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Abstract 

When animals engage in ‘non-serious’ fighting (play-fighting) they ‘borrow’ motor patterns 

especially from the aggressive context. It may be difficult to distinguish play- and real-fighting. 

This is particularly true for piglets (Sus scrofa), which can use play-fighting as a substitute for 

aggression. To check for the structural differences between play- and real-fighting in piglets, we: i) 

video recorded 496 interactions from three litters (at Parva-Domus extensive ethical farm; Turin, 

Italy); ii) extracted (by video analyses) duration, patterns, and data on involved individuals; iii) 

calculated session structural/ecological indices; and iv) compared the indices (play- vs real-

fighting). Compared to real-fighting – play-fighting was longer (informing its rewarding nature), 

more symmetrical (lower asymmetry index) and variable (higher Shannon index). Moreover, play-

fighting showed less pattern repetition (lower Repetition Index) and was not more polyadic and 

evenly distributed (comparable polyadic and Pielou indices). By being longer, and more variable 

and symmetrical than real-fighting, play-fighting could serve some of its functions such as motor 

training, social assessment and training for the unexpected. However, play-fighting in piglets did 

not comply with all the expected play features, possibly because play is a fluid behavioural system 

that under certain circumstances may escalate into or replace aggression.  
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1. Introduction 

Play - including social play - is a behaviour that can serve different functions depending on 

the species, the social dynamics, the context, the hierarchical relations, and the individual 

characteristics of the players (e.g. sex, age, rank, body size; Fagen, 1981; Burghardt, 2005; Pellis, 

Pellis, & Bell, 2010; Norscia & Palagi, 2011; Palagi, 2011). Play can enhance cognitive, physical 

and social skills and it can increase the ability of individuals to flexibly adjust their behavioural 

responses when they face unpredictable situations (Špinka, Newberry, & Bekoff, 2001; Pellis & 

Pellis, 2009; Burghardt, 2010; Trezza, Baarendse, & Vanderschuren, 2010; Vanderschuren, 

Achterberg, & Trezza, 2016).  

Play involves and reorganizes motor patterns that are typical of other behavioural systems 

(Pellis, Pellis, Pelletier, & Leca, 2019). Among the different types of play (including object and 

solitary play, and different social play patterns; Fagen, 1981; Burghardt, 2005), play fighting (or 

Rough-&-Tumble, R&T) is probably the most complex in that animals physically and variably 

interact in close contact during play sessions (Palagi et al., 2016; Pellis & Pellis, 2017). Animals 

can combine different types of play during play fighting (Burghardt, 1998, 2005) but this form of 

play mostly ‘borrows’ and re-organizes patterns from the aggressive domain (Pellis & Pellis, 2017). 

Indeed, play fighting can be related to the development of aggressive behaviour and dominance 

relationships in different mammalian species, including humans (e.g. Takahashi & Lore, 1983; 

Smith & Boulton, 1990; Paquette, 1994; Blumstein et al., 2013). 

Play markers have evolved in many species as honest indicators that the behavior is 

harmless (Graham & Burghardt. 2010). Typical play markers for example include play bows in 

canids and open-mouthed play faces in primates and carnivores (Bekoff, 1975; Pellis & Pellis, 

1996; Cordoni, Nicotra & Palagi, 2016). However, such markers are not always expressed in a 

consistent way and the ‘non-seriousness’ of the interaction may not be evident to the human 

observer (Palagi, Antonacci & Cordoni, 2007; Petrů et al., 2009; Palagi et al., 2016). Even though 

play fighting is normally harmless and real fighting may result in injuries (possibly associated with 
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pain vocalizations), this is not always the case (Rushen & Pajor, 1987; Palagi & Cordoni, 2012; 

Pellis & Pellis, 2016, 2017). As a result, play fighting and real fighting can differ in target and 

attack tactics (Pellis and Pellis, 1987) but are sometimes confused due to their structural similarity 

(Bekoff & Allen, 1998; Bekoff, 2014).  

Following previous literature describing social play structural elements in human and non-human 

animals (Smith 1989, 1997; Burghardt, 2005; Bauer & Smuts, 2007; Petrů et al., 2009; Cordoni et 

al., 2021; Collarini et al., 2022) play fighting (compared to real fighting) may be composed by 

motor patterns that can be: i) incomplete, exaggerated and more variable in their form and timing 

and ii) more repeated (but not stereotyped); iii) possibly – but not necessarily - modified to maintain 

balance during the interaction . Moreover, in several social mammalian species (including humans) 

both play fighting and real fighting can involve more than two individuals (polyadic play and 

coalitionary aggression; e.g., van Schaik et al., 2004; Palagi et al., 2014; Norscia & Palagi, 2015;  

Cordoni & Palagi, 2016 Cassidy & McIntyre, 2016; Cordoni et al., 2018; Sugiyama et al., 2018). 

To assess what structural elements differ between play fighting and real fighting, we 

gathered behavioural data on immature domestic pigs (Sus scrofa), which are particularly suitable to 

investigate this aspect because they show both play- and real-fighting from the first week of life, 

with play fighting being also used as substitute for aggression (Cordoni et al., 2021). Indeed, right 

after birth, piglets compete with one another to access the most productive, frontal teats and to start 

establishing dominance relationships (Blackshaw, Swain, Blackshaw, Thomas, & Gillies, 

1997; Ruis et al., 2000; D'Eath & Turner, 2008; Horback, 2014; Schmitt, Baxter, Boyle, & 

O'Driscoll, 2018). Even if some level of aggregation is retained in adulthood, social interactions 

tend to decrease - and social play to almost disappear - after sexual maturity (Petersen et al., 1989; 

Horback, 2014; Cordoni et al. 2021). Indeed, in the early phases of life piglets engage in play 

fighting sessions, almost never observed in adults (Newberry & Wood-Gush, 1988; Horback, 2014; 

Brown, Peters, Nevison, & Lawrence, 2018). Play fighting in piglets includes one or more play 

markers that are not present in real fighting, such as scamper, pivot, head tossing and object shaking 

Jo
ur

na
l P

re
-p

ro
of



5 

 

(Newberry & Wood-Gush, 1988; Rauw, 2013; Horback, 2014; Ŝpinka, 2017). However, the 

majority of patterns used by piglets during play fighting are also used during real fighting: head-to-

head wrestling, hitting at each other's flanks, head knocking the playmate, pushing, lifting, and/or 

biting the partner (Rushen & Pajor, 1987; Newberry & Wood-Gush, 1988; Chaloupková, Illmann, 

Bartoš, & Špinka, 2007; Šilerová, Špinka, Šárová, & Algers, 2010; Horback, 2014; Pellis & Pellis, 

2016; Brown et al., 2018; Cordoni et al., 2021). Hence, the distinction between play- and real 

fighting sessions in piglets may not be always obvious. To understand what structural elements 

differ between the two versions of fighting (non-serious vs serious) we formulated and verified the 

following predictions. 

 

Prediction 1 - Real- and play-fighting duration and dimension 

Play is supposed to be rewarding for players (Burghardt, 2005, 2011; Pellis and Pellis, 2009; 

Trezza, Baarendse, & Vanderschuren, 2010; Vanderschuren, 2010; Vanderschuren, Achterberg, & 

Trezza, 2016) and the facilitation of play expression can increase play duration (Van Kerkhof et al., 

2013). Hence - although both play fighting and real fighting can vary in their duration - we expected 

that a significant proportion of play fighting sessions would be longer than real fighting sessions 

(Prediction 1a). 

Piglets can engage in play sessions that can be either dyadic (involving two individuals) or 

polyadic (involving more than two individuals) (Worsaae and Schmidt, 1980; Chaloupková et al., 

2007; Brown et al. 2018). Although conflicts in pigs usually involve two individuals, gang 

aggression involving multiple individuals has been described in adults (Camerlink et al., 2020; 

Cordoni et al., 2021). Hence, we expected to observe comparable frequencies of polyadic play 

fighting and real fighting (Prediction 1b).  

 

Prediction 2 - Real- and play-fighting pattern structure 
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In piglets, play fighting can be used in a competitive way and the balance between offensive 

and defensive patterns may not be maintained, as it occurs in real fighting used to establish 

dominance (Weller et al., 2019; Cordoni et al., 2021). Another feature that appears to structurally 

distinguish either play fighting or real fighting in Sus scrofa immature subjects is pattern 

distribution, which can be more or less uniformly distributed within sessions (Collarini et al., 2022).  

Based on the main features of play mentioned above and the species biology (Burghardt, 

2005, 2011; Cordoni et al., 2021; Collarini et al., 2022), we expect that – compared to real fighting - 

play fighting sessions in piglets would: 2a) not necessarily be more balanced in terms of 

offensive/defensive pattern exchange and distribution (with no possibility to predict – based on the 

present knowledge - if less or equally balanced) ; 2b) be more variable in terms of different types of 

motor patterns performed within a single session and; 2c) include more repeated patterns.  

 

2. Methods 

 

2.1 Study site, subjects and data collection 

 The research was carried out on three domestic pig litters (Parma Black x Parma Black and 

Parma Black x Large White) at ethical extensive farm Parva Domus, Cavagnolo, Turin, Italy. The 

study included 24 piglets (11 females, 13 males; Table 1) with different mothers (Linda, Nina, 

Black Beauty) and the same father (Bob). The three sows were kept isolated (by the farmer) with 

their offspring until weaning, which occurred at around 8 weeks of life. Each pre-weaning enclosure 

measured around 100 m
2
 and was in an area of natural habitat equipped with straw, troughs for 

food, water and a shed. The individuals were able to move freely throughout the enclosure and 

avoid conspecifics if wanted. Sows received food pellets (Ciclo Unico P, SILDAMIN) each 

morning between 08:30 and 10:30 hours, whereas the maternal milk represented the major food 

source for piglets until weaning. No food was specifically given to piglets before weaning although 

they could opportunistically feed on the pellets given to the sow. Piglets could supplement maternal 
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milk with roots, leaves and fruits found in the natural environment or with pellets left by their 

mother. The tails and teeth of piglets were kept intact, and males were castrated during the first 3 

days of life. The animals followed the natural day/night cycle and did not perform any aberrant 

or stereotyped behaviour. 

 During the first week after birth, all subjects were habituated to the presence of the observers 

(E. D. and M. G.) and data collection started around the end of the first week of life. The 

behavioural patterns of piglets were video-recorded from September to December 2018 using 

HD/Full HD Sony HDR-XR200 and Panasonic HC-W3580 cameras. We collected and analysed 

15.92 h (Mean ± SE per litter: 5.31h ± 0.60) of play-fighting/real-fighting videos for all three litters 

(Linda's litter 6.50 h, Nina's litter 4.60 h, Black Beauty's litter 4.82 h of videos). During the first 

week after birth the observers underwent a training period by I.N. and G.C. to become skilled 

at animal identification and behavioural pattern distinction. Actual data collection lasted from day 6 

to day 50 after birth. Behavioural observations took place 6 days per week from 08:00 to 17:00 

hours following a rotation that allowed the balance of the observation time slots across litters. 

During the video recording the observers stayed around 10 m from the piglets and sows. To 

facilitate the identification of each subject, piglets were marked with animal painting spray (Raidex) 

by using different combinations of colours (i.e., blue, red and green) and symbols (i.e. dots, circles 

and lines). Marking was renewed every 4-7 days depending on weather conditions. 

 

2.2 Video analysis and operational definitions  

By using the all-occurrences animal sampling method (Altmann, 1974) we collected 388 

play sessions and 108 aggressive interactions between piglets (Figure 1). Prior to starting the video 

analysis, videocoders (M.G. and E.C) were supervised by G.C. and I.N. in behavioural coding and 

the video analysis started when the interobserver reliability scores measured via Cohen's k reached 

0.83. The interobserver reliability between video coders was calculated using the R function 

‘cohen.cappa’ and libraries ‘irr’ and ‘psych’ (R version 3.5.3). The videos were analysed frame by 
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frame and slow motion via freeware software VLC 2.2.1 (Jump-to-time extension). For each play 

fighting session and real fighting session, we extracted from videos the following information: (1) 

the identity of the subjects involved, (2) individual features (sex, age), (3) behavioural patterns 

performed (Table 2), (4) time of each pattern and session duration (s). 

According to previous reports (Newberry & Wood-Gush, 1988; Rauw, 2013; Horback, 

2014; Špinka, 2017; Collarini et al., 2022), we classified as play fighting sessions the interactions 

where the piglet performed at least one behavioural item that is specifically found in the play 

context and not in the aggressive context (Figure 1; Table 2; Video_S1). Although the relaxed open 

mouth (play face) is considered a widespread play signal across mammals (Palagi et al., 2016), it is 

not listed as a play marker in piglets (e.g. Newberry & Wood-Gush., 1988; Rauw, 2013; Horback, 

2014; Ŝpinka, 2017). Consistently, we only observed the open mouth associated with attempted 

bites but we did not observe relaxed open mouth displays (or play faces) during social play. A play 

session started when a piglet directed any playful pattern (see Table 2) towards the littermate and 

finished when both players stopped the interaction, with one of them moving away or with a third 

subject interrupting the session.  

We categorised as real fighting sessions the interactions where there was no play specific 

behavioural pattern (Figure 1; Table 2; Video_S2). A real fight started when a piglet directed any 

aggressive pattern (see Table 2) towards a litter-mate and it ended with one of the opponents 

moving or fleeing away. When play- or real fighting sessions were interrupted for at least 10s, we 

considered the subsequent play- or real-fighting interaction as a new session (Cordoni et al. 2021).  

For both play- and real fights, the patterns were classified as Offensive (O, unidirectional patterns 

performed to attack the opponent), Defensive (D, patterns aimed at eluding the contact or attack by 

another individual) and Neutral (N, neither offensive nor defensive; Table 2). For each play fighting 

and real fighting session, we calculated different indices to evaluate the distribution and variability 

of the motor patterns performed within the session and the symmetry of the interaction. In 

particular, we considered the indices listed below. 
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Polyadic Index 

At the individual level, we assessed the number of dyadic and polyadic play- and real-

fighting sessions and we determined the Polyadic Index for the two types of session as "the number 

of polyadic sessions minus the number of dyadic sessions" divided by "the number of polyadic 

sessions plus the number of dyadic sessions". Positive values of Polyadic Index indicate a higher 

frequency of polyadic over dyadic sessions.  

Asymmetry Index 

The play Asymmetry Index (Cordoni et al., 2016, 2018, 2021) was used to quantify the level 

of play fighting asymmetry. For each interaction we calculated play Asymmetry Index as follows: 

"the number of offensive patterns by A towards B plus the number of defensive patterns by B 

towards A" subtracted from "the number of offensive patterns by B towards A plus the number of 

defensive patterns by A towards B" divided by “the total number of patterns performed by both 

playmates”. The formula of play Asymmetry Index is reported below: 

 

    
(                         )  (                         )

(                         )  (                         )            
 

 

Based on the play Asymmetry Index, we also calculated the aggression Asymmetry Index to 

quantify the level of real fighting asymmetry. For each interaction we calculated aggression 

Asymmetry Index as follows: "the number of offensive patterns by A towards B plus the number of 

defensive patterns by B towards A" subtracted from " the number of offensive patterns by B 

towards A plus the number of defensive patterns by A towards B" divided by “the total number of 

patterns performed by both opponents”. The formula of aggression Asymmetry Index is reported 

below: 

 

    
(                         )  (                         )

(                         )  (                         )            
 

Jo
ur

na
l P

re
-p

ro
of



10 

 

 

Both play Asymmetry Index and aggression Asymmetry Index range from -1 to +1 with 

main values indicating i) a complete symmetry of the session (zero), ii) a complete asymmetry of 

the session in favour of A (+1) and, iii) a complete asymmetry of the session in favour of B (-1).  

Repetition Index 

To evaluate the level of repetition of the same pattern within a single real fighting or play fighting 

session, this index was calculated by dividing the number of different types of patterns that were 

repeated during a session over the total number of patterns that composed the session, normalized 

over the session duration.  

The indices listed below were adapted from indices used to measure biodiversity in 

ecological studies (Türkmen & Kazanci, 2010; Morris et al., 2014; Supriatna, 2018). In particular, 

we considered each play/real- fight session as an ‘ecosystem’ including individuals (i.e. in our case 

all the behavioural patterns included in the session) belonging to different species (i.e. in our case 

the different types of behavioural patterns included in the session). Based on this approach, we 

calculated the Shannon and the Pielou indices.  

Shannon Index (H') 

Shannon index is the most common diversity index used in ecological studies and expresses 

the richness of the specific ecosystem whilst also taking into account the relative abundance of 

species (Shannon & Weaver, 1949; Wilsey & Potvin, 2000; Mandaville, 2002; Keylock, 2005; 

Eliazar & Sokolov, 2012; Daly et al. 2018). The mathematical formula of Shannon index is: 

H' = - Σ [(ni / N) * (ln ni / N)] 

 

In particular, ni is the number of individuals belonging to the species i and N is the total 

number of individuals in a specific ecosystem. Shannon Index values are generally between zero 

and five; when they are equal to, or higher than four, it indicates a high level of biodiversity and a 

balanced ecosystem structure. In our study ni is represented by numbers of patterns belonging to the 
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type i and N is represented by the total number of patterns composing a session. A high value of 

Shannon Index indicates a great behavioural pattern variability in terms of different types of 

patterns performed in a single session. 

Pielou Index (J; also known as Species evenness). 

It derives from the Shannon index and focuses on how individuals are distributed across 

species (more or less evenly) within a specific ecosystem (Pielou, 1966). The mathematical formula 

of Pielou index is: 

J = H' / H'max 

 

H' is the observed value of Shannon index, H'max is the lnS with S representing the total 

number of species. The values of Pielou Index vary between zero and one; when they are close to 

one it means that individuals are even distributed among species (Pielou, 1966). In the present study 

S is represented by the total number of different types of behavioural patterns. To calculate the 

indices and run analyses on them we selected the individuals with at least two sessions of either 

play- or real fighting, with at least two patterns per session. 

 

2.3 Statistics 

Owing to normal data distribution (Kolmogorov Smirnov, nindividuals = 22, 0.074≤ p≤0.325), 

at the individual level we applied the parametric t-test for dependent samples to compare the mean 

duration and Polyadic Index, play/aggression Asymmetry Index, Shannon Index, Pielou Index, and 

Repetition Index values between real- and play fighting.  The tests were carried out via SPSS 26.0. 

The threshold of statistical significance for all tests was set at α=0.05 (Data_S1). 

 

3. Results 

 

3.1 Prediction 1 
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The mean duration was significantly lower in real- than play fighting sessions (t-test for 

dependent samples,  nindividuals =22; t=3.949; p=0.001,  95% CI: 1.249/4.027; Figure 2). We detected 

no significant difference in the Polyadic Index values between real- and play fighting (t-test for 

dependent samples,;  nindividuals =22; t=-1.526; p=0.142,  95% CI: -0.944/0.145), which indicates that 

the proportion of polyadic sessions in real- and play fighting was comparable. 

 

3.2 Prediction 2 

The Asymmetry Index was significantly higher in real- than play fighting (t-test for dependent 

samples, nindividuals = 22; t=-13.927; p<0.001; 95% CI: -0.723/-0.535; Figure 3a). The level of pattern 

variability (Shannon Index, H’) was significantly lower in real- than in play fighting (t-test for 

dependent samples, nindividuals = 22; t=4.932; p<0.001; 95% CI: 0.168/0.414; Figure 3b). Individual 

analysis of pattern evenness (Pielou Index) levels showed no difference between real fighting and 

play fighting sessions (t-test for dependent samples, nindividuals = 22; t=1.681; p=0.107; 95% CI: -

0.020/0.191; Figure 3c). Finally the Repetition Index was significantly higher in real- than in play 

fighting (t-test for dependent samples, nindividuals = 22; t=-4.102; p=0.001; 95% CI: -0.058/0.019; 

Figure 3d). 

 

4. Discussion 

In this study we found that - as expected - play fighting sessions lasted longer than real fighting 

sessions (Prediction 1a supported; Figure 2) and there was no difference in the polyadic index 

values between play fighting and real fighting sessions (Prediction 1b supported). We also found 

that - compared to real fighting - play fighting sessions could be more balanced as informed by the 

fact that they: i) included more symmetrically exchanged patterns (offensive/defensive) (Figure 3a) 

but such patterns were not more uniformly distributed (Figure 3b; Prediction 2a partly supported). 

Compared to real fighting, play fighting sessions: i) were more variable in terms of different types 
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of motor patterns within a single session (Prediction 2b supported; Figure 3c); and ii) showed lower 

repetition levels (Prediction 2c not supported; Figures 3d). 

The fact that play fighting sessions lasted longer than real fighting sessions (Figure 2) might 

inform the rewarding nature of play. Indeed, according to previous literature, the expression of 

playful behaviours is supposed to be pleasurable and could be rewarding for individuals involved in 

such behaviours (Burghardt, 2005, 2011). The pleasure and reward that emerge from the expression 

of playful behavior could induce the involved individuals to increase the duration of play sessions 

(Held & Špinka, 2011; Van Kerkhof et al., 2013; Pellis et al., 2014). Thus, the individuals involved 

in play fighting sessions could gain more time in the social assessment process by prolonging the 

duration of these playful interactions (Palagi et al., 2015; Palagi et al., 2019; Bertini et al., 2022).  

The lack of a significant difference in the level of ‘polyadicity’ between play- and real fighting 

can be explained by the fact that aggressive events in adult pigs can involve more than two 

individuals, with several pigs (which can be males and/or females) forming gang alliances and 

carrying out targeted aggression towards other conspecifics (Camerlink et al., 2020). In the piglets 

under study, we did not observe gang attacks but we observed that more than two individuals 

(typically three) could be involved in the same aggressive sessions. The possibility of forming 

alliances is consistent with the high cognitive abilities of pigs that can include anticipatory and 

problem-solving skills (Croney and Boysen, 2021; Norscia et al., 2021b), post-conflict management 

abilities (reconciliation and triadic affiliative contacts after aggression; Cordoni et al., 2022), and 

the capacity to express, detect and share, others’ physiological states (Turner et al., 2001; Jensen, 

2002; D'Eath & Turner, 2008; Reimert et al., 2013; Camerlink et al., 2018; Norscia et al. 2021a, b). 

Consistently, polyadic conflicts (with alliances) have been observed in cognitively advanced 

species, such as wolves and great apes (van Schaik et al., 2004; von Rohr et al., 2012; Cassidy & 

McIntyre, 2016) in which group mates can form coalitions during agonistic events. 

In the piglets under study, play fighting sessions were more symmetrical (higher Asymmetry 

Index values) than real fighting ones. Increased symmetry levels can enhance the continuation of 
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play, thus increasing the functional benefits that play can have for immature subjects such as motor 

training, social assessment, and receiving less injuries during contests at a later stage (Byers & 

Walker, 1995; Pellis & Iwaniuk 1999, 2000; Cordoni & Palagi, 2011; Turner et al., 2020). 

Commonly mentioned strategies that allow the achievement of symmetry are the role reversal (e.g., 

balancing subordinate/dominance patterns) and self-handicapping (when the most skilled player 

restrains itself to decrease its advantage over the playmate; Cordoni et al., 2016; Cordoni & Palagi, 

2016). However, pigs may use a different strategy. A study by Pellis and Pellis (2016) found that 

Visayan warty pigs (Sus cebifrons) did not show restraint during play, as when one animal gained 

the advantage they most probably attacked their partner. However, frequently the disadvantaged 

partners could launch a counter-attack and increase the session balance. Consistently, in the same 

litters under study, Cordoni et al. 2021 found that only the piglets of similar size could maintain the 

play session longer, probably because self-restraint was not necessary when neither playmate could 

outcompete the other by using force. Even though play fighting in piglets can be used as a substitute 

for real fighting and lead to a similar outcome as real fighting (Cordoni et al., 2021), our results on 

the Asymmetry Index show that real fighting maintains the highest degree of directionality. Indeed, 

asymmetrical aggressive events are pivotal to gain a dominant status, as the ranking position of an 

individual within a group increases as the number of agonistic encounters consistently won by that 

individual increases (Landau, 1951; Appleby, 1983; Drews, 1993; De Vries, 1995; Kendall, 2021). 

High ranking individuals have priority in the access to resources (food, mating), which increases 

their fitness (Clutton-Brock, 1982; Preuschoft & Van Schaik, 2000; Andersen, et al., 2004; 

Sapolsky, 2005; Krebs & Davies, 2012; Norring et al 2019). 

We also found that play fighting possessed higher pattern variability (increased Shannon Index 

values; Figure 3c) than real fighting. Overall, the increased heterogeneity of play fighting patterns is 

in line with the main characteristics of play, which involve patterns that are variably recombined 

from other social behaviour domains, including (among others) mating or aggression (Pellis & 

Pellis 2017; Pellis et al., 2019; Cordoni et al., 2021). This feature is adaptive to maximize the 
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benefits of play, especially the training for the unexpected (Špinka et al., 2001). As a matter of fact, 

during play there are no pre-fixed rules so individuals must improvise and quickly counteract in a 

flexible but appropriate way the actions of the playmate (Pellegrini 2009; Pellis et al., 2010; Palagi 

et al., 2016). 

The higher repetition levels found in real fighting compared to play fighting may be due to the 

fact that real fighting - as said above - is more asymmetrical and during aggression individuals can 

repeat the same offensive pattern (head knocking, pushing, etc.) over and over to outcompete the 

opponent. Our result seems not to entirely fit with one of the very criteria that define play (Smith, 

1989, 1997; Burghardt, 2005, 2011). This aspect deserves further investigation in future studies to 

better understand what other measures can be used to assess the repetition levels and what is the 

term of comparison. 

The comparable levels of evenness (Pielou Index values) in play fighting and real fighting may 

be the result of the convergence of different features: play fighting sessions were more symmetrical 

and longer whereas real fighting sessions showed higher levels of repetition of the same patterns. 

These diverging structural characteristics might have dampened the differences in the uniformity 

levels between the ‘serious’ and ‘non-serious’ context and made evenness a less reliable criterion to 

assess the playful mood in piglets.  

In conclusion, this study shows that play fighting sessions in piglets did not fully comply with 

the features that should allow the differentiation between play and real fighting sessions, for 

example in terms of repetition levels. This finding is in line with the observation that play fighting 

in piglets not only resembles but it also shares some functions of real fighting such as the 

establishment of dominance relations (Weller et al., 2020; Cordoni et al., 2021). A similar function 

has been found in other species, including for example humans and chimpanzees (Smith & Boulton, 

1990; Paquette, 1994). Interestingly, in humans it has been hypothesized that play fighting -  when 

polyadic (or coalitional) - can lead to the deployment of coordinated aggression because it is found 
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across a diverse range of hunter-gatherer groups and regularly recruits motor patterns used in lethal 

raiding (Sugiyama et al., 2018).  

Despite the fact that in piglets play fighting can substitute real fighting under certain 

circumstances (Weller et al., 2020; Cordoni et al., 2021), this study shows that play fighting can still 

maintain the  key features that make play adaptive for the individuals that engage in it. Real fighting 

increases in piglets whereas social play decreases over the first two months of life, with play 

fighting also working as a substitute of real fighting (Cordoni et al., 2021; Collarini et al., 2022). 

Thus, age may in part explain our results showing that play fighting maintains elements of play but 

also includes elements of real fighting, which will prevail at a later stage. Future studies could focus 

on the difference between play fighting and real fighting at different ages in the first months of life. 

By including more variable and symmetrical patterns, play fighting sessions in a competitive arena 

can serve any one, or a combination, of the proposed functions of play fighting (motor training, 

social assessment and training for the unexpected). On a broader perspective, this study can provide 

the ground for measuring the play structure in a quantitative and repeatable way across species and 

contexts and to assess whether interactions that are apparently playful can be actually labelled as 

play. 
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Fig. 1 At the top a play fighting session between piglets. The individual on the right performs a 

pivot and bites (play-bite) another individual (pig B). Pig B performs a play-push and attempts to 

bite (attempt play bite) Pig A. Pivot is one of the play markers. At the bottom a real fighting session 

between piglets. The piglet in the center of the group (pig C) repeatedly bites (aggressive bites) 

another individual (pig D). Pig D flees. There are no play markers in this session 

 

 

Fig. 2 Difference between the mean duration of real fighting and play fighting sessions shown as 

error bar (left) and bar plot (right). The mean duration was significantly lower in real fighting than 

play fighting sessions (t-test for dependent samples; p=0.001). Labels on the Y axis indicate the 

litter code, with piglet number and sex (F=female; M=male); ** = p< 0.01 
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Fig. 3 Difference between real fighting and play fighting (verified via t-test for independent 

samples) in piglets shown as error bar (left) and density plot (right). a) Asymmetry Index values; 

real fighting shows the highest levels of asymmetry (p < 0.001). b) Pielou Index values; real 

fighting and play fighting show comparable levels of evenness (p = 0.107). c) Shannon Index 

values; real fighting shows the lowest levels of variability (p < 0.001). d) Repetition index values: 

real fighting shows higher levels of repetition (p = 0.001). Error bars: 95% confidence interval 

(bars) around the mean (circles). NS = non significant, ** = p< 0.01, *** = p< 0.001     

 

Tables 

Table 1 

Composition of the litters of piglets (F: female; M: male) 

Litter Individuals Date of birth 

LD 10 (5 F; 5 M) 16 Sept 2018 

BB 6 (2 F; 4 M) 3 Oct 2018 

NN 8 (4 F; 4 M) 5 Nov 2018 
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Table 2  

Description of piglets’ behavioural patterns recorded in the current study. Integrated or modified 

from other ethograms (Newberry & Wood-Gush, 1988; Donaldson et al., 2002; Chaloupková et al., 

2007; Rauw, 2013; Horback, 2014; Špinka, 2017; Brown et al., 2018; Cordoni et al. 2021). LA = 

locomotor/acrobatic pattern, C = contact pattern. 

Patterns exclusive to play context 

Category Pattern Description 

Neutral Flopping A piglet drops to the ground from the upright position to a sitting or lying 

position. There is no contact with an object or another individual that 

could cause the change in position. 

Head tossing A piglet swings its head from one side to another 

Hopping A piglet has either its two front feet or all four feet off the ground at one 

time through a upwards jumping movement. The piglet continues facing 

the same original direction for the whole of the behaviour 

Leg spreading A piglet spreads its fore and hind limbs and it moves quickly from side to 

side 

Nudging A piglet uses its snout to touch and push another piglet's body (excluding 

nose-nose contact) without causing the displacement of the contacted 

piglet 

Playing with 

object 

A piglet manipulates an item or securely holds it in its mouth, shaking it 

or carrying it around  

Pivoting A piglet twirls its body on the horizontal plane by a minimum of 90° 

Scampering A piglet performs two or more forward directed hops in rapid succession 

Defensive Kneeling A piglet goes down on its forelimb knees  

Patterns exclusive to aggressive context 

Category Pattern Description 

Neutral Threatening  A piglet arches its back to the opponent or makes a forward movement of 

its head and stares at the opponent with no physical contact 

Asymmetric 

parallel 

The piglets face the same direction, standing side by side with one of 

them staying slightly ahead of the other. A piglet ahead moves forward, 

pushing the opponent away with its shoulder and moves its head away 

from the opponent 

Defensive Avoiding A piglet moves away with a depressed tail when the opponent approaches 

Fleeing A piglet runs away from the opponent 

Withdrawing A piglet tries to move away from the opponent while the opponent 

continues to bite it repeatedly 
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Patterns shared by play and aggressive contexts 

Category Pattern Description 

Neutral Head tilting A piglet turns its head away from the opponent when the opponent passes 

or approaches 

Defensive Resting A piglet sits or lies down during the session. 

Offensive Biting A piglet opens its mouth and closes its teeth on the opponent's flesh  

Head knocking A piglet hits another individual with its head (while keeping its mouth 

closed) 

Kicking A piglet hits with one or both hindlimbs the opponent  

Lifting A piglet puts its snout or head below the others neck or belly and pushes 

upwards.  

Mounting A piglet rises upon the rear of the partner  

Pushing A piglet presses its head, neck, shoulder or body against the opponent 

Biting attempt A piglet opens its mouth, directs or turns its head towards the body of the 

opponent and closes its mouth but misses contact 

Running after A piglet rapidly follow another individual 
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Highlights 

 Play- and real-fights share many patterns so it may be hard to tell the two apart 

 Via structural indices we measured play- and real-fight differences in piglets 

 Play-fights had less repeated but more symmetrical patterns than real-fights  

 Piglets’ play-fights retain some but not all of the features expected in play 

 Play-fights are probably competitive and serve also some functions of real-fights 
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