-adult play is present in the 167 

species and that adults are also motivated to initiate playful sessions with immature subjects 168 

(Prediction 2).  169 

In spotted hyenas, aggression is used to reinforce an individual’s rank, gain access to food, and 170 

defend offspring (Kruuk 1972; Frank 1986; Mills 1990; Holekamp & Smale 1991; Engh et al. 171 

2000). Aggression is a pervasive trait at all ages in this species, with both adult and immature 172 



animals frequently engaging in severe agonistic interactions (Smale et al., 1996). If, as suggested by 173 

Drea and co-workers (1996), play fighting has a role in testing/modulating social relationships 174 

throughout the life cycle (social assessment hypothesis, Pellis & Iwaniuk, 2000), we predict that 175 

individuals will initiate play with clanmates outside their age class and engage in asymmetric 176 

(unbalanced) playful interactions (Prediction 3).  177 

In hierarchical species, asymmetrical playful interactions can easily escalate into overt aggression 178 

(Bekoff, 1995; Pellis & Pellis, 2009; Wright et al., 2018; Reinhart et al., 2010). A strategy to limit 179 

the risk of escalation is to reduce the duration of the playful interaction, so being able to sustain 180 

prolonged interactions would indicate that the animals have other tactics to mitigate the risk of 181 

escalation (Gallo et al., 2021). If spotted hyenas are able to maintain their playful mood by fine-182 

tuning their playful interactions, we predict that the duration of play interactions would not decrease 183 

as the degree of asymmetry between playmates increases (Prediction 4). 184 

 185 

Methods 186 

Ethical note 187 

This is non-invasive research compliant with the ASAB/ABS Guidelines for the Use of Animals in 188 

Research, the current South African law and University regulations. Thus, no permit from the Bio-189 

Ethical Committee was needed. 190 

 191 

The reserve 192 

Observations took place at the Siyafunda Wildlife & Conservation research base (S -24.15029; E 193 

30.65742), at the Greater Makalali Private Game Reserve (GMPGR, Limpopo, South Africa) that is 194 

located within the savannah biome, is characterized by herbaceous plants, tall trees and bushes 195 

(Low & Rebelo, 1996). The reserve is crossed by the Makhutswi River, a tributary of the Olifants. 196 



Spotted hyenas (Crocuta crocuta) were introduced in 1995. The number of hyenas constituting the 197 

population of the Greater Makalali Private Game Reserve is unknown.  198 

 199 

Data Collection 200 

Data were collected from June to October 2019. During the observation period, the researchers and 201 

the rangers counted and individually recognized 64 subjects (14 cubs, 5 juveniles, 45 sub-202 

adult/adults). Due to the difficulty in recognizing the sex of hyenas in the wild (Frank 1990), no 203 

data on the number of males and females are available. The identity of each individual was 204 

established based on peculiar morphological markings, such as scars, patches of missing fur and the 205 

pattern of spots on the fur (Holekamp, Smale & Szykman, 1996; Holekamp & Smale, 1998). 206 

Individuals were identified by patrolling the various areas and dens known to be frequented by 207 

hyenas. Tracking walks were organized by the rangers to follow the animals tracks to the dens. 208 

During the study, four dens in active use were identified and used as observation spots for 209 

collecting videos on the lactating females, their cubs and all the subjects visiting the dens.  210 

The observers collected data from the safety of vehicles to which the animals were well habituated. 211 

The observation sessions ranged from two to three per day (06.00-10.00 pm; 05.00-11.00 am; 212 

03.00-06.00 pm). To limit the disturbance as much as possible, nocturnal data (06.00-10.00 pm) 213 

were collected with the aid of red illumination that was never directed towards animals but on the 214 

ground around the animals (Finley, 1959; Spoelstra et al., 2017). Video-recordings were taken with 215 

a video camera (Canon ® EOS 110D). If the subjects were scattered around the observation spot, a 216 

second camera (Full HD Panasonic Lumix DC-FZ82) was used to allow the entire group to be 217 

recorded. The use of 50x optical zooms and tripods ensured accurate video-recording at long 218 

distances (up to 50 meters). The concurrent use of the two cameras permitted the continuous video-219 

recording of all the activities of the subjects and the quantification of the exact amount of time each 220 



subject was present in each video. A total of about 26 hours of videos was directly recorded by the 221 

observers.  222 

Data were also collected with the aid of camera traps provided by the Siyafunda Wildlife & 223 

Conservation research base (Ranger digital trail, BN056). These were located in front of the dens, 224 

approximately 10-meters from the entrance and covered a range of five meters around the den hole. 225 

The camera traps were secured in metal cases to avoid being crushed by animals and were tied on 226 

trees 1.50 meter above the ground. Cameras were active 24 hr/day, with no delay between 227 

consecutive videos (lasting from 40 to 60 seconds), and the sensitivity of the motion sensor was set 228 

to high. A total of 12 hours of videos was collected using the camera traps.   229 

Only the subjects (n=24) with at least 30 min of video-recordings were included in the analyses 230 

(individual mean 109 ± 19SE minutes). Among the 24 subjects, eight were cubs, two were juveniles 231 

and 14 were subadults/adults. The cubs and the juveniles were clustered as ‘immature subjects’; the 232 

subadults and adults as ‘mature subjects’.  233 

Data on temperature were extracted from a website (https://www.timeanddate.com) that provided 234 

the mean temperatures of the Limpopo region calculated per 3-hour time slots.  235 

 236 

Video analyses 237 

The videos were analysed by VLC 2.1.5 Rincewind software and Jump-to-Time extension with an 238 

accuracy of 0.02 seconds. A.P.N. and G.C. analysed the videos. Before starting the video scoring, 239 

they underwent a 30-hour training period by E.P. Inter-observer reliability in characterizing and 240 

scoring the behavioural patterns was checked by E.P., who randomly selected some sections of the 241 

dataset (corresponding to 10 minutes of videos) and verified whether the behavioural items were 242 

correctly classified. Such a check was done every two hours of analysed videos. The Cohen’s kappa 243 

values for the playful behavioural items (see Figure 1 for the definitions) were never less than 0.93. 244 



Via the all occurrences sampling method (Altmann, 1974), we analysed all the playful interactions 245 

recorded in the videos. For each playful session we registered i) the exact duration (0.02 seconds 246 

accuracy), ii) the identity of the initiator, iii) the identity of the receiver, iv) the sequence of the 247 

playful behavioural actions performed (items listed in Figure 1), and v) the time of the day.  248 

The list of the playful behavioural items observed and used for this study (Figure 1) has been 249 

defined on the basis of playful items previously descripted for spotted hyenas (Drea et al., 1996) 250 

and other social carnivores (coyotes, Canis latrans, Bekoff, 1974; wolves, Canis lupus, Bekoff, 251 

1974, Cordoni, 2009; Cordoni & Palagi, 2016; dogs, Canis familiaris, Bekoff, 1974, Bauer & 252 

Smuts, 2007, Ward, Bauer & Smuts, 2008, Cordoni et al., 2016, Cafazzo et al., 2018; meerkats, 253 

Suricata suricatta, Palagi et al., 2019).  254 

A dyadic playful session began when one of the subjects directed a play pattern (listed in the Figure 255 

1) towards a receiver. If the receiver did not react to the playful pattern, the interaction was not 256 

considered as a successful play session. The session ended when one of the two players moved 257 

away from their partner or if a third individual interfered during the session, either by starting a 258 

polyadic interaction or interrupting the previous one (Llamazares-Martín, Scopa, Guillen-Salazar & 259 

Palagi, 2017).  260 

To calculate the Play Asymmetry Index (PAI) for each entire dyadic session, we classified the 261 

patterns performed by each individual (including both physical and non-physical contact) as either 262 

offensive and defensive actions (Bauer & Smuts, 2007; Palagi et al., 2019; Llamazares-Martín, 263 

2017). The items not included in the previous classification were defined as neutral actions. See 264 

Figure 1 for the definition and the classification of the play behavioural items. For each dyadic play 265 

session, we calculated the PAI relative to a given dyad (AB) (Ward et al., 2008; Palagi, Norscia & 266 

Spada, 2014; Gallo, Caselli, Norscia & Palagi, 2021) as follows: 267 

 268 

𝑃𝐴𝐼 =
(𝑜𝑓𝑓𝑒𝑛𝑠𝑖𝑣𝑒 → + 𝑑𝑒𝑓𝑒𝑛𝑠𝑖𝑣𝑒 → )  −  (𝑜𝑓𝑓𝑒𝑛𝑠𝑖𝑣𝑒 → + 𝑑𝑒𝑓𝑒𝑛𝑠𝑖𝑣𝑒 → )

(𝑜𝑓𝑓𝑒𝑛𝑠𝑖𝑣𝑒 → + 𝑑𝑒𝑓𝑒𝑛𝑠𝑖𝑣𝑒 → )  +  (𝑜𝑓𝑓𝑒𝑛𝑠𝑖𝑣𝑒 → + 𝑑𝑒𝑓𝑒𝑛𝑠𝑖𝑣𝑒 → )  + 𝑛𝑒𝑢𝑡𝑟𝑎𝑙
 

 269 



This formula takes into account the relative contribution of both players (animal A and animal B) 270 

during a single session in terms of offensive and defensive patterns (numerator). This is divided by 271 

the total number of patterns (offensive + defensive + neutral) constituting the session 272 

(denominator). The absolute PAI values (|PAI|) range from 0 (completely symmetrical/balanced 273 

session) to 1 (completely asymmetrical/unbalanced session, perfectly skewed towards one of the 274 

two players). The |PAI| makes it possible to arrange the sessions along with a gradient of 275 

asymmetry.   276 

 277 

Statistics 278 

 279 

To compare the overall amount of time spent in playing (calculated as seconds spent in playing per 280 

minute of observation) across the age-class combinations (immatureimmature; 281 

immaturemature; matureimmature; maturemature), we applied the Kruskal-Wallis One-Way 282 

ANOVA (non-normal distribution). To determine which among the six pairs of age-combinations 283 

significantly differed in the time spent to play over the entire period of observation, we applied the 284 

Tukey's post hoc test (Bonferroni’s correction). 285 

Focussing on the mixed-age playing dyads, we applied Chi-square test to compare the observed 286 

frequency (number of times) of initiation to play by adults (matureimmature) to the frequency 287 

(number of times) expected by chance if initiation was performed by either individual randomly.  288 

 289 

To evaluate which factor affected the play asymmetry index (response variable = play asymmetry 290 

index values transformed by logarithmic function, log|PAI|) and the length of each playful session 291 

(response variable = length of each session in seconds transformed by logarithmic function, 292 

LOGduration), we ran two Linear Mixed Models (LMM) with a normal distribution by using the R-293 

package glmmTMB 1.2.5042 (Brooks et al., 2017).  294 



For the first model (log|PAI| as response variable), we considered the following fixed factors: the 295 

age combination of the players taking into account the age class of the subject inviting to play 296 

(immatureimmature; immaturemature; matureimmature; maturemature), Day/Night; 297 

Temperature (T °C: 5-10; 11-15; 16-20; 21-25; >25); Lactating Female (presence/absence); 298 

observations (cameratrap/observer).  299 

For the second model (LOGduration of each session as response variable), the fixed factors 300 

considered were: the logarithm of the values of play asymmetry index (log|PAI|), the age 301 

combination of the players (immatureimmature; immaturemature; matureimmature; 302 

maturemature), Day/Night; Temperature (T °C: 5-10; 11-15; 16-20; 21-25; >25); Lactating 303 

Female (presence/absence); observations (cameratrap/observer). In both models, the identity of the 304 

dyad involved in each play session was entered as a random factor. 305 

The Likelihood Ratio Test (LRT; Dobson, 2002) was applied to compare the full model (including 306 

all the fixed factors and the random factors) with the null model (including only the random factors) 307 

(Forstmeier & Schielzeth, 2011). The LRT was also calculated to test the significance of the fixed 308 

factors by using the function Anova (R-package car 3.0-10) (Fox & Weisberg, 2019). To exclude 309 

the occurrence of collinearity among fixed factors, we examined the variance inflation factors (VIF; 310 

X Fox, 2015) by the R-package performance 0.4.4 (Lüdecke, Makowski & Waggoner, 2020). 311 

Model fit and overdispersion were verified by using the R-package DHARMa 0.3.3.0 (Hartig, 312 

2020). The marginal R² (representing the variance explained by fixed factors only) and the 313 

conditional R² (representing the variance explained by the entire model including both fixed and 314 

random factors) (Nakagawa et al. 2017), were calculated via the R-package MuMIn 1.43.17 315 

(Bartoń, 2020). All analyses were performed using R 4.0.3 (R Core Team 2020). 316 

 317 

Results 318 

Play ethogram 319 



We observed, identified and defined 18 playful behavioural patterns (18 observed in immature 320 

subjects; 14 observed in mature subjects). In the immature subjects, but not in the adults, we 321 

observed instances of social play involving the manipulation of an object for which the two players 322 

competed, comprising about 6% of the total amount of time they spent playing socially.  323 

Except for social play with objects, all the other encounters involved play fighting, with alternating 324 

contact and locomotor patterns. The presence of 14 out of 18 patterns in mature individuals suggests 325 

that in adults as well, play was characterized by a certain level of variability.  326 

On the total of play bites directed to specific target body parts, the percentage of the play bites 327 

directed to the neck (or throat) was 58% in mature and 27% in immature subjects, a possible 328 

qualitative indication of the diverse playful tactics used by different age classes. The detailed 329 

descriptions and graphical illustrations of the playful items involved in both play fighting and social 330 

object play are reported in Figure 1.  331 

 332 

The total amount of time spent in playing across the different age-combinations 333 

 334 

The time spent in playing (seconds of play/minute of observation) differed across the age 335 

combinations (Exact Kruskal-Wallis One way Anova Chi-square = 16.383, Nmature-mature=25; Nmature-336 

immature=29; Nimmature-mature=9; Nimmature-immature=13, P=0.001) (Figure 2). The Tukey's post hoc test 337 

revealed that the amount of time spent playing between immature subjects was higher than between 338 

mature subjects (q=26.775; P=0.001) and that mature subjects spent a larger amount of time playing 339 

with immature subjects than with other mature group mates (q=17.332; P=0.017) (see Table 1). The 340 

amount of play recorded between immature subjects did not differ from that recorded between 341 

immature and adult subjects (Prediction 1 supported). Focussing on the mixed-age playful 342 

interactions, we did not find any difference between the number of invitations performed by adult 343 

and immature subjects (Chi-square=0.725; P>0.05) (Prediction 2 supported). Lactating females, 344 



who are always present at the den, were never observed to interrupt the playful interactions 345 

involving their offspring.  346 

 347 

Factors influencing the play asymmetry index of each playful session 348 

 349 

Only the playful sessions (N=174) that included at least two patterns were used in the following 350 

analyses. We calculated the absolute values of Play Asymmetry Index (|PAI|) for each age-class 351 

combination (|PAI| meanimmature-immature=0.448 ± 0.038SE; mean mature-immature=0.496 ± 0.046SE; 352 

mean mature-mature =0.314 ± 0.103SE). The LMM (log|PAI| as response variable) did not reveal any 353 

significant difference between the full model, including all the fixed factors (see Methods for the 354 

definitions) and the null model, comprising only the random factors (likelihood ratio test: χ2
10 = 355 

10.144, P = 0.428) thus indicating that none of the fixed variables, including the age class of the 356 

players, had an effect on the response variable (log|PAI|) (Prediction 3 supported).  357 

Factors influencing the duration of each playful session 358 

 359 

There was a significant difference between the full model, including all the fixed factors (see 360 

Methods for the definitions), and the null model, comprising only the random factors (likelihood 361 

ratio test: χ2
11 = 29.789, P = 0.0017). No collinearity was found between the fixed factors (low 362 

correlation, range VIFmin=1.03; VIFmax=2.05). The model was not over dispersed (P=0.968, 363 

dispersion parameter=1.001). The fixed factor “log|PAI|” (Table 2; Figure 3) and “age-364 

combination” (immature-immature; immature-mature; mature-immature; mature-mature) had a 365 

strong significant effect on the duration of each play session (Table 2; Figure 4).  366 

As for the effect of log|PAI| on the duration of each playful interaction, we found that those sessions 367 

characterized by strong asymmetry lasted longer compared to those sessions that were more 368 

balanced (Table 2; Figure 3) (Prediction 4 supported). 369 



As for the age-combinations, the Tukey test revealed that the play sessions between mature subjects 370 

were shorter than those involving at least an immature subject (t-ratioimmature-immature vs mature-mature = 371 

3.370, df=160, P = 0.005; t-ratioimmature-mature vs mature-mature = 3.728, df=160, P = 0.0015; t-ratio mature-372 

immature vs mature-mature = 4.221, df=160, P = 0.0002) (Table 2; Figure 4). We did not find any difference 373 

in the play duration of each session between those interactions involving at least one immature 374 

subject (t-ratioimmature-immature vs immature-mature = 0.170, df=160, P = 0.998; t-ratioimmature-immature vs mature-375 

immature= -0.567, df=160, P = 0.942; t-ratioimmature-mature vs mature-immature= -0.736, df=160, P = 0.882) 376 

(Figure 4). Hence, the duration of each mixed-age play session did not differ as a function of the 377 

age of the initiator. None of the age-class combinations, play fighting escalated into real fighting.   378 

A summary of the hypotheses, predictions and outcomes is shown in Table 3. 379 

 380 

Discussion  381 

This study provides new findings on play behaviour and its modalities in wild spotted hyenas 382 

demonstrating that the behaviour is well represented not only in immature animals but also in 383 

adults.  Our observations on object play revealed that, while cubs occasionally manipulated objects 384 

with playmates (see Walking Play Object Sharing/Attempt Object Steal in Figure 1), adults were 385 

never observed engaging in this activity. This finding is in agreement with previous observations 386 

reported by Holekamp & Smale (1990) and with the motor training hypothesis (Smith, 1982; Byers 387 

& Walker, 1995). For immature subjects, object play could provide training for competing with 388 

peers and strengthen the jaw muscles that, in this species, are fundamental to gain access to food 389 

resources such as carcasses comprised largely of bones and skins (Holekamp & Smale, 1990). 390 

Moreover, compared to primates and other more dexterous carnivore species, spotted hyenas show 391 

limited forelimb manipulative abilities (Glickman & Sroges, 1966), for this reason, object play 392 

involving the mouth may represent a valuable tool for gaining information about the physical 393 

environment and exploring novel objects (Tanner, Smale & Holekamp, 2007). The pups and cubs of 394 



several other carnivore species are commonly observed to play with objects (cats, Bradshaw et al., 395 

2012; dogs, Burghardt et al., 2016; bears, Fagen & Fagen, 2004). The patterns observed during 396 

object play are often seen in prey handling and hunting (an extensive review is provided in 397 

Burghardt, 2005), thus suggesting that object play can help in developing motor skills, although 398 

experimental/empirical evidence is still lacking (Martin & Caro, 1985). To explore the motor 399 

training hypothesis, further steps in the study of spotted hyena object play are required. It would be 400 

important to trace the development of this activity covering the period from lactating to food 401 

independence and evaluate if the beginning of the independent phase coincides with the decrease of 402 

object play as suggested by Rogers et al. (2020). 403 

Different from object play, play fighting was observed both in immature and adult subjects. Adults 404 

spent a larger amount of time in playing (seconds of play/minutes of observation) with immature 405 

subjects compared to with other adults (Table 2; Figure 2). Moreover, immature subjects played 406 

with peers and adults at comparable levels (Tables 2 and 3; Figure 2; Prediction 1 supported). 407 

Interestingly, the analyses did not reveal any differences either in the direction of the play 408 

invitations or the total time spent in playing between mature and immature subjects (Table 4; 409 

Prediction 2 supported). All these findings reveal that adults, as well as immature hyenas, are 410 

motivated to engage in play fighting. 411 

In agreement with Tanner et al. (2007), our data indicate that play fighting in spotted hyenas goes 412 

well beyond that typical of the immature phase, expanding into adulthood. This hypothesis seems to 413 

be corroborated by the results emerging from the analysis of the play asymmetry index, a valuable 414 

analytical tool reflecting the balance of cooperation/competition characterizing a play session 415 

(Bauer & Smuts, 2007; Essler et al., 2016; Llamazares-Martín et al., 2017; Palagi et al., 2019, 416 

Kottferová et al., 2020; Gallo et al., 2021). The age of the players did not affect the level of 417 

asymmetry during play, suggesting that it can have a role in modulating future competitive 418 

interactions not only in the immature (Drea et al., 1996) but also in the adult phase (Table 4; 419 

Prediction 3 supported). Contrary to our findings, Essler et al. (2016) found that in wolves play 420 



asymmetry changed according to the age of the players. In the mixed-age dyads, the play session 421 

was more competitive with the adult wolves performing more offensive behaviours than their play 422 

partners.  423 

In spotted hyenas, playful asymmetry seems to be so prominent that, contrary to any expectations, it 424 

positively correlated with the duration of the session (Figure 3). So far, no previous study on play 425 

fighting in mammals has ever shown a positive relation between the level of competitive elements 426 

(measured via PAI) and the length of a play session. It is possible that in the spotted hyena an 427 

amalgam of playful tactics such as self-handicapping, role reversal, cheating avoidance, and meta-428 

communicative signals can ensure the maintenance of fairness, thus avoiding escalation into serious 429 

fighting, that in this species, can be particularly severe (Bekoff, 1995; Bekoff & Allen, 1998; 430 

Burghardt, 2005).  431 

The motivation of immature subjects to initiate play with both peers and adults is in agreement with 432 

both the motor training (Smith, 1982; Byers & Walker, 1995; Carter et al., 2019) and the training 433 

for the unexpected hypothesis (Špinka et al., 2001). These two hypotheses may blend together and 434 

so, their relative contribution to explaining the play performed can be difficult to disentangle 435 

(Carter et al., 2019; Pellis, Pellis & Bell, 2010). For the immature subjects, playing with peers and 436 

siblings can help improve their motor skills, which have been already trained in the natal den 437 

through inter-sibling aggressive interactions to gain feeding priority and dominance (Drea et al., 438 

1996). The linkage between play fighting and the development of physical strength has been also 439 

reported in young chimpanzees, whose play fighting appears to be particularly rough (Cordoni & 440 

Palagi, 2011) and positively correlated with reciprocal aggression (Paquette, 1994).  By inviting 441 

adults to engage in play fighting, immature individuals can acquire the ability to cope with 442 

challenging and novel situations thus developing their emotional and physical resilience in response 443 

to new stimuli deriving from playing with less familiar, older, larger partners that are mismatched. 444 

A study on brown hyenas (Parahyena brunnea) reveals that juveniles engaged in muzzle-wrestling 445 

with adults and that with such behaviour the younger animals sometimes went to great lengths to 446 



test the adults’ reactions (Mills, 1990). For immature spotted hyenas, play fighting could be a social 447 

bridge fostering their integration into the clan (Drea et al., 1996), and, at the same time, allowing 448 

youngsters to measure themselves both physically and emotionally with other clan members. 449 

During the mixed-age playful interactions, lactating mothers (always in proximity during the 450 

recorded playful activities) never intervened to interrupt the interaction, suggesting that the playful 451 

mood maintained by the adults was clearly perceived by bystanders.  452 

According to the economic models of behavioural ecology (Bekoff & Byers, 1985; Fagen, 1993, 453 

Fagen & Fagen, 2004), the motivation of adults to invite immature playmates suggests that the 454 

benefits linked to this activity can outweigh the costs for adults as well. We can only speculate 455 

about the benefits of play in adulthood, as empirical demonstration of such benefits is extremely 456 

difficult (Palagi, 2006; 2009). However, through play, adults can gain information about social 457 

partners with whom they will have to cope in the future (social assessment hypothesis, Cafazzo et 458 

al., 2018; Cordoni & Palagi, 2015; Pellis & Iwaniuk, 2000). Moreover, playing with immature 459 

subjects can help adults create a social bridge with the mothers thus increasing their tolerance to the 460 

close proximity of the adult players and, possibly, reinforcing their social relationships. In social 461 

primates, play can be considered as a gateway to the social environment (Palagi & Paoli, 2007). In 462 

chimpanzees (Pan troglodytes) and geladas (Theropithecus gelada), play between adults and 463 

infants, allows those adults to contact the mothers, gaining social support and friendship (Mancini 464 

& Palagi, 2009; Palagi, Cordoni, & Borgognini, 2004). For example, gelada females belonging to 465 

different one-male units (OMU) engage in play with immature subjects from other OMUs, thus 466 

creating an inter-OMU tolerant playful network (Mancini & Palagi, 2009). Additional examples of 467 

the role of adult play as a gateway to establish or renovate social relationships can also be found in 468 

solitary species. For example, in wild brown bears, play fighting seems to be used as an icebreaker 469 

between males and females during courtship and immediately before copulation (Herrero & Hamer, 470 

1977).   471 



In spotted hyenas, the adult-adult play sessions had the shortest durations (Table 3; Figure 4). When 472 

one playmate uses unequal force or fails to comply with the rules ensuring turn-taking (role-473 

reversal) and/or self-handicapping, the probability of an escalation into overt aggression increases 474 

(Palagi et al., 2016b; Pellegrini, 2009; Pellis & Pellis, 1998; Pellis, Pellis & Reinhart, 2010). Hence, 475 

especially in those species in which play is strongly competitive (coyotes, Bekoff, 1974; black 476 

bears, Henry & Herrero, 1974; wolves, Essler et al., 2016), adult-adult play requires high levels of 477 

inhibitory control (e.g., self-handicapping) and fine-tuning (Cordoni, 2009). In this view, shortening 478 

the play session could be a tactic used by adult spotted hyenas to manage their play fighting 479 

contacts and limit the risk of an escalation. A similar result was also found in juvenile chimpanzees 480 

that, due to their high level of roughness during play and low level of tolerance, tend to shorten the 481 

sessions to avoid serious risks of physical injuries (Palagi & Cordoni, 2012). 482 

In conclusion, social play in spotted hyenas is well represented in both immature and adult animals.  483 

Unfortunately, we were not able to explore the role that sex and kinship can have on play fighting 484 

across the different age phases. Future studies will be necessary to explore such issues in this 485 

monomorphic species. Due to the total absence of interventions by the lactating females interrupting 486 

play involving their young, and the absence of play fights escalating into real fighting, play in 487 

spotted hyenas appears to be fair. The animals seem to be able to manage these interactions despite 488 

their highly competitive nature. An important next step will be to identify the mechanisms by which 489 

spotted hyenas fine-tune their playful contacts and whether/how they recruit meta-communicative 490 

signals to convey messages of playful motivation thus limiting the risk of misunderstanding.   491 

 492 

 493 

References 494 

 495 

Altmann, J. (1974). Observational study of behaviour sampling methods. Behaviour, 49:227-496 

265.  497 



Antonacci, D., Norscia, I., & Palagi, E. (2010). Stranger to familiar: wild strepsirhines manage 498 

xenophobia by playing. PLOS ONE, 5, e13218.  499 

Bartoń, K. (2020). MuMIn: Multi-Model Inference. R package version 500 

1.43.17.   https://CRAN.R-project.org/package=MuMIn 501 

Bauer, E. B., & Smuts B. B., (2007). Cooperation and competition during dyadic play in 502 

domestic dogs, Canis familiaris. Animal Behaviour, 73, 489-499.  503 

Bekoff, M. (1974). Social play in coyotes, wolves, and dogs. BioScience, 24:225-230. 504 

https://doi.org/10.2307/1296803 505 

Bekoff, M. (1995). Play signals as punctuation: the structure of social play in canids. Behaviour, 506 

132:419-429.  507 

Bekoff, M., & Allen, C. (1998). Intentional communication and social play: how and why 508 

animals negotiate and agree to play. In M. Bekoff, & J. A. Byers Animal play: evolutionary, 509 

comparative and ecological perspectives. (pp. 97–114). Cambridge: Cambridge University 510 

Press.  511 

Bekoff, M. & Byers, J. A. (1985). The development of behaviour from evolutionary and 512 

ecological perspectives in mammals and birds. Evolutionary Biology, 19, 215-86. 513 

Beltrán Francés, V., Castellano‐Navarro, A., Illa Maulany Putu, R., Ngakan, O., MacIntosh, 514 

A.J.J., Llorente, M., & Amici, F. (2020). Play behavior in immature moor macaques (Macaca 515 

maura) and Japanese macaques (Macaca fuscata). American Journal of Primatology, 25, 59-516 

103. https://doi.org/10.1002/ajp.23192  517 

Bradshaw, J. W. S. (1992). The Behaviour of the Domestic Cat. Wallingford, Oxon: CAB 518 

International. 519 

Brooks, M. E., Kristensen, K., van Benthem, K. J., Magnusson, A., Berg, C. W., Nielsen, A., 520 

Skaug, H. J., Machler, M., & Bolker, B. M. (2017). glmmTMB balances speed and flexibility 521 

among packages for zeroinflated generalized linear mixed modeling. R Journal, 9:378–400 522 



Burghardt, G. M. (2005). The genesis of animal play: testing the limits. Cambridge MA: the 523 

MIT Press. 524 

Burghardt, G. M. (2011). Defining and recognizing play. In P. Nathan, & A. D. Pellegrini The 525 

Oxford Handbook of the Development of Play (pp. 9 –18). New York, NY: Oxford University 526 

Press. 527 

Burghardt, G., Albright, J.D. & Davis K.M. (2016). Motivation, development and object play: 528 

Comparative perspectives with lessons from dogs. Behaviour 153(6), 767-793. 529 

doi:10.1163/1568539X-00003378 530 

Byers, J. A., & Walker, C. (1995). Refining the motor training hypothesis for the evolution of 531 

play. American Naturalist, 146, 25-40.  532 

Cafazzo, S., Marshall-Pescini, S., Lazzaroni, M., Virányi, Z., & Range, F. (2018). The effect of 533 

domestication on post-conflict management: Wolves reconcile while dogs avoid each other. 534 

Royal Society Open Science, 5, 171553.  535 

Cangiano, M., & Palagi, E. (2020). First evidence of stone handling in geladas: from simple to 536 

more complex forms of object play. Behavioural Processes, 180, 104253. 537 

https://doi.org/10.1016/j.beproc.2020.104253 538 

Carter, R. N., Romanow, C. A., Pellis, S. M., & Lingle, S. (2019). Play for prey: do deer fawns 539 

play to develop species-typical anti-predator tactics or to prepare for the unexpected? Animal 540 

Behaviour, 156, 31-40. https://doi.org/10.1016/j.anbehav.2019.06.032 541 

Cordoni, G., (2009). Social play in captive wolves (Canis lupus): not only an immature affair. 542 

Behaviour, 146, 1363e1385.  543 

Cordoni, G., & Palagi, E. (2011). Ontogenetic trajectories of chimpanzee social play: what 544 

similarities with humans? PLoS ONE, 6(11): e27344. doi:10.1371/journal.pone.0027344. 545 

Cordoni, G., & Palagi, E. (2015). Being a victim or an aggressor: different functions of triadic 546 

post-conflict interactions in wolves (Canis lupus lupus). Aggressive Behavior, 41, 526–536.  547 



Cordoni, G., & Palagi, E. (2016). Aggression and hierarchical steepness inhibit social play in 548 

adult wolves. Behaviour, 153, 749—766. 549 

Cordoni, G., Nicotra, V., & Palagi, E. (2016). Unveiling the secret of play in dogs (Canis lupus 550 

familiaris): asymmetry and signals. Journal of Comparative Psychology, 130 (3), 278–287  551 

Cordoni, G., Gioia, M., Demuru, E., & Norscia I. (2021). The dark side of play: play fighting as 552 

a substitute for real fighting in domestic pigs, Sus scrofa. Animal Behaviour 175, 21-31. 553 

Dapporto, L., Turillazzi, S., & Palagi, E. (2006). Dominance interactions in young adult paper 554 

wasp (Polistes dominulus) foundresses: a playlike behavior? Journal of Comparative 555 

Psychology, 120, 394-400.  556 

Diamond, J. & Bond, A. B. (2003). A comparative analysis of social play in birds. Behaviour, 557 

140, 1091-1115.  558 

Dobson, A. J. (2002). An introduction to generalized linear models. Chapman & Hall/CRC, 559 

Boca Rator 560 

Drea, C. M., Hawk, J. E., & Glickman, S. E. (1996). Aggression decreases as play emerges in 561 

infant spotted hyaenas: preparation for joining the clan. Animal Behaviour, 51(6), 1323–562 

1336. doi:10.1006/anbe.1996.0136  563 

Drea, C. M., & Frank, L. G. (2003). The social complexity of spotted hyenas. In F. B. M. de 564 

Waal, & P. L. Tyack Animal social complexity: intelligence, culture, and individualized 565 

societies (pp. 121–148) Harvard University Press, Cambridge, Massachusetts. 566 

East, M. L., Hofer, H., & Wickler, W. (1993). The erect ‘penis’ as a flag of submission in a 567 

female-dominated society: greetings in Serengeti spotted hyenas. Behavioral Ecology and 568 

Sociobiology, 33, 355-370. https://doi.org/10.1007/BF00170251 569 

Engh, A. L., Esch, K., Smale, L., & Holekamp, K. E. (2000). Mechanisms of maternal rank 570 

‘inheritance’ in the spotted hyaena, Crocuta crocuta. Animal Behaviour, 60, 323–332  571 



Essler, J. L., Cafazzo, S., Marshall-Pescini, S., Virányi, Z., Kotrschal, K., Range, F. (2016). 572 

Play behavior in wolves: using the ‘50:50’ rule to test for egalitarian play styles. PLoS ONE, 573 

11(5): e0154150. https://doi.org/10.1371/journal.pone.0154150 574 

Fagen, R. (1981). Animal play behavior. Oxford, UK: Oxford University Press  575 

Fagen, R. (1993). Juvenile Primates. New York Oxford University Press. 576 

Fagen, R., & Fagen, J. (2004). Juvenile survival and benefits of play behaviour in brown bears, 577 

Ursus arctos. Evolutionary Ecology Research, 6, 89–102.  578 

Finley, R. B. (1959). Observation of nocturnal animals by red light. Journal of Mammalogy, 579 

40(4), 591-594. https://doi.org/10.2307/1376280 580 

Forstmeier, W., & Schielzeth, H. (2011). Cryptic multiple hypotheses testing in linear models: 581 

overestimated effect sizes and the winner’s curse. Behavioral Ecology and Sociobiology, 65, 582 

47–55. doi: 10.1007/s00265-010-1038-5 583 

Fox, J. (2015). Applied Regression Analysis and Generalized Linear Models. Thousand Oaks, 584 

CA: SAGE Publications, Inc. 585 

Fox, J., & Weisberg, S. (2011). An R companion to applied regression. (2nd ed.). Thousand 586 

Oaks, SAGE Publications, Inc. 587 

Frank, L.G. (1986). Social organization of the spotted hyena Crocuta crocuta dominance and 588 

reproduction. Animal Behaviour, 34, 1510–1527.  589 

Gallo, A., Caselli, M., Norscia, I., & Palagi, E. (2021). Let’s unite in play! Play modality and 590 

group membership in wild geladas. Behavioural Processes, 184, 104338. 591 

https://doi.org/10.1016/j.beproc.2021.104338  592 

Glickman, S. E., & Sroges, R. W. (1966). Curiosity in Zoo Animals. Behaviour. Biology, 593 

Medicine, 26, 151. 594 

Graham, K. L., & Burghardt, G. M. (2010). Current perspectives on the biological study of play: 595 

signs of progress. The Quarterly Review of Biology, 85, 393-418. 596 



Hare, B., Wobber, V., & Wrangham, R. (2011). The self-domestication hypothesis: evolution of 597 

bonobo psychology is due to selection against aggression. Animal Behaviour, 83(3), 573-585. 598 

doi: 10.1016/ 12.007 599 

Hartig, F. (2020). DHARMa: Residual Diagnostics for Hierarchical (Multi-Level/Mixed) 600 

Regression Models. R package version0.3.3.0. Retrieved from 601 

https://CRAN.Rproject.org/package=DHARMa. Accessed February 17, 2021 602 

Henry, J.D., & Herrero, S.M. (1974). Social play in the American black bear: its similarity to 603 

canid social play and an examination of its identifying characteristics. American Zoologist, 604 

14(1), 371–389. https://doi.org/10.1093/icb/14.1.371 605 

Herrero, S., & Hamer, D. (1977). Courtship and copulation of a pair of grizzly bears, with 606 

comments on reproductive plasticity and strategy. Journal of Mammalogy 58, 441–444. 607 

Holekamp, K. E., & Smale, L. (1993). Ontogeny of dominance in free living spotted hyaenas: 608 

juvenile rank relations with other immature individuals. Animal Behaviour, 46, 451–466.  609 

Holekamp, K. E., & Smale, L. (1998). Behavioral development in the spotted hyena. 610 

Bioscience, 48, 997–1005.  611 

Holekamp, K. E., Smale, L., & Szykman, M. (1996). Rank and reproduction in the female 612 

spotted hyaena. Journal of Reproduction and Fertility, 108, 229–237.  613 

Holekamp, K. E., Sakai, S. T., Lundrigan, B. L. (2007). Social intelligence in the spotted hyena 614 

(Crocuta crocuta). Philosophical Transactions of the Royal Society B: Biological Sciences, 615 

362, 523–538. https://doi.org/10.1098/rstb.2006.1993 616 

König, B. (1997). Cooperative care of young in mammals. Naturwissenschaften 84, 95–104. 617 

10.1007/s001140050356  618 

Kottferová, J., Skurková, L., Mesarčová, L., Lešková, L., Demeová, A., & Jakuba, T. (2020). 619 

Friendship or competition? Symmetry in social play within the two packs of German 620 

Shepherd puppies. Animals 10(9), 1627. https://doi.org/10.3390/ani10091627  621 



Kruuk, H. (1972). The spotted hyena: a study of predation and social behavior. Chicago: 622 

University of Chicago Press.  623 

Low, A. B., & Rebelo, A. G. (1996). Vegetation of South Africa, Lesotho and Swaziland. 624 

Department of Environmental Affairs and Tourism, Pretoria, South Africa. 625 

Lüdecke, D., Makowski, D., & Waggoner, P. (2020). Performance: Assessment of Regression 626 

Models Performance. R package version 0.4.4. Retrieved from https://CRAN.R-627 

project.org/package=performance. Accessed February 17, 2021 628 

Llamazares-Martín, C., Scopa, C., Guillén-Salazar, F., & Palagi, E. (2017). Strong competition 629 

does not always predict play asymmetry: the case of South American sea lions (Otaria 630 

flavescens). Ethology, 123(4), 270–282. https://doi.org/10.1111/eth.12594 631 

Mancini, G., & Palagi, E. (2009). Play and social dynamics in a captive herd of gelada baboons 632 

(Theropithecus gelada). Behavioural Processes, 82, 286-292 633 

https://doi.org/10.1016/j.beproc.2009.07.007 634 

Martin, P., & Caro, T. (1985). On the function of play and its role in behavioral development. 635 

Advances in the study of behavior. New York: Academic Press.  636 

Mills, M. G. L. (1990). Kalahari hyaenas: the behavioural ecology of two species. London: 637 

Unwin Hyman.  638 

Nakagawa, S., Johnson, P. C. D., & Schielzeth, H. (2017). The coefficient of determination R² 639 

and intra-class correlation coefficient from generalized linear mixed-effects models revisited 640 

and expanded. Journal of the Royal Society Interface, 14, 20170213. 641 

https://doi.org/10.1098/rsif.2017.0213 642 

Nishida, T., & Inaba, A. (2009). Pirouettes: the rotational play of wild chimpanzees. Primates, 643 

50, 333–341. https://doi.org/10.1007/s10329-009-0157-y 644 

Palagi, E. (2006). Social play in bonobos (Pan paniscus) and chimpanzees (Pan troglodytes): 645 

Implications for natural social systems and interindividual relationships. American Journal of 646 

Physical Anthropology 129, 418–426. https://doi.org/10.1002/ajpa.20289 647 



Palagi, E. (2008). Sharing the motivation to play: The use of signals in adult bonobos. Animal 648 

Behaviour, 75(3), 887–896. https://doi.org/10.1016/j.anbehav.2007.07.016 649 

Palagi, E. (2009). Adult play fighting and potential role of tail signals in ring-tailed lemurs 650 

(Lemur catta). Journal of Comparative Psychology, 123, 1–9. https://doi.org/10.1037/0735-651 

7036.123.1.1 652 

Palagi, E. (2018). Not just for fun! social play as a springboard for adult social competence in 653 

human and non-human primates. Behavioral Ecology and Sociobiology, 72(6).  654 

Palagi, E., & Paoli, T.  (2007). Play in adult bonobos (Pan paniscus): modality and potential 655 

meaning. American Journal of Physical Anthropology, 134, 219-225.  656 

Palagi, E., Burghardt, G. M., Smuts, B., Cordoni, G., & Dall’Olio, S., Fouts, H.N., Řeháková‐657 

Petrů, M., Siviy, S.M., Pellis, S.M. (2016a). Rough-and-tumble play as a window on animal 658 

communication. Biological Reviews, 91, 311–27.  659 

Palagi, E., Cordoni, G., Demuru, E., & Bekoff, M. (2016b) Fair play and its connection with 660 

social tolerance, reciprocity and the ethology of peace. Behaviour 153, 1195–1216. 661 

Palagi E., Cordoni G., Borgognini Tarli S. M. (2004). Immediate and delayed benefits of play 662 

behavior: new evidence from chimpanzees (Pan troglodytes). Ethology 110:949-962. 663 

Palagi, E., Norscia, I., & Spada, G. (2014). Relaxed open mouth as a playful signal in wild ring-664 

tailed lemurs. American Journal of Primatology, 76, 1074 –1083. 665 

Palagi, E., Paoli, T., & Borgognini Tarli, S. (2006). Short-term benefits of play behavior and 666 

conflict prevention in Pan paniscus. International Journal of Primatology,27, 1257-1270. 667 

Palagi, E., Marchi, E., Cavicchio, P., & Bandoli, F. (2019). Sharing playful mood: rapid facial 668 

mimicry in Suricata suricatta. Animal Cognition, 22, 719–732. 669 

https://doi.org/10.1007/s10071-019-01269-y 670 

Paquette, D. (1994). Fighting and play fighting in captive adolescent chimpanzees. Aggressive 671 

Behaviour 20, 49-65. 672 



Pellis, S. M. & Pellis, V. C. (1998). Play fighting of rats in comparative perspective: A schema 673 

for neurobehavioral analyses. Neuroscience and Biobehavioral Reviews 23, 87–101. 674 

Pellis, S. M., & Pellis, C. V. (2009). The playful brain: Venturing to the limits of neuroscience. 675 

Oneworld: Oxford, U.K. 676 

Pellis, S. M., Pellis, V. C., & Bell, H. C. (2010). The function of play in the development of the social 677 

brain. American Journal of Play, 2, 278-296. 678 

Pellis, S. M., Pellis, V. C. & Reinhart, C. J. (2010). The evolution of social play. pp. 404–431. 679 

Cambridge University Press, Cambridge 680 

Pellis, S. M., & Pellis, V. C., (2017). What is play fighting and what is it good for? Learning & 681 

Behavior, 45, 355–366. https://doi.org/10.3758/s13420-017-0264-3 682 

Pellis, S. M., & Pellis, V. C., (2018). “I am going to groom you”: Multiple forms of play 683 

fighting in gray mouse lemurs (Microcebus murinus). Journal of Comparative Psychology, 684 

132(1), 6-15. doi:10.1037/com0000082. 685 

Pellis, S. M., & Iwaniuk, A. N. (2000). Adult-adult play in primates: comparative analyses of its 686 

origin, distribution and evolution. Ethology, 106, 1083-1104.  687 

Reinhart, C. J., Pellis, V. C., Thierry, B., Gauthier, C., Vanderlaan, D. P.,Vasey, P. L., & Pellis, 688 

S. M. (2010). Targets and tactics of play fighting: Competitive versus cooperative styles of 689 

play in Japanese and Tonkean macaques. International Journal of Comparative Psychology, 690 

4, 166–200. 691 

Rogers, L. L., McColley, L., Dalton, J., Stroner, J., Hajicek, D., Partin, A., & Burghardt, G. M. 692 

(2020).  Behavior in free-living American black bear dens: Parturition, maternal care, and cub 693 

behaviour. Animals 10(7), 1–14, 1123. 694 

Sharpe, L. L. (2005). Frequency of social play does not affect dispersal partnerships in wild 695 

meerkats. Animal Behaviour, 70, 559 –569.  696 



Smale, L., Frank, L. G., & Holekamp, K. E. (1993). Ontogeny of dominance in free-living 697 

spotted hyaenas: juvenile relations with adult females and immigrant males. Animal 698 

Behaviour, 46, 467–477.  699 

Smith, P. K. (1982). Does play matter? Functional and evolutionary aspects of animal and 700 

human play. Behavior and Brain Science, 5, 139- 184  701 

Smith, J. E., Memenis, S. K., & Holekamp, K. E. (2007). Rank-related partner choice in the 702 

fission–fusion society of the spotted hyena (Crocuta crocuta). Behavioral Ecology and 703 

Sociobiology, 61, 753–765. https://doi.org/10.1007/s00265-006-0305-y 704 

Smith, P. K., & Roopnarine, J. L. (2019).  The Cambridge handbook of play: Developmental 705 

and disciplinary perspectives. New York: Cambridge University Press.  706 

Špinka, M., Newberry, R. C., & Bekoff, M. (2001). Play: training for the unexpected. The 707 

Quarterly Review of Biology, 76,141-68.  708 

Spoelstra, K., van Grunsven, R. H. A., Ramakers, J. J. C., Ferguson, K. B., Raap, T., Donners, 709 

M., & Visser, M. E. (2017). Response of bats to light with different spectra: light-shy and 710 

agile bat presence is affected by white and green, but not red light. Proceedings of the Royal 711 

Society B: Biological Sciences, 284, 20170075. https://doi.org/10.1098/rspb.2017.0075 712 

Stratford, K., & Périquet, S. (2019). Dyadic associations reveal clan size and social network 713 

structure in the fission–fusion society of spotted hyaenas. African Journal of Ecology, 00, 1-714 

11.  715 

Tanner, J. B., Smale, L., & Holekamp, K. E. (2007). Ontogenetic variation in the play behavior 716 

of spotted hyenas (Crocuta crocuta). Journal of Developmental Processes, 2, 5-30. 717 

Thierry, B., Bynum, E. L., Baker, S., Kinnaird, M. F., Matsumura, S., Muroyama, Y., O’Brien, 718 

T. G., Petit, O., & Watanabe, K. (2000). The social repertoire of Sulawesi macaques. Primate, 719 

16, 203–226. https://doi.org/10.2354/psj.16.203 720 

Tilson, R. T., & Hamilton, W. J. (1984). Social dominance and feeding patterns of spotted 721 

hyaenas. Animal Behaviour, 32, 715–724.  722 



Turner, S.P., Weller, J.E., Camerlink, I., Gareth, A., Choi, T., Doeschl-Wilson, A., Farish, M., 723 

& Foister, S. (2020). Play fighting social networks do not predict injuries from later 724 

aggression. Scientific Report, 10, 15486 https://doi.org/10.1038/s41598-020-72477-7 725 

Vankova, D., & Bartos, L. (2002). The function of mounting behaviour in farmed red deer 726 

calves. Ethology, 108, 473–482.  727 

Vullioud, C., Davidian, E., Wachter, B., Rousset, F., Courtiol, A., & Höner, O. P. (2019). Social 728 

support drives female dominance in the spotted hyaena. Nature Ecology & Evolution, 3, 71–729 

76. https://doi.org/10.1038/s41559-018-0718-9 730 

Wahaj, S. A., Van Horn, R. C., Van Horn, T. L., Dreyer, R., Hilgris, R., Schwarz, J., & 731 

Holekamp, K. E. (2004). Kin discrimination in the spotted hyena (Crocuta crocuta): nepotism 732 

among siblings. Behavioral Ecology and Sociobiology, 56, 237-247. 733 

Ward, C., Bauer, E. B., & Smuts, B. B. (2008). Partner preferences and asymmetries in social 734 

play among domestic dog, Canis lupus familiaris, littermates. Animal Behaviour, 76, 1187–735 

1199. https://doi.org/10.1016/j.anbehav.2008.06.004 736 

Wenig, K., Boucherie, P. H., & Bugnyar, T. (2021). Early evidence for emotional play 737 

contagion in juvenile ravens. Animal Cognition. https://doi.org/10.1007/s10071-020-01466-0 738 

Wright, K.R., Mayhew, J.A., Sheeran, L.K., Funkhouser, J.A., Wagner, R.S., Sun, L.X., & Li, 739 

J.H. (2018). Playing it cool: characterizing social play, bout termination, and candidate play 740 

signals of juvenile and infant Tibetan macaques (Macaca thibetana). Zoological Research, 741 

39(4), 272–28. doi: 10.24272/j.issn.2095-8137.2018.048 742 

Zylinski, S. (2015). Fun and play in invertebrates. Current Biology, 25(1), 10-2. doi: 743 

10.1016/j.cub.2014.09.068. PMID: 25562291. 744 

 745 

Ethical note 746 



This is a non-invasive research compliant with the ASAB/ABS Guidelines for the Use of Animals 747 

in Research, the current 748 South African law and 

University regulations. 749 Thus, no permit from the 

Bio-Ethical Committee 750 was needed. 

 751 

Acknowledgements 752 

We thank the Siyafunda 753 Wildlife and 

Conservation and, in particular, the director Michael Job for his kind support and hospitality during 754 

the data collection. Moreover, we wish to thank the rangers who provided invaluable help in 755 

tracking animals (in alphabetical order): Sam Adams, Chaz Domijan, Kai Harris, Emma Jenkins, 756 

Jelle Linssen, Kayla McClelland, Lukas Schefer, Derek Smith. Veronica Maglieri for her help in 757 

statistics and Fosca Mastrandrea for the drawings illustrating the behavioural items defined in this 758 

study. Finally, we wish to thank Sergio Pellis for the critical and linguistic revision of the 759 

manuscript. This study was supported by the University of Pisa. 760 

 761 

Table 1 – Tukey's post hoc test (q values; P = probability, Bonferroni’s correction) 762 

 763 

 764 

 765 

 766 

 767 

 768 

 769 

 770 

AGE-COMBINATION Tukey (q) P 

imm/imm > mat/mat 26.775 0.001 

mat/imm  > mat/mat 17.332 0.017 

mat/mat  imm/mat   8.160 1.000 

mat/imm  imm/mat  -9.172 1.000 

mat/imm  imm/imm   9.443 1.000 

imm/mat  imm/imm 18.615 0.260 



Statistical results comparing the amount of time spent to play between the different age-class combinations. 771 

imm=immature subjects; mat=mature subjects 772 

 773 

 774 

 775 

 776 

 777 

 778 

 779 

 780 

 781 

 782 

 783 

 784 

Table 2 – Results of the Linear Mixed Model analysis (response variable LOGplayduration, normal 785 

distribution).  786 

 787 

Fixed Effects Coeff SE 2.5% CI 97.5% CI χ2          
d
f 

P 

Intercept 1.075 
0.16

7 
0.747 1.403    

        

Log|PAI| 0.072 
0.02

5 
0.022 0.121 7.824 1 0.005 

        

AC     17.895 3 0.0001 

AC [immaturemature]b,c -0.024 
0.14

3 
-0.305 0.256    

AC [matureimmature]b,c 0.070 
0.12

3 
-0.172 0.312    



AC [maturemature]b,c -0.657 
0.19

5 
-1.040 -0.275    

        

Day/Night 0.109 
0.08

7 
-0.062 0.279 1.548 1 0.213 

        

T °C     1.480 4 0.830 

T °C [11-15]b,d 0.125 
0.11

5 
-0.101 0.350    

T °C [16-20]b,d 0.072 
0.15

8 
-0.238 0.381    

T °C [21-25]b,d 0.038 
0.10

6 
-0.170 0.246    

T °C [>25]b,d 0.140 
0.15

8 
-0.169 0.450    

        

LF [presence/absence] 0.155 
0.11

8 
-0.077 0.387 1.707 1 0.191 

        

OBS [cameratrap/observer]  0.062 
0.13

0 
-0.193 0.318 0.229 1 0.632 

 788 
 789 
Estimated parameters (Coeff), Standard Error (SE), 95% Confidence intervals  (2.5% - 97.5% CI), 790 
and results of the likelihood ratio tests (LRT) of the best Linear Mixed Model (with a normal 791 
distribution) investigating the effect of the following variables on the LOGplayduration: logarithm 792 
of the values of Play Asymmetry Index (log|PAI|): Age-Combination (AC: immatureimmature; 793 
immaturemature; matureimmature; maturemature), Day/Night; Temperature (T °C: 5-10; 794 
11-15; 16-20; 21-25; >25); Lactating Female (LF: presence/absence); OBServations (OBS: 795 
cameratrap/observer). marginal R2=0.164; conditional R2=0.164; Ncases = 174; Ndyads=63. 796 
Variance for the random factor dyads = 0.203 (±0.451 SD). 797 
bEstimate parameters ± SE refer to the difference of the response between the reported level of this categorical predictor 798 
and the reference category of the same predictor.   799 
cThese predictors were dummy coded, with the “AC [immatureimmature]” being the reference category. 800 
dThese predictors were dummy coded, with the “T °C [5-10]” being the reference category. 801 

Hypotheses Predictions Outcomes 

Play fighting affords young hyenas the 
opportunity to train/improve their motor skills 
and to navigate the uncertain interactions with 
the unfamiliar adults of the clan  
 

Immature subjects are equally likely to initiate 
play with peers and adults (P1) 

Supported 

Play fighting has a role in the regulation of 
social relationships among clan members  

Adult-adult play is present and adults are also 
motivated to initiate playful sessions with 
immature subjects (P2) 

Supported 

   

Play fighting has a role in testing/modulating 
social relationships throughout the life cycle 

Individuals will initiate play outside their age 
class and so engage in asymmetric (unbalanced) 
playful interactions (P3) 

Supported 



Table 3 – Summary of the Hypotheses, Predictions and Outcomes presented in the study. 802 
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 817 

 818 

Figure legends 819 

Figure 1 – Graphical illustrations and definitions of the playful behavioural patterns observed in the 820 

group of spotted hyenas under study. Legends: I=Immature; M=Mature; C=contact; NC=non-821 

contact; O=offensive; D=defensive; N=neutral; ✓ presence; ✗ absence; * This item was codified 822 

when it was not possible to detect a specific body part as target. Credits: Fosca Mastrandrea 823 

Spotted hyenas are able to maintain their playful 
mood by fine-tuning their playful interactions 

Duration of play interactions do not decrease as 
the degree of asymmetry between playmates 
increases (P4) 

Supported 
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 827 

 828 

 829 

 830 

Figure 2 – Box plots showing the total amount of time spent in playing (seconds/minute of 831 

observation) across the age-class combinations over the entire period of observation. The box plots 832 

show the median and 25th and 75th percentiles; the whiskers indicate the values within 1.5 times the 833 

inter-quartile range, IQR. The open dots indicate outliers more than 1.5 IQR from the rest of the 834 



scores. The asterisk indicates an outlier more than 3.0 IQR from the rest of the scores. Only the 835 

statistical significances are reported. 836 
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 844 

Figure 3 – Scatterplot showing the positive correlation between the logarithm of the absolute values 845 

play asymmetry index (|PAI|) and the logarithm of the duration of each play session. Each dot 846 

represents the length of a single play session and its relative |PAI| value. The gray band represents 847 

the confidence region. 848 
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 859 

Figure 4 – Box plot showing the logarithm of the length of each play session according to the 860 

different age-class combinations. The box plots show the median and 25th and 75th percentiles; the 861 

whiskers indicate the values within 1.5 times the inter-quartile range, IQR.  862 
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