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Culture is a hallmark of the human species, both in terms of the transmission
of material inventions (e.g. tool manufacturing) and the adherence to social
conventions (e.g. greeting mannerisms). While material culture has been
reported across the animal kingdom, indications of social culture in animals
are limited. Moreover, there is a paucity of evidencing cultural stability
in animals. Here, based on a large dataset spanning 12 years, I show that
chimpanzees adhere to arbitrary group-specific handclasp preferences that
cannot be explained by genetics or the ecological environment. Despite
substantial changes in group compositions across the study period, and all
chimpanzees having several behavioural variants in their repertoires, chim-
panzees showed and maintained the within-group homogeneity and
between-group heterogeneity that are so characteristic of the cultural phenom-
enon in the human species. These findings indicate that human culture,
including its arbitrary social conventions and long-term stability, is rooted in
our evolutionary history.

Humans’ aptitude to acquire novel solutions to pervasive challenges derives not
only from an astute innovative capability, but also from high-fidelity social learn-
ing [1]—a dual engine radiating in a plethora of cultural phenotypes, arguably
unparalleled in the animal kingdom [2—4]. Culture—defined as group-specific
behavioural patterns that have come about by means of social learning [5]—rep-
resents material advantages in the form of short-cut access to innovations, like
the manufacturing of blade tools made from bone [6], but also social conven-
tions that are inherently shared, like wearing pendants made from teeth [6],
which might spur social bonding or symbolize group-identity [2]. Rudimentary
forms of material culture have been thoroughly evidenced in several non-human
animal (henceforth ‘animal’) species (e.g. [7,8]), but the identification of animal
social culture remains limited to short cross-sectional reports of group differences
in social behaviour [9-11]. Moreover, while typical for human culture and rel-
evant to the study of cultural evolution [12,13], there is a paucity with respect
to reporting temporal stability of cultural traditions in animals. Social games
in capuchin monkeys (Cebus capucinus [14]) and stone-handling behaviours in
Japanese macaques (Macaca fuscata [15]) have been found to exhibit stability,
albeit with irregular infusions of new variations (also see [16]). In the domain
of functional communication, evidence for both rapid song revolution (hump-
back whales (Megaptera novaeangliae) [17]; white-crowned sparrows
(Zonotrichia leucophrys pugetensis) [18]) and temporal stability of the acoustic
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structure (humpback whales [19]; sperm whales (Physeter
microcephalus) [20]; swamp sparrows (Melospiza georgiana)
[21]) has been documented. Such findings provide impetus
to take seriously the workings of cultural evolution in
animal species [12,13,22].

Here, I provide evidence for the temporal stability of the
first arbitrary social custom ever described in chimpanzees
(Pan troglodytes): the grooming handclasp (GHC) [11; Video
1]. Building on the original [11] and subsequent reports estab-
lishing the cultural nature of the handclasp [23-25], I studied
group differences in style variation longitudinally and found
that despite changing group compositions due to births and
deaths, the specific pattern of the handclasp custom in chim-
panzees remains highly group-specific. Cultural novices
(mostly juveniles maturing into the more serious social
dynamics of adult chimpanzees, including grooming and
coalition formation [26,27]) predominantly adopted their
group-specific handclasp variant. These findings presume
the workings of behavioural mechanisms that maintain
group-level signatures across time in chimpanzees [28] and
identify the aptitude to persist in arbitrary socio-cultural
conventions as an evolutionary foundation of human nature.

2. Material and methods
(a) Subjects and study site

Subjects were 71 chimpanzees (Pan troglodytes schweinfurthii)' from
Group 1 (13 females/10 males) and Group 2 (32 females/16 males)
at the Chimfunshi Wildlife Orphanage Trust, Zambia (see elec-
tronic supplementary material, table S1 for demographic details).
These chimpanzees live in large (160-190 acres) forested enclosures
consisting of miombo vegetation closely resembling chimpanzees’
natural habitat [29]. Chimpanzees at Chimfunshi engage in
fission—fusion dynamics, encounter large (bush buck) and danger-
ous (poisonous snakes) animals in their enclosure, and sleep
outside. The chimpanzees are supplementary fed twice a day,
during which most of them are visible for observers. Outside the
feeding windows, the majority of chimpanzees are also regularly
visible as seen from elevated surfaces and the fence line.

(b) Data collection and coding

Data were collected by means of all-occurrence sampling in 2007,
2010, 2011, 2017 and 2019. The GHC was operationalized as a sym-
metrical postural configuration in which ‘each of the participants
simultaneously extends an arm overhead and then either one
clasps the other’s wrist or hand, or both clasp each other’s hand”
[11, p. 238]. To scrutinize behavioural variants, two more clasping
styles were operationalized, making for four variations: palm,
wrist, forearm or other [24]. All combinations of styles were
observed at least once across groups. The category ‘other” included
styles that could not be reliably classified as either palm, wrist or
forearm, but were too diffuse to form one distinct category (e.g.
elbow, upper arm). Grooming bouts could contain more than
one GHC (n =205), where a grooming bout was defined as two
individuals being in close contact of whom at least one engaged
in social grooming; the start was defined by the first grooming
action, the end by none of the partners grooming for at least 30 s.
Due to a short sampling window in 2017 resulting in few observed
GHC bouts, data from 2017 were collated with 2019.

(c) Analysis

I analysed the stability of group differences in GHC style by
applying generalized linear mixed models in the R statistical
environment (v. 4.0.2) using the ‘lme4’ package [30]. Palm-to-
palm style (yes/no) was modelled as a function of group, year

(including their interaction), dyad-sex combination (MM-FM-
FF) and the absolute age difference between both partners
(z-transformed) as fixed effects, and both partners’ identity,
dyad, date and grooming bout as random effects with a binomial
model with logit link function [31]. Years of data collection
(dummy coded) were entered as random slope components in
both partners’ identity and dyad [32]. Temporal stability and
group differences in handclasp style were assessed with model
comparisons [31,33] by testing the group-year interaction and
the main effect of group, respectively. Confidence intervals for
the group parameter were calculated with the profile likelihood
method from the ‘lme4’ package ([30]; function ‘confint.mer-
Mod’) and with the ‘emmeans’ package [34] for assessing post
hoc contrasts within the levels of the dyad-sex parameter. Fol-
lowing precedents in the handclasp literature [25,35,36] and
because it was the most frequently observed handclasp style, I
focused on palm clasping (for corroborating analyses on wrist
clasping, see electronic supplementary material). Given the inter-
active nature of GHC and in line with previous GHC style
assessments [24,25], I modelled dyadic instead of individual
style preferences. The full model provided a better fit to the
data than an intercept only model (likelihood ratio test [33]:
;(2 =74.52, d.f. =12, p <0.0001). Parameter metrics were obtained
with the “drop1’ (for p-values) and ‘summary’ functions (for esti-
mates). I analysed all data (Group 1: Npouts =560, Nayads = 26;
Group 2: Npouts = 1489, Nayaas =229; [37]), and a subset of the
data with only those dyads included that engaged in GHC at
least five times (to optimize tapping into preferences), yielding
qualitatively similar results (Group 1: Npouts =455, Ngyads = 26;
Group 2: Npouts = 1182, Nayads = 73). To present preferences
rather than chance observations and to remain consistent with
previous literature [24,38], I plotted the data including dyads
that engaged in GHC at least five times (figure 1).

3. Results

Palm-to-palm clasping was substantially more pronounced in
Group 2 compared to Group 1 across all years (likelihood
ratio test (LRT) main effect group: y*=9.20, d.f.=1, p=
0.0031; estimate +s.e.=1.08+0.36, 95% CI: 0.31-1.81). The
odds for chimpanzees in Group 2 to engage in palm-to-
palm clasping were 2.93x larger than for the chimpanzees in
Group 1 (mean +s.d. Group 1: 44.64 +49.75%; Group 2: 77.57
+41.72%). Individual-level palm preferences were consistent
with the group differences in dyadic preferences (mean +s.d.
Group 1: 53.4 + 30.4%; Group 2: 78.74 +20.93%). The direction
and magnitude of this group-level variation did not obviously
change over a 12-year time period (LRT interaction group x
year: y>=4.27, d.f.=4, p=0.37). For similar findings on wrist
usage during handclasping, see electronic supplementary
material, figure S1. Jackknife resampling of the GLMMs
(dyad omissions with replacement) revealed that the groups
reliably (estimate range of the main effect of group: 1.00-
1.41) and stably (meanz+s.d. p-value interaction parameter
group x year: 0.367+0.028) differed in their palm-to-palm
preferences (figure 1).

Female—female dyads were more likely to engage in palm-to-
palm clasping (back-transformed probability =0.74, 95% CI:
0.59-0.84) than other dyad-sex combinations (LRT: ;(2=6.96,
df =2, p=0.031; FM dyads=0.58, 95% CI: 0.43-0.71, MM
dyads=0.58, 95% CI: 0.35-0.79; electronic supplementary
material, table S2). Yet, the identified group differences in
palm-to-palm clasping were not obviously different for the
dyad-sex combinations (post hoc LRT interaction group x
dyad-sex combination: ;(2=1.82, df.=2, p=0403) and were
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Figure 1. GHC style preferences ( palm-to-palm, y-axis) show long-term stability (time in years, x-axis) of group differences (left panel: Group 1, right panel: Group 2) in
semi-wild chimpanzees. Dots represent mean dyadic preferences scaled to frequency of interaction (range 5-75), medians are represented by the bold, horizontal lines
within the boxes. The boxes represent the interquartile range (IQR), the vertical lines attached to the boxes represent Q1-1.5 IQR (lower) and Q3 + 1.5 IQR (upper).

observed for each of the dyad-sex combinations (electronic sup-
plementary material, figure S2 and table S2), also for wrist
clasping (electronic supplementary material, figure S3 and
table S3). Absolute age difference between the GHC partners
did not affect the probability to engage in palm-to-palm clasping
(#*=053,d.f.=1,p=0535)>

Across the sampling periods, 20 chimpanzees were
‘replaced’ by 23 new GHC adopters (electronic supplementary
material, table S4). Despite these substantial changes in group
composition, the group differences in style preferences
remained (figure 1). In more detail, the new adopters (mostly
juveniles: mean age + s.d. (in years, months) =9.4 + 2.1; range =
5-16 years) roughly matched their group-specific palm-to-palm
preference on their first sampling year (mean +s.d. Group 1:
46.20 = 40.11%, Group 2: 68.38 + 32.17%; figure 2).

4. Discussion

For a behaviour to be labelled ‘cultural’, scholars typically
evaluate the behaviour for its (i) emergence through social
learning, (ii) sharedness among group members (and absence

or difference for members of other groups) and (iii) longevity
[14,39,40]. While a plethora of studies have documented
socially learned behavioural traditions in animals [41,42], to
my knowledge, there is a paucity with respect to evidencing
the stability of traditions.

One established example of cultural persistence in ani-
mals concerns tool use in wild chimpanzees: over a period
of 25 years, group differences with respect to tool-material
selection for nut cracking remained highly similar, despite a
large number of (female) migrations [43,44]. Material culture
has plausibly been part of chimpanzees’ repertoire for
thousands of years [45], yet social culture remains to be sys-
tematically documented in animals. Recently, cultural
transmission of social customs has been suggested for tra-
ditions in great apes ([9,10,46]; also see [14,47]). Moreover,
social culture in terms of socially learned patterns of associ-
ation and interaction that result in group-specific sociality
has been implied as an explanatory mechanism for non-
random social dynamics in animals (e.g. [48-54]). In these
studies, some forms of stability were documented—for
instance, neighbouring groups of meerkats (Suricata suricatta)
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Figure 2. GHC style preferences (palm-to-palm, y-axis) of new adopters across the study period (time in years Ty —> Ty, X-axis). Dots represent mean dyadic
preferences scaled to frequency of interaction (range 1-38), medians are represented by the bold, horizontal lines within the boxes. The boxes represent the IQR, the
vertical lines attached to the boxes represent Q1-1.5 IQR (lower) and Q3 + 1.5 IQR (upper).

differed consistently in the time of day on which they
emerged from their burrows across a decade [54], and reef
sharks (Carcharhinus amblyrhynchos) were found to gather in
the same close association cliques annually across four
consecutive years, presumably to benefit from public infor-
mation regarding food patches [52]. Arguably the best-
documented case of social culture in animals comes from
observations on troops of wild olive baboons (Papio anubis)
living in the Masai Mara Reserve of Kenya. Owing to the sim-
ultaneous deaths of a substantial number of aggressive adult
males (caused by a selective outbreak of tuberculosis), the
respective ‘Forest Troop’ became a group of relatively socially
tolerant and non-aggressive members in comparison to
another group living in the same reserve (Talek troop) and
the Forest Troop pre-dating the deaths [48,53]. Despite a sub-
stantial influx of new group members, across a period of at
least 10 years, the Forest Troop remained markedly charac-
terized by what the authors called a culture of “pacifism’'—
relatively high rates of grooming and affiliation, relaxed
dominance hierarchies and an overall tendency of non-
aggressive interactions, even between resident females
and newly immigrated males [48].

Here, I report the multiyear (12 years) stability of a vari-
ational cultural practice [24], which is plausibly devoid of
any ecological relevance. Whereas material cultures [7,55],
but also culturally induced social foraging [52] and dyadic

interactions [48,53] are behaviours with clear adaptive
value [56], the precise variant by which chimpanzees
engage in the handclasp grooming does not bear any rel-
evance to survival or fitness. As such, stability in variant
preference might be even less expected given the lack of eli-
citing affordances in the environment (e.g. the presence of
termites might (re-)trigger termite fishing). In analogy to
human culture: whereas the motivation for bridging social
distances gives rise to greeting behaviours universally, the
exact manner in which the greeting gesture emerges (and
perpetuates) is highly culture specific [57,58]. The here
reported group differences are also difficult to explain
based on genetics: the study groups do not systematically
differ in their subspecies composition, and whereas the
handclasp behaviour an sich could be hypothesized to be
under positive genetic selection [59] (i.e. its function is still
largely unknown), the relative style preferences by which
the groups choose to handclasp seem harder to place in
such a selectionist framework (also see [11,24]). The finding
that female dyads engaged more in palm clasping while
male dyads engaged more in wrist clasping could be due
to the fact that chimpanzee males may use the handclasp
as a means to confirm or assert dominance over the partner.
The subject’s wrist position allows the partner to support the
weight of the subject’s clasping arm, which can be viewed as
a prosocial act by the partner [11]. Albeit plausible, more
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research is needed to investigate this conjecture, including
how such configurations are initiated.

Between-group heterogeneity is expected to gradually
transition toward homogeneity owing to factors like drift,
the natural cycle of births and deaths, and migrations, unless
there are mechanisms in place to prevent this, like in
humans [2]. Despite such changes of group composition
in the studied chimpanzees, the group-specific variant prefer-
ences remained, suggesting the workings of stability-fostering
mechanisms (also see [43,60]). One potent mechanism promot-
ing group-level cultural stability is conformity—the tendency
to copy the behaviour of the majority [2,28]. Whether chim-
panzees are conformists remains disputed [43,61-64]—yet,
the findings of this study warrant scrutiny of any chimpanzee
behaviour that could bolster within-group cultural homogen-
eity across extended periods of time. In any case, where the
minimal genetic and environmental variation across groups
allows for inferring the cultural nature of the handclasp
styles by means of the method of exclusion (also see [24,25]),
the observed temporal stability of group-specific style prefer-
ences despite substantial population turnover provides a
positive indication of the cultural hypothesis.

Recapitulating, chimpanzees retained group-specific
grooming style preferences across a 12-year study period in
which a substantial number of individuals replaced original
group members owing to births, deaths and translocations.
This stability of cultural variants indicates that (i) preliminary
findings on social culture in chimpanzees are robust, (ii) ani-
mals can develop and maintain cultural preferences in the
domain of arbitrary, non-fitness-related phenomena, much
like the human species and (iii) animal cultures can possess
the necessary ingredients in terms of variant adherence and
longevity to be a potent force in gene—culture coevolutionary

dynamics, thus shaping both phenotypes and genotypes in
animals [12,13].
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"Except for one male in Group 1 (Pan troglodytes verus) and one
female in Group 2 (Pan troglodytes troglodytes). The male engaged pre-
dominantly in palm-to-palm GHC (75%; 1 = 64), the female was only
observed to engage in GHC twice (50% palm-to-palm). In conjunc-
tion, these observations do not make a plausible case for GHC style
preference in chimpanzees being under genetic (at the subspecies
level) control.

*Where one might expect the likelihood of palm-to-palm clasping to be
higher in chimpanzees of similar ages because of their similar body
sizes, we note that assessments of the effect of arm-length differentials
between the clasping partners on the symmetry of handclasp style did
not find evidence for this relationship either [24].
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