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To balance the trade-offs ofmale co-residence,males living inmulti-male groups
may exchange ritualized greetings. Although these non-aggressive signals are
widespread in the animal kingdom, the repertoire described in the genus
Papio is exceptional, involving potentially harmful behaviours such as genital
fondling. Such greetings are among the most striking male baboon social inter-
actions, yet their function remains disputed. Drawing on the comprehensive
analysis from our own research on wild Guinea baboons, combined with a
survey of the literature into other baboon species, we review the form and func-
tion of male–male ritualized greetings and their relation to the various social
systems present in this genus. These ritualized signals differ between species
in their occurrence, form and function. While ritualized greetings are rare in
species with the most intense contest competition, the complexity of and risk
involved in greeting rituals increase with the degree of male–male tolerance
and cooperation. The variety of societies found in this genus, combined with
its role as a model for human socioecological evolution, sheds light on the
evolution of ritualized behaviour in non-humanprimates and rituals in humans.

This article is part of the theme issue ‘Ritual renaissance: new insights
into the most human of behaviours’.
1. The function of rituals and ritualized behaviours
Efficient communicative mechanisms aimed at maintaining group cohesion and
regulating social relationships between group members are fundamental in
balancing the trade-offs imposed by group co-residence [1]. Ritualized beha-
viours and communal rituals constitute one such mechanism and are thought
to have played a crucial role in the evolution of complex societies [2]. Due to
their stylized, attention-getting and often repetitive nature [3,4], ritualized beha-
viours are thought to be particularly effective in regulating social relationships
as these features set them apart from other behaviours, greatly reducing their
ambiguity [4,5]. In many animal societies, such ‘rule-governed’ exchanges
convey important social information [4]. A prime example are ‘ritualized greet-
ings’ that are central to signalling social status and buffering tension [6–9],
assessing relationship quality and maintaining social bonds [10–13], and pro-
moting cooperation [11,14]. In human groups, such ritualized behaviours are
often accompanied by symbolic value and sacred belief, thereby resulting in
a more complex form of ritualized displays: rituals [2,15]. Thus, ritualized beha-
viours can be considered as a precursor of human rituals, where ritualized
exchanges are additionally loaded with symbolic value [2,15].

Human rituals are defined as causally opaque and preserved conventions
that are culturally transmitted and involve synchronous and coordinated behav-
ioural displays [16,17]. Collective rituals are powerful communicative
mechanisms that have intense psychological and physiological effects on both
participants and observers [18–20], resulting in a state of ‘psychological kinship’
that fosters social assimilation and solidarity [17,21,22]. Extreme and intense
rituals, specifically, can constitute costly and hard-to-fake signals that communi-
cate honest commitment to in-group values [23,24]. Such rituals have strong
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effects on perceived trustworthiness, prosociality and commu-
nity longevity [20,25,26]. In addition to intensity and
frequency [20,27], display efficacy depends on repetitions,
complexity, degree of synchrony and sacred value [16,22,28].
By increasing group cohesion [17,29], strengthening in-group
affiliation [30,31] and promoting cooperation [1,26,27], ritual
practices are thought to play a crucial role in solving some of
the adaptive challenges posed by group-living [1].

Rituals are considered universal trademarks of ancient
and contemporary human societies [2,32] and are thought
to have played a key role in making us human (cf. [33]).
During human evolution, these practices evolved from a
rich repertoire of ritualized behaviours and likely became
key in regulating relationships in larger communities charac-
terized by an increased complexity of intra- and inter-group
connections [33,34]. Indeed, in this complex social scenario,
where frequent interactions between all community members
became impractical and the risk of free-riders greater, the
development of communal communicative mechanisms
likely constituted an evolutionary advantage [24,33]. Paired
with other evolutionary adaptations, such as bone tool pro-
duction and artistic artefacts, the process of ritualization led
to the emergence of ‘behavioural modernity’ [35] and ulti-
mately the evolution of contemporary human societies. As
the extension of human cooperative networks beyond social
units and kin classes is considered unique among primates
[36–39], understanding how such social systems evolved is
one of the crucial research questions of evolutionary anthro-
pology [40]. Furthermore, understanding the interplay of
rituals, cooperation and complexity is key to understanding
human ultra-sociality and hyper-cooperation [17].
2. The form and function of ritualized greetings
in different baboon species

Comparative approaches involving non-human primates are
fundamental to the exploration and testing of hypotheses
about early human evolution. Baboons (genus Papio), in
particular, represent a powerful model for investigating
ritualized behaviour as well as correlations with social sys-
tems, cooperation and tolerance in a non-human primate
taxon [13]. Widely distributed over large parts of sub-
Saharan Africa and the southwestern part of the Arabian
Peninsula, baboons are highly successful and well-studied
African primates [41,42]. Because baboons were confronted
with evolutionary challenges similar to those faced by early
humans, they are considered an excellent model for human
socioecological evolution [43,44]. Baboon evolutionary his-
tory paralleled that of hominins in the late Pliocene with
the development of a drier climate and emergence of the
African savannah [41,45]. In response to selective pressures,
such as food resource fluctuation and increased predation
risk, baboons evolved the ability to exploit a great variety
of food types and developed large and complex social
groups [41]. Similar to early humans, baboons are adapted
to a wide variety of habitats, from semi-desert, savannah
and rain forest to high-altitude mountains [42,46,47]. In
addition to ecological flexibility, baboons exhibit highly
diverse social systems [48,49] as well as ritualized greeting
repertoires [10,14]. In this review, we introduce the socioeco-
logical diversity of this genus, their diverse social systems
and varying levels of male cooperation, aggression and
greeting behaviour between males, to help advance our
understanding of the function of ritualized greetings and
shed light on the evolution of human rituals.

Ritualized greetings are crucial communicative mechan-
isms between males [10] living in multi-male groups. These
interactions are defined as short exchanges of non-aggressive
signals between two individuals [50] and comprise a uni- or
bi-directional exchange of cohesive or affiliative signals [51].
Notwithstanding the label ‘greetings’, these exchanges are
not limited to departures and encounters. Ritualized greetings
are widespread in the animal kingdom, but the behavioural
repertoire described in the genusPapio is exceptional (figure 1).
It involves highly stylized repetitive elements and potentially
harmful behaviours such as genital fondling, which can jeo-
pardize males’ future reproductive success [10,14]. Greetings
are one of the most striking male–male social interactions in
baboons, and debates over their occurrence, context and func-
tion in previous reports suggest substantial species-specific
differences [13]. In the following, we will elucidate how
these differences vary in relation to the social system of the
species and, specifically, the degree of male tolerance and
cooperation (also see [52,53]). Such a comparative perspective
is central to shed light on the evolutionary advantages that led
to the widespread and complex system of rituals and cultures
we see in humans.

According to the phylogenetic species concept [54], the
genus Papio consists of six different species [42]: chacma
(P. ursinus), olive (P. anubis), Kinda (P. kindae) and yellow
(P. cynocephalus) baboons (also called COKY baboons—an acro-
nym representing the first letter of each species—see [55]), on the
one hand, and hamadryas (P. hamadryas) and Guinea (P. papio)
baboons, on the other. While the first four species live in stable
multi-male multi-female groups characterized by female philo-
patry, the latter two species live in complex multilevel societies
with predominant male philopatry and female-biased dispersal
(reviewed in [55]). Thismajor dichotomy results in very different
types of primate societies that differ greatly in social organiz-
ation, structure and mating system, culminating in very
different male–male relationship dynamics.

In COKY baboons, related females share long-lasting
bonds and compose the core of the group, while males dis-
perse, sometimes multiple times, during their lives [41].
Males must thus repeatedly re-establish social relationships
and dominance status throughout their lifespan. Male compe-
tition is intense as high-ranking males have priority of access
over receptive females and sire the majority of offspring [56].
While males of all four species rarely spend time in close proxi-
mity or engage in social interactions, they do present different
degrees of tolerance and cooperation [52,57]. In chacma
baboons, affiliation and cooperation are virtually absent and
males usually avoid each other [52,58,59]. In a direct compari-
son with Guinea baboons, adult male chacma baboon
interactions were more likely to be agonistic [60]. Greeting-
like behaviours mainly comprised quick walking-by
accompanied by head bobbing, grunting or lip-smacking
and sometimes quick touches ([60], R. M. Seyfarth & J. Silk
2019, personal communication, also see [61]) and appear to
lack the intense and ritualized nature described in other
Papio species [52]. Therefore, greeting-like behaviours among
adult males are generally not a prominent feature in chacma
baboons ([60]; also see [52]), and may even be completely
absent in some populations [52]. The most prominent inter-
actions between chacma males instead involve costly contest



Figure 1. Examples of male–male ritualized greeting interactions in the genus Papio. Top/left: hamadryas baboons ( photo: L. Swedell); top/right: olive baboons
( photos: F. Paciência); bottom: Guinea baboons (photos: C. Girard-Buttoz). (Online version in colour.)
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displays such as loud ‘wahoo’ calls, chases, and running and
jumping through trees [62,63]. These performances usually
start during adolescence [64] when males start competing for
status and reproductive access. Sometimes lasting over an
hour, these energetically demanding displays are an indicator
of male stamina and competitive ability, allow males to assess
others’ status and condition, and reduce the risk of costly
physical fights [62]. Thus, in species that lack male–male toler-
ance and cooperation, displays requiring close spatial
proximity between males are potentially too costly, preventing
the emergence of frequent and intense greeting rituals
involving affiliative gestures and risky contact behaviours.

Kinda baboons share a similar social organization to the
other COKY baboons, but recent investigations indicate
reduced direct and increased indirect male–male competition
[65]. Female fertile phases seem to overlap, counteracting
male monopolization strategies [65]. Male investment in
social relationships with females is much higher than in
other COKY species [66], suggesting that males provide
important services to females. In turn, male services may
affect female mate choice [65]. If male reproductive success is
mostly driven by female preferences, males do not gain
much from direct contests or coalitionary strategies. Accord-
ingly, preliminary observations reported lower levels of
male–male competition compared with other COKY baboon
species [65] and the lack of both opportunistic coalitions and
high levels of spatial tolerance between adult males (M. Peters-
dorf 2019, personal communication). As a result of the reduced
need for male communicative mechanisms to balance the costs
of competition and the benefits of cooperation, it would not be
surprising if greetings were either absent or rare and rudimen-
tary. In fact, while further corroboration is needed, male–male
ritualized greetings have never been reported in this species.

In contrast with the lack of male–male cooperation in
chacma (and possibly in Kinda) baboons, male–male
opportunistic coalitions are common in yellow and olive
baboons. Such coalitions allow middle-ranking males to
access receptive females by interfering with mate guarding
by higher-ranking males [67,68]. Similar to humans, these
forms of cooperation emerged as a result of reduced individ-
ual competitive abilities, where partner choice in coalitions
depends on the combined fighting potential of the partners
relative to the opponent [69,70]. Males of both species
engage in ritualized greeting behaviour, with some variation
in occurrence and behavioural patterns [52]. In yellow
baboons, greetings almost always involve a subordinate
male approaching and presenting hind-quarters to a domi-
nant male, who then either ignores the presentation or
responds by mounting or manipulating the other male’s gen-
itals ([71]; see also [51]). These exchanges are characterized by
frequent and intense submissive elements and vocalizations
and, occasionally, the expression of force by the dominant
male through slapping and holding down the subordinate
[71]. While detailed analyses on greeting function are still
lacking, these patterns suggest that ritualized greetings are
critical in signalling subordinate/dominant status and may
represent an appeasement mechanism to avoid more hostile
interactions [51,71].

Greetings are the most frequent interactions between male
olive baboons and are characterized as friendly exchanges that
are strikingly different from the generally highly competitive
tendencies of males of this species. Almost all greetings occur
in a neutral and non-competitive context and are often
accompanied by affiliative signals such as lip-smacking and
positive facial expressions [14]. Despite the positive nature of
these exchanges, greetings in this species are also tentative
and tense,withmales frequently struggling to establish greeting
roles or complete greeting attempts [14]. Physical contacts,
mounting and penis diddling are all quite rare, likely as a
result of the fact that greetings are usually initiated bydominant
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males [14,72,73]. Greeting occurrence is lower in groups with
stable dominance relationships, while higher rates can occur if
within-group competition and tension is high [72]. The relation-
ship ‘negotiation’ typical of these exchanges seems to vary in
relation to age and competitive tactics [14]. Based on a detailed
analysis of the features and context of greetings, Smuts &Wata-
nabe [14] identified covariation between greeting patterns and
male propensity to cooperate (also see [73,74]). Higher levels
of cooperation were associated with less tense, less ambivalent
and fewer non-complete greetings. The authors concluded
that, overall, greetings are crucial to establishing ruled–gov-
erned communicative exchanges between highly competitive
males and play a role in cooperation [14].

Hamadryas and Guinea baboons, in contrast with COKY
baboons, live in complex multilevel societies that may com-
prise several hundred individuals [55]. Both hamadryas and
Guinea baboons are characterized by male philopatry
[75,76], while females disperse between different levels of
the society. As a result, the strong ties between related and
familiar males constitute the core of these complex social sys-
tems [44,77–79]. Units composed of a leader/primary male,
several associated females and immatures constitute the
innermost level of these societies [80,81]. Units can also
include one or more follower/secondary males, which may
have occasional social but no sexual access to the unit females
[80,82]. Several units form stable groupings, together with
solitary/unaffiliated males, called clans or parties. These reg-
ularly aggregate into bands/gangs that share overlapping
home ranges [44,83]. These elements set these societies
apart from the other baboon species, resulting in very differ-
ent male reproductive strategies and male–male relationship
dynamics. The monandrous mating system and relatively
small testis size [44,84] in combination with the low level of
male–male aggression and lack of agonistically enforced
rank [60,85] highlight the small degree of direct and indirect
male competition in these two species.

There are also notable differences between hamadryas
and Guinea baboons. In hamadryas baboons, pair bonds
are maintained through male coercion [82,83]. Most inter-
actions between individuals occur within the unit, whereas
inter-unit interactions are rare and limited to between-
leader threats and avoidance [82,83]. Leaders never affiliate
with other leaders but may groom their unit followers
[83,86], while solitary males may groom one another [87].
Occasionally, male–male alliances occur during inter-clan
conflicts [87] and during communal unit defence by leader
males and followers [48]. However, opportunistic coalitions
against unit leaders have not been reported in the wild
([48,82,87], but see [88] for coalitions in a hamadryas,
yellow and hybrid baboons captive colony). Nevertheless,
the groupings typical of these societies (i.e. clans or parties
for Guinea baboons) were recently described as ‘extended
and consolidated versions’ of the male–male alliances in
yellow and olive baboons (cf. [55]). In striking contrast to
COKY baboons, hamadryas males lack a rank order, often
mutually back down from confrontations, and rarely display
submissive signals ([85, pp. 166–168]). These patterns are
attributed to the high potential costs of fighting for both
winner and loser, including injuries and the risk of leaving
females and offspring unguarded [59,85]. As a result, hama-
dryas baboon males evolved a general ‘respect of ownership’,
as shown in field experiments [89,90], and non-aggressive
strategies to resolve conflicts [88].
Hamadryas baboon greetings are frequent, highly
stereotyped and characterized by a distinct gait, frequent
hind-quarter presentations and a general tension between
the participants [82,87,88]. These exchanges are brief and
physical contact occurs only rarely [82,87,91]. While initial
studies in thewild associated greetings with group departures
from sleeping cliffs andwere therefore termed ‘notification be-
haviour’ [82], later investigations showed that most greetings
occur within bands and in contexts of rivalry over the access
to and control of females ([87]; also see [92]). Field experiments
and behavioural observations found that greetings are most
likely to be initiated by males in possession of females and
towards rivals [87,89]. Greeting likelihoods may also depend
on the attractivity of the female in possession and the degree
of establishment of the female–leader relationship, as well as
the level of motivation of the rival [87]. Studies on a captive
population of hamadryas baboons, yellow baboons and their
hybrids confirmed these patterns and showed that most greet-
ings are associated with male status and occur in tense
contexts such as aggressive episodes and competition over
females, space or food [8,88,91,93]. Studies on hybrid popu-
lations additionally showed that greeting occurrence and
symmetry are greater in hamadryas/hamadryas-like individ-
uals compared with yellow/yellow-like individuals [93].
Interestingly, one captive study based on a stable hamadryas
baboon group with a highly female-biased sex ratio found
that greetings can function as submission, peacekeeping and
alliance formation rather than appeasement in groups where
male rivalry is reduced [94]. While greeting-like behaviours
already occur during play between juvenile males [88], field
studies highlight how fully ritualized greetings are largely
confined to mature males [87]. The transition from bachelor
to leader male results in a significant increase in ritualized
and a decrease in affiliative exchanges between males [87].
These patterns are consistent with the role of greetings in
this species as a negotiation mechanism to signal competitive
power and diffuse tension between males by decreasing the
probability of being challenged and/or avoiding fights that
could end in failure (e.g. [87,93]).

Guinea baboon societies share several characteristics with
hamadryas, but differ in two main aspects: the higher degree
of tolerance and affiliation between males and the lack of
male coercion toward females (reviewed in [44]). Males are
often in close spatial proximity, establish affiliative relation-
ships with preferred male partners whom they support in
coalitions andmaintain very tolerant and relaxed relationships
both within and between parties [44,78]. Compared with
descriptions of other baboon species, Guinea baboon males
show higher levels of spatial proximity and affiliation as well
as lower rates of aggressive/submissive behaviour and rare
injuries [60]. Similar to hamadryas baboons, males do not pre-
sent a clear dominance hierarchy [13,60,78]. Rates of
aggression towards females are less than half those in hama-
dryas baboons, and repeated herding behaviour was not
observed [80]. Females have high spatial freedom, play an
active role in intersexual relationship maintenance and can
even respond to male aggression with counter-aggression
and female coalitions [80]. These patterns suggest Guinea
baboon females exhibit a level of female choice [80], which in
conjunction with male social philopatry (sensu [55]) likely
resulted in the relaxed tenor of Guinea baboon relationships,
the low level of competition and the extreme rarity of male
challenges and takeover attempts ([44,78,80]; see also [95]).
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In accordance with their tolerant social system, Guinea
baboon greetings are more elaborate, intense and recipro-
cated compared with the ones described for all other
baboon species [13]. In the wild, greetings are performed
by males of all age classes, start to develop prior to maturity
and are the most common interactions between males [13,96].
Adult male greeting rates are higher in wild Guinea baboons
(2.06 h−1; adapted from [13]) compared with wild yellow
(0.08 h−1; [71]), olive (1.20 h−1; [14]) and hamadryas baboons
(0.57 h−1; [87]). Greetings occur independently of dyadic
aggression, presence of oestrous females, or close spatial
proximity between males prior to the interaction, nor in tem-
poral association with aggressive episodes, all of which
emphasize that these interactions are not linked to tension
or competition ([13]; see [10] for similar results in a captive
population). These exchanges are friendly and often
accompanied by positive facial expressions and vocalizations,
with almost all instances being complete and reciprocated,
and involving physical contacts [10,13]. The lack of a domi-
nance hierarchy or strong directionalities in greetings makes
them unlikely to be an expression of social status [10,13].
Instead, greetings occur independently of context and consti-
tute brief ‘honest communicative exchanges’ between males
(cf. [10]). In these large communities, greetings allow males
to regulate social relationships at different social levels by sig-
nalling party membership and assessing relationship quality
between spatially tolerant partners [13]. Intense greetings that
include the ‘most risky and intimate form of contact’ (cf. [10])
are more likely between males with stronger affiliative
relationships [13], suggesting they function to maintain and
strengthen social bonds [10].
3. On the evolution of ritualized greetings
The variation in greetings between different baboon species
(table 1) provides a quasi-cross-sectional glimpse into the
evolution of this complex signal. Communicative behaviours
are assumed to evolve from simpler, functional behavioural
patterns, such as touches and locomotion patterns. During
the ritualization process, these patterns lose their original
function and become increasingly stereotyped, stylized and
elaborate, resulting in unambiguous and distinctive signals
[97,98]. The gradient from greetings that mostly involve walk-
ing by in chacma, to incomplete and tentative greetings in
yellow and olive baboons, to the highly stylized notification
and more elaborate greetings in hamadryas and Guinea
baboons, respectively, may indeed represent different stages
of elaboration in the evolution of greeting behaviours.
Whether ritualized greetings evolve, and what their form
and function are, seems to depend on the social system, the
species-specific evolutionary pressures acting on males and
the resulting relationship dynamics [13].

As all baboon species for which data are reported present
some greeting-like behaviours (table 1), a rudimentary form
of the behavioural patterns used during greetings is likely
ancestral in this genus. This conclusion is in agreement
with the occurrence of other affiliative ritualized behaviours
in the tribe Papionini, such as triadic male–infant interactions
and male–infant greetings, which also seem to be primitive in
this tribe [99]. The occurrence and form of greetings in the
genus Papio maps onto the deep split between the southern
(i.e. chacma, Kinda and yellow baboons; see [100]) and the
northern clade (i.e. olive, hamadryas and Guinea baboons;
see [100]) and points to phylogenetic roots of the variation
in ritualized greeting behaviour. Studies in a captive hybrid
population also observed species-specific greeting patterns,
including a greater number of greeting elements displayed
by hamadryas baboons and hamadryas-like hybrids com-
pared with yellow baboons ([101]; also see [91]). In sum, a
genetic component is either directly or indirectly involved
in the variation in male greeting behaviour.

Greeting function varies between species, from signalling
dominance status and buffering tension in species with low
spatial tolerance betweenmales, to testing relationship quality
in more spatially tolerant ones (table 1). Frequent, elaborate
and complex greeting rituals appear to be favoured in more
cooperative and in spatially tolerant societies (table 1; also
see [12,13,52,53]). This pattern is in agreement with the bond
testing hypothesis, which states that risky interactions are
ideally suited to testing the trust between social partners
[102,103]. The most intense forms of greeting with direct geni-
tal manipulations are indeed extremely risky, as future male
reproductive success is literally in the hands of a competitor
[14]. The frequent, intense and reciprocated greetings in the
cooperative and tolerant Guinea baboons [13], where intense
greetings are most likely between males with stronger affilia-
tive relationships [13], are a prominent example, paralleling
the link between greater levels of prosociality and intense
and extreme rituals in humans [20,25,26]. Similar to humans,
Guinea baboons live in large multilevel societies characterized
by frequent encounters with familiar individuals of other par-
ties or gangs and unfamiliar individuals from neighbouring
communities [13,44]. In this complex social scenario, these
brief ‘honest communicative exchanges’ (cf. [10]) play a crucial
role in signalling party membership [13], resembling the
importance of human rituals in promoting group cohesion
[17,29] and commitment to the group [23,24].

In other primate taxa, such as macaques [12,53], the
occurrence of ritualized behaviours also seems to be associ-
ated with male tolerance and cooperation. Intolerant male
rhesus (Macaca mulatta) and Japanese macaques (Macaca fus-
cata) lack ritualized affiliative contacts, while ritualized
greetings and/or triadic male–infant interactions are present
in species with male tolerance and coalitions, such as bonnet
(Macaca radiata: [104]), Assamese (Macaca assamensis: [105])
and Barbary (Macaca sylvanus: [106]) macaques (discussed
in [53]; also see [99]). Similarly, in the genus Pan, intense gen-
ogenital rubbing between females [7] is described for
bonobos (Pan paniscus), which are known for their low
aggression and greater level of tolerance [107].

Although further systematic comparative studies will be
crucial to understanding if these patterns hold across the Pri-
mates order, the negative link between more competitive/
hierarchical male societies and the occurrence of affiliative
ritualized behaviours does not seem to be limited to the
genus Papio. What is still unclear is whether ritualized inter-
actions and tolerance/cooperation emerged in response to
similar evolutionary forces, or one feature promoted the
emergence of the other [13]. Nonetheless, our analyses of
baboon ‘ritual ceremonies’ (cf. [14]) reinforce the assumption
that intense ritualized behaviour and rituals developed in
parallel with tolerance and cooperation in non-human pri-
mates and humans. Thus, our findings support human
evolutionary theories suggesting that the emergence of fully
symbolic behaviour, often attributed to demographic changes
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in population densities [108], might have been facilitated by a
transition from more aggressive to more tolerant and cooper-
ative social styles during the middle/late Pleistocene [109].
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