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Abstract 

Background Third-party interference in agonistic contests entails a deliberate intervention in an ongoing fight 
by a bystanding individual (third party) and may be followed by post-conflict social behaviour to provide support 
to a specific individual. The mechanisms behind third-party intervention are, however, still largely understudied. The 
aim of this study was to investigate third-party interference, with the predictions that (1) the interferer derives benefits 
from its action by winning a fight, (2) that patterns of intervention depend on familiarity, (3) that dyadic fights last 
longer than triadic fights, and (4) that interferers engage in non-agonistic social behaviours afterwards. Pre-pubertal 
pigs (Sus scrofa) (n = 384) were grouped with one familiar and four unfamiliar conspecifics (all non-kin) to elicit con-
tests for dominance rank. Third-party interference was analysed for the first 30 min after grouping, along with the 
behaviour (nosing or aggression), contest duration, contest outcome, and interferer behaviour after the fight (post-
conflict social behaviour).

Results Three types of interference were observed: non-agonistic involvement (nose contact) by the interferer 
in a dyadic fight; a triadic fight with each of three contestants fighting one opponent at a time; and triadic fights 
with two opponents jointly attacking the third one (two-against-one fights). The likelihood of a third-party interven-
tion to occur did not depend on the presence of a familiar animal in the fight. However, once intervention was trig-
gered, interferers attacked unfamiliar fight initiators more than familiar ones. Two-against-one fights lasted longer 
than other triadic fights and occurred more often when both initial contestants were females. Results of 110 triadic 
fights (out of 585 fights in total) revealed that interferers were more likely to win compared to the initial opponents 
at equal body weight. The most common post-conflict behaviour displayed by the interferer was agonistic behaviour 
towards another group member, independently of familiarity.

Conclusions The general lack of discrimination for familiarity suggests interference is not driven by support to famil-
iar individuals in pigs. The results show that intervening in an ongoing fight gives the interferer a high chance of con-
test success and may be a strategy that is beneficial to the interferer to increase its dominance status.
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Background
In an agonistic context, third-party interactions occur 
when a bystander takes part in an on-going fight between 
two opponents [93]. Third-party interference in ongoing 
interactions has been described in a few species, mostly 
primates, social carnivores, and corvids [3, 18, 60, 81]. 
Interference can be either impartial, when the interferer 
participates in the fight without taking a side, or par-
tial, when the interferer preferentially attacks one of the 
opponents, thus supporting the other (deliberately or 
not) [5, 30, 92]. The latter scenario includes the case of 
coalition formation, when at least two individuals coor-
dinate their actions against a third party in an aggressive 
context [6, 64]). Studies on animal contests have mostly 
focused on dyadic interactions, and therefore the mecha-
nisms driving the interferer’s participation in a fight are 
still not clear. Expanding the current knowledge of ago-
nistic scenarios beyond dyadic conflicts is important in 
order to better understand animal decision making and 
the evolution of interference behaviour [8].

Contests are inherently costly and pose a risk of seri-
ous injuries [73, 76]. Therefore, for interfering behaviour 
to have evolved, we should expect the intervening indi-
vidual to gain benefits from participation in contests. 
By winning, an interferer may directly increase its own 
dominance status, which in turn may lead to increased 
resource access or reproductive success [1, 35, 43]. 
According to the direct benefits theory, we expect (pre-
diction 1) that interferers will be more likely to win an 
encounter than either of the initial opponents (partial 
intervention with direct benefits).

An alternative to a direct benefit for the interferer, in 
the form of an increase in dominance status, is that inter-
vention takes place in order to provide aid to kin or a 
familiar animal, directly benefitting the recipient [49, 74, 
82, 86]. In some cases, aiding during an agonistic inter-
action may be limited to providing social support, mean-
ing the simple presence of a familiar individual or the 
performance of affiliative social behaviour, both of which 
are thought to act as a “buffer” against challenging situa-
tions, reducing the experience of stress for the recipient 
animal [98]. On the other hand, social aid in agonistic 
contexts may also involve the active engagement of a 
third individual in the fight [6, 69]. If an interferer aims 
to support a preferred individual which is involved in a 
fight, the interferer may direct its efforts to stop the lesser 
preferred opponent. Following inclusive fitness theory 
[37], animals are more likely to prioritize supporting kin 
over unrelated individuals [7]. In some group-living spe-
cies, in-group cooperation occurs between kin as well as 
non-kin, depending on the strength of the social relation-
ship [79, 89]. In groups of non-kin, we therefore expect 
that interferers will direct their attacks to the unfamiliar 

(out-group) opponent in the fighting dyad, thereby poten-
tially supporting a familiar (in-group) individual. We thus 
expect (prediction 2)  familiarity to play a role in deter-
mining patterns of intervention (partial intervention with 
indirect benefits). These two outcomes of interference, of 
gaining a higher dominance status or providing social aid, 
are not mutually exclusive, but may coexist in the same 
population and even be achieved by the same individual. 
Depending on the situation, help may be provided either 
to social partners or to individuals with a higher social 
ranking, whose support not only increases the chances of 
winning and reduces the risk of injury but may also yield 
benefits later on, for example by reinforcing relationships 
with more dominant group members [32, 59].

At a group level, third-party intervention may also be 
an example of prosocial “policing”, having evolved as an 
effective mechanism to stem the negative effects of a 
fight by helping terminate the aggression. It may there-
fore promote cohesion among group members, which 
in many species is necessary for the individual’s survival 
and fitness (“group stability hypothesis”) [31, 59]. Policing 
is an expression of impartial interventions, as the inter-
ferer does not take sides with either one of the opponents 
but targets them both in order to stop the conflict [59, 
92]. According to the group stability hypothesis, third-
party intervention would decrease the duration of a fight. 
Therefore, we expect (prediction 3) that dyadic fights last 
longer than triadic fights (with or without the temporary 
coalition of two individuals) (impartial intervention with 
indirect benefits).

Triadic interactions may not be limited to the fight but 
may persist even after. In the specific case of post-conflict 
affiliation, a bystander approaches one of the opponents 
while providing positive social contact, and this may con-
stitute an effective way to mitigate the consequences of 
a conflict in social species, and promote group cohesion 
[48]. Post-conflict affiliation (i.e., consolation) may be 
directed towards a winner or loser [12, 19, 83]. Among 
the possible explanations for post-conflict affiliation is 
the protection of the loser or other group members from 
further aggression [21, 66, 97]. Therefore, we further 
expect (prediction 4) that interferers would engage in 
non-agonistic social behaviours after the conflict.

These predictions were tested in an observational study 
conducted on 384 pre-pubertal domestic pigs (Sus scrofa 
domesticus), in a scenario where pairs of group mates 
were introduced to two other pairs that they were unfa-
miliar to. Ungulates are an interesting but understudied 
taxonomic group for the study of third-party interfer-
ence [42, 80]. Pigs are a particularly interesting model 
as they show complex social relationships and, upon 
encountering unfamiliar conspecifics, engage in intense 
agonistic interactions, including costly dyadic as well as 
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triadic fights, in order to establish dominance ranks [11, 
22, 29]. They also demonstrate advanced socio-cognitive 
skills (e.g. discriminating conspecifics, deceiving others 
[57]), engage in contests with clear winners and quantifi-
able costs [11] and engage, post-conflict, in non-random 
solicited and unsolicited interactions with third parties 
[22]. The aim of the current study is, therefore, to investi-
gate third-party interference and its drivers in an agonis-
tic context in domestic pigs, and to assess the potential 
benefits that animals may derive from interfering.

Results
Occurrence and general characteristics of third‑party 
interactions
During the first 30 min after the pairs of pigs were intro-
duced to each other (six individuals per group), 585 fights 
were observed across the 64 different groups. Fights 
could be classified into dyadic fights, triadic interac-
tions whereby the interferer approached and nosed the 
opponent(s) but did not engage with aggression, tri-
adic fights where the interferer attacked one or both 
opponents (one at a time), or fights in which two pigs 

attacked one opponent simultaneously (i.e., two-against-
one) (Fig.  1). Out of the total number of fights, 22.1% 
(n = 129/585) fights involved some form of third-party 
interference (Fig.  2). Nineteen fights (14.7%) involved 
two bystanders in succession, resulting in total in 129 
different observations analysed. In most groups, only 
one or two fights involving a third party occurred (65% 
of the groups). The maximum number of episodes of 
third-party interference per group was seven (occurring 
in two groups). Bystanders more often intervened with 
aggressive behaviour (n = 94; 16.1% of the total number 
of fights) than with non-agonistic behaviour (n = 35; 6.0% 
of total number of fights; χ2 = 26.98, df = 1, p < 0.001). Out 
of the triadic interactions with aggression, 56 fights led to 
two-against-one fights (Fig. 2).

The likelihood of interfering was not affected by the 
interferer’s sex (72 cases with a male interferer vs. 57 
cases with a female interferer; Chi-square test: χ 2 = 1.74, 
df = 1, p = 0.19). The average body weight of the interferer 
(on average 1.01 ± 1.96  kg (mean ± SD) heavier than the 
group average) did not differ from the average weight of 
the opponent which initiated the dyadic fight (i.e., fight 

Fig. 1 Types of interference. Fights were classified into a dyadic fights, b triadic interactions with a dyadic fight in which the interferer approached 
and nosed the opponent(s) but did not act aggressively, c triadic fights where the interferer (right pig) attacked one or both opponents, or d triadic 
fights in which two attacked one opponent simultaneously (i.e., two-against-one), with the interferer being attacker or attacked by the original 
opponents
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initiator) (Welch two-sample t-test: t = 0.38, 95% CI 
[− 0.82, 1.21], df = 256, p = 0.71) or the initial victim in 

the dyadic fight (Welch two-sample t-test: t = 0.64, 95% 
CI [− 0.74, 1.45], df = 251, p = 0.52). Most bystanders 
interfered only once (n = 63), while 29 of them intervened 
multiple times.

Prediction 1: the interferer gains direct benefits 
through partial intervention
Considering all triadic fights, the interferer won 58.4% of 
the contests. When excluding the eight contests whose 
outcome remained undecided, as neither opponent sig-
naled their submission, the likelihood of winning was 
higher for the interferer compared to the likelihood of 
either one of the initial opponents (Chi-square test: 
χ2 = 5.90, df = 1, p = 0.015).

Interferers with a greater body weight than their oppo-
nent had greater odds of winning, independent of its 
sex (GLMM: β ± SE = 0.083 ± 0.040, 95% CI [0.01, 0.21], 
z = 2.07, p = 0.0380). When the interferer and its oppo-
nent were of the same body weight, the expected propor-
tion of fights won by the interferer was 0.60 ± 0.39 (95% 
CI [0.41, 0.76]) (Fig.  3). However, even when the inter-
ferer was approximately 5  kg lighter than its opponent 
(with pigs being on average 32.6 ± 4.5  kg (mean ± SD)), 
the chance of winning was around 50% (Fig.  3). This 

Fig. 2 Types of aggressive interactions. Percentages relative 
to the type of interventions observed out of the total of 585 fights. 
In dyadic fights with non-agonistic intervention, the bystander 
only engaged with nosing, while in triadic fights it aggressively 
took part in the contest. Two-against-one fights refer to interactions 
when two of the opponents jointly attacked the one remaining 
opponent

Fig. 3 Probability of winning. Predicted probabilities (in black) of the interferer winning the fight plotted against body weight difference 
between interferer and its direct opponent. A positive body weight difference indicates that the interferer was heavier than its opponent. Dashed 
lines indicate the 95% confidence intervals relative to the probabilities. In red are the predicted probabilities of the fight initiator winning in a dyadic 
contest (without interference)
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indicates a clear benefit for the interferer’s chances of 
contest success.

Prediction 2: interferers will predominantly aid the familiar 
individual
The interferer was familiar with one of the opponents in 
46.5% of the cases (60 times), while unfamiliar in the rest 
of the cases (69 times). Due to the group composition, if 
interference was driven by chance, as the probability of 
the interferer being familiar with one of the two oppo-
nents in a dyadic fight would be 2/5. Given the observed 
probabilities, it seems that familiarity with one of the two 
initial opponents does not affect the odds of intervention 
(proportions test: χ2 = 2.28, df = 1, 95% CI [0.38, 0.55], 
p = 0.13).

Familiarity with one of the opponents did not influ-
ence the type of intervention in the fight, i.e., nosing 
vs. agonistic interaction as described in Fig.  1 (GLMM: 
β ± SE = [− 0.50 ± 0.46, 95% CI [− 1.53, 0.43], z = − 1.10, 
p = 0.27). Interferers interfered with only nosing (dyadic 
fights with or without familiar opponent: 31.7% vs. 23.3%, 
respectively) or with aggression (triadic fights with or 
without familiar opponent: 68.3% vs. 76.8%). However, 
interferers responded more often aggressively if the initi-
ator of the original dyadic fight was unfamiliar (frequency 
of aggression towards an unfamiliar initiator: n = 60/81) 
than to a familiar initiator (n = 8/22) (Two-proportions 
Z-Test: χ2 = 9.35, 95% CI [− 0.63, − 0.13], df = 1, p = 0.002). 
Familiarity did not influence aggression towards the ini-
tial recipient (frequency of aggression towards a famil-
iar recipient: n = 11/16, towards an unfamiliar recipient: 
n = 53/83) (Two-Proportions Z-Test: χ2 = 0.008, 95% CI 
[− 0.24, 0.34], df = 1, p = 0.93) (Fig. 4). Interferers behaved 
similarly to fight initiators and recipients, with initiators 
and recipients being equally nosed (in 13 and 15 cases, 
respectively) and attacked (in 72 and 68 cases, respec-
tively) by the interferer. Sex and body weight of the inter-
ferer were not significant predictors of the occurrence 
of aggression (Sex: GLMM: β ± SE = 0.44 ± 0.52, 95% CI 
[− 0.55, 1.56], z = 0.84, p = 0.40; body weight: GLMM: 
β ± SE = 0.09 ± 0.06, 95% CI [− 0.03, 0.25], z = 1.47, 
p = 0.14).

Out of the 56 two-against-one fights, 41.1% (n = 23) 
of the triads included a pig familiar with the interferer. 
If random, the probability of a two-against-one fight 
involving a pig familiar to the interferer (2/5) would be 
1.5 times lower than the chance of unfamiliarity (3/5). 
Therefore, the interferer’s likelihood of engagement in 
a two-against-one fight was not affected by familiarity 
(proportions test: χ2 = 0.03, df = 1, 95% CI [0.29, 0.54], 
p = 0.87). Considering only the two-against-one fights 
with a familiar individual, the interferer mostly attacked 
both opponents (52.2% of fights), or exclusively the 

unfamiliar opponent (43.5% of fights), while in only 4.3% 
(1 fight) exclusively attacked its familiar companion.

In accordance with the proportions test result, famili-
arity did not significantly affect the odds of a two-against-
one fight (GLMM: β ± SE = 0.69 ± 0.53, 95% CI [− 0.44, 
2.50], z = 1.31, p = 0.19). Sex and body weight relative to 
the opponent did not significantly relate to the occur-
rence of two-against-one fights. However, the likelihood 
of two-against-one fights was lower when the initial 
opponents (initiator and recipient) were of opposite sex, 
i.e., male–female, as compared to when they were both 
females (GLMM: β ± SE = -2.34 ± 0.66, 95% CI [− 15.07, 
− 1.28], z = -3.53, p < 0.001). No significant difference 
was found for the likelihood of two-against-one fights 
between male-male contests.

Prediction 3: third party interference reduces the fight 
duration
All types of triadic interactions resulted in a longer fight 
duration (mean ± SD: 111.8 ± 163.2  s) than dyadic fights 
without interference (mean ± SD = 37.1 ± 64.9  s) (Welch 
two sample t-test: t = [− 4.52, df = 183.1, p < 0.001, 95% CI 
[− 107.4, − 42.1]) (Fig.  5). Therefore, the prediction that 
interference may reduce contest duration and poten-
tially aid group stability was not confirmed. Fight dura-
tion was however highly variable, with a minimum of 
3 s and a maximum of over 18 min. Triadic fights with-
out two-against-one were shorter than two-against-one 
fights (LMER contrasts: β ± SE = [− 0.59 ± 0.23, 95% CI 
[− 1.12, − 0.05], df = 113, t = − 2.064, p = 0.028) (Fig.  5). 

Fig. 4 Role of familiarity. Proportion of aggressive acts shown 
by the bystanders towards the initiator and victim of the original 
dyadic fight, according to familiarity. Proportions are calculated 
as the number of times the interferer attacked the initiator/victim 
divided by the total number of third-party interactions. Numbers 
in italics represent the calculated proportions. Asterisks show 
the significance of the association between familiarity and behaviour 
of the interferer based on the two-proportions Z-test
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Familiarity did not predict the duration of the fight 
(LMER: β ± SE = 0.02 ± 0.19, 95% CI [− 0.35, 0.38], t = 0.10, 
p = 0.13).

Prediction 4: interferers engage in post‑conflict 
non‑agonistic social behaviour
Following the conflict, the interferers which had engaged 
with aggression during the fight (as in the case of tri-
adic fights and two-against-one fights) mostly behaved 
aggressively towards any other group mate (65.9% of 
the cases, 56 times), or performed non-social behaviour 
(29.4%, 25 times). Only in 4.7% of the cases (4 times), 
did the interferer engage in non-agonistic social inter-
actions. The recipients of any social behaviour were 
mostly unfamiliar to the interferer (82.1%), indicating 
no preferential treatment towards the familiar com-
panion (proportions test: χ2 = 0.21, df = 1, 95% CI [0.11, 
0.28], p = 0.65). The outcome of triadic fights did affect 
the interferer’s post-conflict behaviour. When the inter-
ferer won, it was more likely to show social (agonistic or 
non-agonistic) than non-social behaviour, as compared 
to when it had lost (GLMM: β ± SE = 1.08 ± 0.54, 95% CI 
[0.05, 2.77], z = 2.02, p = 0.044). Accordingly, winning 
the fight increased the odds of the interferer showing 

aggression towards group mates directly after the conflict 
(GLMM: β ± SE = 1.27 ± 0.51, 95% CI [0.32, 2.99], z = 2.50, 
p = 0.012) (Fig. 6).

Discussion
This study addressed third party interactions and fighting 
patterns of pigs upon being regrouped with unfamiliar 
individuals while remaining with one familiar conspe-
cific. The aim of the study was to assess the potential 
benefits gained by a third-party from intervention. In this 
artificial regrouping scenario, which elicits pigs’ natural 
aggressive behaviour to establish dominance relation-
ships, there was a high occurrence of triadic contests, 
including contests where two opponents fought simulta-
neously against one. The group setting, in which they had 
the choice regarding whether to fight or not, and who to 
fight with, shows that proactive interference in contests 
by pigs is not a rare occurrence. Our data showed that 
the interferer was more likely to win than both the ini-
tiator and recipient of the original fight and that inter-
vention did not depend on the involvement of a familiar 
individual in the conflict. Future studies may be able to 
clarify whether interference is driven by the motivation 

Fig. 5 Fight duration. Boxplots of the duration (in seconds) for each type of fight. Boxes span the range from the first to the third quartile 
and the thicker line inside represents the median. Whiskers below and above the boxes show the minimum observation above the lower fence 
(Q1 − 1.5 IQR) and the maximum observation below the upper fence (Q3 + 1.5 IQR). Outliers are represented as solid circles. Data of individual fights 
are visible as dots. The red horizontal lines represent duration means and the red vertical lines represent standard deviations relative to the means. 
Asterisks show the significance of the differences based on the Linear Mixed Model and the Welch two-sample t-test
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of an individual to win an aggressive encounter or to spe-
cifically support one of the two contestants.

Benefits of interference
Participation in a fight is costly in terms of both time 
and energy, and therefore interference is expected to be 
appropriately compensated by a net gain in terms of fit-
ness (direct or indirect), and thereby the potential ben-
efits should outweigh the costs [20, 95]. The proportion 
of third-party interactions in the current study relative 
to dyadic interactions is higher than that reported for 
other ungulates (e.g., Dama dama: 10% [42]) and even 
some primate species (e.g., Papio cynocephalus: 4–6% 
[85]). It should however be pointed out that domesti-
cated animals were studied, in which fitness outcomes 
do not rely exclusively on natural selection, and artificial 
selection for production performance may have inadvert-
ently increased aggressive behavior [23, 75]. Third party 
interactions occurred while two pigs were fighting in the 
close proximity of the third pig, and when interferers 
responded proactively by approaching the contestants.

Most interactions resulted in a win for the interferer, 
thus supporting the prediction that direct benefits would 
be gained through intervention. As expected, the rate 
of success increased if the interferer was heavier than 
its opponent, in accordance with the common usage of 

body weight as a proxy for the resource-holding potential 
(RHP) of an individual [2]. However, the fact that, even at 
equal weights, the interferer was more likely to win sug-
gests that physical prowess is not an exhaustive explana-
tion for the observed outcome, and interferers had a 50% 
chance of winning even when at a 5 kg weight disadvan-
tage, which equates to a 15.3 ± 0.9% difference in mean 
body weight. It was previously shown that even a small 
weight disadvantage (0.5  kg), between pigs of the same 
age as in the current study, may result in losing [14].

When interference takes place, the initial opponents 
may already be in a state of fatigue, since they started 
fighting earlier than the interferer [61, 62]. Fatigue has an 
effect on the performance of the contestants and reduces 
the ability to fight [24]. The decreased stamina of the 
opponents may thus affect the outcome of the contest, 
giving an advantage to the interferer [9]. Higher moti-
vation may also provide an explanation for how smaller 
opponents are able to succeed over larger individuals 
despite the physical disadvantage [39, 50]. Such willing-
ness to fight may ultimately depend on the interaction 
of a variety of individual factors, which include aspects 
of personality and subjective resource value [10, 28, 44]. 
Furthermore, game-theoretical models show that, when 
there is no scarcity of resources, showing aggressiveness 
may yield more benefits to smaller individuals relative 

Fig. 6 Post-conflict behaviour. Predicted probabilities of the interferer displaying post-conflict agonistic behaviour, based on whether it won or lost 
the preceding fight. Whiskers refer to 95% confidence intervals. The asterisk shows the significance level based on the Generalised Linear Mixed 
Model results
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to larger animals for which it may be more convenient 
to avoid conflict and find alternative resources [61, 62]. 
In a range of species, social eavesdropping also appears 
to play a role whereby the bystander is able to infer the 
fighting abilities of the initial contestants and accordingly 
proceed with the intervention only when it judges that 
the odds are in its favour [2, 46, 90]. However, it is uncer-
tain if this is applicable to our case, as it seems that pigs 
are not able to indirectly evaluate fighting abilities [65, 
77], even at large weight differences [15].

Winning may result in a direct increase in dominance 
rank, subsequently affecting mating success and access to 
resources [1]. At the same time, the beneficial outcome of 
an intervention may result in a “winner effect”, that is the 
increased probability of winning a subsequent context, 
given a previous win [25, 26]. Winner-loser effects have 
been widely studied especially in controlled experimen-
tal conditions [34, 55], including in pigs [65]. An insight 
into the winner effect in the context of agonistic inter-
ference comes from Jennings et al. [42, 43], who investi-
gated the relationship between third-party intervention 
and winner-loser effects in free-ranging fallow deer 
(Dama dama). Here the interference in a fight may serve 
the purpose of limiting the beneficial effects of winning 
for either of the original opponents, therefore prevent-
ing these animals from further increasing their status at 
its expense (“assurance of dominance hypothesis”) [92]. 
Accordingly, suffering a third-party intervention was 
found to reduce mating probability, at least in the short 
term [45]. Future studies may explore in more detail the 
potential long- term benefits derived from interference, 
for example taking into consideration changes in social 
status or in access to resources.

Role of familiarity in interference
Familiarity with one of the opponents did not seem to 
influence the likelihood of a bystander’s participation 
in the fight. Similarly, the intensity of interference (e.g., 
whether the interference involved non-agonistic nosing 
or aggression) did not depend on familiarity with one 
of the opponents. This is in contrast with the expecta-
tions, as multiple previous studies have shown that provi-
sion of agonistic aid in a fight in favour of kin or known 
individuals is common in group-living species [17, 54, 
87]. Moreover, even though the animals involved in the 
experiment were not genetically related, pigs appear to 
be able to form preferential associations [36]. Specifically, 
we previously showed that within the studied time frame 
these pigs showed a preference to remain in close prox-
imity to the familiar conspecific and spaced away from 
the unfamiliar ones [13]. In addition to this, the possibil-
ity that familiar individuals may be perceived as kin and 
be treated accordingly cannot be completely ruled out, 

given that previous studies suggest recognition in pigs is 
based on familiarity and not genetic relatedness [72, 88].

Interferers were, however, more likely to attack unfa-
miliar fight initiators. This tendency of the interferer to 
be more willing to attack an unfamiliar initiator might be 
seen as a way to maximize the benefits of fighting with-
out incurring unnecessary costs. Initiators are usually 
expected to be more likely to win as they pro-actively 
engage in the fight, while victims have to suffer the attack 
[41, 58, 70]. By preferentially targeting the unfamiliar ini-
tiator, the interferer may be able to test its strength with 
an unknown rival, and at the same time, by avoiding tar-
geting familiar initiators, it may avoid wasting resources 
on known pigs, with whom a dominance relationship has 
already been established. It has been reported for other 
species that interferers preferentially aid the aggres-
sor over the recipient, possibly to minimise the costs of 
fighting and to stabilise the group hierarchy [32]. The 
lack of relationship between familiarity with the recipi-
ent and likelihood of aggression, on the contrary, does 
not agree with what was found in other species (e.g., gela-
das: Theropitecus gelada), where bystanders preferen-
tially support recipients, seemingly to reduce aggression 
within the group [68].

Two‑against‑one fights
Two-against-one fights constituted the largest propor-
tion of the total triadic contests. This implies that, at least 
temporarily, two of the three individuals involved in the 
fight simultaneously attacked the other one. In some spe-
cies, joint attacks towards a common target may involve 
temporally stable “alliances”, reflective of long-term rela-
tionships between group members, or in other cases 
recruitment of temporary helpers based on certain use-
ful characteristics, such as a high rank [40, 63, 84]. We 
hypothesized that the interferer would preferentially offer 
agonistic aid to familiar individuals but, from the lack of 
effect of familiarity on the occurrence of two-against-one 
fights as well as the lack of support to either the fight ini-
tiator or recipient, pigs do not seem to support a certain 
individual against the other. However, in more than 40% 
of the interactions the interferer attacked only the unfa-
miliar pig and only once did the interferer exclusively tar-
get the familiar individual. Even though, from our data, 
the lack of effect of familiarity on the occurrence of two-
against-one fights seems to rule out the social support 
hypothesis, while  familiarity seems to at least partially 
inhibit aggression.

There may be a range of reasons why an interferer tar-
gets one opponent rather than another. For example, 
spotted hyenas, gregarious carnivores with complex pri-
mate-like societies, seem to support the most dominant 
individual even when it is losing the fight, thus stabilizing 
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the social rank of the group members (“group stability 
hypothesis”) [27]. Freeman et al. [33] proposed an alter-
native explanation based on mutualism: male vervet 
monkeys (Chlorocebus pygerythrus) appear to opportun-
istically form coalitions in order to take on a common 
opponent, all the while buffering the risks that fight-
ing inherently entails. It is important to note that, even 
within the same species, third-party intervention may be 
driven by different mechanisms across contexts, as was 
proposed for Przewalski horses (Equus ferus przewalskii), 
where agonistic intervention promotes social cohesion in 
standard social situations but is also a means for forma-
tion of bonds when new group members are introduced 
[51]. The drivers of interference may ultimately depend 
on a unique set of costs and benefits, varying among indi-
viduals and situations, which make an animal more or 
less likely to intervene [1, 8, 44].

When a familiar pig was present in the triad, the fact 
that the interferer attacked both opponents on more than 
half of the occasions hints that the two initial contest-
ants sometimes joined forces against the interferer. This 
is in accordance with the mutualistic hypothesis, since 
the interferer seems from the previous result to have 
an advantage over both opponents of the initial dyadic 
contest. Joint attacks would then be favoured by a large 
asymmetry in the fighting strength between opponents 
and interferer, with the unfavored opponents being more 
likely to attack jointly in order to increase their odds of 
winning [47, 63].

Female-preferential coalitions have been observed 
in primates, as in the case of wild female bonobos (Pan 
paniscus) or rhesus macaques (Macaca mulatta) [52, 
91]. In this study, sex of the interferer was not a signifi-
cant predictor of most of the studied variables. Although 
a confounding effect may come into play due to familiar 
dyads being always a male–female dyad, interferers were 
more likely to intervene when the initial fight initiator 
and victim were both females, as compared to a male–
female dyad. Pigs show profound sex differences in their 
agonistic behaviour, with males showing more ritualized 
aggression and a superior fighting ability compared to 
females [16], and the lack of sex effects may in part be 
due to the fact that the males in the current study were 
castrated [78].

Duration of the fight
While triadic interactions lasted longer than dyadic 
fights, there was no difference in duration between non-
agonistic intervention in a dyadic fight and triadic fights. 
Intervention therefore does not seem to occur to bring 
fights to a swifter end and increase group stability.

Impartial intervention (or “policing”) occurs 
when a third-party intervenes in an on-going fight 

without partial treatment towards any participant, and 
it is thought to act as a means to manage conflict, thus 
promoting group cohesion [5, 92]. This type of inter-
vention (shown in example Video S1, https:// youtu. be/ 
hyCD4 jEjXsw; animals not part of this study) therefore 
constitutes a behaviour from which all group members 
(including the interferer) benefit [30]. According to the 
group stability hypothesis we would expect triadic fights 
to be shorter than dyadic fights, as the interferer would 
intervene in order to prevent the conflict from escalating 
and limit the damage caused by the fight [30]. However, 
policing is a rare behaviour, for now mostly observed in 
primates [92], and does not seem to be the function in 
the current study. The longer interaction duration may 
be partly due to additional dyadic interactions in a tri-
adic involvement, as well as the opportunity for oppo-
nents to regain energy for a short period while the other 
two opponents are fighting. This may result in the three 
opponents being energetically better capable to sustain 
the fight for longer. As duration was not counted by indi-
vidual it is not possible to exclude that involvement of a 
third party might reduce the time spent fighting for each 
individual. Future studies should take these aspects into 
consideration.

We found two-against-one fights to last longer than 
triadic fights without two-against-one. This is somewhat 
unexpected, as the combined strength of two individuals 
against a single pig should lead to a quicker resolution of 
the conflict. This result may be explained by the fact that 
two-against-one conflicts may subsequently break up 
into dyadic fights, thereby increasing the total length of 
the interaction. Development of fights in this way would 
also argue against interference having a policing role in 
pigs.

Post‑conflict behaviour
Triadic interactions may persist even after a fight, for 
example with bystanders approaching one of the oppo-
nents to offer post-conflict affiliation, which may consti-
tute an effective way to mitigate the consequences of a 
conflict in social species [96]. This has recently also been 
observed in pigs, where it has been suggested to serve 
as reconciliation [22]. In our case, non-agonistic social 
behaviour by the interferer made up only a small part 
of the observations. Previous studies show that former 
opponents engage in post-conflict affiliation with individ-
uals they share a close relationship with, e.g., kin or social 
partners [67, 71, 83] or with weakly related pigs [22]. The 
current study differs in that it observed interactions of 
the interferer with any other group member, rather than 
only the prior opponents. Further, the first half hour of 
regrouping is intense and fatigue may have reduced non-
agonistic social interactions during this time. Affiliative 

https://youtu.be/hyCD4jEjXsw
https://youtu.be/hyCD4jEjXsw
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behaviour between the study animals was shown over a 
longer time frame of 24 h, especially between the famil-
iar conspecifics [13]. It may be that in the initial phase 
of intense aggression, pigs focus on the establishment of 
dominance relationships, whereas in later phases of the 
social group formation affiliative behaviour may become 
of more relevance.

The most common post-conflict behaviour of the 
interferer was further aggression towards any other 
group mate, and the likelihood of the interferer behaving 
aggressively increased if the interferer had won the previ-
ous fight. This may be further evidence of the previously 
discussed “winner effect”, with winning a previous fight 
increasing the chances of success for the interferer, which 
would then take advantage of this “positive streak” [42].

Conclusions
Third-party intervention enhances the likelihood of 
winning for the interferer when new groups of pigs are 
formed, thus providing a direct benefit to the interferer. 
Interferers were more likely to attack unfamiliar fight ini-
tiators, but not exclusively, resulting in two opponents 
against one. However, we found no evidence in support 
of either the social support hypothesis or the group sta-
bility hypothesis. Intervention and coalition formation 
are still understudied phenomena. The high occurrence 
of third-party interferences in the current study, within 
the short time frame after opponents’ initial encounter, 
provides a useful model to further increase our knowl-
edge of third-party interference and coalition formation.

Methods
Animals and housing
Male (n = 193) and female (n = 191) domestic pigs (com-
mercial genetic crossbred based on Great Yorkshire and 
Dutch Landrace) of 9 weeks of age (average body weight: 
32.6 ± 4.5 kg (mean ± SD)) were studied over four cohorts, 
at research farm ‘De Haar’, Wageningen, the Nether-
lands. In the context of another study [13], they were 
from 4  weeks of age housed in groups of six unrelated 
pigs (total 64 groups), with each group balanced for sex 
(1:1 females and castrated males). For research questions 
unrelated to this study, half of the groups were housed in 
a barren pen and the other half in an enriched pen, both 
at a space allowance of 1.0–1.2  m2 per animal. The barren 
pens had a 60% solid concrete and 40% slatted floor with 
minimal enrichment (a chain with ball). Enriched pens 
had a solid floor with a deep litter bedding of straw and 
wood shavings. Animals had access to ad  libitum water 
from a drinker, and ad  libitum pelleted feed from a sin-
gle space feeder. Ambient temperature was automatically 
regulated to be at 20 °C and lights were on between 07:00 
and 19:00 h.

Regrouping test
To study agonistic behaviour in a group setting, pigs 
were regrouped with unfamiliar conspecifics for 24  h. 
Regrouping is a common management practice, and con-
ducting this procedure under research settings allows 
testing of interventions that may result in improved 
welfare for the pig population at large. One male and 
one female from each group were jointly relocated into 
an unknown pen where they were, within a maximum 
of 15  min, grouped with two similar pairs (a male and 
female familiar to each other) originating from two dif-
ferent groups. This resulted in groups of six, consisting 
of three male–female pairs that were unfamiliar to each 
other, but known to their paired partner. No full-sibs 
were grouped together to avoid the possible effect of 
genetic relatedness beyond familiarity. Individuals were 
recognized by a spray mark (MS Marking spray, MS 
Schippers) on their back. Video cameras were mounted 
above the pens and recorded the full 24  h. After 24  h, 
pigs were returned to their initial group. Skin lesions 
from fighting were treated with a cutaneous chlortetra-
cycline aerosol spray (CTC spray, Eurovet Animal Health 
BV, Netherlands). For each individual, the body weight at 
9 weeks of age was known.

Video observations
Behaviour was observed for the first 30  min after all 
pigs had entered the new pen. This timeslot captures 
the peak of the dyadic and triadic aggressive inter-
actions, which typically occur when unfamiliar pigs 
meet. To assure us of the right time frame and dura-
tion, a subset of 12 randomly selected groups, totalling 
66 fights, were observed for the timing and duration 
of dyadic and triadic fights (Fig.  7). The frequency of 
all dyadic and triadic fights was noted with the iden-
tity of the opponents. Fights were defined as a rapid 
sequence of bites which were retaliated against with an 
aggressive act from the opponent within 5 s. The win-
ner of the fight was determined after one of the pigs 
retreated by showing a ‘head-tilt’ (a submissive behav-
iour) and subsequently did not retaliate. When the fight 
stopped for > 5 s and started again this was counted as 
a new fight. For fights where a bystander (third indi-
vidual) participated, the fight duration in seconds was 
recorded from the start of the initial fight (between two 
opponents) until the resolution of the fight. Third party 
interference was recorded when the bystander proac-
tively approached and made physical contact with one 
of the two fighting opponents (whether nose contact 
or aggression), along with the identity of the recipient. 
Based on the occurrence of behaviour, the interference 
of the bystander was labelled as ‘nosing’ or ‘aggression’. 
Social nosing, a behaviour that is mostly unrelated to 
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agonistic behaviour in pigs [13], was defined as: the 
bystander approaches and touches, with its snout, the 
body or snout of one or both of the opponents. Aggres-
sion was defined as: the bystander bites or pushes one 
or both of the opponents, and either does or does not 
receive retaliatory aggression within 5 s.

After the initiation of a dyadic interaction, fights fell 
into one of the following four categories: (1) dyadic 
fights without interference; (2) dyadic fights with inter-
ference that involved only non-agonistic nosing by the 
bystander in the dyadic fight; (3) triadic fights where 
the bystander engaged in unilateral aggression or a fight 
in which each of the three opponents only fought one 
opponent at a given time (e.g., A attacks B, B attacks C 
and C attacks A); or (4) triadic fights in which two oppo-
nents jointly attacked another opponent causing a fight 
of two against one (e.g., A and B both attack C simulta-
neously), here referred to as ‘two-against-one’ (Fig.  1). 
In this case, the interferer may have been either one of 
the two pigs attacking together or may have ended up 
becoming the target of both original opponents. For 30 s 
after the fight terminated, the behaviour of the interferer 

was noted (Table 1) along with the identity of the recipi-
ent in the case of social behaviour. All observations were 
conducted by one observer, who showed 84.6% agree-
ment with another observer when identifying third party 
interactions. 

Data analysis
Data were analysed in R (version 4.0.4) using two-tailed 
tests. The weight difference between interferer and initia-
tor/recipient was studied with Welch two-sample t-tests.

As for the direct benefits hypothesis, the likelihood 
of the interferer winning (yes/no) was analysed only 
for the encounters including third-party interference, 
and excluding the fights with an undecided outcome 
(82 fights in total). This was analysed using Generalised 
Linear Mixed Models (GLMM: package lme4) [4] with a 
binary distribution and logit link. The predictor variables 
were (for each recorded social encounter) body weight 
difference between interferer and opponent, sex of the 
interferer, and familiarity of the interferer with at least 
one other opponent. To compute the predicted probabil-
ity of winning from the GLMM, the package ggeffects was 

Fig. 7 Distribution of dyadic and triadic fights. Density plot showing the distribution of dyadic fights (red) and triadic interactions (grey) 
during the 30 min after the beginning of the regrouping event (in seconds). Data is based on a subset of 12 randomly selected groups, totaling 66 
fights, to determine the right time frame for observations
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used [56]. A dataset containing the outcome of 65 dyadic 
fights (with no form of interference) was used to compare 
predicted probabilities of winning.

Occurrence of third-party interactions without aggres-
sion (nosing only) versus triadic fights was first studied 
with a chi-squared test. In accordance with the hypoth-
esis of indirect benefits obtained through impartial 
intervention, to test whether the interfering individual 
targeted aggression towards familiar or unfamiliar oppo-
nents a two-proportions Z-test was used. Similarly, the 
probability of occurrence of triadic fights with or without 
two-against-one involving a pig familiar to the interferer 
was first explored through proportions tests. The likeli-
hood of the occurrence of a fight involving aggressive 
interference (triadic or two-against-one) over a triadic 
interaction without aggression (nosing only) was then 
analysed for all encounters including third-party interfer-
ence (124 encounters in total) using Generalised Linear 
Mixed Models (GLMM: package lme4; [4] with a binary 
distribution and logit link. The predictor variables were: 
sex of the interferer, body weight of the interferer, com-
bined sexes of initiator and recipient (male-male (MM), 
female-female (FF), male–female (MF)), and presence of 
a pig familiar to the interferer in the triad. A subsequent 
model separately included familiarity to the initiator and 
to the recipient as predictors for the level of interference 
(nosing/aggression) (predictors: sex of the interferer, 
body weight of the interferer, combined sexes of initiator 
and recipient, presence of a familiar initiator, presence of 
a familiar recipient).

Similarly, the likelihood of occurrence of a two-against-
one fight over a triadic fight was analysed only for 
encounters that included third-party interference (129 
encounters in total), using Generalised Linear Mixed 
Models (GLMM: package lme4; [4] with a binary distri-
bution and logit link. The predictor variables were (per 
triadic interaction): sex of the interferer, body weight dif-
ference between interferer and opponent, presence of a 
pig familiar to the interferer in the triad and combined 
sexes of initiator and recipient (male-male (MM), female-
female (FF), male–female (MF)).

In order to test the group stability hypothesis (impartial 
intervention with indirect benefits), the duration of all 
types of triadic interactions was compared to the duration 

of dyadic interactions through a Welch two-sample t-test. 
Duration of the fights was analysed with Linear Mixed 
Models (LMER: package lme4; [4] with a lognormal dis-
tribution. The predictor variables of the model were: type 
of fight (triadic interaction without aggression/ triadic 
without two-against-one/triadic with two-against-one), 
combined sexes of initiator and recipient (MM, FF, MF), 
sex of the interferer, body weight difference between 
interferer and initiator/recipient, presence of a pig famil-
iar to the interferer in the triad. A dataset comprising 65 
dyadic fights was used to compare the duration of inter-
actions with and without interference.

Post-conflict behaviour of the interferer (which had 
previously intervened with aggression) was analyzed 
with Generalised Linear Mixed Models (GLMM: pack-
age lme4; [4] with binary distribution and logit link. The 
dependent variables were: occurrence of agonistic vs. 
other behaviour (non-agonistic social and non-social) 
and occurrence of social (non-agonistic social and ago-
nistic) versus non-social behaviour. The predictor vari-
ables were: sex and body weight of the interferer, type of 
conflict (triadic/two-against-one), and whether the inter-
ferer had won the fight (yes/no).

The observed probabilities of engagement with famil-
iar individuals (for third-party interactions without 
two-against-one fight, third-party interactions with two-
against-one fights, and post-conflict behaviour) were 
compared to the expected probabilities (calculated in 
accordance with the number of familiar and unfamiliar 
group mates) through proportion tests. Predictions of 
probabilities from the model were computed with the 
package ggeffect [56].

In all linear mixed models, group, nested within batch 
(cohort of 16 groups each), was included as a random 
factor to account for dependence between the group 
members, and dependence of the groups within a batch. 
Housing condition (barren/enriched) was included in 
each of the models but was omitted as it did not signifi-
cantly relate to the response variables and reduced the 
model fit, as assessed through the AIC and BIC values. 
For multi-level categorical predictors, we ran post-hoc 
tests for pairwise comparisons (package lsmeans) [53].

The package ggplot2 was used for data visualization [94]. 
Results are presented as the natural logarithm of the odds 

Table 1 Post-conflict behaviour of the interferer

Post‑conflict behaviour of interferer

Non-agonistic social behaviour Interferer noses the body or snout of another pig, or lies in physical contact. The identity of the recipient is noted

Agonistic behaviour Interferer delivers head knock, push, bite, or interferer fights with any group member, other than the former 
opponents. The identity of the recipient is noted

Non-social Interferer stands, walks, lies individually, eats, drinks, urinates, defecates, or explores the environment
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ratios with their confidence intervals (CI). Confidence 
intervals were calculated with bootstrapping (1000 simula-
tions). Package DHARMa was used for model diagnostics 
[38]. The R script is made available in Additional file 1. 

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12983- 023- 00508-w.

Additional file1: R script.

Acknowledgements
We thank Lucie Sarramia for her help with the data collection.

Author contributions
NM: Data curation, formal analysis, writing—original draft; SPT: Conceptu-
alization, writing—review AND editing; JEB: Funding acquisition, project 
administration, conceptualization, writing—review and editing, supervision; 
GA: Conceptualization, writing—review and editing; IC: Conceptualization, 
methodology, investigation, writing—original draft, supervision.

Funding
The data was collected as part of the project ‘Seeking Sociable Swine’, which 
was financially supported by the Netherlands Organization for Scientific 
Research (NWO) and the Dutch Ministry of Economic Affairs (827.09.010). 
SRUC receives financial support from the Scottish Government. During the 
writing of the manuscript, IC was funded by the National Science Center 
Poland (NCN) (project number 2020/39/B/NZ8/02508). The funders had no 
role in the design of the study and collection, analysis, and interpretation of 
data, or in writing the manuscript.

Availability of data and materials
The datasets used and/or analysed during the current study are available 
online under CC BY 4.0 license, https:// doi. org/ 10. 17632/ 3nw35 p64my.1.

Declarations

Ethics approval and consent to participate
This study was carried out in strict accordance with the recommendations 
in the European Guidelines for accommodation and care of animals and the 
ASAB/ABS Guidelines for the Use of Animals in Research. The protocol was 
approved by the Institutional Animal Care and Use Committee of Wageningen 
University, the Netherlands (Protocol Number: 2010055), and the severity level 
rated as minor.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Institute of Genetics and Animal Biotechnology, Polish Academy of Sciences, 
Jastrzębiec, Poland. 2 Animal Behaviour and Welfare, Animal and Veterinary 
Sciences Department, Scotland’s Rural College (SRUC), West Mains Rd., 
Edinburgh EH9 3JG, UK. 3 Adaptation Physiology Group, Department of Animal 
Sciences, Wageningen University and Research, Wageningen, The Netherlands. 
4 Institute for Global Food Security, School of Biological Sciences, Queen’s 
University, Belfast BT9 7BL, UK. 

Received: 7 February 2023   Accepted: 8 August 2023

References
 1. Arseneau TJ, Taucher AL, van Schaik CP, Willems EP. Male monkeys fight 

in between-group conflicts as protective parents and reluctant recruits. 
Anim Behav. 2015;110:39–50.

 2. Arnott G, Elwood RW. Assessment of fighting ability in animal contests. 
Anim Behav. 2009;77(5):991–1004.

 3. Aureli F, Schino G. Social complexity from within: how individuals experi-
ence the structure and organization of their groups. Behav Ecol Sociobiol. 
2019;73:1–3.

 4. Bates D, Maechler M, Bolker B, Walker S, Christensen RHB, Singmann H, 
Grothendieck G. Package ‘lme4’. 2009. http:// lme4.r- forge.r- proje ct. org.

 5. Beisner BA, McCowan B. Policing in nonhuman primates: Partial 
interventions serve a prosocial conflict management function in rhesus 
macaques. PLoS ONE. 2013;8(10):e77369.

 6. Bissonnette A, Perry S, Barrett L, Mitani JC, Flinn M, Gavrilets S, de Waal 
FB. Coalitions in theory and reality: a review of pertinent variables and 
processes. Behaviour. 2015;152(1):1–56.

 7. Bourke AF. The validity and value of inclusive fitness theory. Proc R Soc B 
Biol Sci. 2011;278(1723):3313–20.

 8. Brent LJ. Friends of friends: are indirect connections in social networks 
important to animal behaviour? Anim Behav. 2015;103:211–22.

 9. Briffa M, Elwood RW, Russ JM. Analysis of multiple aspects of a repeated 
signal: power and rate of rapping during shell fights in hermit crabs. 
Behav Ecol. 2003;14(1):74–9.

 10. Briffa M, Sneddon LU, Wilson AJ. Animal personality as a cause and conse-
quence of contest behaviour. Biol Let. 2015;11(3):20141007.

 11. Büttner K, Scheffler K, Czycholl I, Krieter J. Network characteristics and 
development of social structure of agonistic behaviour in pigs across 
three repeated rehousing and mixing events. Appl Anim Behav Sci. 
2015;168:24–30.

 12. Call J, Aureli F, de Waal FB. Postconflict third-party affiliation in stump-
tailed macaques. Anim Behav. 2002;63(2):209–16.

 13. Camerlink I, Turner SP, Ursinus WW, Reimert I, Bolhuis JE. Aggression and 
affiliation during social conflict in pigs. PLoS ONE. 2014;9(11):e113502.

 14. Camerlink I, Turner SP, Farish M, Arnott G. Aggressiveness as a component 
of fighting ability in pigs using a game-theoretical framework. Anim 
Behav. 2015;108:183–91.

 15. Camerlink I, Turner SP, Farish M, Arnott G. Advantages of social skills for 
contest resolution. R Soc Open Sci. 2019;6(5):181456.

 16. Camerlink I, Farish M, Arnott G, Turner SP. Sexual dimorphism in ritualized 
agonistic behaviour, fighting ability and contest costs of Sus scrofa. Front 
Zool. 2022;19(1):1–1.

 17. Cassidy KA, McIntyre RT. Do gray wolves (Canis lupus) support 
pack mates during aggressive inter-pack interactions? Anim Cogn. 
2016;19:939–47.

 18. Chijiiwa H, Kuroshima H, Hori Y, Anderson JR, Fujita K. Dogs avoid people 
who behave negatively to their owner: third-party affective evaluation. 
Anim Behav. 2015;106:123–7.

 19. Clay Z, De Waal FB. Bonobos respond to distress in others: consolation 
across the age spectrum. PLoS ONE. 2013;8(1):e55206.

 20. Clutton-Brock TH, Albon SD, Gibson RM, Guinness FE. The logical stag: 
adaptive aspects of fighting in red deer (Cervus elaphus L.). Anim Behav. 
1979;27:211–25.

 21. Cordoni G, Palagi E. Being a victim or an aggressor: different functions 
of triadic post-conflict interactions in wolves (Canis lupus lupus). Aggr 
Behav. 2015;41(6):526–36.

 22. Cordoni G, Comin M, Collarini E, Robino C, Chierto E, Norscia I. Domestic 
pigs (Sus scrofa) engage in non-random post-conflict affiliation with 
third parties: cognitive and functional implications. Anim Cognit. 
2022;26:687–701.

 23. Desire S, Turner SP, D’Eath RB, Doeschl-Wilson AB, Lewis CR, Roehe R. 
Genetic associations of short-and long-term aggressiveness identified 
by skin lesion with growth, feed efficiency, and carcass characteristics in 
growing pigs. J Anim Sci. 2015;93(7):3303–12.

 24. Doake S, Elwood RW. How resource quality differentially affects motiva-
tion and ability to fight in hermit crabs. Proc R Soc London Ser B Biol Sci. 
2011;278(1705):567–73.

 25. Dugatkin LA. A model of coalition formation in animals. Proc R Soc Lon-
don Ser B Biol Sci. 1998;265(1410):2121–5.

https://doi.org/10.1186/s12983-023-00508-w
https://doi.org/10.1186/s12983-023-00508-w
https://doi.org/10.17632/3nw35p64my.1
http://lme4.r-forge.r-project.org


Page 14 of 15Maffezzini et al. Frontiers in Zoology           (2023) 20:28 

 26. Dugatkin LA, Earley RL. Group fusion: the impact of winner, loser, and 
bystander effects on hierarchy formation in large groups. Behav Ecol. 
2003;14(3):367–73.

 27. Engh AL, Siebert ER, Greenberg DA, Holekamp KE. Patterns of alliance for-
mation and postconflict aggression indicate spotted hyaenas recognize 
third-party relationships. Anim Behav. 2005;69(1):209–17.

 28. Enquist M, Leimar O. Evolution of fighting behaviour: the effect of varia-
tion in resource value. J Theor Biol. 1987;127(2):187–205.

 29. Fels M, Hartung J, Hoy S. Social hierarchy formation in piglets mixed 
in different group compositions after weaning. Appl Anim Behav Sci. 
2014;152:17–22.

 30. Flack JC, De Waal FB, Krakauer DC. Social structure, robustness, 
and policing cost in a cognitively sophisticated species. Am Nat. 
2005;165(5):E126–39.

 31. Flack JC, Girvan M, De Waal FB, Krakauer DC. Policing stabilizes construc-
tion of social niches in primates. Nature. 2006;439(7075):426–9.

 32. Fraser ON, Bugnyar T. Reciprocity of agonistic support in ravens. Anim 
Behav. 2012;83(1):171–7.

 33. Freeman NJ, Young C, Barrett L, Henzi SP. Coalition formation by male 
vervet monkeys (C hlorocebus pygerythrus) in South Africa. Ethology. 
2016;122(1):45–52.

 34. Fuxjager MJ, Marler CA. How and why the winner effect forms: influ-
ences of contest environment and species differences. Behav Ecol. 
2010;21(1):37–45.

 35. Gilby IC, Brent LJ, Wroblewski EE, Rudicell RS, Hahn BH, Goodall J, Pusey 
AE. Fitness benefits of coalitionary aggression in male chimpanzees. 
Behav Ecol Sociobiol. 2013;67:373–81.

 36. Goumon S, Illmann G, Leszkowová I, Dostalová A, Cantor M. Dyadic affilia-
tive preferences in a stable group of domestic pigs. Appl Anim Behav Sci. 
2020;230:105045.

 37. Hamilton WD. The genetical evolution of social behaviour. II J Theor Biol. 
1964;7(1):17–52.

 38. Hartig F, Hartig MF. Package ‘DHARMa’. 2017. R package.
 39. Hofmann HA, Schildberger K. Assessment of strength and willing-

ness to fight during aggressive encounters in crickets. Anim Behav. 
2001;62(2):337–48.

 40. Holtmann B, Buskas J, Steele M, Sokolovskis K, Wolf JB. Dominance 
relationships and coalitionary aggression against conspecifics in female 
carrion crows. Sci Rep. 2019;9(1):15922.

 41. Jacobs DF, Hernandez-Camacho CJ, Young JK, Gerber LR. Determinants 
of outcomes of agonistic interactions among male California sea lions 
(Zalophus californianus). J Mammal. 2008;89(5):1212–7.

 42. Jennings DJ, Carlin CM, Gammell MP. A winner effect supports third-party 
intervention behaviour during fallow deer, Dama dama, fights. Anim 
Behav. 2009;77(2):343–8.

 43. Jennings DJ, Carlin CM, Hayden TJ, Gammell MP. Third-party intervention 
behaviour during fallow deer fights: the role of dominance, age, fighting 
and body size. Anim Behav. 2011;81(6):1217–22.

 44. Jennings DJ, Boys RJ, Gammell MP. Investigating variation in third-party 
intervention behavior during a fallow deer (Dama dama) rut. Behav Ecol. 
2016;28(1):288–93.

 45. Jennings DJ, Boys RJ, Gammell MP. Suffering third-party intervention dur-
ing fighting is associated with reduced mating success in the fallow deer. 
Anim Behav. 2018;139:1–8.

 46. Jim HL, Marshall-Pescini S, Range F. Do dogs eavesdrop on human inter-
actions in a helping situation? PLoS ONE. 2020;15(8):e0237373.

 47. Johnstone RA, Dugatkin LA. Coalition formation in animals and the 
nature of winner and loser effects. Proc R Soc London Ser B Biol Sci. 
2000;267(1438):17–21.

 48. Judge PG, Mullen SH. Quadratic postconflict affiliation among bystanders 
in a hamadryas baboon group. Anim Behav. 2005;69(6):1345–55.

 49. Kopp KS, Liebal K. Conflict resolution in socially housed Sumatran oran-
gutans (Pongo abelii). PeerJ. 2018;6:e5303.

 50. Kotiaho JS, Alatalo RV, Mappes J, Parri S. Honesty of agonistic signalling 
and effects of size and motivation asymmetry in contests. Acta Ethol. 
1999;2:13–21.

 51. Krueger K, Schneider G, Flauger B, Heinze J. Context-dependent third-
party intervention in agonistic encounters of male Przewalski horses. 
Behav Proc. 2015;121:54–62.

 52. Kulik L, Muniz L, Mundry R, Widdig A. Patterns of interventions 
and the effect of coalitions and sociality on male fitness. Mol Ecol. 
2012;21(3):699–714.

 53. Lenth R, Lenth MR. Package ‘lsmeans.’ Am Stat. 2018;34(4):216–21.
 54. Leonardo DE, Nogueira-Filho SL, de Góes MF, Biondo C, Mendl M, da 

Cunha Nogueira SS. Third-party conflict interventions are kin biased in 
captive white-lipped peccaries (Mammalia, Tayassuidae). Behav Proc. 
2021;193:104524.

 55. Lerena DA, Antunes DF, Taborsky B. The interplay between winner–
loser effects and social rank in cooperatively breeding vertebrates. 
Anim Behav. 2021;177:19–29.

 56. Lüdecke D, Aust F, Crawley S, Ben-Shachar M. Package ‘ggeffects’. Cre-
ate tidy data frames of marginal effects for “ggplot” from model 
outputs, 2020; 23.

 57. Marino L, Colvin CM. Thinking pigs: A comparative review of cogni-
tion, emotion, and personality in Sus domesticus. Int J Comp Psychol. 
2015;28:23859.

 58. Martin F, Beaugrand JP, Laguë PC. The role of recent experience and 
weight on hen’s agonistic behaviour during dyadic conflict resolution. 
Behav Proc. 1997;41(2):159–70.

 59. Massen JJM, Mielke A. Third-party interactions. In: Vonk J, Shackelford 
TK, editors. Encyclopedia of animal cognition and behavior. Cham: 
Springer; 2022. p. 6970–7. https:// doi. org/ 10. 1007/ 978-3- 319- 55065-7_ 
1903.

 60. Massen JJ, Pašukonis A, Schmidt J, Bugnyar T. Ravens notice domi-
nance reversals among conspecifics within and outside their social 
group. Nat Commun. 2014;5(1):3679.

 61. Morrell LJ, Backwell PR, Metcalfe NB. Fighting in fiddler crabs Uca 
mjoebergi: what determines duration? Anim Behav. 2005;70(3):653–62.

 62. Morrell LJ, Lindström J, Ruxton GD. Why are small males aggressive? 
Proc R Soc B Biol Sci. 2005;272(1569):1235–41.

 63. Mesterton-Gibbons M, Sherratt TN. Coalition formation: a game-theo-
retic analysis. Behav Ecol. 2007;18(2):277–86.

 64. Noë R. Alliance formation among male baboons: shopping for profit-
able partners. In: Harcourt AH, de Waal FBM, editors. Coalitions and 
alliances in humans and other animals. Oxford: Oxford University Press; 
1992. p. 285–321.

 65. Oldham L, Camerlink I, Arnott G, Doeschl-Wilson A, Farish M, Turner SP. 
Winner–loser effects overrule aggressiveness during the early stages of 
contests between pigs. Sci Rep. 2020;10(1):13338.

 66. Palagi E, Cordoni G. Postconflict third-party affiliation in Canis 
lupus: do wolves share similarities with the great apes? Anim Behav. 
2009;78(4):979–86.

 67. Palagi E, Norscia I. Bonobos protect and console friends and kin. PLoS 
ONE. 2013;8(11):e79290.

 68. Pallante V, Stanyon R, Palagi E. Agonistic support towards victims 
buffers aggression in geladas (Theropithecus gelada). Behaviour. 
2016;153(9–11):1217–43.

 69. Parsons KM, Durban JW, Claridge DE, Balcomb KC, Noble LR, Thompson 
PM. Kinship as a basis for alliance formation between male bot-
tlenose dolphins, Tursiops truncatus, in the Bahamas. Anim Behav. 
2003;66(1):185–94.

 70. Povše PM, Mesarec N, Skok J, Škorjanc D. Agonistic interactions between 
littermates reappear after mixing multiple litters at weaning in pigs. 
Agriculture. 2021;11(9):844.

 71. Puga-Gonzalez I, Butovskaya M, Thierry B, Hemelrijk CK. Empathy 
versus parsimony in understanding post-conflict affiliation in monkeys: 
model and empirical data. PLoS ONE. 2014;9(3):e91262.

 72. Puppe B. Effects of familiarity and relatedness on agonistic pair 
relationships in newly mixed domestic pigs. Appl Anim Behav Sci. 
1998;58(3–4):233–9.

 73. Radford AN, Majolo B, Aureli F. Within-group behavioural conse-
quences of between-group conflict: a prospective review. Proc R Soc B 
Biol Sci. 2016;283(1843):20161567.

 74. Rault JL. Be kind to others: prosocial behaviours and their implications 
for animal welfare. Appl Anim Behav Sci. 2019;210:113–23.

 75. Rauw WM, Kanis E, Noordhuizen-Stassen EN, Grommers FJ. Undesirable 
side effects of selection for high production efficiency in farm animals: 
a review. Livest Prod Sci. 1998;56(1):15–33.

 76. Riechert SE. The energetic costs of fighting. Am Zool. 
1988;28(3):877–84.

https://doi.org/10.1007/978-3-319-55065-7_1903
https://doi.org/10.1007/978-3-319-55065-7_1903


Page 15 of 15Maffezzini et al. Frontiers in Zoology           (2023) 20:28  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 77. Rushen J. Assessment of fighting ability or simple habituation: 
what causes young pigs (Sus scrofa) to stop fighting? Aggr Behav. 
1988;14(3):155–67.

 78. Rydhmer L, Lundström K, Andersson K. Immunocastration reduces 
aggressive and sexual behaviour in male pigs. Animal. 2010;4(6):965–72.

 79. Samuni L, Crockford C, Wittig RM. Group-level cooperation in chimpan-
zees is shaped by strong social ties. Nat Commun. 2021;12(1):539.

 80. Schneider G, Krueger K. Third-party interventions keep social part-
ners from exchanging affiliative interactions with others. Anim Behav. 
2012;83(2):377–87.

 81. Schülke O, Dumdey N, Ostner J. Selective attention for affiliative and 
agonistic interactions of dominants and close affiliates in macaques. Sci 
Rep. 2020;10(1):1–8.

 82. Schwab C, Swoboda R, Kotrschal K, Bugnyar T. Recipients affect proso-
cial and altruistic choices in jackdaws, Corvus monedula. PLoS ONE. 
2012;7(4):e34922.

 83. Seed AM, Clayton NS, Emery NJ. Postconflict third-party affiliation in 
rooks, Corvus frugilegus. Curr Biol. 2007;17(2):152–8.

 84. Silk JB. Male bonnet macaques use information about third-party rank 
relationships to recruit allies. Anim Behav. 1999;58(1):45–51.

 85. Silk JB, Alberts SC, Altmann J. Patterns of coalition formation by adult 
female baboons in Amboseli, Kenya. Anim Behav. 2004;67(3):573–82.

 86. Smith JE, Van Horn RC, Powning KS, Cole AR, Graham KE, Memenis SK, 
Holekamp KE. Evolutionary forces favoring intragroup coalitions among 
spotted hyenas and other animals. Behav Ecol. 2010;21(2):284–303.

 87. Smith JE. Hamilton’s legacy: kinship, cooperation and social tolerance in 
mammalian groups. Anim Behav. 2014;92:291–304.

 88. Stookey JM, Gonyou HW. Recognition in swine: recognition 
through familiarity or genetic relatedness? Appl Anim Behav Sci. 
1998;55(3–4):291–305.

 89. Tan J, Hare B. Prosociality among non-kin in bonobos and chimpanzees 
compared. Bonobos: unique in mind, brain, and behavior. 2017:140–54.

 90. Tibbetts EA, Wong E, Bonello S. Wasps use social eavesdropping to learn 
about individual rivals. Curr Biol. 2020;30(15):3007–10.

 91. Tokuyama N, Furuichi T. Do friends help each other? Patterns of 
female coalition formation in wild bonobos at Wamba. Anim Behav. 
2016;119:27–35.

 92. Von Rohr CR, Koski SE, Burkart JM, Caws C, Fraser ON, Ziltener A, Van 
Schaik CP. Impartial third-party interventions in captive chimpanzees: a 
reflection of community concern. PLoS ONE. 2012;7(3):e32494.

 93. Ward C, Trisko R, Smuts BB. Third-party interventions in dyadic play 
between littermates of domestic dogs, Canis lupus. Familiaris Anim Behav. 
2009;78(5):1153–60.

 94. Wickham H, Chang W, Wickham MH. Package ‘ggplot2’. Create elegant 
data visualisations using the grammar of graphics. Version, 2016; 2(1), 
1–189.

 95. Widdig A, Streich WJ, Nürnberg P, Croucher PJ, Bercovitch FB, Krawczak 
M. Paternal kin bias in the agonistic interventions of adult female rhesus 
macaques (Macaca mulatta). Behav Ecol Sociobiol. 2006;61:205–14.

 96. Wittig R, Boesch C. The choice of post-conflict interactions in wild chim-
panzees (Pan troglodytes). Behaviour. 2003;140(11–12):1527–59.

 97. Yamamoto C, Morisaka T, Furuta K, Ishibashi T, Yoshida A, Taki M, Mori 
Y, Amano M. Post-conflict affiliation as conflict management in captive 
bottlenose dolphins (Tursiops truncatus). Sci Rep. 2015;5(1):14275.

 98. Young C, Majolo B, Heistermann M, Schülke O, Ostner J. Responses to 
social and environmental stress are attenuated by strong male bonds in 
wild macaques. Proc Natl Acad Sci. 2014;111(51):18195–200.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Third-party intervention and post-conflict behaviour in agonistic encounters of pigs (Sus scrofa)
	Abstract 
	Background 
	Results 
	Conclusions 

	Background
	Results
	Occurrence and general characteristics of third-party interactions
	Prediction 1: the interferer gains direct benefits through partial intervention
	Prediction 2: interferers will predominantly aid the familiar individual
	Prediction 3: third party interference reduces the fight duration
	Prediction 4: interferers engage in post-conflict non-agonistic social behaviour

	Discussion
	Benefits of interference
	Role of familiarity in interference
	Two-against-one fights
	Duration of the fight
	Post-conflict behaviour

	Conclusions
	Methods
	Animals and housing
	Regrouping test
	Video observations
	Data analysis

	Anchor 25
	Acknowledgements
	References


