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ARTICLE INFO ABSTRACT

Keywords: Dominance hierarchies can be interconnected with behaviours that are essential to manage social living, such as
Dominance relationships affiliative behaviours and social play, whose importance can already emerge in the early phases of life. Here, we
Allogrooming carried out an observational study (all occurrences sampling) to investigate the possible interconnection between
Eiﬁi;ﬁﬁmg these three behavioural categories in a group of Maremmana beef cattle (n = 44, 6-21 months of age) in an

extensive breeding system. We found that a clearly linear hierarchy is present in the group, and that the age of
the animals positively correlated with their hierarchical ranks. Affiliative behaviours were directed up to the
hierarchy: dominants received more affiliative behaviours and subordinates were generally starting the sessions,
suggesting that affiliative behaviours may be used by subordinates to bond with dominants for possibly gaining
some benefits. Social play mainly consisted of play fighting and dominant subjects played with the highest
frequency. However, playful modality was independent from playmates’ relative rank position, with longer-
lasting sessions being characterized by unbalanced and unreciprocated patterns. This indicates that play
fighting in cattle has a competitive rather than cooperative nature and that it may be used as physical training to
develop competitive skills in all groupmates. When play fighting was punctuated by affiliative behaviours, the
playful sessions lasted longer. In this view, affiliative behaviours can have a communicative value useful in
downgrading the competition emerging during play fighting. In conclusion, under naturalistic conditions young
animals of beef cattle express all the behavioural repertoire typical of adulthood and their agonistic, affiliative,
and playful behaviours are strongly interconnected in shaping social dynamics. Thus, our study suggests that
extensive farming conditions are ideal to study the behavioural strategies domestic animals enact to form
cohesive social groups. Such information is needed to enhance management and welfare of domestic ungulates.

Beef cattle
Animal welfare

1. Introduction

Many mammal species live in complex societies in which different
competitive (e.g., aggression, Preuschoft and van Schaik, 2000) and
cooperative domains (e.g., affiliation, social play, Mancini and Palagi,
2009) affect each other concurring in the evolution of social dynamics
that can often be predictable starting from immature developmental
stages (Silk, 2007). A common strategy to avoid jeopardising group
cohesion is the establishment of dominance hierarchies (Preuschoft and
Van Schaik, 2000). The position of a subject within the hierarchy de-
pends on intrinsic features such as age, physical attributes and past
experience (Sachser et al., 1998; Hubbard et al., 2021). Once dominance

relationships have been defined, overt aggression is not a convenient
option and other low-cost behaviours can be enacted (e.g., bodily ges-
tures, Tibbetts et al., 2022). A high dominance rank can also depend on
individual extrinsic power, that is the ability to engage in positive be-
haviours (e.g., social play, Palagi, 2018; social grooming, Schino, 2007)
to establish large social networks and gain resources and agonistic
support (Macaca sylvanus, Berghanel et al., 2011). Therefore, the dis-
tribution of power derives from different factors, thus producing a high
variability in dominance hierarchies (e.g., despotic vs egalitarian soci-
eties, male vs female dominance, stable vs unstable hierarchies, Watts,
2010; Vehrencamp, 1983).

In domestic, feral, and wild ungulates dominance hierarchies are
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generally clear (Hemitragus jemlahicus, Schino et al., 2022; Giraffa
camelopardalis rothschildii, Horova et al., 2015; Lama guanicoe, Correa
et al., 2013; Bos taurus, Hubbard et al., 2021; Sus scrofa, Puppe et al.,
2008) and stable over time (Reinhardt, 1985). Dominance linearity (i.e.,
the proportion of dominance transitive relationships, for example, if A is
dominant over B and B is dominant over C, then A is dominant over C, de
Vries, 1995) varies according to resource distribution and monopo-
lisation (Oreamnos americanus, Fournier and Festa-Bianchet, 1995),
group size (Equus ferus, Houpt et al., 1978) and space availability (Sus
scrofa, Meese and Ewbank, 1973). In ungulates dominance is often
related to age, body size, and time spent in the group, whereas they do
not seem to be related to sex (Horova et al., 2015; Sarova et al., 2013).

Affiliative behaviours (e.g., allogrooming) can reduce social tension
(Macaca spp., Judge and de Waal, 1997; Bos taurus, Sato et al., 1991; Sus
scrofa, Norscia et al., 2021), help form coalitions (Pan troglodytes,
Kaburu and Newton-Fisher, 2015; Equus ferus, Mendonca et al., 2021)
and establish/maintain bonds between groupmates despite competitive
interactions (Bos taurus, Val-Laillet et al., 2009; Capra hircus, Gorecki
et al., 2020; marmosets, Lazaro-Perea et al., 2004). They can also be
temporally associated with play fighting (Equus ferus, Rho et al., 2007;
Bos taurus, Reinhardt et al., 1986), possibly conveying positive intents to
the partner, thus limiting aggressive escalation (Pellis and Pellis, 1996).
Affiliative behaviours can have a polyvalent role depending on whether
they are directed down or up to the hierarchy. According to the
Grooming for Commodity Hypothesis (Sarova et al., 2016) subordinates
groom dominants in exchange of other benefits (e.g., tolerance at
feeding spots, Equus ferus, Feh, 2005; primates, Anza et al., 2021; Port
et al., 2009). The Grooming for Stability Hypothesis predicts that, partic-
ularly in groups with less strict hierarchies, dominants are central in
social dynamics (Bos taurus, Sarova et al., 2016) and may provide
grooming to subordinates possibly also to limit outranking attempts
(primates, Aureli and de Waal, 2000). However, the distribution of
affiliative behaviours is not always influenced by dominance ranks, as
observed under intensive farming and crowded conditions (Sus scrofa,
Camerlink and Turner, 2013; Goumon et al., 2020).

Play fighting is common in ungulates’ early life stages (Veissier et al.,
1998) generally including patterns (or behavioural actions) belonging to
different domains (e.g., reproduction or aggression, Palagi and Pellis,
2022). Since play fighting occurs in absence of chronic or intense stress,
working on animals reared under extensive condition allows exploring
this domain (Palagi and Pellis, 2022). Play allows improve physical
skills (Motor Training Hypothesis, Byers and Walker, 1995), obtain in-
formation on one’s own physical abilities (Self-Assessment Hypothesis,
Thompson, 1998), and increase playmates reciprocal knowledge (Social
Assessment Hypothesis, Pellis and Iwaniuk, 2000). When including strong
competitive elements (Pellis and Pellis, 2017), play can also be strate-
gically used to reassert the dominance status over the playmate (dogs,
Bauer and Smuts, 2007). In this perspective, play fighting can range
from highly cooperative to strongly competitive, being its modality
predictive of its functions (Pellis and Pellis, 2009). Cooperative play
helps form social bonds and competitive play helps train for real fights
(Mills, 1990).

Here, we tested hypotheses on the possible interconnection between
dominance, affiliative, and playful interactions in a group of Mar-
emmana beef cattle (females, heifers, and castrated males, steers),
reared in an extensive breeding system, social behaviours strongly
neglected in domestic ungulates reared under naturalistic conditions
(Sahu et al., 2020). Maremmana cattle is a good model because it has
retained genetic and phenotypic similarities with its wild ancestor
B. primigenius primigenius which further makes the breed interesting per
se (Lucifero et al., 1977). Moreover, since Maremmana cOws are
perfectly adapted to extensive outdoor breeding systems (Lucifero et al.,
1977), the data collection of social behaviour under naturalistic condi-
tions is highly feasible.

Since the early stages of life are crucial for the development of social
skills in cattle, including dominance relationships (Reinhardt, 1986;
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Vitale et al., 1986), we focussed on weaned young beef cattle.

1.1. Influence of intrinsic features in shaping the dominance hierarchy

Hypothesis 1. Data show that most adult ungulates form linear hier-
archies (Schino et al., 2022; Puppe et al., 2008). If dominance re-
lationships are already shaped in juvenile phases, we also expect our
group to form a linear hierarchy (Prediction 1).

Hypothesis 2. If hierarchical ranks depend on physical features
(Jensen, 2018; Sarova et al., 2013), we predict ranks to correlate with
the animals’ age/size (Prediction 2). Since no clear sex difference in
ranking positions was found in cattle (Blockey, 1979; Stricklin et al.,
1980), we do not expect sex to significantly affect animals’ ranks (Pre-
diction 3).

1.2. Influence of extrinsic factors in shaping the dominance hierarchy

Hypothesis 3. If affiliative behaviours are used by subordinates in
exchange for benefits (e.g., resources, tolerance) with dominants
(Sarova et al., 2016), we predict that subordinates not only spend more
time providing affiliative behaviours than dominants (Prediction 4) but
also that they start such sessions more frequently than dominants (Pre-
diction 5).

Hypothesis 4. If affiliative behaviours are used by dominants to
maintain rank relationships stable (Sarova et al., 2016), we predict that
dominants not only spend more time providing affiliative behaviours
than subordinates (Prediction 6) but also that they start such sessions
more frequently than subordinates (Prediction 7).

Hypothesis 5. If play fighting is used as physical and social training
for competitive skills (Byers and Walker, 1995), the more unbalanced
the play patterns, the longer the play session, independently from
playmates’ rank difference (Prediction 8). Since during play fighting the
risk of escalation is real (Palagi et al., 2016), we expect that affiliative
behaviours can be used while play fighting to reduce such risk (Pellis
and Pellis, 1996) (Prediction 9).

Hypothesis 6. If play fighting is a tool to assert dominance (Held and
Spinka, 2011), we predict asymmetrical social play sessions to be un-
balanced against the lower-ranking player (Prediction 10).

2. Materials and methods
2.1. Ethic statement

The present study was purely observational and non-invasive, thus
no permit from the Bio-Ethical Committee was needed.

2.2. Study site and group

The study was carried out at the Tenuta di Paganico, a 1500-hectare
organic farm in Paganico (Grosseto, Italy) extensively breeding Mar-
emmana cattle for meat production. The study group was composed of
44 subjects, ranging from 6 to 21 months of life (mean + SD: 8.97 +
2.21), with 30 heifers (females) and 14 steers (males), all from different
mothers and sired by the reproductive male of the adult herd. Weight
measures were available for 35 of them (mean weight + SD: 306.3 +
47.9 Kg), with no difference in weight between the two sexes (Wilcox-
on’s rank sum test, W=115, p = 0.289). Calves were weaned by mothers
and then moved to the fattening group at about 6 months, therefore all
the animals knew each other since their birth. All subjects were present
in the group since the beginning of the observation period. Although
sexual maturity in cattle is often reached before the first year of age
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(Gupta et al., 2016), this varies according to the breed (Frateschi and
Ducci, 1996). Since in Maremmana breed animals reach full maturity
around the third year of age (Jannella et al., 1977; Lucifero et al., 1977),
that is much later than in other breeds, our animals were presumably all
sexually immature. In our group, males were all castrated in October
2020, well before the beginning of the study. The animals were reared in
a fenced hilly area characterised by grassland, shrubs, and woods;
moreover, they received supplements of feed at mangers once a day.
Close human contacts with animals were highly limited (e.g., monthly
physiological sampling for health monitoring).

2.3. Data collection and operational definitions

Although data collection took place on different sessions from
January to March 2021 (8:30 am-12:30 pm, 2:00 pm-5:30 pm), the first
period in January was dedicated to habituate animals to the presence of
the observer and to the individual recognition of animals. Videos
(Panasonic HC-V180, full HD, 90x; optical zoom allowed recording
high-quality frames at long distances; total of 62 h of recordings) were
collected at > 25 m from the animals via subgroup focal sampling applied
to the different subgroups of cattle that naturally split and fused within
the same enclosure to have comparable time of observation for each
subject as much as possible. Each subgroup was observed for about 1 h,
then the focus was shifted on other subgroups. We collected videos of
agonistic, affiliative (body contact, rubbing and allo-licking), and social
play interactions, coding the initiator and receiver for every pattern
(Table S1). An estimation for the time during which each animal was
recorded (in the 62 h of recordings) was obtained through the scan
sampling method. During video analysis, we stopped the video every ten
minutes and registered the individuals present in the frame. Then, we
summed up all the scans for each subject (e.g., 300 scans in which a
subject was observed = 50 h of observation). Individual identification
was based on ear tag reading (4-number ID), and physical features (e.g.,
body size, mantle colour, horns, tail). Since a stressor can have short and
mid-term effects on cattle behaviours (Sapolsky, 2000), the distance
from the monthly blood sampling was noted down.

Cattle ethograms in literature (Améndola et al., 2016; Bertelsen and
Jensen, 2019; Phillips, 2002; Schein and Fohrman, 1955) are often
incomplete or not updated, particularly for social behaviours and for the
Maremmana breed (Vitale et al., 1986). Thus, we present here a more
updated ethogram for social behaviours of Maremmana beef cattle
(Table S1, ethogram).

2.3.1. Agonistic vs playful behaviours

The distinction of social play from agonistic behaviours is far from
being effortless, particularly for play fighting. According to the defini-
tion of Burghardt (2005) play includes patterns not completely func-
tional in the context in which they are deployed, they appear
exaggerated, incomplete, repeated, or reordered. Play fighting deploys
patterns typical of the aggressive sphere that are expressed with a milder
intensity (e.g., self-restrained). Moreover, the receiver of the first play
fighting pattern does not retreat but actively searches for contact with
the playmate to prevent the interaction ending (Held and Spinka, 2011;
Pellis and Pellis, 1996). On the contrary, aggressive patterns are not
reciprocated by the receiver who normally responds with a submissive
posture or fleeing away.

Frame-by-frame video analysis was done via Pot Player® (agonistic,
affiliative, playful interactions, Table S1). The animals often paused
during play bouts for this reason we decided to apply the criterion used
by Carter et al. (2019) on another ungulate species to define the tem-
poral window of a session. When two play patterns were separated by
more than 60 s, they were considered belonging to different play ses-
sions, and the same criterion was used for affiliative sessions (Carter
et al.,, 2019). For each playful and affiliative session, we coded the
identity of the subject initiating or ending the session. Play fighting
sessions sometimes included affiliative behaviours and when it

Applied Animal Behaviour Science 260 (2023) 105868

occurred, the time the animals spent exchanging such behaviours was
excluded from the calculation of the play session’s length. Moreover, for
each social play session, we applied the Play Asymmetry Index (PAI)
formula, based on advantageous (ADV), disadvantageous (DIS), and
neutral (N) play patterns composing the session (Gallo et al., 2022). A
pattern was considered as advantageous (ADV) when a player directed a
play offensive action or when it was in a favourable position with respect
to the playmate. A pattern was recorded as disadvantageous (DIS) when
a player assumed a defensive or a self-handicapping position. A neutral
pattern (N) is an action that does not provide any ADV or DIS to the
player (Gallo et al., 2022). The PAI formula is:

(ADVA + DISB) — (ADVB + DISA)
(ADVA + DISB) + (ADVB + DISA) + N

Since our subjects never actively performed disadvantageous play
patterns, if not just letting the other playmate free to perform an ad-
vantageous pattern (e.g., during horn rubbing the receiver lets the actor
rub vigorously its horns on the receiver’s throat area, see Table S1 for
the categorization of each playful pattern), we modified the PAI formula
as follows.

ADVA — ADVB
ADVA +ADVB + N

The index ranges from O (perfectly balanced session) to 1
(completely unbalanced session).

2.3.2. Reliability

Two coders analysed all the videos in tandem. Before starting the
video analyses (62 h of video-recordings), inter-observer reliability was
checked between the two coders on about 10% of total videos for indi-
vidual identification and behavioural context (affiliative, social play,
agonistic). The values of Cohen’s kappa coefficient (k) (Cohen, 1960)
were higher than 0.9 for both animal identification (x = 0.938) and
context (x = 0.946).

2.4. Statistical analysis

Hypothesis 1. We used the normalised Average Dominance Index
(normADI, Sacca et al., 2022) to extract the dominance hierarchy and
calculate its steepness. The index is an improvement of Normalised
David’s Scores (David, 1988) and has been introduced to overcome the
significant biases in hierarchies’ steepness arising when several dyads of
the groups do not interact (in our case 439 on 780 possible dyads) (Sacca
etal., 2022). We inserted all agonistic behaviours coded (threats, charges,
buttings, pushings, kicks, frontal pushings as well as avoidances, Phillips,
2002; Sarova et al., 2013) in an interaction matrix. All cases with
doubtful valence (agonistic/playful patterns, n = 12; mounts, n = 42)
were excluded. We double-tested the hierarchy linearity with i) /, the
improved version of Landau’s h (Landau, 1951, R package EloRating —
Neumann and Kulik, 2020) which fills the empty cells with randomised
outcomes (de Vries, 1995, with possible biases arising by randomly
filling interactions, Sacca et al., 2022) and ii) the Triangle Transitivity,
tyi, (Shizuka and McDonald, 2012), an index based on the proportion of
transitive triangles among all triangles in a network (t;; = 1 perfect
linearity).

Hypothesis 2. We tested the correlation between individual nor-
malised ADIs and Age. Then, we investigated the relationship between
rank and sex through a t-test for independent samples of males vs. females’
ADIs. In addition, since it was not possible to have weight measures for
all the 44 subjects, we tested the correlation between Age and Weight
(Sarova et al., 2013) for the 35 animals for which 4 wt measures taken at
regular intervals during the study period were available (each time all
measures taken the same day). This was done to know whether for our
beef cattle age can be a reliable indicator of their size.

Hypotheses 3 and 4. We further tested the correlation between in-
dividual normalised ADIs and the proportion of time (sec.) spent playing
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Fig. 1. Graphical representation of the dominance hierarchy of the group of beef cattle (n = 39) as the relationship between the dominance order (from 1 to 39) and
the normalised Average Dominance Index (Norm. individual ADI) of each subject. The estimated line with its steepness coefficient is indicated.

(Social play), receiving (Aff. behaviours received) or providing others (Aff.
behaviours given) with affiliative behaviours on the total time (sec.) of
observation calculated for each animal. Then, we analysed the differ-
ences of rank scores between the provider and receiver of each affiliative
session through a t-test (one sample) on normADI differences within the
sessions.

To see which factors influenced the response variable Affiliative ses-
sion length (log-transformed) we ran a Gaussian error distribution Linear
Mixed Model (LMM, R package: glmmTMB). The pair of interacting
subjects was included as random factor. The fixed factors considered
were the a) difference of ADI between the subjects (|normADI diff.|); b)
sex combination of subjects (Sex combination, 0 = same-sex, 1 =
different-sex); c) distance from routinary health vet checking (Sampling,
Ctrl = days distant from sampling, Postl = hours following sampling,
Post2 = day after sampling); d) Play proximity, whether the affiliative
session was temporally associated with social play (within one minute
before and/or after play session; 0 = absence of play within 1 min, 1 =
presence of play within 1 min).

Hypothesis 5. We analysed the differences of rank scores between the
initiator (inviter) and the other playmate of each social play session
through a t-test (one sample) on normADI differences within the sessions.

In order to see which factors influenced the response variable Social
play session length (log-transformed), we ran a LMM (R package:
glmmTMB). The pair of interacting subjects was inserted as random
factor. The fixed factors considered were the a) |[normADI diff.|; b) Sex
combination; ¢) Sampling; d) Play Asymmetry Index (|PAI|); e) Presence
of Aff. behaviours during play sessions (Presence = 1, Absence = 0); f)
Presence of Aff. behaviours before play (1-min-window before a play
session; Presence = 1, Absence = 0).

Hypothesis 6. We ran a LMM with PAI as response variable and
normADI diff. as fixed factor. The interacting subjects were inserted as
random factor.

The normality of the variables’ distribution was tested through the
Shapiro-Wilk test (Ghasemi and Zahediasl, 2012) as well as histograms.
Homoscedasticity for correlations was verified through the F test for
variance homogeneity. In cases of non-normality in the distribution of
variables and non-homogeneity of their variances we applied
non-parametric tests (in the present case the Spearman test). In case of
multiple correlations, we applied the Bonferroni correction to reduce
I-type error (Curtin and Schulz, 1998, ou=a/k, with a = 0.05;
k = number of correlations). Multicollinearity (Bolker et al., 2009) in

the LMMs was checked with the ‘check _collinearity’ function from the R
package performance 0.4.4 (by means of VIFs): ‘Low correlation’ was
found for all the fixed factors included in the LMMs (VIF range:
1.01-1.21). The significance of the models was tested comparing the full
model with the model including only the random factors (i.e., null
model) (Forstmeier and Schielzeth, 2011) through the Likelihood Ratio
Test (LRT, Anova with the ‘Chisq’ argument, Dobson and Barnett, 2018).
To estimate each predictor p-value, LRTs were run between the full
model and the model not containing that predictor (Barr et al., 2013). To
check the models fit and possible overdispersion issues the package
DHARMa 0.3.3.0 (Hartig, 2020) was used (for both models, nonpara-
metric dispersion test, dispersion range: 1.0039-1.0059, p-value range:
0.984-0.992). The R-package MuMIn 1.43.17 (Barton, 2020) was used
to calculate the marginal and residual R% the marginal R? indicates the
proportion of variance of the response variable explained by the fixed
factors only, whereas the residual R? indicates that one explained by
both fixed and random factors (Nakagawa et al., 2017).

3. Results

Out of the 44 subjects, 5 were discarded from the analyses since they
were recorded for less than 20 h. On the selected group (25 females,
heifers, and 14 males, steers, 165-671 days old, average time of obser-
vation = 39,17 h), we recorded a total of 599 agonistic interactions, 318
affiliative sessions (mean length=41s; min=1 s; max=477 s) and 95
social play sessions (mean length=53s; min=3s; max=362s). See
Table S1 (ethogram) in Supplementary material for behaviours’
description.

3.1. Hypothesis 1 - Dominance hierarchy linearity

599 agonistic behaviours in a 39 x 39 square matrix were used to
obtain the individuals’ rank order, measured with normalised ADIs
(Fig. 1). We found a linear hierarchy (Landau’s index h'=0.257, p-val-
ue=0.001; transitivity index, P =0.990, t;;;=0.961, p < 0.0001) with a
steepness of 0.972. Prediction 1 supported.

3.2. Hypothesis 2 — Intrinsic features shaping dominance hierarchy

We found a positive correlation between normADIs and Age
(rho=0.837, p < 0.0001, Fig. 2a) and between Age and Weight
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Fig. 2. Relation between normalised Average Dominance Index and the a) Age of the animals (days), b) Affiliative behaviours received (time spent receiving aff.
behaviours/time of observation for the subject), c) Affiliative behaviours given (time spent receiving aff. behaviours/time of observation for the subject), d) Social
play (time spent playing/time of observation for the subject). Graphs show Spearman’s rank correlation coefficients and p-values. Grey areas represent confi-

dence intervals.

(r =0.62, p < 0.001), making the age of a subject a reliable indicator of
its size. Dominant animals were thus older and larger (Prediction 2 sup-
ported). NormADIs did not differ according to the Sex of the subjects (t
test: p = 0.41) (Prediction 3 supported).

3.3. Hypotheses 3 and 4 - Affiliative behaviours and their distribution
across the dominance hierarchy

Apart from Age, normADIs positively correlated with the time spent
receiving affiliative behaviours (rho=0.416, p = 0.008, Fig. 2b). For
instance, the top-ranking subject spent almost 3 times more of its time
receiving affiliative behaviours compared to lowest ranking one. On the
other hand, no correlation was found between individual ranks and the
time the subjects spent providing affiliative behaviours (rho=—0.105,
p = 0.523, Fig. 2¢) (Prediction 4 supported, Prediction 6 not supported).

The t-test (one sample) on rank differences in affiliative sessions
showed that the initiator was mostly lower-ranking compared to the
receiver of affiliative behaviours (diff(normADIs)= —2.40, CI 95%:
— 4.001/— 0.800, p = 0.003) (Prediction 5 supported, Prediction 7 not
supported).

The full model investigating what affected Affiliative session length
was significantly different from the null model (X2 = 13.100, p = 0.023,
conditional R? = 0.218, marginal R? = 0.043). The only fixed factor

Table 1

Estimated parameters (Estimate), Standard Error (SE), and results of the likeli-
hood ratio tests (y2) of the LMM (Gaussian distribution) with Affiliative session
length (log-transformed, sec.) as response variable. Affiliative sessions = 318.
The dyad of interacting subjects was included as random factor. Significant
values are in bold.

Affiliative session length. Variance of random factor = 0.311, Std. err. = 4.86

Fixed factors Estimate Std. Error af  x2 p-value
Intercept 3.003 0.184 - - -
|normADI diff. | -0.003 0.010 1 0.08 0.778
Sex combination (different) -0.202 0.167 1 1.460 0.227
Sampling 2 4.520 0.104
Sampling (post1) -0.444 0.542

Sampling (post2) 0.290 0.156

Play proximity (presence) -0.464 0.157 1 8.740 0.003

affecting the response variable was Play proximity (Table 1, Fig. 3).
Affiliative sessions were shorter when performed in the minute pre-
ceding or following a session of social play (from on average 47 s, with
no play session within 1 min, to 30 s, with play sessions within 1 min).
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Affiliative session length (sec, log-transf.)

Proximity to play

Fig. 3. Plot of the effect of the presence of play within one minute before or
after the affiliative session (Play proximity, O = absence; 1 = presence) on the
length of the affiliative session (Affiliative session length, sec, log-transformed)
(Model 1, p = 0.003).

Table 2

Estimated parameters (Estimate), Standard Error (SE), and results of the likeli-
hood ratio tests (y2) of the LMM (Gaussian distribution) with Social play session
length (log-transformed, sec.) as response variable. Social play sessions = 95. The
dyad of interacting subjects was included as random factor. Significant values
are in bold.

Social play session length. Variance of random factor = 0.265, Std. dev. = 0.514

Fixed factors Estimate  Std. af  x2 p-value
Error

Intercept 2.633 0.252 1 - -

|normADI diff. | 0.2087 0.014 1 2.780 0.096

Sex combination (different) 0.013 0.238 1 < 0.0001 0.957

|PAI| 0.912 0.401 1 4.960 0.026

Sampling (Ctrl) 2 0.400 0.817

Sampling (post1) 0.259 1.047

Sampling (post2) -0.123 0.214

Aff. behaviours during play ~ 1.669 0.259 1 41.670 < 0.0001
(presence)

Aff. behaviours before play ~ -0.074 0.254 1 0.080 0.772
(presence)

3.4. Hypothesis 5 — Play fighting for physical training and affiliative
behaviours

NormADIs positively correlated with time spent in social play (rtho =
0.430, p = 0.006, Fig. 2d). For instance, the top-ranking subject spent
about 35 times more of its time play fighting compared to the lowest
ranking one. The t-test (one sample) showed that the play fighting ses-
sions were similarly started by higher- and lower-ranking subjects
(p = 0.48; n = 66 sessions in which it was possible to code who started
the session). Since 22% of the play sessions were anticipated by affili-
ative behaviours (normally performed by the lower-ranking subject of
the dyad), we repeated the test on the same subjects excluding the ses-
sions already anticipated by affiliation. Still, no difference in rank was
found between the initiator and the other play partner (n sessions = 47,
t = —0.145, p = 0.886).

The full model investigating what affected Social play session length
was significantly different from the null model (X3 = 44.900,
p < 0.0001). The significant fixed factors were the |PAI| and Affiliative
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behaviours during play (Table 2). The duration of the session increased
when it was punctuated by affiliative behaviours (Fig. 4a) and with its
asymmetry (Fig. 4b) (Prediction 8 and Prediction 9 supported). Indeed,
play sessions punctuated by affiliative behaviours lasted on average
almost 4 times more (40s vs 151 s) than those lacking affiliative
behaviours.

3.5. Hypothesis 6 — Play fighting to reassert dominance

The null and full model investigating whether the play session was
unbalanced in favour of subordinate vs dominant individuals did not
significantly differ (X3 = 1.611, p = 0.204), thus indicating that the
relative ranking position of the two players is not predictive of the
asymmetry direction of a session (Prediction 10 not supported).

4. Discussion

We found that agonistic, affiliative, and playful interactions are
strongly interconnected in our study group of Maremmana beef cattle
extensively reared. A linear dominance hierarchy is present (Hypothesis
1 supported) with the oldest and largest animals occupying the top-
ranking positions. Thus, whereas the age (and thus weight) has an ef-
fect on ranking, the same does not seem to be true for sex (Hypothesis 2
supported). Ranking position occupied by heifers and steers does not
seem to affect their motivation to provide affiliative behaviours to group
members, although dominants received significantly more affiliative
behaviours from groupmates scoring lower ranking values (Hypothesis 3
supported, Hypothesis 4 not supported). Dominants engaged in higher
levels of play fighting, which is rather competitive in this group of beef
cattle. The competitive elements of play fighting (i.e., high PAI values)
prolong the sessions, making them more effective in training animals for
competitive interactions (Hypothesis 5 supported) rather than for
asserting dominance relationships (Hypothesis 6 not supported). Such
playful competition seems to be mitigated by communicative patterns
extracted from the affiliative domains exchanged before and during the
sessions (Hypothesis 5 supported). Table 3 summarizes hypotheses,
predictions, and outcomes of our study.

A linear dominance hierarchy is present within our group suggesting
that dominance dynamics, usually typical in adults, are already present
at early stages of life. In linear hierarchies the dominance order is
generally based on intrinsic power (Van Schaik and Van Noordwijk,
1988), as found in our study group. Here, the dominance order seems
discreetly steep (0.97), meaning that there is significant difference of
social dominance between adjacent ranks (Van Schaik and Van Noord-
wijk, 1988). Even though values of steepness around 1 are often
considered typical of despotic groups (e.g., Pan troglodytes, Kaburu and
Newton-Fisher, 2015; Macaca spp., Zannella et al., 2017), we must keep
in mind that classic methods used to infer steepness led to un-
derestimations (Sacca et al., 2022), making comparisons rather difficult.
Moreover, differences are even more difficult to detect since hierarchy in
cattle has been rarely studied under naturalistic conditions (Hubbard
etal., 2021). Cattle feed upon widespread and accessible resources (e.g.,
grass) (Koenig, 2002; Sahu et al., 2020), but competition may still arise
leading to the establishment of clear dominance hierarchies in
controlled settings (Horova et al., 2015). The positive correlation be-
tween rank and age (an indicator of body size) strongly agrees with data
from other ungulates (Ovis canadensis, Favre et al., 2008; cattle, Blockey,
1979, Stricklin et al., 1980), indicating that experience and physical
strength may be strong determinants for ranking status (Sarova et al.,
2013; Harcourt and de Waal, 1992). The absence of any relationship
between sex and dominance status is consistent with the low size sexual
dimorphism in bovines: that trend is maintained also in adulthood
independently from the castration of males (Blockey, 1979; Stricklin
et al., 1980; Sarova et al., 2013; Hubbard et al., 2021).

Affiliative behaviours were directed up to the hierarchy, with the
lowest-ranking animal of the dyad initiating the session more frequently
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a)

Social play session length (sec, log-transf.)

0 1
Aff. behaviours during play

Applied Animal Behaviour Science 260 (2023) 105868

Social play session length (sec, log-transf.)

0.00 0.25 0.50 0.75
|PAI|

Fig. 4. Plot of the effect of a) the presence of affiliative behaviours exchanged by playmates within a play session (Aff. behaviours during play, 0 = absence; 1 =
presence, Model 2, p < 0.0001) and b) the asymmetry of the social play session (|PAI||, Model 2, p = 0.026) on the length of the play fighting session (Social play

session length, sec, log-transformed). Grey areas represent confidence intervals.

(the subject performing an affiliative bout was on average 2.40 scores
lower in ADI than the receiver). Our results are consistent with the
Grooming for commodity hypothesis, which predicts affiliative behaviours
to be used by subordinates to exchange benefits with more dominant
animals (Sarova et al., 2016). In ungulates commodities can be protec-
tion against predators (Krause and Ruxton, 2002), tolerance during
group movements or where resources are clustered (Val-Laillet et al.,
2008) such as at resting or feeding mangers (Hamilton, 1971). Our re-
sults do not seem to support the Grooming for stability hypothesis (Sarova
et al., 2016), although we cannot exclude a potential role of grooming in
promoting group stability and increasing tolerance of dominants to-
wards subordinates, particularly considering that animals from different
ranks provided affiliative behaviours at comparable frequency.

Social play can include cooperative as well as competitive motor
actions (Pellis and Pellis, 1996). Similarly to Vitale et al. (1986), we
found that social play in Maremmana beef cattle consisted mainly in
play fighting, whose sessions lasted longer when the animals played in
an unbalanced and unreciprocated way. If play fighting is a tool for
assessing one’s own physical skills (Bekoff, 2015; Burghardt, 2005;
Spinka et al., 2001), it is plausible that the most effective sessions are
those strongly asymmetric and that both players are motivated to pro-
long them. Play is a pleasurable and useful behaviour for all group
members with even subordinate animals benefiting from the behaviour
(e.g., gaining more social information on playmates and improving
physical skills). However, although playful interactions in the group
were competitive, they were not influenced by hierarchical ranks of the
players. This means that in a play session also dominant subjects can also
assume the role of “weaker” thanks to the communicative mechanism
called role-reversal (Palagi et al., 2016).

Our findings support the potential competitive nature of social play
in this cattle breed and that play might be used in this breed for physical
and social training. In our group, this seems supported because the an-
imals occupying higher levels of the hierarchy spent more time playing
with other group mates compared to lower-ranking cattle (correlation
relationship). Since the most unbalanced sessions are also the longest
ones, it is likely that some communicative tactics should be deployed to

limit any risk of escalation (Nolfo et al., 2021). The short affiliative bouts
opening and closing the playful sessions could have a similar function.
At the same time, those play sessions interspersed by affiliative behav-
iours lasted on average about four times longer than those lacking any
affiliative behaviour. These data together suggest that affinitive contacts
may have a role in communicating positive intents during play fighting
in Maremmana beef cattle as shown in other species (Pellis and Pellis,
1996, 2017). Signals may be exchanged before the play session, as
icebreaker tactic, or be interspersed during an ongoing play session to
renew the motivation to play in the companions (Maglieri et al., 2022a).
Play signals in mammals are widespread and often rather
species-specific (Cordoni et al., 2016; McDonnell and Poulin, 2002;
Palagi and Mancini, 2011). Since cows lack a large repertoire of facial
expressions and/or vocalisation associated with positively valent events
(Laurijs et al., 2021), affiliative behaviours may be useful to downgrade
potentially risky situations such as play fighting (Schino, 1998). In ju-
veniles and inexperienced animals, the need for signals to fine-tune play
fighting can be even more important. Similar results were found in other
ungulates with licking often opening play fighting (cattle, Reinhardt
et al., 1986), specifically in more competitive play sessions (horses, Rho
et al., 2007). Further investigation may be helpful to clarify the possible
meaning conveyed by affiliative behaviours in different contexts.
Similar results from other phylogenetically and ecologically distant
species (dogs, Cordoni et al., 2016; spotted hyenas, Nolfo et al., 2021)
show that long asymmetrical playful sessions are characterized by spe-
cific communicative tactics to fine-tune them (dogs, Maglieri et al.,
2022b). Importantly, we did not find any relationship between the
asymmetry of the session and the relative ranking position of the
players, thus underlying the importance of role-reversal tactics in the
breed (Palagi et al., 2016). This result makes the use of play fighting by
dominants for reasserting their status on subordinates less reliable. The
individual motivation to prolong asymmetrical sessions independently
from hierarchical ranks suggests that all animals need to gather infor-
mation to cope with unpredictable and uncertain competitive situations,
as predicted by the Training for the unexpected hypothesis (Spinka et al.,
2001). Play fighting more than any other positive contact trains
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Table 3
Summary of hypotheses, predictions, and outcomes of the study.
Hypothesis Prediction Outcome
Dominance hierarchy and intrinsic factors
Hypothesis Dominance dynamics The group of beef cattle Supported
1 are already shaped in forms a linear hierarchy
juveniles (Prediction 1)
Hypothesis Hierarchical ranks are Dominance ranks Supported
2 age/size- but not sex- correlate with the
dependent animals’ age/size
(Prediction 2)
No sex effect for the Supported
animals’ rank position
(Prediction 3)
Dominance hierarchy and extrinsic factors
Hypothesis Affiliative behaviours Dominants receive more Supported
3 are used by subordinates  affiliative behaviours
to bond with dominants (Prediction 4)
(Grooming for Affiliative behaviours Supported
commodity) sessions are started by
subordinates (Prediction
5)
Hypothesis Affiliative behaviours Dominants provide more  Not
4 are used by dominants affiliative behaviours supported
to maintain group (Prediction 6)
stability (Grooming for Affiliative behaviours Not
stability) sessions are started by supported
dominants (Prediction
7).
Hypothesis Play fighting can The more unbalanced the  Supported
5 function as physical patterns, the longer the
training to develop play session,
competitive abilities independently from
playmates’ ranks
(Prediction 8)
Playmates communicate Supported
their benign intent
during play sessions
using affiliative
behaviours (Prediction
9).
Hypothesis Play fighting isused asa  Sessions are unbalanced Not
6 tool to assert dominance  in favour of the higher- supported
ranking player

(Prediction 10)

juveniles’ physical (e.g., strength, agility) and emotional skills (e.g., fear
self-control).

In conclusion, our study shows that under naturalistic conditions
beef cattle express all the behavioural repertoire typical of their adult
phase (Table S1, ethogram). Since our data refers to only one group of
cattle breed extensively reared for meat production, they need to be
interpreted with caution. Exploring similar topics under the same
farming condition, different results can emerge as a function of breeds,
group composition (i.e., age) and purpose of farming (e.g., dairy vs beef
cattle). However, the analysis of the agonistic, affiliative, and playful
categories, that at a first glance appear separated, provides a complex
picture of how these three spheres are instead intimately interconnected
to shape the social dynamics of this cattle breed. This knowledge is
essential to enhance management and welfare of these domestic un-
gulates. Indeed, all these aspects could not be unveiled under intensive
farming conditions, where part of the behavioural repertoire of animals
can be inhibited by the limited space availability and crowded condi-
tions, in particular for social play, which is a behaviour performed only
without chronic or intense stress.
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