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Unsolicited third-party affiliation is defined as the first postconflict affinitive contact directed by

bystanders to victims. To date, it has been found in apes and children but not in monkeys. We investi-
gated the occurrence of unsolicited postconflict third-party affiliation in wolves, Canis lupus, and verified
some functional hypotheses using a comparison with solicited contacts. Unsolicited affiliations were
more frequent between individuals sharing good relationships and were reciprocated between partners
(victims and third parties), thus suggesting the reciprocal nature of this mechanism (mutualistic
behaviour). At an immediate level, in wolves unsolicited contacts provided benefits to the victim by
breaking off aggression and restoring victims’ social cohesiveness. The incidence of unsolicited inter-
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Keyyvords: actions was affected by the presence of previous reconciliation. This result mirrors what has been found
Egglselriltjiz)sn for the great apes, in which consolation may function as a partial alternative to reconciliation. Even
fungtion though the cognitive skills at the basis of conflict resolution in canids still have to be investigated in
reciprocity detail, our study shows an unexpected similarity between wolves and the great apes.

social complexity hypothesis © 2009 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.
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Social animals gain benefits by cooperating with each other. The
nature and the relative amount of benefits are expected to vary with
species and social environment (Sterck et al. 1997). However, social
aggregation also implies competition and conflict of interest.
Particularly in stable groups with nonrandom social structures,
an increase in conflicts of interest may cause aggression and
jeopardize future cooperation (de Waal 1986; van Hooff 2001).
To preserve cooperation, group-living animals use several peace-
keeping tactics (Wittig & Boesch 2003). One way to preserve
relationships with others is to engage in affiliative behaviour
following a conflict. Such behaviour was termed ‘reconciliation’ by
de Waal & van Roosmalen (1979). Reconciliation serves to restore
the relationship between former opponents disrupted by a previous
conflict (Aureli et al. 2002). During the last 25 years, much effort has
been centred on the systematic demonstration of reconciliation in
primates and some nonprimate species (Aureli et al. 2002). Addi-
tionally, after a conflict both victim and aggressor can receive affil-
iation from a third-party individual not involved in the previous act
of aggression (Palagi et al. 2008; Fraser et al. 2009). Particularly,
consolation (a term coined for humans and great apes) has been
defined as the first postconflict affinitive contact directed by a third
party to the victim (chimpanzees, Pan troglodytes: Wittig & Boesch
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2003; Kutsukake & Castles 2004; Palagi et al. 2006; Koski & Sterck
2007; Fraser & Aureli 2008; Fraser et al. 2008; gorillas, Gorilla gorilla:
Cordoni et al. 2006; Mallavarapu et al. 2006; bonobos, Pan paniscus:
Palagi et al. 2004; children: Fujisawa et al. 2006). There has been
some debate in the literature about the use of the word ‘consolation’,
since the term includes an hypothesis about the function of the
postconflict mechanism as distress alleviation. Yet, to date, such
a function has been demonstrated only in chimpanzees (Fraser et al.
2008); for this reason, the use of a less value-laden term, ‘unsolicited
third-party contacts’, is generally preferred.

De Waal & Aureli (1996) applied the same observation protocol
used for apes to demonstrate the occurrence of unsolicited post-
conflict affiliation in monkeys (Macaca fascicularis, M. fuscata, M.
sylvanus, M. nemestrina), but they failed to find any, nor did others
(Watts et al. 2000: Macaca fascicularis, M. mulatta, M. arctoides,
M. fuscata, M. sylvanus, Chlorocebus aethiops, Erythrocebus patas,
Papio anubis, Papio hamadryas). Moreover, a study carried out on
Japanese macaques, Macaca fuscata, revealed that the macaque
mothers even failed to comfort their own offspring after a fight
(Schino et al. 2004). Several researchers have interpreted such
differences in the light of the high cognitive abilities and empathy
levels that characterize great apes and humans (de Waal 2008;
Fraser et al. 2008). Nevertheless, the assumption of empathy-based
third-party affiliation in apes is still not supported by strong and
clear data. In fact, Preston & de Waal (2002) argued that consolation
may represent an intermediate level of empathy that corresponds
with ‘sympathetic concern’ in developmental psychology. Recently,
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Seed et al. (2007) and Cools et al. (2008) showed the presence of
third-party affiliation in rooks, Corvus frugilegus (a large brained
bird), and in dogs, Canis familiaris, respectively, although these
authors did not provide any results on the potential functions of
peaceful third-party contacts in their studies.

In the present study we focused on unsolicited third-party
contacts and their functions in the grey wolf, Canis lupus, a highly
social and cooperative species. Wolves live in packs, which are
defined as family groups including a breeding pair and their
offspring. The species is characterized by male and female dispersal
(Mech & Boitani 2003). However, there are exceptions to this
generalization because of the dynamics of their social and physical
environment. Within a pack, each animal has a certain rank in
a dominance hierarchy and cooperates with fellow group members
as a unit to defend the pack’s territory. It has been suggested that
cohesiveness of the pack has less to do with hunting and more to do
with the intragroup activities involved in reproductive success
(Peterson et al. 2002; Mech & Boitani 2003). Recently, Cordoni &
Palagi (2008) demonstrated the occurrence of reconciliation in
wolves and discussed this result in the light of the intrinsic coop-
erative nature of this species. Here, we tested for some functional
hypotheses concerning unsolicited third-party affiliation in wolves,
contrasting the results with those of solicited interactions. Solicited
third-party contacts may be functionally similar to unsolicited ones
in that they may also reduce postconflict stress levels and may
substitute for reconciliation (Cheney & Seyfarth 1989; Watts et al.
2000). These functions, however, have never been tested and, for
this reason, the two postconflict interactions should be considered
separately (Fraser & Aureli 2008).

We used conventional measures of postconflict third-party
affiliation from primate conflict research to reduce the possible bias
from different forms of data collection and analysis. This permitted
direct comparative interpretation of the findings (Seed et al. 2007).

PREDICTION 1

Offering postconflict affiliation to the victim of aggression
entails some potential risks to bystanders (e.g. aggression by one of
the two opponents; Watts et al. 2000; Wittig & Boesch 2003).

In chimpanzees, redirection (any aggressive event initiated by
the victim of the previous conflict towards an uninvolved third
party) is not a common consequence of a third party approaching
the victim (Watts et al. 2000; Palagi et al. 2006), suggesting that, for
bystanders, the potential risk of injury may not be so high. In
wolves, Cordoni & Palagi (2008) found a high level of agonistic
encounters occurring within a few seconds of the conflict, a well-
known phenomenon in social carnivores, in which social facilita-
tion appears to drive the tendency to renew the attack. From this
perspective, we hypothesized that wolves can make use of specific
behavioural strategies to cope with such potential risks and behave
accordingly. In particular, we predicted that wolves (1) engage in
postconflict third-party contacts after a conflict of lower intensity
level (Prediction 1a) and (2) offer postconflict affiliation at higher
rates to the victims that show lower baseline levels of redirection
(Prediction 1b).

PREDICTION 2

According to the valuable relationship hypothesis (Kappeler &
van Schaik 1992; van Schaik & Aureli 2000), animals reconcile more
frequently with conspecifics that are valuable social partners such
as kin or friends. While there is strong empirical evidence
demonstrating the effect of relationship quality on reconciliation,
little effort has been made to investigate the effect of relationship
quality on postconflict third-party affiliation. A few studies on

chimpanzee third-party contacts incorporated some aspects of
relationship quality into their analysis; however, they focused on
the relationship between the former opponents rather than on the
relationship between victims and bystanders (Wittig & Boesch
2003; Koski et al. 2007). Recently, Fraser et al. (2008, page 8559)
demonstrated that in chimpanzees, victims ‘were more likely to be
consoled by individuals with whom they had a more valuable
relationship’. Moreover, unsolicited third-party affiliations can be
interchanged between partners (reciprocity); thus third parties
may benefit by receiving unsolicited contacts in the future (Mitani
2006; Fraser et al. 2008). In wolves, Cordoni & Palagi (2008) found
that valuable relationship quality is a good predictor for high levels
of reconciliation. Since all the subjects of this study shared the same
coefficient of relatedness (0.5), it may be useful to analyse differ-
ences in affinitive relationship quality between them to evaluate
whether the value of such relationships affects postconflict third-
party affiliation. Accordingly, we expected to find (1) higher levels
of unsolicited affiliation between wolves sharing a higher degree of
familiarity (measured by body contact rates; Prediction 2a) and (2)
a reciprocal interchange of unsolicited contacts (mutualistic
behaviour; Prediction 2b).

PREDICTION 3

In the African great apes, the levels of unsolicited third-party
contacts are higher in the absence of reconciliation than in its
presence and, when reconciliation takes place, unsolicited contacts
generally precede it (Palagi et al. 2004, 2006; Cordoni et al. 2006).
Such findings suggest that even though reconciliation remains the
best option to limit negative consequences of aggression, third-
party contacts may represent an alternative to reconciliation in
buffering tension originating from an unresolved conflict.

Recently, Fraser et al. (2008, page 8557) demonstrated that
‘chimpanzees may respond to distressed partners by consoling
them, thereby reducing their stress levels, especially in the absence
of reconciliation’. On the other hand, a study by Koski & Sterck
(2007) on the same species showed no evidence for consolation
being a substitute for reconciliation. This contrasting evidence
makes it difficult to speculate about the target of potential benefits
provided by third-party affiliation in wolves. However, we can
hypothesize that, in this highly cooperative species, unsolicited
contacts play a role in reducing the probability of further attacks
(Prediction 3a) and restoring the level of the victim’s cohesiveness
within the pack (Prediction 3b); in such cases, third-party unso-
licited affiliations would be particularly useful when reconciliation
does not occur (Prediction 3c).

METHODS
Study Subjects and Housing

We studied the captive pack of grey wolves at the Pistoia Zoo,
Italy, made up of nine adult individuals (defined as older than
2 years; five males and four females, see Table 1) that were captive-
bred siblings except for the alpha male. The Pistoia pack can be
defined as a ‘disrupted family’, a family in which one or both of the
original parents (the alpha female in this case) is missing (Packard
2003). The kin composition was similar to that of wild groups
(Mech & Boitani 2003). The pack was kept in a 4000 m? enclosure
located in a naturally hilly area equipped with trees, branches,
ropes and dens. The animals were fed with meat, which was
scattered on the ground, once a day in the early afternoon (1500
hours). Water was available ad libitum. No stereotypic or aberrant
behaviours characterized the study group. No licence or ethical
approval was required for the study.
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Table 1
Peaceful postconflict third-party contact between victims and third parties in the
Pistoia wolf colony

Victim Sex Contacts between victims and third parties

Unsolicited Solicited

A D N TCT% A D N TCT%
Wo M 5 0 6 455 4 0 7 36.4
Ru M 2 0 19 9.5 12 0 9 57.0
Ht M 12 2 54 14.7 21 2 45 27.9
Oo M 8 1 12 333 12 0 9 57.1
An M 10 2 83 8.4 19 1 75 189
Ha F 6 0 24 20.0 15 0 15 50.0
Ta F 22 3 25 38.0 20 3 27 34.0
Fl F 40 5 101 24.0 27 1 118 17.8
Wh F 19 1 118 13.0 14 1 123 9.4
Total pairs 124 14 442 144 8 428

Number of attracted (A), dispersed (D) and neutral (N) pairs for both solicited and
unsolicited contacts. Neutral pairs may include those cases in which affinitive
contact occurred during the same minute in the PC and the MC, or no contact at all
occurred in either the PC or MC. In the last case, neutral pairs are assigned to both
solicited and unsolicited pairs. M: male; F: female.

Data Collection

Observations took place at least 2 days per week, over one 6 h
period (including feeding time), from March 2005 to January 2007.
Before commencing systematic data collection, the four observers
(including E.P. and G.C.) underwent an 80 h training period to
become skilled in animal identification and behavioural pattern
distinction. The same focal animals were followed by the observers
simultaneously, and the data were then compared and discussed.
Training was over when the observations by the different observers
reached the level of 95% agreement (the behavioural items recor-
ded by the observers had to match in 95% of cases, Martin & Bateson
1986). Using the all-occurrences sampling method (1115h of
observations; Altmann 1974), we collected all agonistic encounters
between group members, when visible. For each conflict we
recorded: (1) the opponents’ identities, (2) context (circumstance
in which the act of aggression took place: feeding, competition for
sexual partners, dominance displays, redirection, rough play), (3)
type of conflict (decided or undecided), and (4) aggressive behav-
ioural patterns (bite, charge, chase, jump on, push, growl, gape,
wrestle, knockdown, stand over). During decided conflicts, winners
and losers (victims) of the agonistic events were clearly recognized.
Redirection was defined as any aggressive event initiated by the
victim of the previous conflict towards an uninvolved third party. A
renewed aggressive event was defined as an aggressive event that
the former opponent directed to the victim at least 2 min after the
previous conflict.

Agonistic contacts were distinguished according to three stages
of intensity: low intensity (LI): threats and chase-fleeing; medium
intensity (MI): aggression with physical contact except biting
(jumping, pushing, wrestling, standing over); high intensity (HI):
aggression with physical contact and biting.

We examined postconflict third-party affiliation between
bystanders and victims (solicited and unsolicited contacts, the
latter also called consolation, Fraser et al. 2008) by using the PC-MC
method developed by primatologists (de Waal & Yoshihara 1983).
When, after a decided conflict, the victim approached an
uninvolved third party before the conciliatory contact, we labelled
that contact as solicited. Conversely, when an uninvolved third
party approached the victim before the conciliatory contact, we
labelled the contact as unsolicited.

We considered as postconflict affinitive interactions the
following items as suggested by M. Bekoff (personal communica-
tion), excluding submissive patterns: body contact (with at least part

of the body in contact excluding tails), inspecting (sniffing and/or
licking another’s anogenital region), play (for an extensive definition
see Cordoni & Palagi 2008), social licking (licking part of another’s
body), and social sniffing (sniffing another’s body except its
anogenital area).

To study postconflict third-party contacts we followed methods
used by Call et al. (2002) and Koski & Sterck (2007). After the last
aggressive pattern of any given agonistic event, we followed the
victim as the focal individual for a 10 min postconflict period (PC).
Matched-control observations (MC) took place on the next possible
day at the same time as the original PC, on the same focal animal, in
the absence of agonistic interactions during the 10 min before the
beginning of the MC, in the same context and when the victim of
the original PC had the opportunity to interact with any other group
members (de Waal & Yoshihara 1983). During PC and MC focal
sampling we recorded: (1) starting time (minute), (2) type of first
affinitive interaction, (3) the minute of first affinitive contact
directed towards the victim, (4) initiator of the affinitive contact
(victim or third-party individual), and (5) identity of individuals
involved. Since some sections of the enclosure were outside the
observer’s line of sight, if necessary we halted the data collection
until we could observe the focal animal again. In these cases we
were not able to collect PCs and MCs and, consequently, these
incomplete data were excluded from the analysis.

To measure the relationship value of a dyad, we used baseline
body contact levels (contact sitting, social licking, social play, social
sniffing, social fur cleaning) collected in focal periods (each lasting
10 min) that were neither PC nor MC. By focal animal sampling
(Altmann 1974), we also collected proximity interactions (i.e. the
spatial distance separating two animals is less than 2 m) between
the focal animal and fellow group members. We were able to collect
589h of focal observations (mean number of focals per
animal & SE = 393 + 9.6).

Data Analysis

For both solicited and unsolicited contacts for each animal we
determined the number of attracted (A), dispersed (D) and neutral
(N) pairs overall PC-MC pairs. In attracted pairs, affinitive contacts
occurred earlier in the PC than in the MC (or in the PC, but not in the
MC), whereas in dispersed pairs affinitive contacts occurred earlier
in the MC than in the PC (or they did not occur at all in the PC). In
neutral pairs, affinitive contacts occurred during the same minute
in the PC and the MC, or no contact at all occurred in either the PC
or MC. Overall, the minimum number of PC-MC pairs per focal
animal was 11 (see Table 1). We calculated individual third-party
contact tendencies (TCT), which is equal to the numbers of attrac-
ted pairs minus the numbers of dispersed pairs divided by the total
number of pairs. The TCT provides a quantitative estimation of the
levels of postconflict third-party affiliation.

We operationally defined third-party affiliation using the time-
ruled method (Aureli et al. 1989). For each minute of PC-MC
observations, we compared the frequency of first affinitive
contacts recorded in the PCs with the frequency of first affinitive
contacts recorded in the MCs at the individual level, to determine
a time window (a minute range) in which such frequencies
differed significantly. For this comparison we used the Wilcoxon
signed-ranks test. Nonparametric exact-test statistics were used
throughout the analysis because the data did not satisfy the
conditions of normality (Siegel & Castellan 1988; Mundry & Fischer
1998).

To investigate whether unsolicited affiliation functions in
reducing the probability of renewed aggression, we used the exact
time at which third-party affiliation occurred. We calculated the
frequency of renewed aggression in the absence of reconciliation
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across three different conditions: (1) only presence of unsolicited
contacts (condition U), (2) only presence of solicited contacts
(condition S), (3) absence of both unsolicited and solicited contacts
(condition NUS), and the frequency of aggression in control
conditions (MCs). Friedman’s two-way analysis of variance was
used to test for differences in the renewed aggression distribution
across the four conditions (U, S, NUS and MC). When we found
significant differences between the four conditions, we used the
Dunnett’s multiple comparison test (post hoc tests) to determine
which pairs of conditions were significantly different (Siegel &
Castellan 1988; Zar 1999).

To investigate whether unsolicited affiliation functions to
restore the victim’s social cohesiveness after a conflict, we used the
same procedure as for the renewed aggression analysis. The degree
of cohesiveness was evaluated by analysing two long-lasting states
(more than 30s): contact sitting plus proximity rates between
victims and fellow group members (excluding those interactions
between victims and ‘consolers’) and the frequency of long-lasting
solitary behaviours (standing alone, sitting alone and lying down
alone) by the victim.

To determine whether previous reconciliation (defined as the
first affinitive interaction between former opponents after a fight,
de Waal & van Roosmalen 1979) affected the probability of post-
conflict third-party affiliation, we used a Wilcoxon signed-ranks
test to compare the rates of presence and absence of both solicited
and unsolicited third-party contacts when reconciliation occurred
and when it was absent.

To investigate the influence of relationship quality on third-
party contacts, for each individual we first calculated the mean
value of body contact interactions for dyads in which that selected
individual was involved. Subsequently, for each individual we
divided dyads in which that individual was involved into two
quality classes (distant and close) by the following procedure:
dyads showing body contact frequencies higher than the mean
value of the selected individual were assigned to the close class;
dyads showing body contact frequencies lower than the mean
value of the selected individual were assigned to the distant class.
Afterwards, we calculated the mean TCT value, for both solicited
and unsolicited third-party affiliation that each subject showed
with its partners belonging to close and distant relationship quality
classes.

A row-wise matrix permutation analysis was used to test for
correlations in the case of matrix-based data. This method of
analysis accounts for interdependency of the data within matrices
that generally prevent evaluation of the probability of a correlation
against a normal distribution. A row-wise matrix correlation thus
tests whether each individual in a social group directs its social
interactions (e.g. redirection) towards groupmates in relation to (1)
another type of behaviour given and/or received and (2) the same
behaviour received (Hemelrijk 1990; Ventura et al. 2006). The
matrices were permutated 10 000 times.

Each analysis was carried out using the software MatMan 1.0
developed by de Vries (1993). This analysis was used to correlate
degree of familiarity (the higher baseline body contact rates
implying a higher degree of familiarity, Cools et al. 2008), redirec-
tion and dyadic TCTs. The same test was used to check for possible
reciprocity between third-party contacts (both solicited and
unsolicited) given and received. Such reciprocity was also evaluated
at the dyadic level by correlation analysis carried out via
a randomization test (10000 shuffles) to reduce errors from
nonindependence (Manly 1997). We used the software Resampling
Procedures 1.3 by D. C. Howell (freeware, www.uvm.edu/~dhowall/
statPages/Resampling/ResamplingPackage.zip).

Analysis of postconflict third-party behaviours was carried out
at the individual level. The analyses were two tailed and the level of

significance was set at 5%. When we obtained repeated correlations
we applied the Bonferroni correction (Siegel & Castellan 1988).

Statistical analyses were performed with SPSS 9.05 (SPSS Inc.,
Chicago, IL, US.A.).

RESULTS

We were able to collect 580 PC-MC pairs (see Table 1). The
temporal distribution of the first affinitive interaction between
victims and bystanders in the PCs differed from that in the MCs.
Specifically, unsolicited third-party contacts occurred more often in
the first 2 min of the PCs than in the first 2 min of the MCs
(Wilcoxon signed-ranks test: Timin =0, ties=1, N=9, P=0.008;
Tomin =0, ties=3, N=9, P=0.031; Fig. 1). Solicited third-party
contacts occurred more often in the first 3 min of the PCs than in
the first 3 min of the MCs (Timin =0, ties=1, N=9, P=0.008;
Tomin=0, ties=2, N=9, P=0.016; T3pin=3, ties=1, N=9,
P =0.045). In the temporal analysis, for both solicited and unso-
licited contacts we report only the significant results. The medians
of the TCTs are reported in Table 2.

Prediction 1: Potential Risks

Taking into account the intensity level of the overall agonistic
encounters, for unsolicited third-party interactions we considered
the contacts occurring within the first 2 min after conflicts, and for
solicited third-party interactions those contacts occurring within
the first 3 min after conflicts. Considering unsolicited contacts, the
attracted pairs were significantly more frequent than dispersed
pairs for conflicts of low and medium intensity; on the other hand,
no difference was found for aggression of high intensity. Consid-
ering solicited affiliation, attracted pairs were more frequent than
dispersed ones independently of the level of conflict intensity
(Table 2).

We observed the presence of redirection in the study group. A
negative correlation was present between unsolicited third-party
contact received and redirection performed; on the other hand, no
correlation was found between solicited contact received and
redirection performed (Table 2).

Prediction 2: Influence of Relationship Quality on Third-party
Contacts

The baseline body contact levels, collected by focal observa-
tions, which were neither PC nor MC, significantly influenced the
TCTs of unsolicited contacts, whereas they had no effect on the
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Figure 1. Temporal distribution of first affinitive contacts in PCs (white triangles) and
MCs (black circles) for unsolicited contacts. Frequencies of first affinitive contacts are

depicted on the Y axis. The figure reports only those PCs and MCs in which the first
affinitive contact occurred. *P < 0.05; **P < 0.01.
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Table 2
Medians, lower and upper quartiles and test results
Medians Quartiles Test result
Unsolicited contacts (TCT) 20 11.25, 35.65
Solicited contacts (TCT) 34 18.35, 53.50
Unsolicited contacts & aggression intensity TCT,=30.80 16.25, 66.65 LI: A>D T=0, ties=1, N=9, P=0.008"*
TCT\=38.71 10.00, 46.05 MI: A>D T=0, ties=2, N=9, P=0.016*
TCTy=0.00 0.00, 55.00 HI: A=D T=0, ties=5, N=9, P=0.125*
Solicited contacts & aggression intensity TCT,=46.15 28.13, 66.67 LI: A>D T=0, ties=1, N=9, P=0.008"*
TCT\i=48.39 32.16, 67.50 MI: A>D T=0, ties=1, N=9, P=0.008*
TCTy=66.67 32.14, 100.00 HI: A>D T=0, ties=1, N=9, P=0.008*
Redirection of aggression 0.15 0.01, 0.31

Correlation: unsolicited contact received &
redirection performed

Correlation: solicited contact received &
redirection performed

Correlation: solicited contacts given & received

Renewed aggressions

Contact sitting plus proximity

Occurrence of unsolicited contacts: presence/absence
of reconciliation

Occurrence of solicited contacts: presence/absence
of reconciliation

Row-wise matrix permutation test: K;=—35, 1,w=-0.209, N=9,
P=0.02; 2=0.025 Bonferroni correction

Row-wise matrix permutation test: K;=15, 1,,=0.087, N=9,
P=0.021; 2=0.025 Bonferroni correction

Randomization test r=0.371, N=36, P=0.02

Row-wise matrix permutation test K;=30, 1,,w=0.138, N=9, P=0.11
Randomization test r=0.19, N=36, P=0.152

Friedman’s 3%,=13.38, N=9, df=3, P=0.004 Post hoc test: U vs S:
q=4.17, N=9, P=0.002; U vs NUS: q=3.86, N=9, P=0.003; U vs MC:
q=0.66, N=9, P=0.56; S vs NUS: q=0.33, N=9, P=0.2; S vs MC:
q=4.14, N=9, P=0.002; NUS vs MC: q=2.81, N=9, P=0.01
Friedman’s %?=16.07, N=9, df=3, P=0.0001 Post hoc test: U vs MC:
q=0.99, N=9, P=0.47; U vs S: q=2.67, N=9, P=0.006; U vs NUS:
q=4.05, N=9, P=0.0001; S vs NUS: q=1.64, N=9, P=0.05; S vs MC:
q=2.61, N=9, P=0.01; NUS vs MC: g=3.65, N=9, P=0.008

In absence>in presence: T=2, ties=1, N=9, P=0.023"

In absence =in presence: T=13, ties=1, N=9, P=0.547"

LI: low intensity, MI: Medium intensity, HI: high intensity, A: Attracted racted pairs, D: Dispersed pairs.

* Wilcoxon signed-ranks test.

TCTs of solicited contacts. The analysis of postconflict third-party
affiliation as a function of close-distant relationships gave a similar
result. Unsolicited third-party contacts occurred more frequently
between individuals that shared close relationships (Fig. 2); in
contrast, no difference was found in the distribution of solicited
third-party contacts as a function of the affinitive relationship
quality.

We found a positive correlation between unsolicited contacts
given and received; on the other hand, no correlation was found
between solicited contacts given and received. The randomization
analysis also confirmed the positive correlation between unsolic-
ited third-party contacts given and received; no correlation was
found between solicited contacts given and received (Table 2).

Prediction 3: Potential Functions of Postconflict Third-party
Affiliation

Rates of aggression were higher in PC (without third-party
affiliation and reconciliation) than in MC observations from the first
3 to 10 min of the focal observation (Wilcoxon signed-ranks test:
T3min-10min = O, ties = 0, N = 9, P = 0.004). The overall frequency of
renewed aggression differed significantly across the four conditions
considered, that is condition U (time window: 3-10 min), condition
S (time window: 4-10 min), condition NUS and control conditions
(MCs). Post hoc testing showed that in the U and MC conditions, the
frequency of aggression was significantly lower than in the other
conditions (Table 2, Fig. 3).

The frequencies of contact sitting plus proximity were lower in
PC (without third-party affiliation and reconciliation) than in MC
observations for the whole focal sample duration (Wilcoxon
signed-ranks test: Timin-10min = O, ties =0, N=9, P=0.004). The
overall frequency of contact sitting plus proximity (cohesiveness
degree) differed significantly across the four conditions mentioned
above. Post hoc testing showed that in the U and MC conditions, the
frequencies of contact sitting plus proximity were comparable.

Specifically, the frequencies of contact sitting plus proximity were
higher during U than during S and NUS (Table 2, Fig. 4).

Unsolicited third-party contacts were more likely to occur when
reconciliation did not; on the other hand, solicited contacts
occurred with comparable frequencies both in the presence and in
the absence of reconciliation (Table 2).

40+
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20+
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10+ —r

-10+

Close
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relationships

Figure 2. Unsolicited third-party contact tendency (TCT) levels according to rela-
tionship quality (close versus distant) between victims and third parties. Solid hori-
zontal lines indicate medians; height of boxes corresponds to interquartile range; thin
horizontal lines indicate range of observed values.
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Figure 3. Frequency of renewed aggression as a function of presence of unsolicited
contacts (U, white box), presence of solicited contacts (S, light grey box), absence of
both unsolicited and solicited contacts (NUS, grey box) and control condition (MC,
black box). Solid horizontal lines indicate medians; height of boxes corresponds to
interquartile range; thin horizontal lines indicate range of observed values. N =9.
**P<0.01.

DISCUSSION

In this study we demonstrated the occurrence of postconflict
third-party unsolicited and solicited contacts in wolves. Particu-
larly, wolves seemed to be able to adjust to the potential risks
associated with the postconflict interactions by engaging in third-
party contacts after conflicts of lower intensity level and offering
affiliation more frequently to the victims showing lower levels of
redirection. Moreover, our findings show that a higher degree of
familiarity (measured by body contact rates) is a good predictor for
high levels of unsolicited contacts, which are reciprocated in a sort
of mutualistic exchange.

Unsolicited third-party affiliations were more frequent in the
absence of reconciliation; a similar result has also been found for
great apes (Fraser et al. 2008). Finally, at an immediate level,
unsolicited contacts seemed to play a role in reducing the proba-
bility of further attacks and restoring the level of a victim’s cohe-
siveness within the pack.

The occurrence of postconflict third-party affiliation in the
Pistoia wolves is consistent with the social complexity hypothesis,
which predicts that selection should convergently promote the
evolution of intelligence in animals confronting similarly complex
social environments (Byrne & Whiten 1988; Engh et al. 2005;
Rooney & Bradshaw 2006; Cools et al. 2008). In fact, as do many
primate species, wolves live in stable multigenerational units,
recognize each other individually, and cooperate as well as
compete for resource access (Bekoff 2002). From a more general
perspective, our results do not necessarily imply that wolves are
more socially complex than monkeys, but that monkeys may be
constrained in associating with victims because of their looser
cooperative behaviour.

Like many other group-living animals, wolves need to offset the
costs of competitive interactions (Bekoff et al. 1984). Third-party
contacts can play a role in managing these aggressive situations
(Watts et al. 2000). However, bystanders face some possible risks in
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Figure 4. Level of spatial cohesiveness (measured by contact sitting plus proximity)
between the victim and fellow group members excluding the ‘consoler’ as a function of
presence of unsolicited contacts (U, white box), presence of solicited contacts (S, light
grey box), absence of both unsolicited and solicited contacts (NUS, grey box) and
absence of previous aggression (MC, black box). Solid horizontal lines indicate
medians; height of boxes corresponds to interquartile range; thin horizontal lines
indicate range of observed values. N = 9. *P < 0.05; **P < 0.01.

initiating an affinitive contact with a victim (Koski & Sterck 2007).
In the Pistoia wolves, unsolicited contacts (different from solicited
ones) did not take place after severe aggression (HI), suggesting
that bystanders avoided affiliation in potentially harmful situations.
This hypothesis is further supported by the negative correlation
found between unsolicited affiliation received and redirection
performed (no correlation was found for solicited contacts). To
minimize the risk of being attacked, wolves seem to be able to fine-
tune their third-party contacts according to the aggressiveness of
the victim.

During their third-party contacts, the Pistoia wolves were able
to recognize specific group members as more valuable partners
than others. In fact, in the case of unsolicited third-party affiliations,
bystanders offered amicable gestures to those subjects with whom
they shared a higher degree of social familiarity (good affinitive
relationships). We have to consider that, as in the wild (Mech &
Boitani 2003; Packard 2003), our study subjects were all highly
related and kinship may affect the distribution of affinitive inter-
actions. However, also among related subjects, it was possible to
classify dyads on the basis of their social relationships. This
evidence is consistent with the friendship hypothesis (de Waal
1982; de Waal & Yoshihara 1983), which predicts that affinitive
postconflict interactions are more frequent between those subjects
sharing close bonds. A similar result has recently been found by
Fraser et al. (2008) in unrelated chimpanzees: the value of the
relationship (measured by grooming, food sharing and agonistic
support levels) between victims and consolers strongly affected the
consolation rate. Moreover, in the Pistoia wolves, unsolicited third-
party contacts were exchanged, thus suggesting reciprocity in
postconflict victim-directed affiliation. This finding is further sup-
ported by the absence of any correlation between solicited third-
party contacts given and received. Obviously, the reciprocity in
third-party affiliation can be interpreted in the light of the high
level of animal relatedness.
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Several primate species have been suggested to use unsolicited
third-party affiliation as an ‘alternative mechanism’ for reducing
stress after conflicts that are not reconciled and for limiting further
aggression at the group level (de Waal & Aureli 1996; Watts et al.
2000; Arnold & Barton 2001; Wittig & Boesch 2003; Palagi et al.
2004, 2006; Fujisawa et al. 2006). Koski & Sterck (2007) showed
that third-party affiliation neither serves to reduce stress nor
represents an alternative mechanism to reconciliation in chim-
panzees. Recently, in the same species, Fraser et al. (2008) found
contrasting results; indeed, they showed that consolation reduced
stress in the victim. Unfortunately we have no quantitative data to
investigate whether unsolicited contacts reduce the victim'’s stress
in wolves. However, Cools et al. (2008) reported an anecdotal
observation in Canis familiaris, in which those bystanders that had
not directly witnessed the conflict were attracted by the whim-
pering sounds of the victim. In social canids, the winner effect (an
increased willingness to initiate further contests; Chase et al. 1994;
Hsu & Wolf 1999) is a well-known phenomenon. In wolves, high
levels of aggressive contests create chronic stress in both dominant
and subordinate subjects (Sands & Creel 2004). Our results showed
that unsolicited third-party contacts significantly reduced the
probability of renewed aggression to the victim. From this
perspective, this kind of postconflict affiliation provides positive
and immediate benefits to the victim in a sort of break-off
aggression service. On the other hand, solicited third-party contacts
did not provide this kind of service to the victim. After victim-
directed postconflict interactions, the recipients of aggression
showed restored levels of social cohesiveness, thus suggesting that
third-party affiliation may buffer the pack’s social tension arising
from the previous agonistic encounters.

In the Pistoia pack, the incidence of unsolicited interactions was
strongly affected by the presence of previous conciliatory contacts
(reconciliation, Cordoni & Palagi 2008). This result mirrors what has
been found for great apes, in which several authors have shown
that consolation may function as a partial alternative to reconcili-
ation (chimpanzees: Wittig & Boesch 2003; Fraser et al. 2008;
bonobos: Palagi et al. 2004; gorillas: Cordoni et al. 2006).

In short, our study shows that in wolves unsolicited contacts (in
contrast to solicited ones) are performed in a selective manner.
Specifically, (1) unsolicited third-party contacts occur between
valuable partners, (2) third parties offer postconflict affiliation in
a sort of behavioural interchange (reciprocity), (3) third-party
unsolicited affiliation provides immediate benefits to the victim
(reduction in renewed aggression and restoration of social
cohesiveness), and (4) third-party unsolicited affiliation is a partial
alternative to reconciliation.

In conclusion, even though the cognitive skills at the basis of
natural conflict resolution in canids need to be investigated in more
depth, our results show a strong similarity in third-party
postconflict dynamics between wolves and the great apes.
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