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Summary

The house sparrow (Passer domesticus) is a gregarious generalist species, which makes it a good model for studying
play. However, play has not been described for this species so far. We describe play behaviour in house sparrows for the
first time, quantifying all play and play-related behaviours, searching for differences between the different sexes and ages,
the possible association with reproductive success and the diffusion of this behaviour in the population. All behaviours
were recorded from the end of 2018 breeding season to the start of the new one in 2019. Behaviours were classified into
four levels of interaction of increasing complexity and intensity. Results showed that play behaviour was restricted to
the breeding season, adult males played more often than the rest of the groups, and their behaviours correlated with the
number of recruits they produced. Moreover, “Maximum Level” of play of the mothers significantly and positively cor-
related with that of their offspring, and the “Maximum Level” of an individual with the proportion of playing siblings.
Despite the limitations of the present study, our results point out the existence of benefits for the reproductive success of
playing individuals.
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Introduction

The house sparrow (Passer domesticus, hereafter sparrow)
is a small passerine common in cities around the world.
Their strong gregarious foraging and breeding habits make
it a good model species for studying play, as gregariousness
promotes social learning and increases innovative prob-
lem-solving (Morand-Ferron and Quinn 2011). Play can
be learned in social contexts, as it can sometimes be per-
formed by imitation and may even be considered contagious
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(Ficken 1997; Kaplan 2024). Observing one individual play
makes others feel playful (Stowe et al. 2006; Osvath and
Sima 2014; Schwing et al. 2017; Kaplan 2024). In the case
of sparrows, they tend to follow their brood siblings when
initiating activities (Toth et al. 2009), and parents play an
important role in fledgling learning (Truskanov and Lotem
2015). Sparrows are more prone to explore in the presence
of kin (Tuliozi et al. 2018) and learn to exploit novel food
sources by observing others (Anderson 2006). Moreover,
behaviours towards new food are strongly influenced by the
presence of conspecifics (Fryday and Greig-Smith 1994).

Play is a widespread behaviour observed across diverse
taxonomic groups, from fish and all tetrapod lineages (Dia-
mond et al. 2006; Burghardt 2015; Sharpe 2018) to inverte-
brates, including cephalopods and insects (Kuba et al. 2003;
Dapporto et al. 2006; Galpayage Dona et al. 2022).

To our knowledge play has not been described in spar-
rows, although it has been extensively documented among
birds. Play has been reported in 13 out of 27 orders (Emery
and Clayton 2015; Kaplan 2020), typically more among
those with well-developed cognitive abilities and large
brains relative to their size, as corvids and psittacines
(Ortega and Bekoff 1987; Olkowicz et al. 2016; Kaplan
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2020). Locomotor play is the most common type of play
in birds and has been reported in many species (Kaplan
2024). Object play is the second most frequent category of
play in birds (Ortega and Bekoff 1987; Diamond and Bond
2003; Kaplan 2024), being observed in fewer species than
locomotor play and is more commonly found in juveniles
(Ficken 1997).

To help differentiate play from other similar behaviours,
especially in species phylogenetically distant from us,
Burghardt (2010) stablished a set of five criteria used suc-
cessfully in several unrelated taxa (e.g., Kuba et al. 2003;
Barabanov et al. 2015; Galpayage Dona et al. 2022): (1)
play is incompletely functional in the context in which it
appears; (2) it is spontaneous, pleasurable, rewarding, or
voluntary; (3) it differs from other more serious behaviours
in form or timing; (4) it is repeated, but not in an abnormal
and unvarying stereotypic form; and (5) it is initiated in the
absence of severe stress.

The occurrence of play has been linked to exploratory
behaviour, innovation and ecological generality (Bond and
Diamond 2004). For this reason, it is sometimes difficult
to distinguish between object play and object exploration
(Greenberg 2003; O’Hara and Auersperg 2017), despite
they are functionally distinct (Auersperg et al. 2015).

Predators usually play with objects in a similar way
to how they hunt, which has been interpreted as a way of
enhancing physical, perceptual and physiological traits that
will give them advantage confronting life challenges (Hall
1998; Graham and Burghardt 2010; Gray 2018; Burghardt
et al. 2024). Examples among birds include Neotropic cor-
morants (Phalacrocorax brasialianus), green herons (Buto-
rides striata) (Sazima 2008), anhingas (Anhinga anhinga),
Australasian darters (4. novaehollandiae) (Sazima 2019)
and Montagu’s harriers (Circus pygargus) (Kitowski 2005).

Object play can also be social (Kaplan 2024). Social
play may have a role in the formation and maintenance of
social bonds, including mate choice (Bekoff 1984; Heinrich
and Smolker 1998; Bugnyar et al. 2007; Chick et al. 2012;
Palagi 2023). Additionally, play seems to contribute to mak-
ing the individual more resilient to stress, so that it acts as
a way of coping with unexpected and stressful situations as
may be social interactions (Palagi 2006; Norscia and Palagi
2011; Kaplan 2020; Gabrielle et al. 2022; Francesconi et
al. 2024). This category of play has been found in hornbills
(Bycanistes brevis and Bucorvus leadbeateri) (Diamond
and Bond 2003), Eurasian (Turdoides striatus) and Arabian
babblers (7. squamiceps) (Diamond and Bond 2003; Zahavi
et al. 2004), Australian magpies (Gymnorhina tibicen) (Pel-
lis 1981) and striated caracaras (Phalcoboenus australis)
(Harrington and Lambert 2024). Keas (Nestor notabilis) are
known to engage in much social object play even as adults
(Diamond and Bond 2003; Bond and Diamond 2004).
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Corvids, which exhibit the most complex plays (Ficken
1997; Brazil 2002), also engage in social object play (Hein-
rich and Smolker 1998; Diamond and Bond 2003; Osvath
and Sima 2014; Osvath et al. 2014).

If play is a way of enhancing abilities or learning to
cope with social expectations, these would explain why
the majority of play behaviours are found in young indi-
viduals (Bekoff 1984; Bekoff and Byers 1998; Burghardt
2005; Sharpe 2018; Gray 2018). The form and frequency
of play change along animal age (Owens 1975; Bond and
Diamond 2004; Foroud et al. 2004; Nahallage and Huft-
man 2007; O’Hara and Auersperg 2017). In this sense, adult
play has often been more problematic to tackle, as it cannot
be explained as a practice of skills that they should have
already mastered, and its infrequency has resulted in less
study (Hall 1998; Norscia and Palagi 2011; Kaplan 2024).

It is possible that adult object play is associated with
behavioural flexibility (Hall 1998), which would explain
why it is more associated with opportunistic species (O’Hara
and Auersperg 2017). It has been suggested that explora-
tion triggers adult object play behaviour (Kuba et al. 20006),
allowing the individual to get used to novel stimuli that may
initially cause fear. Those animals that play more may adjust
their behaviour to novelties in the environment (Hall 1998).
It is likely that individuals that play more as juveniles retain
this play behaviour as adults (O’Meara et al. 2015).

One last possibility is that play appears as a way of using
surplus energy or resources in contexts in which animals are
in perfect nutritional and physiological condition, which is
known as the surplus resource theory (Hall 1998; Graham
and Burghardt 2010). However, this explanation lacks an
evolutionary understanding of play.

Finally, for the maintenance of play, it must have ben-
eficial impact on the reproduction of individuals which
outweigh any possible costs (e.g., Martin 1984; Harcourt
1991; Siviy and Atrens 1992; Caro 1995; De Oliveira et al.
2003; Yanagi and Berman 2018). However, few works have
found evidence of positive effects of play on reproductive
success, or even on reproduction in general. In Belding’s
ground squirrels (Urocitellus beldingi), the weaning success
of the yearling females is predicted by rates of social play
as juveniles (Nunes et al. 2004). This may affect long-term
reproductive success, although the association is somewhat
limited (Nunes 2014). Another case is the American mink
(Neovison vison), where play-fighting during the juvenile
period predicts sexual behaviour in males, although how
this affects their reproductive success is unknown (Dallaire
and Mason 2017). Finally, in brown bears (Ursus arctos)
playful behaviour was found to predict juvenile survival
(Fagen and Fagen 2004).

During the 2018 breeding season, a previously unre-
corded play behaviour involving a rope was observed in
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a sparrow population kept in captivity at the University of
Granada. This behaviour disappeared after the end of the
season until the following spring. The aim of this work is
to characterise this new behaviour, to analyse its origins, its
relationship with the breeding season and reproductive suc-
cess, and its transmission through the population.

Materials and methods

Captivity conditions

The study was carried out in the aviary of the Faculty of
Sciences of the University of Granada, a 375 m® open-air

space where a population of about 130 individuals was
maintained at the beginning of the study, consisting of 50

T

Fig. 1 The rope that house sparrows (Passer domesticus) used for
object play as it was present in the aviary

original breeding pairs and their offspring born that sum-
mer. All sparrows were marked with a unique combination
of coloured leg rings for individual identification.

Diet consisted mainly of birdseeds and bread. Sparrows
also had fruit paste (Bogena), containing cereal flour, dried
fruit and honey, an important source of vitamins. This food
was supplied ad libitum. The diet was supplemented daily
with fresh fruit (apple and pear), lettuce and hard-boiled
eggs, the shells of which is a good source of calcium. Grow-
ing chicks require protein-rich food, so fly larvae (Family
Calliphoridae, asticot) were also provided throughout the
breeding season, being useful as dietary supplement for the
adults. Food was distributed throughout the aviary in sev-
eral feeders to minimise competition between individuals,
ensuring that all birds had easy access to food. There were
also two watering troughs in opposite sides of the aviary,
and, in summer, a tap was left slightly open so it formed
a little stream and a puddle where they could drink fresh
water and bathe.

For nesting, 71 holes were available in the wall, the end
of which opened into nest boxes located inside the labo-
ratory, so researchers could access them directly, allowing
easy handling of the nests and causing minimal stress to the
birds. The number of potential nests was higher than the
number of pairs, which minimised competition for nesting
sites.

The rope

Some of the behaviours discovered and analysed in this
work could be consider object play carried out with a rope.
This was an old, frayed rope of about 40 cm, with several
knots and ends (Fig. 1). The rope was hanging from a metal
bar that was part of the bird perches. The rope had been
there for at least three years before the first behaviour was
observed.

The rope was close to the last nest hole (number 71),
although far enough away so it did not completely enter
the territory defended by the pair that nested in that hole in
2018. However, in 2019 a particularly dominant male nest-
ing in the that nest box kept some control over the rope area,
although it did not occupy it completely. Regardless of how
much control that 71st male could exert over the rope, spar-
rows tended to fight over control or access to the rope. Some
sparrows did not interact until the last remaining individual
had left the bar. These confrontations were brief and were
deeply marked by hierarchy. The mere display of an aggres-
sive posture was enough to immediately dispel rivals (per-
sonal observations).
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Recording and data collection

First recordings were filmed on August 14th, 2018. In the
present work, we mainly analysed those behaviours corre-
sponding to the first month, from August 14th to September
16th, 2018.

The recordings were performed by placing a camera
(Panasonic HC-V130 HD) in the morning, recording from
one of the observation windows of the laboratory. Record-
ings lasted between one to six hours per day, totalling up to
479.48 h of video.

Each interaction has been classified into categories called
levels. These categories range from 1 to 4 and imply an
increase in the complexity and intensity of the interaction
with the rope (Table 1). Those sparrows that were never
seen interacting with the rope were assigned as level 0. The
level to which an interaction belongs is determined by the
presence of specific behaviours (Table 1), following Kuba
et al. (2003):

e Level 1 (brief contact) consisted of brief exploratory ap-
proaches (see Online Resource 1). These sparrows were
probably individuals looking for nest materials, and it is
possible that this behaviour was behind the origin of the
most complex ones.

e [evel 2 (prolonged contact) was characterised by a
genuine interest in the object. These interactions were
longer (the longest one observed corresponded to this
level). It is worth noting some odd behaviours: swallow-
ing large portions of rope, regurgitating it and swallow-
ing it again; and the “chewing”, which was similar to
the way in which sparrows open birdseeds (see Online
Resources 2 and 3).

e [evel 3 (basic play) was an increase in complexity and
intensity. There was less pecking and more pulling and
pulling was stronger. Sparrows used several angles to
approach the rope (see Online Resource 4). As it was not
always easy to reduce complex behaviours to discrete
categories, to distinguish level 2 from level 3 at least
two level 3 behaviours were required to consider the in-
teraction as level 3.

o [Level 4 (acrobatic play) behaviours were so evident
and clear that there was no room for doubt. Most of the

sparrows performed only one of the possible level 4 be-
haviours: bungee jumping. They grabbed the rope with
their beaks and jumped into the air, so that they ended
up hanging from the rope. Some took advantage of this
movement to swing and returned to the bar, usually to
start again (see Online Resources 5 and 6). Other behav-
iours were descents through the rope and spins hanging
from the tail of the rope.

Levels 1 and 2 do not meet clearly Burghardt criteria 3 and
4, so they cannot be considered play behaviours with cer-
tainty. Level 1 is impossible to distinguish from explora-
tion or searching for nest materials, and it is unclear whether
some of the level 2 behaviours are not stereotypies. Some
individuals looked anxious, and the duration of the behav-
iour and the fixed repetitive patterns raise some doubts
about that possibility. However, levels 3 and 4 meet all
Burghardt’s criteria and therefore can be considered unam-
biguously play. Level 3 is a clear case of object play, while
level 4 is a mix of object and locomotor play.

The individual’s ability to interact with the rope is best
measured by the Maximum Level (ML), which we defined
as the higher level of interaction an individual was able
to perform during the studied period. Initially, we consid-
ered using average level of interaction, but sparrows do not
always perform at the highest complexity of which they are
capable, making it inferior when measuring ability.

We also considered the physical condition of individuals,
as it is an important variable that influences the behaviours
and their reproductive success of birds (see below).

Individual and kinship identification

Adults carried four colour rings, two on each leg, with a
unique colour combination that allowed individuals to
be identified in the recordings and/or from the laboratory
observation windows with binoculars. The fourth ring had
a year-specific colour and a number. Nestlings were ringed
only with this last ring on the fifth day after hatching. Later,
at the end of December, when all individuals were captured,
juveniles were ringed with the other three colour rings.
The identification of juveniles was thus dependent on the
ring number. In some cases, identification was not possible

Table 1 Different rope-related behaviours of house sparrow (Passer domesticus) involved in each play level. Level 1: brief contact; level 2: pro-

longed contact; level 3: basic play; level 4: acrobatic play

NON-PLAY PLAY

Level 1 Level 2 Level 3 Level 4

Light pecking Pecking Use several angles Bungee jumping
Exploratory touch Chewing Catch at flight Hung spin
Pulling once Swallowing Upside-down touch Rappelling

Pulling several times

Raise the rope
Drag the rope
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due to the difficulty of observing the ring number with the
binoculars or on recordings. A total of 147 of 1180 interac-
tions (12.46%) were performed by unidentified sparrows.
Most of them were juvenile individuals (124 interactions)
in brief interactions of low level, with only one interaction
above level 2. Since all juveniles have a ML of at least 2, at
most one individual ML is underestimated. Thus, this cir-
cumstance should have no significant impact in the analysis
using the ML.

After identifying the individuals who interacted, kinship
relationships were reconstructed, even of those individuals
which were not seen around the rope. The result was a fam-
ily tree going back nine generations connecting most of the
individuals, although there was only data on play behaviour
for the younger generations. This tree is not shown due to
the difficulty of its representation. Unfortunately, several
old data were not systematized and some information, espe-
cially of the first generations of the tree, was not collected.
Moreover, it should be noted that no molecular analysis of
parentage was carried out, so that each individual is con-
sidered to be a biological offspring of the pair that raised it.
However, it is well known that, in natural conditions, spar-
rows engage in extra-pair copulation (around 14%; Ander-
son 2006) and intraspecific brood parasitism (8,5% of nests;
Kendra et al. 1988).

Statistical analysis

First, 2 x 2 4 tests were carried out for exploring differences
in the percentage of individuals interested in the rope by sex
(male and female) and age (juvenile and adult).

Second, variables did not meet the requirements of nor-
mality or homoscedasticity, nor did the residuals reached
normality, so Kruskal-Wallis tests were conducted to
explore differences in the number of times that an individual
interacted with the rope within each level, between sexes
and ages. The levels of the independent variable were adult
male, juvenile male, adult female and juvenile female.

Third, regarding the relationship between interaction lev-
els and different reproductive parameters, we used Spear-
man’s correlations to explore the relationship between ML
and different reproductive parameters such as number of

Table 2 Percentages of the entire aviary population for each group of
house sparrows involved in each level of play according to sex and
age. Level 1: brief contact; level 2: prolonged contact; level 3: basic
play; level 4: acrobatic play

Male Female

Juvenile Adult Juvenile Adult
Level 1 533 41.3 68.8 46.9
Level 2 66.7 34.8 81.3 429
Level 3 333 26.1 43.8 16.3
Level 4 13.3 21.7 12.5 2.0
Total 66.7 43.5 87.5 63.3

clutches during the breeding season, fledgling production
(total number of fledglings produced) and recruit production
(total number of fledglings still alive in December).

Fourth, in relation to learning and diffusion of play as
an innovative behaviour, evidence for both vertical (from
parents to offspring) and horizontal (between brothers)
transmission has been sought. For the vertical transmission,
we used Spearman’s correlations to explore the associa-
tion between the ML of the individual and the ML of the
father or the mother, analysing both sexes separately. The
relationship between the ML of each sex within couples
was also explored with Spearman’s correlations. The ML of
each parent and the number of visits to the rope (indepen-
dent variables) were correlated with the percentage of play-
ing offspring (those individuals that reach level 3 or 4) and
interested offspring in the rope (every level apart from 0).

Horizontal transmission was studied considering the per-
centage of playing siblings or interested siblings (those who
share mother and father) explaining the ML of an individ-
ual. These analyses were performed for siblings in general,
as well as for same-brood siblings and non-brood siblings
separately.

Finally, we analysed the influence of physical condition
on the play abilities, separately for adults and juveniles.
Physical condition was estimated following Peig and Green
(2009), which considers condition as the residuals of the
correlation between the logarithm of weight against the
logarithm of tarsus.

All statistical analysis were carried out with STATIS-
TICA 10 (StatSoft, Inc, Tulsa, OK, USA).

Results
Differences among sexes and ages

Seventy-five individuals were identified while interacting
with the rope (59.5% of the total aviary population), with
51 not seen interacting during the 2018 breeding season.
Of these 75 individuals, 31 were adult females (41.3%),
20 adult males (26.7%), 14 juvenile females (18.7%) and
10 juvenile males (13.3%). Juvenile females were the most
involved in levels 1, 2 and 3 (Table 2). Females, regardless
of the age, showed a significant decrease from level 2 to
level 3 and from level 3 to level 4 (Table 2). Adult males
were the most involved in level 4 (Table 2).

Percentage of individuals involved at levels 1, 2 and 3
did not differ significantly between ages and sexes (level
1, ¥*=1.29, P=0.256; level 2, y*= 0.70, P=0.402; level 3,
yw*= 0.74, P=0.391). However, the percentage of individu-
als showing level 4 differed significantly between sexes and
ages (level 4, y* = 19.14, P<0.001). Adult females showed
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the lowest level 4 play and adult males the highest (Table 2).
Juveniles showed intermediate level 4 play (Table 2).

When we considered the number of times an individual
interacted with the rope within each level, the number of
times that adult males interacted with the rope at level 3
was significantly higher than adult females. At level 4, adult
males showed significantly more interactions than any other
group (Table 3; Fig. 2).

Phenology of the interaction with the rope

Overall activity in relation to the rope was in decline
throughout the end of the breeding season, with a peak in
mid-September (Fig. 3). This decline was paralleled by the
decrease in the number of active nests (with eggs or nest-
lings) until the first week of September (red line in Fig. 3).
When only true play behaviours were considered, this peak
became smaller in the case of the juveniles and disappeared
completely for adults (Fig. 4).

Level 3 and 4 behaviours (those considered true play)
in adults did not occur from September 2nd and in juve-
niles from September 16th onwards, appearing again at the
beginning of next breeding season in both adults (Fig. 4A)
and juveniles (Fig. 4B). Levels 1 and 2 appeared frequently
until mid-September and were greatly reduced from then
on. The decrease throughout August in number of total
interactions and individual visits to the rope per hour was
not significantly correlated with the reduction of breeding
activity, but when only looking at true play behaviours cor-
relation was close to significance (Spearman’s correlations;
all levels, R?=<0.01, t;,=0.09, P=0.925; levels 3 and 4,
R?=0.11, t;,=1.91, P=0.065). Juveniles maintained stable

A

4,0
35
3,0
25 ey

2,0 - ] %
T |
4
0,5 ﬁT il

0,0 ! 1

-0,5

Level 3

HA HJ MA MJ

Sex-Age

Fig. 2 Differences between sexes and ages in the number of inter-
actions of house sparrows with the rope at levels 3 (basic play) (A)
and 4 (acrobatic play) (B). HA: adult females (N=31); HJ: juveniles
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Table 3 Kruskal-Wallis non-parametric tests showing differences in
the number of interactions for each play level in each sex and age of
house sparrows (Passer domesticus). Level 1: brief contact; level 2:
prolonged contact; level 3: basic play; level 4: acrobatic play

Level H Degrees of freedom P

1 2.83 3,75 0.418
2 2.41 3,75 0.492
3 9.03 3,75 0.029
4 16.70 3,75 <0.001

play with the rope throughout the end of the breeding sea-
son, being the only ones that played outside the breeding
season (Fig. 3B). This activity was extremely reduced dur-
ing the winter and disappeared after the new year.

Relationship between Maximum Level of interaction
and breeding success

ML of adult males was not associated with the number of
clutches or the number of fledglings, but ML of adult males
positively and significantly explained the variation in the
total number of recruits of the next generation (Table 4;
Fig. 5). In the case of females, the ML was not signifi-
cantly correlated with any of these reproductive parameters
(Table 4).

Relationship between the Maximum Level of
interaction and kinship relationships

ML of parents correlated positively with ML of the off-
spring, although it was significant only for the mothers
(Spearman’s correlations; females, R?>=0.09, tsg=2.41,
P=0.019; males, R2=0.04, t;3=1.75, P=0.085; Fig. 6).

B

40
35
3,0
25
2.0 .
1.5
1,0 L R

ol oo O L o

-0,5

Level 4

HA HJ MA MJ
Sex-Age
females (N=14); MA: adult males (N=20); MJ: juvenile males

(N=10). Black square=mean; box=mean+ standard error (SE);
whiskers =mean + 1,96*SE
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Table 4 Spearman’s correlations between Maximum Level of interaction with the rope and reproductive parameters by sex. Level 1: brief contact;
level 2: prolonged contact; level 3: basic play; level 4: acrobatic play. Correlation coefficient (R) and degree of freedom (df) is shown

Males Females
Reproductive parameters R? df t P R? df t P
N° clutches 0.01 30 0.18 0.859 0.03 29 0.88 0.385
N° fledglings 0.02 30 0.76 0.451 >0.01 29 0.35 0.731
N° recruits 0.13 30 2.28 0.030 0.02 29 0.67 0.506
7
. ML of parents was not correlated with the proportion of
? playing offspring or interested offspring (Spearman’s cor-
5 : ; relations; playing offspring, R?<0.01, t,s=0.10, P=0.924;
i) g ~ 3 interested offspring, R?<0.01, t)s=0.32, P=0.751). These
§ :: g parameters were not explained by the number of visits to the
8 3 . : s rope (Spearman’s correlations; playing offspring, R? < 0.01,
: . . 8 t);=0.40, P=0.691; interested offspring, R%2=0.03,
2 : ?o t,5=0.92, P=0.365).
. 11 When all siblings were considered, the percentage of sib-
: :g lings significantly explained the ML of the individual, con-
® 14 sidering both playing (Fig. 7) and interested siblings. These
- 0 3 2 3 . results were not found when considering only same-brood
Max Level siblings or only non-brood siblings (Table 5).

Fig. 5 Correlation between Maximum Level of interaction with the
rope reached by each adult male house sparrow (Passer domesticus)
and the number of recruits for the next breeding season. Level 1: brief
contact; level 2: prolonged contact; level 3: basic play; level 4: acro-
batic play. Larger dots represent more individuals falling under those
parameters

Furthermore, no correlation was found between the ML of
the females and that of their partners (Spearman’s correla-
tion, R?=0.01, t;,=0.56, P=0.580).
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Fig. 6 Correlation between Maximum Level (ML) of interaction with
the rope reached by the house sparrow (Passer domesticus) mothers
with the ML of their offspring (A), and the correlation between ML
of the house sparrow fathers and ML of their offspring (B). Level 1:

@ Springer

No relation was found between physical condition and
ML for either adults or juveniles (Spearman’s correlations;
adults, R?=0.03, t,,=1.42, P=0.160; juveniles, R*=0.04,
ty, =-0.97, P=0.342).
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brief contact; level 2: prolonged contact; level 3: basic play; level 4:
acrobatic play. Larger dots represent more individuals falling under
those parameters
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" . On a few occasions, one sparrow hung itself upside down
~ (0:2) from the perch just before starting to play with the rope.
~ (24] Despite being a very rare behaviour in our population, there
- : Egg} are many similar reports in several corvid (Ficken 1997;
% - (8;10] Heinrich and Smolker 1998; Melletti and Mirabile 2010)
:l‘ : E:gm and parrot species (Bond and Diamond 2004; Kaplan 2024).
g . (14:16] Sparr'ows did not always engage in gcrobatlc play. Mgst
. (16;18] of the time, sparrows merely engaged in a playful manip-
: gggg} ulation of the object, pushing and pulling it from various
® (22:24] angles. These behaviours were sometimes difficult to dif-
o P meps . : (24,28] ferentiate from object exploration, as previously noted by

. > 26

06 08 10 12

02 00 02 04
Proportion of Playing Siblings

Fig. 7 Correlation between proportion of playing siblings and Maxi-
mum Level of interaction with the rope reached by each house sparrow
(Passer domesticus) individual. Larger dots represent more individu-
als falling under those parameters

Discussion
Play behaviour in sparrows

The behaviours displayed by our sparrows share some
similarities with play behaviours observed in other avian
species. Swinging and bungee jumping are the most repre-
sentative play behaviours in our population. Even though
we have not found any reference to bungee jumping in other
species in the literature, there are some swinging reports.
Swinging while hanging upside down from their feet has
been described in little corellas (Cacatua sanguinea)
(Kaplan 2020), and watching an individual performing this
way makes others to also engage in the activity (Kaplan
2024). Swinging in social contexts has also been reported in
the Arabian babbler (Zahavi et al. 2004). One babbler hung
upside down from a branch and began to swing, being imi-
tated by other babblers from other near branches, all ending
in a chase. When only one place was available, they took
turns to hang from it (Zahavi et al. 2004). Taking turns (or
chasing away other players) was also common in our spar-
rows, as they had only one rope available that was highly
demanded during the breeding season.

other authors (Greenberg 2003; O’Hara and Auersperg
2017), because exploration may trigger object play (Kuba
et al. 2006).

Play reflects ecological adaptations of species (Bond
and Diamond 2004; O’Hara and Auersperg 2017), so birds
play in ways related to their way of life. This seems true
for parrots and corvids (O’Hara and Auersperg 2017) but
also raptors (Negro et al. 1996; Kitowski 2005) and water-
birds (Sazima 2008, 2019), which play with objects similar
to their preys. Auesperg et al. (2015) suggested that adult
object play may affect foraging skill proficiency, allow-
ing individuals to explore new stimuli that may represent
potential food sources. In our case, where what sparrows
are looking for is not food but the best materials to build
the nest, this may be the ecological equivalent that explains
play with the rope. We propose that the search for materi-
als may be behind the emergence of play behaviour in our
population. In other species, such as the Arabian babbler,
play bouts begin with the examination of an artifact (Zahavi
et al. 2004).

Play in our sparrows is limited to the breeding season.
Both the number of active nests and the interactions with
the rope decreased at about the same time towards the end of
the season. This association disappears briefly in mid-Sep-
tember, when there is a peak in rope-related activity (Fig. 3).
However, this increase is due to a punctual upturn in level 1
and 2 interactions at the end of August. True play behaviours
(levels 3 and 4) disappear in the last third of August, when
most of individuals were finishing or had already finished
their reproductive activity, and, in fact, there is a margin-
ally significant trend correlating both events. Rope-related
activities ceased almost completely during autumn and

Table 5 Spearman’s correlation between the percentages of siblings and the Maximum Level of interaction reached by the individual, differentiat-
ing playing (levels 3 and 4), and interested (all levels) siblings and same-brood and siblings from different broods

Variables R? df t P
Playing % siblings (general) 0.15 88 3.95 <0.001
% same-brood siblings 0.08 43 1.99 0.052
% non-brood siblings 0.03 49 1.14 0.259
Interested % siblings (general) 0.06 88 2.66 0.009
% same-brood siblings 0.01 43 0.72 0.477
% non-brood siblings 0.01 49 0.63 0.531
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winter, and true play recovery occurring around May, which
coincides with the first peak of breeding activity of the year
(Fig. 3). Supporting this association, the decline in activity
was not caused by juveniles (Fig. 3B), but by reduced adult
activity (Fig. 3A). The fact that first clutches began more
than a month before play behaviours seems to discard the
possibility that play have anything to do with pair choice.
Seasonal effects on play behaviour have been found in other
bird and mammal species (Zahavi et al. 2004). In the case of
Arabian babblers, play was more frequent in summer than
in winter, but this pattern in this and other cases is explained
by food availability (Zahavi et al. 2004). In our case, food
availability cannot be an important driver of the frequency
of play behaviours as food is supplied ad libitum through-
out the year. The surplus resource theory must be also dis-
carded. If play were a way of using surplus energy and time
due to captivity, one would expect it to be more frequent in
autumn and winter than in spring, since during the breeding
season there is a greater expenditure of energy and time cost
due to breeding activities such as nest building, nest-holes
defence, incubation, and food provisioning.

Adult males are significantly more involved in true play
levels: level 3 (more than females) and level 4 (much more
than any other group), although juveniles were expected to
be the most playful, as is generally known to occur in object
play behaviour (Hall 1998; Burghardt 2005). The fact that
play is more frequent in males was more in line with previ-
ous research, as this trend that has been observed in play
behaviour in primates, carnivores, rodents, even-toed ungu-
lates and proboscideans (Vieira and Sartorio 2002; Webber
and Lee 2020).

Play behaviour and breeding success

We found play behaviour to be related to male reproductive
success. Males that exhibited ML 4 raised a higher number
of recruits than all other males (Fig. 5). No differences were
found among the females. This difference between males
and females is also explained by the non-existent correla-
tion between the ML of the pair members. This result could
support two non-exclusive hypotheses related with sexual
selection theory. First, that males capable of performing
acrobatic play would be those with the highest quality,
thus being the best parents; and second, that females would
invest more when their partners show more complex play,
with independence of their own play level.

The first hypothesis is not supported by the results
obtained from the analysis of the physical condition. Nei-
ther the ML of adults nor the ML of juveniles is significantly
explained by physical condition. However, the trend is not
far from significance in adults. It is possible that the adults
were more selective than the juveniles with their behaviour
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depending on their condition, thus showing a relationship
close to significance between condition and play. However,
the biometric data were collected in December, several
months before the start of the breeding season, so physical
condition could have changed along those six months of lag.

In the second hypothesis, play could function as a
post-mating sexual selection mechanism. Play has been
suggested as a method of evaluating other individuals as
stabilising social interactions in both mammals and birds
(Palagi 2006, 2023; Bugnyar et al. 2007) and can some-
times provide information relevant for mating (Heinrich and
Smolker 1998; Chick et al. 2012). It is possible that play
behaviour and playfulness function as signal of desirable
male traits, or correlates with those, so that females are able
to adjust their own investment based on what they see in
their partners. Of course this is only a hypothesis, and more
research is needed to establish which mechanism is respon-
sible for the correlation between reproductive success and
play behaviour.

Play behaviour and kinship relationships

The behaviours described in this work most likely emerged
in our captive population from few individuals and were
later socially transmitted to other individuals given that
observation of other individuals manipulating objects or
playing may be contagious (Stowe et al. 2006; Osvath et al.
2014; Schwing et al. 2017; Kaplan 2024).

Sparrows are known to learn both from their parents
and other flock members (Téth et al. 2009; Truskanov and
Lotem 2015; Tuliozi et al. 2018), so there are two possible
ways of behavioural transmission in our population: verti-
cal and horizontal. It is not possible to assure which of these
options is the main way of transmission, or what influence
has one over the other. However, our results suggest a kin-
ship effect.

Vertical transmission is supported by the positive and
significant correlation between the ML of adults, especially
females, and the ML of their offspring (Fig. 6). Neverthe-
less, ML of the parents or number of interactions did not
correlate with the percentage of their offspring interacting
or playing with the rope. More complex or higher intensity
interactions were expected to have drawn more attention
from their offspring, increasing the times they would have
explored the rope and eventually learning to play. It was
also predicted that the more time an individual spent around
the rope more individuals would be able to observe it and
imitate.

The percentage of playing siblings and ML of the indi-
vidual show a strong correlation (Table 5; Fig. 7). The fact
that this effect is not observed when siblings from the same-
brood and non-brood siblings are analysed separately is
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probably due to the reduction of the sample in the process
of separating them. In any case, the correlation points to
strong kinship effect. It may be due to horizontal transmis-
sion of the behaviour, as fledglings and juveniles spend a
lot of time together and can imitate the behaviour of their
sibling, but since they include non-brood siblings the results
could be also explained by heritability of some characters
that lead those individuals more prone to play to perform
these behaviours.

This work describes for the first time play behaviour in
the house sparrow and provides direct evidence of possible
benefits in the reproductive success of those individuals
which play best, despite obvious limitations.
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