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Social play changes reflect differences in biology 
and development of three felids

Anastasia L. Antonevich*, Galina S. Alekseeva, Nina A. Vasilieva, 
Ekaterina V. Pavlova, Julia A. Loshchagina, Svetlana Yu. Duplyakina,

Sergey V. Naidenko

ABSTRACT. Social play in young mammals reflects behavioral development, play can be affected by 
differences in development timing and species biology. We compared social play frequency changes in 
three felids: Eurasian lynx (Lynx lynx), Amur subspecies of leopard cat (Far-Eastern wildcat) (Prionailurus 
bengalensis euptilurus) and domestic cat (Felis catus). Social play is often expected to increase social tol-
erance and cohesion in a litter. Socially living domestic cat had contact and non-contact social play rates at 
the same level as solitary lynx and leopard cat. Whereas lynx differed from the other felids in lower social 
play rates at the age from one to one and a half month. Two types of social play were changing differently. 
Non-contact play rates, attributed to predatory skills development, were synchronized among species by 
age of kittens. Whereas contact play changes, attributed to communication development, were sensitive to 
the developmental stage. Contact play intensified in lynx much later than in the other felids probably due 
to a later onset of weaning. The period of extraordinary low contact play rates coincided with the onset of 
spontaneous sibling aggression, unique for lynx. After a period of spontaneous sibling aggression contact 
play rates in lynx increased to the level that other felids had. Observed social play changes and differences 
reflect development timing and species-specific features in felids.

How to cite this article: Antonevich A.L., Alekseeva G.S., Vasilieva N.A., Pavlova E.V., Loshchagina J.A., Duplyakina 
S.Yu., Naidenko S.V. 2019. Social play changes reflect differences in biology and development of three felids //Russian 
J. Theriol. Vol.18. No.2. P.80–90. doi: 10.15298/rusjtheriol.18.2.02

KEY WORDS: play, development, Eurasian lynx, domestic cat, leopard cat, aggression, sibling.

Anastasia L. Antonevich [anastasia-antonevich@yandex.ru], A.N. Severtsov Institute of Ecology and Evolution, Russian 
Academy of Sciences, Leninsky pr. 33, Moscow 119071, Russia; Galina S. Alekseeva [gal.ser.alekseeva@gmail.com], 
A.N. Severtsov Institute of Ecology and Evolution, Russian Academy of Sciences, Leninsky pr. 33, Moscow119071, Russia; 
Nina A. Vasilieva [ninavasilieva@gmail.com ], A.N. Severtsov Institute of Ecology and Evolution, Russian Academy of 
Sciences; Leninsky pr. 33, Moscow119071, Russia; Ekaterina V. Pavlova [pavlike@mail.ru], A.N. Severtsov Institute of 
Ecology and Evolution, Russian Academy of Sciences, Leninsky pr. 33, Moscow 119071, Russia; Julia A. Loshchagina 
[julia.loshchagina@gmail.com], Institute of Geography, Russian Academy of Sciences, Staromonetniy per. 29, Moscow 
119017, Russia; Svetlana Yu. Duplyakina [dupliakina92@mail.ru], CNITI-Technomash, Ivana Franko str. 4., Moscow 
121108, Russia; Sergey V. Naidenko [snaidenko@mail.ru], A.N. Severtsov Institute of Ecology and Evolution, Russian 
Academy of Sciences; Leninsky pr. 33, Moscow 119071, Russia.

Социальная игра отражает различия в биологии и развитии 
трех видов кошачьих

А.Л. Антоневич, Г.С. Алексеева, Н.А. Васильева, Е.В. Павлова, 
Ю.А. Лощагина, С.Ю. Дуплякина, С.В. Найденко

РЕЗЮМЕ. Социальная игра у детенышей млекопитающих отражает развитие поведения, игра может 
различаться в зависимости стадий развития и биологии вида. Мы сравнили изменения частоты игры у 
трех видов кошачьих: евразийской рыси (Lynx lynx), дальневосточного лесного кота (амурского подвида 
бенгальской кошки Prionailurus bengalensis euptilurus) и домашней кошки (Felis catus). Социальную 
игру часто связывают с увеличением социальной толерантности и сплочением выводка. Частота 
социальной игры не различалась у домашней кошки, ведущей социальный образ жизни и одиночных 
видов рыси и дальневосточного кота. В то же время рысь отличалась от других кошачьих низкой 
частотой социальной игры в возрасте месяц-полтора месяца. Два типа социальной игры изменялись 
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по-разному. Неконтактная игра, которую связывают с развитием охотничьих навыков, менялась у рыси 
синхронно с другими видами. В то же время изменения в контактной игре, которую считают связанной 
с развитием коммуникации, зависели от стадии развития. Контактная игра интенсифицировалась у 
рыси значительно позже, чем у других кошачьих, возможно в связи с длительной лактацией и поздним 
началом перехода на мясной корм. Период необычно низкой частоты игры соответствовал началу 
проявления спонтанной внутривыводковой агрессии, уникального для рыси явления. После периода 
спонтанной внутривыводковой агрессии частота контактной игры у рыси увеличилась до уровня, 
который был у других кошачьих. Наблюдаемые изменения социальной игры отражают изменения и 
различия в периодах развития, а также видоспецифические особенности кошачьих.

КЛЮЧЕВЫЕ СЛОВА: игра, онтогенез, евразийская рысь, домашняя кошка, дальневосточный кот, 
агрессия, внутривыводковая.

Introduction
Young mammals usually grow up with their par-

ents and develop appropriate species-specific behavior 
and key species adaptations. Cross-fostering or social 
isolation can change offspring behavior and cause 
abnormalities in behavioral development (Hager et al., 
2009; Luchetti et al., 2015). What could be a key that 
indicates development of social behavior? Social play 
is one of the major types of early social behavior, it 
reflects energy supply and welfare of a young (Held 
& Špinka, 2011). Moreover, it plays an important role 
in the development of other types of social behavior 
(Burghardt, 2005). Social play is similar among related 
species and differences are supposed to be caused by 
differences in social relations (Bekoff, 1974; Biben, 
1983). However, to use social play as a key-behavior 
we need to understand the biological meaning of social 
play changes and differences.

Wild felids reproduce regularly in different zoos 
but their play development is poorly studied. The best 
studied species among felids, Felis catus Linnaeus, 
1758 or domestic cat (West, 1974; Barrett & Bateson, 
1978; Caro, 1981; Martin & Bateson, 1985; Mendoza & 
Ramirez, 1987), is one of the few relatively social and 
also domesticated species in felids (Nowell & Jackson, 
1996). Play in domestic cat is similar to the play in other 
felid species (Fagen, 1981), but all species are unique 
and their specific traits are important for behavioral de-
velopment. Comparative analysis of behavior in captivity 
can help to understand species-specific adaptations and 
traits. Unfortunately, information about kittens’ play in 
solitary felid species is fragmentary and scarce. Wild 
felids even of the same size as domestic cat can vary 
in the speed of development and duration of its stages 
(Nowell & Jackson, 1996). Moreover, unique traits can 
determine species-specific patterns of development. In 
lynx genera early sibling aggression is an important part 
of kittens’ development (Sokolov et al., 1994; Vargas et 
al., 2005; Antonevich & Naidenko, 2013). Fights occur 
in 50% of litters with 2–4 kittens in Eurasian lynx (Lynx 
lynx Linnaeus, 1758) and almost in all litters of Iberian 
lynx (Lynx pardinus Temminck, 1827) (Antonevich et 
al., 2009). Siblings fight mainly in the age of one–two 
months with a peak of probability at one and a half 
months. This aggression causes injuries and rarely death 

of a cub. Fights start spontaneously irrespective of feed-
ing competition, hierarchy, weaning or litter resettlement 
periods (Sokolov et al., 1994; Antonevich et al., 2009; 
Naidenko & Antonevich, 2009). Fight results are not seen 
in any interactions related to feeding (Antonevich et al., 
in prep.), but surprisingly they affect play behavior in 
the litter. The overall play rate among kittens decreases 
after the fight for a few days (Naidenko & Antonevich, 
2009) but fight affects individual differences in social 
play frequency. After the fight individual differences in 
social play rates increase among littermates (Antonevich 
& Naidenko, 2008). Changes in social play responding 
to post-aggression social changes support the idea that 
play relates with species-specific features and is a good 
indicator of social relations.

Play frequency can reflect various social changes. 
It decreases in the periods of social tension like litter 
dissolution (Mendoza & Ramirez, 1987) and increases in 
the periods of litter cohesion e.g. after sibling aggression 
period in spotted hyaena Crocuta crocuta Erxleben, 1777 
(Drea et al., 1996). Therefore, social play is supposed to 
facilitate social cohesion and to reduce aggression (West, 
1974; Drea et al., 1996; Burghardt, 2005; Palagi et al., 
2016a, 2016b; Cordoni et al., 2018) but see also (Sharpe 
& Cherry, 2003; Sharpe, 2005). In regard to Eurasian lynx 
we expected that social play would increase after a period 
of social tension, after sibling aggression in lynx (the 
‘Cohesive play’ hypothesis) but not in two other species.

Play trains social skills for future life (Poirier & 
Smith, 1974; Biben, 1983; Pellis & Iwaniuk, 1999). 
Social species are expected to have more intense social 
play (Bekoff, 1972, 1974; Poirier & Smith, 1974; Palagi 
& Cordoni, 2012) and to tolerate partners more (Palagi & 
Cordoni, 2012). We expected that since domestic cat is 
adapted to live at high population density with intensive 
social interactions, the frequency of contact play would 
be much higher in this species than in solitary cats (the 
‘Social tolerance’ hypothesis).

The aim of our study was to reveal key interspecific 
differences in social play level and their developmental 
changes in felids.

To do that we compared developmental changes in 
social play frequency in three species of felids. We stud-
ied play in Eurasian lynx (Lynx lynx), Amur subspecies 
of the leopard cat (Far-Eastern wildcat) (Prionailurus 
bengalensis euptilurus Elliot, 1871) (Kitchener et al., 
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2017) and domestic cat (Felis catus). The selected 
species differed in species-specific development timing 
(Table 1).

As development rates vary among species, behav-
ioral data need to be equated not only for age, but for 
development timing also (Biben, 1983). Weaning is a 
physiological milestone similar for all species (Donald-
son et al., 2002). Play changes during weaning (Bateson 
& Young, 1981; Martin & Bateson, 1985; Bateson et al., 
1990; Donaldson et al., 2002; Krachun et al., 2010). We 
suggested that play changes can be better understood 
when compared among species using also development 
timing.

Methods
Husbandry conditions and animals
Our study was conducted at Joint Usage Center “Live 

collection of wild species of mammals” of the A.N. 
Severtsov Institute of Ecology and Evolution (at the 
biological station Chernogolovka, Russia), located 50 km 
northeast of Moscow, Russia (ca. 56.00° N, 38.367° E). 
We observed kittens born in captivity at the Center. This 
study is based on observations of 36 litters: 19 litters of 
the Eurasian lynx (two–four kittens in a litter, 50 kittens 
from five females), 6 litters of the leopard cat (two–three 
kittens in a litter, 14 in all from six females) and 11 litters 
of the domestic cat (two–five kittens in a litter, 37 in all 
from nine females). All litters with their mothers were 
housed outdoors, separately from other conspecifics. 
The animals were under natural temperature fluctuations 
and photoperiod during the investigation in 2003–2013. 
Every litter with a female was kept in a wire-meshed 
outside enclosure with partly natural environment and a 
wooden box as a shelter. The size of enclosure differed 
between species: 82 m2 for lynx, 16 m2 for leopard cat, 
and 2–6 m2 for domestic cat. Leopard cat and domestic 
cat used their enclosures in three dimensions so the roof 
at two m height was added. Various constructions of logs 
and stumps were installed in each enclosure to enrich the 
kittens’ play interactions. The litters were fed six times 
a week with whole chickens or their parts (0.5–2 kg per 
every litter depending on the species) (Naidenko, 2005). 
The animals had water access ad libitum.

Behavioral observations
All the three felid species gave birth in spring (in 

May). We observed the animals in summer from June 
to August during a period of the most intensive play. 
Observations were performed for three–six h from 5:00 
p.m. to 1:00 a.m., during the main peak of animal activity 
(Naidenko, 1997). We observed focal litters from the 30th 
day of kittens’ life (when lynx kittens start to go out of 
the den regularly) to the 90th day (when the weaning is 
over in all species). For individual recognition, the kit-
tens were marked by cutting or staining small areas of 
their fur (Nyanzol D fur dye). In total, we have used the 
data of 2715 h of observations in this study (1654 h for 
lynx, 582 h for leopard cat and 479 h for domestic cat).

The data were recorded in special protocols (2003–
2007 for lynx and 2010–2013 for leopard cat) or in the 
EthoLog 2.2.5 program (Ottoni, 2000) (2009–2012, 
lynx and domestic cat). We used a method of continuous 
data recording (Martin & Bateson, 1993). We registered 
play acts for all kittens in a litter during observations 
(each play element directed from one kitten to another, 
in each moment). Every play element was attributed to 
the initiator (agent of an action). When kittens acted 
equally actively and the initiator was indistinguishable 
we considered both contacting individuals as initiators. 
Most of the elements of behavior that we observed lasted 
no more than 10–20 seconds. However, if a play element 
(wrestling) lasted more than 30 seconds we considered 
its continuation to be a new act. We calculated for each 
kitten the frequency of initiation of play contacts (per one 
h of activity, excluding sleeping time). We used an etho-
gram developed in the previous studies of lynx behavior 
(Alekseeva et al., 2014). We grouped all elements of play 
into two general categories: contact and non-contact play 
(Table 2). Contact play included elements that required 
physical contact and close distance between pair mates 
(e.g. wrestling, grappling, paws play), whereas all the 
play that occurred without close physical contact (e.g. 
stalking, chasing) was categorized as non-contact. In 
order to analyze the developmental changes of social play 
frequency in kittens we used two types of periodization: 
age periods and developmental stages related to stages 
of weaning (Table 1). We averaged play frequencies 
obtained from each observation for every kitten over 

Table 1. Two developmental stages were selected for each species. Stage Milk/Meat: from the first attempt to eat 
meat while still suckling to the moment when meat become the main food; Stage Meat/Milk: from eating meat 

(as the main food) with suckling to complete weaning.

Age periods, days 30–45 46–60 61–75 76–90

Species developmental stages, days

Eurasian lynx Milk Milk/Meat, 50–70 Meat/Milk, 71–90

Leopard cat Milk/Meat, 30–45 Meat/Milk, 46–90

Domestic cat Milk/Meat, 30–45 Meat/Milk, 46–60 Meat
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age periods and developmental stages. Ethical note: all 
work conforms to the “Guidelines for the treatment of 
animals in behavioral research and teaching” (Buchanan 
et al., 2012) and to the laws of the Russian Federation, 
the country where the research was conducted.

Statistical analysis
The distributions of play frequencies were right-

skewed and we log-transformed them before analysis. 
We performed linear mixed-effect models (LMM) to 
analyze the effects of age period, developmental stage 
and species on juvenile play level using the library lme4 
in R package (Bates et al., 2015). Since developmental 
stages were not consistent with age periods in different 
species, the full model with both developmental and 
age factors was incomplete and contained missed cells. 
Thus, we performed separate analyses for age periods 
and developmental stages. To access the effect of age 
periods we constructed two sets of models (for contact 
play and non-contact play as dependent variables) with 
age period, species, age×species interaction, litter size 
and kitten sex as predictors. The litter size and kitten 
sex were included in the models as possible confound-
ing factors. Since developmental stages were different 
for the three species (Table 1), we performed separated 

analysis of developmental stage effect for every species 
with stage, litter size and kitten sex as predictors in 
LMM. The between-species differences were estimated 
for Milk/Meat and Meat/Milk only.

We evaluated sets of candidate models with all 
combinations of predictors using model selection based 
on Akaike’s information criterion (AICc) in the library 
MuMIn (Burnham & Anderson, 2002; Bartoń, 2018). 
We calculated model-averaged estimates and their errors 
for all predictors for models with ΔAICc<7 (Burnham 
et al., 2011) since the set of models with ΔAICc<2 did 
not include all fixed effects. The kitten identity and litter 
identity were fitted in all models as random factors; the 
repeated measure design could not be used because the 
datasets contained missed cells. Post-hoc comparisons 
were performed with Tukey HSD test using emmeans 
package in R (Lenth, 2016). Statistical analyses were 
performed with software packages R 3.5.2 (R Develop-
ment Core Team 2018).

Results
Total frequency of social play initiation was high in 

all studied species during all four age periods: the fre-
quency averaged among all observations was 23.3±14 
initiated contacts per hour for lynx, 28.9±8.8 for leopard 

Table 2. Different elements of play behavior included in contact and non-contact play (* only in leopard cat and 
domestic cat behavior; ** only in domestic cat behavior)

Contact play

invitation
An attempt to attract the partner’s attention (focal animal touches the partner with a paw, approaches and 
runs away turning back, etc.); play element from which the play event usually starts, often preceded by 
affiliative vocalization.

wrestle Play interaction resembling fight; one cub lies on its back and defends itself, whereas the other attacks; 
cubs often change their roles, wrestling is never accompanied by aggressive vocalizations.

grapple Gripping partner with paws from above, often accompanied by pouncing.

pounce Sudden and sharp jumping forward on partner.

paw play One partner tries to catch the forepaw of another using its own paw, and the partner either retaliates in 
turn, pulls its paw back or hides.

Non-contact play

crouch Stationary posture with body low and belly close to the ground (Caro, 1995), consisting in freezing in a 
tense posture, usually followed by pouncing, chasing, or further hiding.

stalk Slow and cautious approach to a partner on flexed legs, with body held low(Caro, 1995) .

chase Running after or away from a partner.

raid Attempt to attract the attention of a partner when one cub runs to another and stops abruptly; usually 
there is no response.

approach Movement towards a partner in tense posture with straight legs and slightly arched back.

arch* Arching of back at the sight of a partner

play defense** Defense imitation, lying on the back

vertical stance, 
rear up** Stance on hind paws as a partner approach
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cat and 34.8±21 for domestic cat. Generally, kittens of 
all studied species spent the greatest part of their activity 
in social play.

Effect of age on the level of social play
For both contact and non-contact play the litter size 

and the kitten sex effects were insignificant (Table 3).
The best-fitted models with the lowest AICc=5794 

and the highest AICc weight (0.32) for contact play 
included all predictors; among them age period, species 

and period×species interaction effects were strong and 
significant (Table 3). The patterns of the contact play 
dynamics varied strongly among the three species (it 
conformed to the highly significant period×species 
interaction; Table 3, Fig. 1A). In lynx kittens the con-
tact play frequency was low in period 1 (30–45 days), 
then increased significantly to 46–60 days (to period 2, 
Tukey HSD test, B=–1.1±0.2, p<0.0001) and remained 
high and stable up to 90 days (during periods 2, 3 4; 
Tukey HSD test, p>0.3). In domestic cat the frequency 

Table 3. Effects of age period and developmental stage on kitten contact and non-contact play frequencies (log-trans-
formed) in three felid species: Eurasian lynx (Lynx lynx, n=50), leopard cat (Prionailurus bengalensis euptilura, 
n=14) and domestic cat (Felis catus, n=37). The explanatory variables included litter size and kitten sex; litter ID 
and kitten ID were fitted as random terms in LMM. Estimates (B) with their standard errors and significance (p) are 

based on the model average from models with ΔAIC<7. Significant effects (p<0.05) are marked with bold

Model
Response variable

Contact play Noncontact play
(1) Kitten age in three species

Intercept B=4.60±0.66, p<0.0001 B=2.60±0.44, p<0.0001
Period 2 B=0.53±0.17, p=0.003 B=1.01±0.10, p<0.0001
Period 3 B=0.06±0.24, p=0.8 B=1.47±0.14, p<0.0001
Period 4 B=–0.63±0.24, p=0.008 B=1.27±0.14, p<0.0001
Lynx (L) B=–1.06±0.34, p=0.002 B=–0.75±0.24, p=0.002
Leopard cat (Lc) B=–0.23±0.48, p=0.6 B=–0.36±0.31, p=0.3
Litter size B=–0.15±0.18, p=0.4 B=–0.09±0.12, p=0.5
Kitten sex (Male) B=0.12±0.15, p=0.4 B=0.11±0.11, p=0.3
Period 2 : L B=0.54±0.24, p=0.02 B=0.02±0.08, p=0.8
Period 3 : L B=1.24±0.29, p<0.0001 B=0.05±0.16, p=0.7
Period 4 : L B=1.47±0.30, p<0.0001 B=0.04±0.13, p=0.8
Period 2 : Lc B=0.11±0.36, p=0.7 B=0.03±0.12, p=0.8
Period 3 : Lc B=0.54±0.40, p=0.2 B=0.05±0.18, p=0.8
Period 4 : Lc B=0.84±0.40, p=0.03 B=0.07±0.23, p=0.7

(2) Developmental stages in lynx (Milk, Milk/Meat, Meat/Milk)
Intercept B=3.80±0.83, p<0.0001 B=1.79±0.34, p<0.0001
Milk/Meat Stage B=1.30±0.13, p<0.0001 B=1.40±0.08, p<0.0001
Meat/Milk Stage B=0.78±0.14, p<0.0001 B=1.30±0.09, p<0.0001
Litter size B=–0.24±0.31, p=0.4 B=–0.05±0.12, p=0.7
Kitten sex (Male) B=0.14±0.16, p=0.4 B=0.03±0.07, p=0.6

(3) Developmental stages in domestic cat (Milk/Meat, Meat/Milk, Meat)
Intercept B=4.10±0.55, p<0.0001 B=2.50±0.53, p<0.0001
Meat/Milk Stage B=0.52±0.21, p=0.02 B=0.91±0.17, p<0.0001
Meat Stage B=–0.30±0.23, p=0.2 B=1.09±0.18, p<0.0001
Litter size B=–0.03±0.13, p=0.8 B=–0.05±0.13, p=0.7
Kitten sex (Male) B=0.15±0.27, p=0.6 B=0.16±0.23, p=0.5

(4) Developmental stages in Leopard cat (Milk/Meat, Meat/Milk)
Intercept B=5.73±0.80, p<0.0001 B=2.14±0.51, p<0.0001
Meat/Milk Stage B=0.33±0.27, p=0.2 B=1.49±0.18, p<0.0001
Litter size B=–0.67±0.33, p=0.04 B=–0.10±0.20, p=0.6
Kitten sex (Male) B=–0.20±0.31, p=0.5 B=–0.08±0.18, p=0.7
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of contact play was similar to lynx frequency (period 
2–4 for lynx; p>0.4) and did not vary significantly from 
30 to 75 days (periods 1, 2 and 3, Tukey test, p>0.9 for 
all comparisons). Then it decreased slightly and during 
76–90 days (period 4) the frequency was lower than in 
period 2 (B=1.2±0.2, p=0.0001; other differences were 
insignificant). In leopard cat we did not find any vari-
ation among age periods (Tukey post-hoc test, p>0.9). 
Any other interspecific differences were not significant 
(Fig. 1A).

Non-contact play
The non-contact play frequency changed synchro-

nously in all three species (period×species interaction 
was insignificant; Table 3, Fig. 1B). The most parsimo-
nious model (AICc=4904, AICc weight=0.35) included 
significant age and species effects and insignificant litter 
size and kitten sex effects (Table 3). The lowest frequen-
cy was during period 1 (30–45 days); then it increased 
markedly to period 2 (B=–1.1±0.1, p<0.0001 for lynx; 
B=–0.9±0.1, p<0.0001 for domestic cat; B=–1.1±0.2, 
p=0.0001 for leopard cat) and did not vary among peri-
ods 2, 3 and 4 in all species (p>0.1). The frequency of 
non-contact play in period 1 was lower in lynx than in 
domestic cat (B=1.0±0.2, p=0.01). Any other interspe-
cific differences were not significant.

Effect of development stage on the social play 
level

Differences among the three species were not sig-
nificant at both Milk/Meat and Meat/Milk stages for 
both types of play (LMM, p>0.3), except for the only 
comparison: the non-contact frequency was lower 
in lynx during Milk/Meat period, than in leopard cat 
(B=–1.2±0.3, p=0.005).

Separate models for lynx revealed a strong stage 
effect for both contact and non-contact play (Table 3, 
Figs 1C, D). Frequencies of both types of play were 
low during the Milk stage as compared with Milk/
Meat (B=–1.3±0.1, p<0.0001; B=–1.4±0.09, p<0.0001) 
and Meat/Milk (B=–0.8±0.1, p<0.0001; B=–1.3±0.09, 
p<0.0001) stages.

The level of contact play in domestic cat increased 
slightly but significantly from Milk/Meat to Meat/Milk 
stages (B=–0.5±0.2, p=0.04; Table 3, Fig. 1C) and then 
decreased to Meat stage (B=0.8±0.2, p=0.002). The 
frequency of non-contact play (Fig. 1D) increased signifi-
cantly from Milk/Meat to Meat/Milk stages (B=–0.9±0.2, 
p<0.0001) and was similar between the Meat/Milk and 
Meat stages (B=–0.2±0.2, p=0.6).

In leopard cat we did not find any significant variation 
in contact play frequency between the two ontogenetic 
stages, whereas the frequency of non-contact play in-

Fig. 1. Kitten social play changes in relation to 1) age and 2) development stage in three felid species: Eurasian lynx (Lynx lynx, 
n=50), leopard cat (Prionailurus bengalensis euptilura, n=14) and domestic cat (Felis catus, n=37). The frequencies of contact 
play (A, C) and non-contact play (B, D) were calculated per 1 h of kitten activity. All frequencies were log-transformed; see 
statistics in the text. Error bars represent mean ± 95% confidence interval.
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creased strongly from Milk/Meat to Meat/Milk stage 
(Table 3, Figs 1C, D).

In all models we revealed a significant effect of the 
random term Litter ID (log-likelihood ratio test, p<0.05).

Discussion
Comparative analysis of play among studies is com-

plicated due to variety in husbandry and in study design 
(Bekoff, 1974; Barrett & Bateson, 1978; Bateson & 
Young, 1981; Caro, 1981; Martin & Bateson, 1985). Here 
we used the same approach for the three species and that 
allowed us to compare them. We expected that kittens 
from three different species would differ in their social 
play. However, the species demonstrated similarities in 
the average play level and in the general pattern of play 
frequency changes. Changes of play frequency in lynx 
and domestic cat conformed to the findings of other stud-
ies (West, 1974; Bateson, 2000; Alekseeva et al., 2014), 
the same as for cheetah Acinonyx jubatus Schreber, 1775 
(Caro, 1995). The data on social play development in 
leopard cat presented in this study are pioneer.

Sibling play in all the three felid species did not de-
pend on important factors known to affect play: animals’ 
sex (Meaney et al., 1985; Mendl, 1988) and litter size 
(Auger & Olesen, 2009). The absence of sexual differenc-
es in play was previously shown for domestic cat (Caro, 
1981) and now we can confirm the same pattern in other 
felids: in lynx, with almost no sexual dimorphism, and in 
leopard cat, that is sexually dimorphic in adulthood but 
not when young (Heptner & Sludskii, 1972; Nowell & 
Jackson, 1996). Generally, sex differences are expected 
in the species with a high degree of sexual dimorphism 
(Poirier & Smith, 1974; Llamazares-Martín et al., 2017), 
which young felids do not have (Nowell & Jackson, 
1996). In our study the enclosures size varied. Although 
it is hard to estimate possible effect of enclosure size: 
how much space animal needs is unclear (McPhee & 
Carlstead, 2010). Smaller enclosure could cause over-
stimulation and increased play frequency in domestic 
cats, on the other hand smaller spaces are known to 
decrease behavioral variability in adults. Environmental 
complexity and possibility to exhibit natural behavior 
are more important that space available (Wielebnowski 
et al., 2002; McPhee & Carlstead, 2010) and the most 
important environmental factors at the early stage of 
development are mother and littermates. The absence of 
the litter size effect contradicts the previous study on cats 
(Mendl, 1988), but litter size variation in our study is not 
so big. Moreover, play in our study was mostly dyadic 
and such play can be unaffected by the total group size 
(De Oliveira et al., 2003; Ballerini et al., 2008).

Felids are mostly solitary, but they include species 
with different degrees of sociality (Nowell & Jackson, 
1996), providing a good model to estimate the role of 
social structure. We expected that since domestic cat 
kittens need to prepare for future social life, they would 
have social play rates higher than kittens of solitary lynx 
and leopard cat. Our data did not support the ‘Social 
tolerance’ hypothesis: neither contact, nor non-contact 

social play had higher frequency in domestic cat than 
in other two felids, they were quite similar. It could be 
related to plasticity of felids social structure (Turner, 
2000; Sidorovich et al., 2018). Actually relation between 
sociality and social play is also very contradictory or 
absent in many species (canids: Biben, 1983; muroid ro-
dents: Pellis & Iwaniuk, 1999; primates: Poirier & Smith, 
1974). It does not explain the intense and complex social 
play in many solitary species (Fagen, 1981; Burghardt, 
2005), playful like lynx (Alekseeva et al., 2014). Besides 
sociality, domestication promoting bodily contacts and 
frequent contact play, could also increase tolerance to 
contacts (Trut et al., 2004; Himmler et al., 2013), but 
that was not the case of domestic cat, possibly, because 
domestic cat can be considered as a not completely 
domesticated species (Driscoll et al., 2009).

The species that differed mostly was lynx. Both 
contact and non-contact play was lower in lynx than in 
other felids in 30–45 days, during lynx milk stage. When 
we compared play among species during weaning, at the 
same stages for all the three species, play frequencies 
mostly did not differ. Pre-weaning (milk) and post-wean-
ing (meat) stages at observed felids took place at very 
different ages. Play during milk stage was not observed 
in domestic cat and leopard cat because the period of 
active play related to this stage was very short. Only in 
lynx the milk stage was long enough to analyze play. Both 
contact and non-contact play were lower in lynx milk 
stage than in other stages. Prolonged milk dependence 
in lynx could influence low play intensity.

Lynx initial physical development is similar to other 
two felids. In the three species teeth erupt at two weeks of 
age; eyes open at 10–14 days in lynx and leopard cat, in 
domestic cat kittens at 7 days of life on average (Stehlik, 
1980; Bateson, 2000; Naidenko, 2005; our own observa-
tions). Although emerging from the den at 4 weeks three 
felid species have different movement abilities: domestic 
and leopard cat are able to play intensively in the next 
days, whereas lynx cubs move cautiously and slowly 
improve their playing technics. At one month of age lynx 
cubs are physically less developed and this is reflected 
in the decreased amount of play movements they make.

Duration and timing of each developmental stage 
varied among the studied species. Such slow develop-
ment in lynx may relate to the difference in the diet of 
these species. Eurasian lynx predates on mainly small 
ungulates (Matyushkin & Vaisfeld, 2003) and cubs need much 
time to grow and develop efficient hunting. Both small 
cats hunt predate on rodents (Turner, 2000; Yudin, 
2015). Various differences in species biology could 
influence the species-specific timing of developmental 
periods and changes of play. From two-three months 
lynx kittens learn to kill and eat small prey (Naidenko, 
2005), start to follow mother in the wild (Molinari & 
Molinari-Jobin, 2001; Naidenko, 2001; Zimmermann et 
al., 2005; Sidorovich et al., 2018). In enclosures, lynx 
females increase their vocal activity in this period and 
it can be attributed to efforts to keep the family together 
in a forest (Rutovskaya & Naidenko, 2006). As for the 
leopard cat, camera traps showed that in the wild kittens 



87Social play changes in three felids

follow their mother even at the age of 5 months (our 
data). The weaning of domestic cat kittens is completed 
long before the end of comparable period, kittens can 
disperse earlier than in other felids (Turner, 2000) and 
do not need much cohesion to the age of three months.

Play categorization varies among studies, one of the 
main approaches is to group play according to suggested 
functions (hunting, mating, etc.). Although then interpre-
tations of play function act as definition, whereas most 
of play elements are ambiguous (Leyhausen & Tonkin, 
1979; Caro, 1981). We selected categorization that was 
strictly based on physical features of play (contact and 
non-contact). Using them we made data comparable 
for different species with some variability in ethograms 
and categorization. These categories were also used for 
cheetahs (Caro, 1995). They also have a functional sig-
nificance: contact play has been attributed to intraspecific 
communication (Palagi et al., 2016b) and non-contact 
play has been attributed to predatory skills development 
(Caro, 1981; Fagen, 1981; Caro, 1995) following motor 
training hypothesis (Byers & Walker, 1995). Play is 
heterogeneous, controlled by and derived from different 
behavioral systems (Burghardt, 2005). We suppose that 
contact and non-contact social play can differ in their 
regulation and functions. Our results also support the 
idea that these play types may differ functionally and 
thus have a different pattern of developmental changes 
(Caro, 1981, 1995).

Since non-contact play is attributed to predatory 
skills development, it might be sensitive to development 
timing. Although being initially lower in lynx than in 
domestic cat, it intensified between first and second 
month (from 30–45 days to 46–60 days) in all the three 
felids, independently of developmental stage, and it did 
not change later.

Contact play frequency changes differed among lynx, 
leopard cat and domestic cat. This type of play includes 
interactions important for communication development 
(Palagi et al., 2016a). In domestic cat the contact social 
play decreased from the second to the third month (from 
61–75 to 76–90 days old), to the meat stage, so it could 
be related to preparation for disperse. Such changes 
confirm previous findings on the cohesive role of social 
play in cats (Mendoza & Ramirez, 1987) and clarify 
that contact type of social play is mostly related to such 
developmental changes.

The increase in contact play frequency between the 
first and second month of kittens life was found only in 
lynx. Contact play frequency in lynx was very low and 
then rose to the same rates as in other felids. Analyzing 
social play by developmental periods we confirmed 
that play in lynx was low exactly during milk period 
and increased in the first weaning period. So, long-term 
low rates of contact play could be caused by long milk 
dependence.

There is a specific event in lynx litters development 
that occurs in this period. Spontaneous sibling aggression 
in lynx litters occurs mostly between first and second 
month (Antonevich & Naidenko, 2007). The peak of 
sibling aggression probability is around the age of 45 

days. The second age period (45–60 days old) or Milk/
Meat stage (50–70 days) is a post-aggression time of lynx 
kittens life (Antonevich & Naidenko, 2007). It appears 
that contact play was low before and at the beginning 
of sibling aggression period and increased afterwards, 
confirming ‘Cohesive play‘ hypothesis. Our expectations 
that play frequency would increase after the period of 
social tension were confirmed. An increase in play oc-
currence after the peak of aggression is known in other 
species, e.g. spotted hyena cubs (Drea et al., 1996). In 
domestic cat, a peak of social play frequency coincides 
with cohesive behavior (Mendoza & Ramirez, 1987; this 
study). In canids, play intensifies before the decrease in 
aggression and facilitates hierarchy formation and the 
subsequent group action (Bekoff, 1972). Nevertheless, 
the real difference among lynx and other felids was not 
in that increase but in the very low play rate before and 
at the start of the fighting period. After contact play 
frequency increased, it became similar to frequency 
in other species. So, it is more likely that instead of an 
appeasing role of social play after the fight we should 
discuss a lack of play appeasing role before the fight 
(or immediate effect of fights on play behavior of lynx 
kittens) (Antonevich & Naidenko, 2008; Naidenko & 
Antonevich, 2009).  Both types of play were low in lynx 
compared to other felids, but especially contact play, 
the one related to communication development (Palagi 
et al., 2016a).

Play can facilitate social relations (Palagi et al., 
2016b). There is evidence that certain experiences in 
critical periods of development become essential for later 
behavioral expression. The period of intensive play tem-
porally coincides with intensive synapses development in 
domestic cat (Byers & Walker, 1995). Play can enforce 
tissues development (Brownlee, 1954) and stimulate 
neurogenesis (Byers & Walker, 1995) in an appropriate 
period. Similar effect on neurogenesis during sensitive 
period can explain how social play affects communica-
tion development and how it gets a cohesive role.

Another important function of play is to reduce stress 
(Fagen & Fagen, 2004; Norscia & Palagi, 2011), it is 
relaxing (Fagen, 1981) and pleasurable in itself (Bekoff, 
1974). Lack of play could contribute to intra litter tension. 
Aggression and play are not only driven by opposite 
motivations (Cordoni, 2009). They are competing ener-
getically. Both behaviors are costly, they can oppose each 
other because of the risks that they both impose on the 
animal, e.g. injuries, infection or predation (Natoli et al., 
2005; Vargas et al., 2005; Antonevich & Naidenko, 2007; 
Kuehl et al., 2008; Antonevich et al., 2009; Naidenko & 
Antonevich, 2009; Lee & Moss, 2014).

Interaction between play and aggression develops 
easily in many species (Bekoff, 1974; Mendoza & 
Ramirez, 1987; Paquette, 1994; Drea et al., 1996). 
Both types of social contacts are important in social 
relations and they exist in the same continuum. Social 
play can help to establish hierarchy (Blumstein et al., 
2013) and sibling aggression is supposed to evolve when 
competition is high and hierarchy is not established 
(Drummond, 2006). Play and aggression can act together 
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in maintaining hierarchical relations (Paquette, 1994; 
Antonevich & Naidenko, 2008; Cordoni et al., 2018). 
One of the possible mechanisms is that low basic levels 
of play during a sensitive period could lead to difficulties 
in hierarchy establishment for lynx and thus favor the 
appearance of overt aggression.

Conclusions
Social play in felids reflects differences in species 

biology and responds to changes in development. Our 
study supports the idea that social play, in particular con-
tact social play, may have cohesive functions. Whereas 
non-contact play was strongly synchronized among spe-
cies by age of kittens, contact play rates were sensitive 
to the developmental stage. Longer milk stage in lynx 
coincided with low frequency of contact play comparing 
to other species. At two months, at the start of weaning, 
contact play frequency increased to the level that other 
felids had. We suggest that such unusually low rates of 
contact play could have impact on sibling aggression 
development in Eurasian lynx.
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