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Recovering evidence of past human activities enables us to recreate behaviour
where direct observations are missing. Here, we apply archaeological methods
to further investigate cultural transmission processes in percussive tool use
among neighbouring chimpanzee communities in the Tai National Park,
Cote d'Ivoire, West Africa. Differences in the selection of nut-cracking tools
between neighbouring groups are maintained over time, despite frequent
female transfer, which leads to persistent cultural diversity between chimpan-
zee groups. Through the recovery of used tools in the suggested natal territory
of immigrants, we have been able to reconstruct the tool material selection of
females prior to migration. In combination with direct observations of tool
selection of local residents and immigrants after migration, we uncovered tem-
poral changes in tool selection for immigrating females. After controlling for
ecological differences between territories of immigrants and residents our
data suggest that immigrants abandoned their previous tool preference and
adopted the pattern of their new community, despite previous personal profi-
ciency of the same foraging task. Our study adds to the growing body of
knowledge on the importance of conformist tendencies in animals.

1. Background

Human biological, cultural and cognitive evolution is tightly coupled with the
emergence of percussive tool technology. Archaeological records of Palaeolithic
technology demonstrate not only the evolution of material culture, but have
also been used to draw conclusions on mental capacities and social systems
of early humans. Depending on the quality and quantity of available artefacts,
inferences on the behaviour patterns of extinct human populations can be quite
detailed [1]. Lithic tools have been the main focus for archaeologists, as stone
material is preserved for much longer than organic material. In addition,
stones allow for use-wear analysis, providing precious indications about the
potential artefact functions [2,3]. The earliest direct evidence of hominin stone
tool production can be dated back to 3.3 Ma [4]. Indirect evidence, such as func-
tional anatomy and molecular phylogenetic inference from great apes suggests
that intentionally modified stone tools most probably evolved from precursor
pounding tools, which were used to access encased food sources ad hoc when
needed [5], moving tool use further back in time towards the phylogenetic split
of humans and our closest living relatives, the chimpanzees. The percussive
tools of humans and non-human primates are therefore of special interest for
understanding the evolution and transmission of technology (for review, see [6]).

For many decades, anthropologists thought tool use was a defining character-
istic that separated humans from other animal species. Only the discovery of tool
use in wild chimpanzees forced them to revise the definition of tools [7]. With
the emergence of multiple research sites across Africa, it became apparent that
chimpanzees exhibit a diverse and regionally specific repertoire of extractive fora-
ging tools, including specialized tool kits, tools used for termite and ant fishing,
nut cracking, bone marrow probes, stick brushes for honey extraction and spears
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for hunting [8—11], reflecting the cultural variety of tool behav-
iour [9,12-14]. Most tools used by non-human primates are
made of organic materials and therefore cannot be used for
investigations of past behaviour as preservation is irrevocably
compromised. However, several primate species are known to
use stone pounding tools to access encased food sources [15-19].

The innovative field of primate archaeology developed to
use similar basic archaeological premises to expand our
knowledge on populations that cannot always be observed
in greater detail [14,20-23]. Use-wear analysis might be
able to shed light into the functional aspects of percussive
tools of human and non-human species [24,25]. Primate
archaeology has mainly been used to achieve three different
goals: first to uncover the behaviour of unhabituated popu-
lations that leave artefacts in their home range from which
behaviour pattern can be concluded [14,26,27]; second to
uncover behaviour of past primate activity [21,28]; and
third to detect geographical variations in behaviours that
have been directly observed in one population [14,29-31].
Besides detecting spatial distribution of behaviour traits in
certain populations, an archaeological approach can also be
used to follow temporal variation in the presence of behav-
ioural variants within populations, as has been shown in
some instances for our ancestors [32].

In this study, we focus on the temporal variation of tool arte-
fact accumulation which, combined with direct behavioural
observations, can provide answers to critical questions concern-
ing behavioural variations and cultural transmission of tool use
in wild chimpanzees. Several studies have shown a diverse
array of social and individual learning patterns in chimpanzees,
especially when experimental approaches have been employed
to understand underlying social learning mechanisms.
A detailed review of mechanisms favouring cultural trans-
mission can be found elsewhere in this issue [33]. Percussive
tool-use observations in captive chimpanzees suggest that
nut-cracking is socially learned [34,35]. However, identification
of factors facilitating social learning under natural conditions in
wild chimpanzee populations has remained challenging.

Chimpanzees in the wild are known to use natural stone
and wooden hammers to crack open various nut species
[14,30,36—40]. Nut-cracking is a classic percussion behaviour
whereby a nut is placed on a hard surface and a hammer is
used to pound it until the nut breaks open. Stone hammers
have been investigated to uncover the geographical extent of
their use [14] as well as variations in the nut-cracking techniques
[14,29]. Chimpanzees select pounding tools conditionally,
taking multiple factors into account. When given the direct
choice, stone tools are preferred over wooden material [41].
However, cultural differences between groups show that tool
selection is flexible and influenced by group affiliation. We
recently found variation in selected hammer materials between
three neighbouring chimpanzee groups in the Tai National Park
in Cote d’Ivoire despite similar ecological circumstances in
their home range [42—44]. One community, the South Group,
consistently used predominantly stone hammers to crack open
Coula edulis nuts, while the two neighbouring communities,
North and East Group, gradually increased the use of wooden
hammers as the nut season advanced and nuts dried out and
were easier to crack open.

Differences between communities remained stable over
time despite frequent female migration between the groups,
suggesting that the diversity observed in neighbouring com-
munities could have its origin in conformist tendencies,

where previous knowledge is discarded under the influence
of the majority of group members demonstrating an alterna-
tive tool selection preference [44]. Conformist transmission
mechanisms in chimpanzees are supported by an increasing
body of research that shows how conformity plays an import-
ant role in social learning strategies in a variety of wild
ranging animal species [45-47]. Some studies have begun
to thoroughly investigate how cultural transmission in wild
chimpanzees may occur [42,48,49], yet how and why chim-
panzees adopt certain behavioural traits and abandon their
previous behaviour remain largely unknown [50,51]. With
this study, we are aiming to investigate further whether
immigrating females actively change their nut-cracking be-
haviour to match the tool selection of their new groups
despite previously having acquired different preferences.

In order to answer these questions, indications of behav-
ioural pattern prior to immigration are important. These
patterns remain difficult to discern as direct observations of
immigrants prior to immigration are often not available,
and the possibility of collecting behavioural data usually
starts only with immigration. Female chimpanzees leave
their native community with the onset of sexual maturity,
at an age when they already display the cultural repertoire
of their native community. At times of emigration, they are
skillful nutcrackers and display the tool selection pattern of
their natal community. Observing immigration is a rare
occurrence, and only very few cases of female immigration
have been described [44,49,52]. However, these cases do
indicate that social learning follows migration events.

Recently, an unusually high number of females (seven)
immigrated over the course of 23 months into one of the long-
term study communities (South Group) of the Tai forest
(table 1). They did not belong to one of the habituated commun-
ities and therefore no direct observation of their behaviour
prior to their transfer was available. However, the following
lines of argument provide supporting evidence that all these
females originated from the chimpanzee community directly
neighbouring the south of habituated South Group [42]. Long-
term data of inter-group encounters of the Tai Chimpanzee
Project reveal frequent encounters of the South Group with a
large community in the south of their territory [51,53] (South
of South, or SoS territory, figure 1). In early 2012, no more
inter-group encounters were observed with the southern com-
munity of the South Group, while at the same time the males
of South Group were observed exploring the SoS territory up
to 5 km outside their own home range, without encountering
any members of another chimpanzee community. Additionally,
it was recorded that all seven new immigrants, during the first
year after immigrating into the South Group, would never
leave the SoS territory and it was the South Group males who
would repeatedly visit them in the SoS home range. Only reluc-
tantly after that time did the females start to follow the males
into the original home range of the South Group. These com-
bined observations suggest that these females originated from
a community formerly located to the south of the South
Group (SoS territory). Therefore, we proposed that by recover-
ing hammer material at nut-cracking sites of the SoS territory,
we could recreate the tool selection pattern of the females
prior to immigration into South Group.

In our study, we were able to observe directly the tool
selection process after immigration of the new individuals,
but had to infer the tool selection process before immigration
by using archaeological methods to document the tool
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Table 1. Immigration events in Tai chimpanzees: seven females immigrated into South Group.

observation of

immigrant first sighting first nut-cracking
PEM Aug 2012 21 Dec 2013
e Sep2012 Cewn
LuC Jan 2013 17 Jan 2013
| R L .
HAY Ao 24Dec203
w [T | e
XEL Jun 2014

Figure 1. Home range area of the neighbouring study communities in the
Tai National Park in Cdte d'lvoire. Polygons indicate the home range of the
respective communities. The dotted home range polygon indicates the esti-
mated home range of the SoS Group because direct observation of habitat
use is absent. The lines show the locations of line transects.

selection process from tool remains at nut-cracking sites
within the presumed natal territory of the individuals. We
first controlled whether tool use remains at nut-cracking trees
matched the observed tool selection pattern in the South
Group, where individuals were habituated to human obser-
vers. We then used tool remains found in the SoS territory to
reconstruct the tool selection pattern of SoS community mem-
bers. After controlling for tool availability in the two territories,
we compared the tool selection pattern of the newly immi-
grated females to the selection pattern seen in their new
community (South Group) as well as to the tool artefact pattern
from the females’ former home range to detect potential
changes in their tool selection pattern.

2. Material and methods

(a) Study communities

The study was conducted in the Tai National Park in Cote
d’Ivoire, West Africa (5°50' N, 7°21’' W) in a continuous stretch
of primary rainforest. Long-term research of the Tai Chimpanzee

estimated year days after nut observations of
of birth season started tool selection
2000 + 1 year previous nut season 20

2001+ Vyear previous nut season
1999 + 1 year 43 9

199Si1year ..... s -~
2002 + 1 year 9 12

T
1994

Project has habituated three neighbouring study communities to
the presence of humans (North, South and East Group). South
Group, the community where the influx of immigration
was observed, has been fully habituated since 2000 [42,50].
Based on the average home range size of our study communities
according to group size, we estimated the potential home range
of the SoS Group to have been approximately 36 km? [42,53].

Individuals in the SoS Group had not been habituated to
human observers by the Tai Chimpanzee Project; however,
being a neighbouring group to one of our research communities,
we observed regular aggressive encounters with the South Group
which gave insight into the demographics of this community [53].
Owing to civil unrest in 2012, the Tai National Park has been sub-
ject to heavy poaching pressure leading to a dramatic decrease in
animal populations in large stretches of the park (www.wild-
chimps.org/reports/2012). Two unknown females (designated
PEM and UAP) were first sighted by observers in the SoS territory
in August and September 2012, as the males of South Group spent
a few hours per day in the area of the SoS territory. In early 2013,
females started migrating north into the South Group territory.
Over the following 14 months, a total of seven adult females
(table 1) immigrated into the South Group and progressively
started to tolerate the presence of human observers. Only four of
these females had accepted the presence of observers when the
2013 nut season started.

Although the individual PEM had already been sighted in
August 2012, we have included her in our data analysis as a
new immigrant as she was most probably not exposed to the
tool selection pattern of South Group members. Coula edulis nut
productivity was very low in the nut-cracking year of 2012. In
all three study communities (South, East and North Groups), the
chimpanzees did not spend time nut-cracking and foraging in
groups; instead in that year nut-cracking was opportunistically
carried out by individuals. Altogether, we observed only 65 tool
selection incidents by adult South Group members in 2012 (com-
pared to 438 in 2008 and 270 in 2009). Only in two nut-cracking
occasions was an unknown female present. Tool selection by
one adult South Group male was observed in the SoS territory,
and we excluded that location from the tool assessment study.

At the time of the 2012 nut-cracking season, PEM had not yet
been integrated into South Group but was only occasionally seen
foraging in the SoS territory, where the South Group males
explored more and more frequently. Only reluctantly and
much later did she follow the males up into South Group’s terri-
tory. The individuals LUC, ASA and HAV appeared after the
nut-cracking season had ended in South Group territory in
January 2013 (table 1). The female UAP was seen during the
nut-cracking season of 2012 foraging with local South Group
members in the South territory and therefore was excluded
from the analysis as she might have been exposed to tool
selection earlier than in 2013.
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(b) Comparison of ecological conditions

We are building this study on previous detailed investigations of
the nut-cracking behaviour of three neighbouring chimpanzee
communities. Selection patterns and behavioural variation
between these communities have been extensively studied in the
Tai National Park, allowing us to adjust our investigation to the
outcomes of that research [14,15,41-44,54,55]. By taking into
account previous findings we are able to tailor our methods to
new challenges without repeating investigations. Previous work
has shown that stone size and mass correlate strongly with one
another, and we found no difference in selected stone tool size
between the three study communities [42]. Chimpanzees do not
transport wooden tools over longer distances but select a new
tool at a new nut-cracking location [15]. Since the SoS territory
is neighbouring the South Group territory in a continuous stretch
of forest, we assumed the ecological conditions to be similar.
Wooden tools were found to be very abundant in this tropical
rainforest (148 per 100 m?) and are thus not considered as a
limited resource. The limiting tool type in the Tai forest is stones
(3 per 100 m?); therefore we controlled for the availability of
stone tools.

We systematically placed line transects throughout the
home range area of South Group and the potential former
home range of the immigrants, the SoS territory. Transects
were of 500 m in a North to South direction, equally distributed
and separated from one another by 500 m (figure 1). Total
transect length in the South Group territory was 22 km, and
in the potential former territory of the immigrants total transect
length was 48km. In the Tai forest, three different stone
materials (laterite, granite and quartz) are used by the chim-
panzees. Even though laterite is less sturdy than granite and
quartz, chimpanzees still preferred it over wooden tools
[15,41,42]. Stones found on the transects were only counted
as potential tools when they ranged within the average selected
hammer size (assessed from previous observations [42]); the
minimum tool mass was determined to be 80 g, which trans-
lated on average into a minimum of 3 cm length on one side
of the stone. The maximum tool mass was determined to be
10000 g (which was only observed to be selected four times
in three nut seasons). For our survey, stones with a minimum
length of 3 cm were reliably visible and recorded as potential
tools when found within a maximum distance of 1m to
the left and right of the transect. In order to compare the
availability of potential stone hammers between the territories,
we bootstrapped the number of stones found on each transect
1000 times using the statistical program R, and compared
the confidence intervals at the level of 95%. The unit of
bootstrapping was the individual transects.

To further analyse the significance of the differences of confi-
dence intervals, the difference of the confidence intervals was
calculated and a confidence interval was formed. If this confi-
dence interval did not include the value zero, the results are
significantly different. From this analysis, a one-way p-value
can be formed; this is just an indication for a p-value, since the
values are not independent from each other.

(c) Tool artefacts at nut-cracking sites

To assess tool selection pattern from artefacts at Coula edulis nut-
cracking sites, we conducted recces [56] and deliberately
searched for nut-cracking sites where we collected information
on previously used hammers. In order to be classified as a
hammer, the tool had to be within a radius of 1 m around a
nut-cracking anvil (in the majority of cases a Coula edulis root)
that had to show a visible dent from repeated placement of a
nut. Wooden branches qualified as hammers when they
showed wear marks of nut-cracking, including broken bark
and dents in the centre of the wooden club [15]. Broken nut

shells had to be visible surrounding the anvil within in a
maximal distance of 1 m.

(d) Observational data collection

To investigate whether there was a difference in tool selection
between the residents of South Group and the new immigrants,
we observed all adult South Group community members (age 13
years or more) of both sexes in 2010 (six males and six females)
and 2013 (four males and five females) and collected information
on their hammer choice (wood or stone) using 30 min focal
sampling and scan sampling [57]. Further, we were able to
follow four of the newly immigrated females at a distance of
sight to reliably identify the hammer material they used.
During focal and group scan sampling, we recorded one
hammer selection per nut-cracking site per individual. In order
to minimize autocorrelation, we recorded a new observation
only when a new nut-cracking site was at least 500 m away
from the previous nut-cracking point.

(e) Comparison of tool selection: hammer accumulation
and direct observation

To determine potential differences in tool selection between local
residents of South Group and immigrants, we used a two-step
approach. We fitted two generalized linear mixed models
(GLMMs) [58] with binominal error structure for both datasets
(accumulation of tools at nut-cracking sites and direct obser-
vation of tool selection). We set tool material (stone or wood)
as the response variable for the first model, addressing the arte-
facts we found in the territory, and we included the location of
the tool (anvil at which the tool was found) as a random effect
into the model. To analyse the direct observations in the
second model, we included group affiliation (immigrant or resi-
dent of South Group), the day in the nut season (z-transformed to
a mean of zero and a standard deviation of unity) and as random
effects date and individual. As the identity of the tool user was
known through direct observation, we additionally included
random slopes of date within individual into the model [59].

We then bootstrapped the estimates of the full model 1000
times and compared the confidence intervals at the level of
95%. We plotted the results to inspect visually the overlap the
confidence intervals.

All GLMMs were run in R [60] using the function Imer
provided by the R-package Ime4 [61].

3. Results

(a) Comparison of stone tool availability

We found that ecological conditions which potentially could
influence tool selection were similar between the two home
ranges. We compared the amount of stones available in
each home range and, controlling for territory size and
number of transects, we did not find differences in stone
availability between the home ranges of the South Group
and the SoS Group (p = 0.182; figure 2).

(b) Comparison of tool selection pattern

To detect cultural transmission pattern in immigrating females,
we first investigated whether the tool selection pattern of a
known community (South Group) could be inferred from the
hammers left behind at their nut-cracking sites. The tools
found at nut-cracking sites in South Group’s territory in 2010
(figure 3: South Group 2010, grey cross) corresponded with
tools selected by the individuals we directly observed in 2010
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Figure 2. Stone availability on line transects in the territories of the South
and SoS Groups.

(figure 3: South Group 2010, black cross). This is indicated by
the widely overlapping confidence intervals with the mean
observed tool selection being within the confidence interval of
the tools found in the South Group’s territory. Our comparison
showed that the physical evidence left behind at nut-cracking
sites reliably corresponds to the observed tool selection of indi-
viduals. This result gives us confidence in our claim that we can
draw behavioural conclusions from tool artefacts.

We extrapolated this result to the SoS territory, where
direct observations were missing and artefacts recovered at
nut-cracking sites were the only available evidence for tool
selection patterns. We compared the tools found in the SoS ter-
ritory with the artefacts found in the South Group territory.
The lack of overlapping confidence intervals (at 95%) showed
that the tools we found in the SoS territory of the immigrants
(figure 3: SoS Group 2013, grey cross) were significantly differ-
ent from the hammers we found in the territory of South Group
(figure 3: South Group 2010, grey cross). This suggests that the
former inhabitants of the SoS territory used a significantly
lower proportion of stone tools (ca 50%) than the residents of
South Group in 2010 (ca 90%).

The comparison of observational tool selection between
South Group resident members and immigrants in 2013
showed that immigrants as well as South Group members dis-
played the same tool selection pattern (approx. 90% stone tool
use; figure 3: South Group 2010, black cross; SoS Group 2013,
black cross). The first observation of hammer selection for
each immigrant was observed on day 19 and 43, respectively,
after the start of the nut-cracking season (determined by the
first nut-cracking observation of a member of South Group;
table 1). Our findings imply that immigrants prior to immigra-
tion displayed a different tool selection pattern than after
immigration into South Group.

1.0 . . .

0.8 |
E
e
2 0.6
2
3
=
g
5 044
=9
5
a8

0.2

04
SoS Group 2013 South Group 2013 South Group 2010

Figure 3. Proportion of stone hammers used for Coula edulis nut-cracking in
two Tai chimpanzee communities: the grey cross represents the mean amount
of stone hammers found left behind at nut-cracking sites (the lengths of the
vertical lines in the crosses are the confidence intervals). The black cross rep-
resents the mean amount of stone hammers observed to be selected by
individual focals. For the SoS females, the hammer selection information is
missing prior to immigration. The black cross for SoS Group 2013 represents
the immigrants’ tool selection after immigrating into South Group. South
Group 2013 therefore shows the tool selection of South Group members,
excluding the immigrants. The grey circles represent the tool selections
directly observed on focal follows. Each circle represents one individual;
the size of the circle represents the number of the observations for one
individual.

4. Discussion

To understand cultural transmission in tool use following
migration events in wild chimpanzees, we investigated the
temporal variation in hammer selection by combining archae-
ological methods with direct behavioural observations.
Hammers recovered at abandoned Coula edulis nut-cracking
sites in the habituated South Group accurately represented
the tool selection pattern known from direct behavioural
observation of individuals. South Group chimpanzees per-
sistently selected over 85% stone hammers throughout all
investigated nut seasons, which equalled the percentage of
stone tools recovered at nut-cracking sites. As direct obser-
vations were missing for the SoS community, we used site
information to investigate the tool selection pattern of four
female immigrants prior to immigration in their presumed
former home range (SoS territory). Stone and wooden hammers
found at the nut-cracking sites in the SoS territory revealed that
members of the SoS Group used more wooden tools than
members of South Group. The proportion found in the SoS ter-
ritory could reflect the tool selection patterns described for
North and East Group, where community members adapt
their tool selection pattern according to the variations in nut
hardness [42]. However, after immigration into South Group,
the new females showed no difference in their hammer
selection compared to resident South Group members.

Our findings support previous suggestions that immigrat-
ing females in Tai chimpanzee communities adopt the
cultural behavioural repertoire of their new group [44]. The orig-
inal behaviour of immigrants (prior to immigration) has
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remained difficult to ascertain due to the time consuming chal-
lenge of habituating several wild chimpanzee communities.
Only a few immigration events have been observed in the
past, which have added valuable information to understanding
the transmission of social knowledge between chimpanzee
communities [44,48,49,52]. Previous studies conducted in
three neighbouring chimpanzee communities in the Tai
National Park demonstrated that cultural traits were main-
tained in neighbouring groups despite regular individual
transfer [42]. All chimpanzees in the Tai forest research groups
know how to use wooden and stone hammers to crack open
nuts, and adjustment to the new group’s behaviour therefore
lies in the frequency of hammer material selection. Despite
potential different personal tool preference, the selection pattern
of the new community was adopted rapidly by immigrants. Be-
havioural stability within communities therefore does not
persist due to similarities between the immigrants’ new and
former community but is most probably due to adjustments
in hammer selection through social learning after immigration.
Previous work in the Tai National Park showed that not only
tool selection patterns are influenced by conformist social learn-
ing, as we found 27 behaviours to be both different and stable
between three neighbouring communities [43].

Conformity has been presented as an essential feature of
human culture [62]. However, it becomes increasingly difficult
to exclude this mechanism for other social animals [63]. Novel
findings in wild animals have also been supported by an array
of empirical studies in a captive or semi-captive setting where
conformity plays a role in social learning mechanisms of non-
human primates [64-66]. So far only chimpanzees and
humans have been found to converge on the behaviour variant
that is most common in the group, even if they have alternative
behaviours in their individual repertoires that accomplish the
same goal just as efficiently [67]. Conformist transmission has
been proposed to restrict the accumulation of traditions in
non-human [27,37,49] and human [62,68] populations. There-
fore, local differences between populations remain despite
individual exchange through marriage and migration [69], pre-
venting cross cultural homogenization but protecting cultural
diversity among neighbouring communities. Moreover, cul-
tural transmission models have proposed that conformist
tendencies would facilitate acceptance into a group and
would likely lead to increased fitness, as copying others is
an economical way of adopting an adaptive behaviour in an
unfamiliar environment [70].

Coula nut-cracking in wild chimpanzees is a social event
whereby a large proportion of group members are foraging
together within (at least) audio distance of each other, provid-
ing a fruitful ground for social learning. However, exact
underlying mechanisms driving immigrants to conform to a
group’s tool selection pattern are difficult to detect in the
wild where observations are opportunistic. Several mechan-
isms have been found in captive chimpanzee populations
that lead to behavioural similarity within one social group,
and we will therefore discuss their relevance with regard to
our observations in wild communities.

In captivity, the number of demonstrators performing a
task was found to play an influential role in an individual’s
decision to abandon their personal strategies and to match
the majority of the group [71,72]. This mechanism might
also play a role in wild chimpanzee communities. Despite
being several (five in total), the immigrant females in our
study were still the minority compared with local group

members. Even though the immigrants appeared at different n

times during the year, the nut-cracking season started for all
individuals at the same time with the ripening of Coula nuts.
At the time of the immigration period, there were nine adult
individuals in South Group (five females and four males).
This suggests that the majority of adult group members may
have had an influence on decision-making of whom to copy.

Additionally, immigrants did not seem to copy the behav-
iour of juvenile and infant group members which generally
does not yet represent the tool selection pattern of their com-
munity. It takes young group members many years to
become a proficient nutcracker [73]. With first nut-cracking
attempts, they use inappropriate tools like their fist, only
mimicking the correct action. The ontogeny of tool selection
shows that with increase of age their tools selection pattern
reflects the wunique selection pattern of their group
(L. Luncz 2010, unpublished data). Only adult group
members permanently display the typical behaviour of a
community. Chimpanzees in captivity were found to seek
social cues preferentially from higher ranking, prestigious
and older individuals, which leads to uniform group behav-
iour [72,74,75]. These findings might explain the fact that
immigrants did not copy all group members present at a
similar rate but favoured social information from resident
group members over their personal knowledge only if they
were considered higher ranking.

Previous research in wild chimpanzees showed that lower
ranking individuals are especially receptive to social trans-
mission [48,49,76]. Higher innovation rates in juveniles and
lower ranking group members does not lead to an increase
of cultural features in a group, as older group members do
not seek social information from the young or lower ranking
ones [77]. This could be a reason why innovations and also
behaviour of immigrants does not seem to spread throughout
the group. Only if innovators persist can they add to the be-
havioural pool by disseminating their innovations once they
are older [48,76]. However, the ontogeny of cultural traits
within a community remains a topic of investigation as
only a few studies have reported the spread of new behav-
iours within a chimpanzee community [13,49]. In those
cases, the spread of the innovations were reported for non-
arbitrary behaviours and implied increased fitness through
additional foraging sources.

Seeking information from knowledgeable individuals can
provide opportunities to acquire and shape preferences in
situations in which it may be difficult or costly to gather
the requisite personal information [62,78]. Immigrants are
not familiar with their new environment; thus conforming
to the knowledgeable majority would allow them quickly
to take up potential locally adaptive strategies [62,79]. The
strategy local chimpanzees use in their territory has worked
best for this particular community. An immigrant’s lack of
information about their new circumstances creates an
environment of uncertainty, and it is crucial for their survival
to seek social information from knowledgeable group
members, regarding the location of food and water, territory
boarders or hierarchies. The especially rapid cultural
transmission therefore could result from immigrants immedi-
ately seeking social cues about their new environment from
the resident inhabitants of this territory.

Immigration is risky and very stressful as local females
direct high rates of contact aggression towards the newcomer.
Animals in captivity are under no external stress, they are
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familiar with their group members, are physically well cared
for and their life is under no threat. In such a setting, social
information has been shown to be applied only when
higher payoffs were achieved with an alternative strategy
[80]. When comparing work carried out in captivity and
the wild it is important to take into account the conditions
under which the study was carried out. In a recent study
on translocation events of zoo chimpanzees (which mimics
the immigration events in the wild), it was found that the
immigrating individuals conform to vocalization pattern of
their new group [81]. Studies in captivity have shown that
adjustments based on the desire to create or maintain a posi-
tive group sense might exist in chimpanzees [64,65,82,83].
Adjusting behaviour potentially could reduce differences
between the local group member and the immigrant and
favour acceptance into the group.

The underlying reason for the observed adjustment of
immigrating females is probably influenced by a combination
of the above factors, and we do not wish to overly stress one
oranother of these at this early stage. Clearly, more information
on immigrating females is needed to disentangle social learn-
ing mechanisms responsible for conformist tendencies in
wild animal populations.

5. Conclusion

By combining information on tool artefacts with behavioural
observations, we were able to improve our understanding of
the past and present behaviour of immigrating chimpanzee
females. Applying archaeological methods to complement
the limitations of behavioural observations proved a very
fruitful approach to uncover temporal changes in behaviour

References

patterns, when the geographical origin of the individuals
could be predicted. This approach might be of general inter-
est to archaeologists and primatologists. With our study, we
further add to the growing evidence that conformist mechan-
isms play an important role in social learning of wild
animals. The insight that percussive tool selection is influ-
enced by social learning in chimpanzees might suggest that
precursor tools to the Oldawan may have already been
influenced by social information.

Ethics. All our work was conducted in compliance with appropriate
animal care regulations and national laws. Behavioural data collec-
tion was non-invasive and in compliance with the requirements
and guidelines of the ‘Ministére de l’enseignement supérieure et de
la recherche scientifique’ and adhered to the legal requirements of
the Cote d’'Ivoire. We further strictly adhered to the regulations of
the Deutsche Tierschutzgesetz or the ASP principles for the ethical
treatment of non-human primates.

Authors” contributions. L.V.L. conceived and designed the study, super-
vised the collection of field data, carried out the statistical analyses
and wrote the manuscript; RM.W. designed the study and wrote the
manuscript; C.B. conceived and designed the study and wrote the
manuscript; all authors gave final approval for publication.

Competing interests. The authors have no competing interests.

Funding. This research was funded by the Max Planck Society. At time
of writing, L.V.L. was funded by the ERC grant European Research
Council Starting Grant no. 283959 (PRIMARCH).

Acknowledgements. We would like to thank the ‘Ministere de l’enseigne-
ment supérieure et de la recherche scientifique’, the OIPR (‘Office
Ivorien des Parcs et Réserves’) for granting us permission to conduct
research in Cote d'Ivoire and the Tai National Park. We would like to
thank Roger Mundry for statistical advice, Niamh Mullooly and
Michael Haslam as well as two anonymous reviewers for helpful
comments on the manuscript. We further would like to acknowledge
the ‘Centre Suisse de la Recherche Scientifique’ in Abidjan for their
collaboration and support.

Hawkes C. 1954 Archeological theory and method:
some suggestions from the Old World. Am. Anthropol.

Anim. Behav. Monogr. 1, 161-311. (d0i:10.1016/
S0066-1856(68)80003-2)

chimpanzees. PLoS Biol. 12, e1001960. (doi:10.
1371/journal.pbio.1001960)

56, 155—168. (doi:10.1525/aa.1954.56.2.02a00020) 8. Whiten A et al. 2001 Charting cultural variation in ~ 14. Boesch C, Marchesi P, Marchesi N, Fruth B, Joulian F.
Odell GH. 2001 Stone tool research at the end of chimpanzees. Behaviour 138, 1481—1516. (doi:10. 1994 Is nut cracking in wild chimpanzees a cultural
the millennium: classification, function, and 1163/156853901317367717) behaviour? J. Hum. Evol. 26, 325-338. (doi:10.
behavior. J. Archaeol. Res. 9, 45-100. (doi:10.1023/ 9. Sanz CM, Morgan DB. 2007 Chimpanzee tool 1006/jhev.1994.1020)

A:1009445104085) technology in the Goualougo Triangle, Republic of ~ 15. Boesch C, Boesch H. 1983 Optimisation of nut-
Marreiros JM, Bao G, Bicho NF. 2015 Use-wear and Congo. J. Hum. Evol. 52, 420—433. (doi:10.1016/j. cracking with natural hammers by wild

residue analysis in archaeology. Cham, Switzerland: jhevol.2006.11.001) chimpanzees. Behaviour 83, 265—286. (doi:10.
Springer International. 10. Pruetz JD, Bertolani P. 2007 Savanna chimpanzees, 1163/156853983X00192)

Harmand S et al. 2015 3.3-million-year-old stone Pan troglodytes verus, hunt with tools. Curr. 16.  Gumert MD, Kluck M, Malaivijitnond S. 2009 The
tools from Lomekwi 3, West Turkana, Kenya. Nature Biol. 17, 412—-417. (doi:10.1016/j.cub.2006. physical characteristics and usage patterns of stone
521, 310-315. (doi:10.1038/nature14464) 12.042) axe and pounding hammers used by long-tailed
Panger MA, Brooks AS, Richmond BG, Wood B. 2002 11. Boesch C, Head J, Robbins MM. 2009 Complex tool macaques in the Andaman Sea region of Thailand.
Older than the Oldowan? Rethinking the sets for honey extraction among chimpanzees in Am. J. Primatol. 71, 594—608. (doi:10.1002/
emergence of hominin tool use. Evol. Anthrapol. Loango National Park, Gabon. J. Hum. Evol. 56, ajp.20694)

Issues News Rev. 11, 235—245. (doi:10.1002/evan. 560—-569. (doi:10.1016/j.,jhevol.2009.04.001) 17. Sugiyama Y, Koman J. 1979 Tool-using and -making
10094) 12. Gruber T, Muller MN, Strimling P, Wrangham R, behavior in wild chimpanzees at Bossou, Guinea.
Whiten A, Schick K, Toth N. 2009 The evolution and Luberbiihler K. 2009 Wild chimpanzees rely on Primates 20, 513—524. (doi:10.1007/BF02373433)
cultural transmission of percussive technology: cultural knowledge to solve an experimental honey ~ 18. Visalberghi E, Fragaszy D, Ottoni E, Izar P, de
integrating evidence from palaeoanthropology and acquisition task. Curr. Biol. 19, 1806 — 1810. (doi:10. Oliveira MG, Andrade FRD. 2007 Characteristics of
primatology. J. Hum. Evol. 57, 420—435. (doi:10. 1016/j.cub.2009.08.060) hammer stones and anvils used by wild bearded
1016/j.jhevol.2008.12.010) 13. Hobaiter C, Poisot T, Zuberbiihler K, Hoppitt W, capuchin monkeys (Cebus libidinosus) to crack open

Van Lawick-Goodall J. 1968 The behaviour of free-
living chimpanzees in the Gombe stream reserve.

Gruber T. 2014 Social network analysis shows direct
evidence for social transmission of tool use in wild

palm nuts. Am. J. Phys. Anthropol. 132, 426—444.
(doi:10.1002/ajpa.20546)

8YE0VLOT 20LE g 205 Y "suvi] iy  BiobuiysijgndAraposieforgiss H


http://dx.doi.org/10.1525/aa.1954.56.2.02a00020
http://dx.doi.org/10.1023/A:1009445104085
http://dx.doi.org/10.1023/A:1009445104085
http://dx.doi.org/10.1038/nature14464
http://dx.doi.org/10.1002/evan.10094
http://dx.doi.org/10.1002/evan.10094
http://dx.doi.org/10.1016/j.jhevol.2008.12.010
http://dx.doi.org/10.1016/j.jhevol.2008.12.010
http://dx.doi.org/10.1016/S0066-1856(68)80003-2
http://dx.doi.org/10.1016/S0066-1856(68)80003-2
http://dx.doi.org/10.1163/156853901317367717
http://dx.doi.org/10.1163/156853901317367717
http://dx.doi.org/10.1016/j.jhevol.2006.11.001
http://dx.doi.org/10.1016/j.jhevol.2006.11.001
http://dx.doi.org/10.1016/j.cub.2006.12.042
http://dx.doi.org/10.1016/j.cub.2006.12.042
http://dx.doi.org/10.1016/j.jhevol.2009.04.001
http://dx.doi.org/10.1016/j.cub.2009.08.060
http://dx.doi.org/10.1016/j.cub.2009.08.060
http://dx.doi.org/10.1371/journal.pbio.1001960
http://dx.doi.org/10.1371/journal.pbio.1001960
http://dx.doi.org/10.1006/jhev.1994.1020
http://dx.doi.org/10.1006/jhev.1994.1020
http://dx.doi.org/10.1163/156853983X00192
http://dx.doi.org/10.1163/156853983X00192
http://dx.doi.org/10.1002/ajp.20694
http://dx.doi.org/10.1002/ajp.20694
http://dx.doi.org/10.1007/BF02373433
http://dx.doi.org/10.1002/ajpa.20546
http://rstb.royalsocietypublishing.org/

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

Downloaded from http://rstb.royalsocietypublishing.org/ on October 19, 2015

Visalberghi E, Sirianni G, Fragaszy D, Boesch C. 2015
Percussive tool use by Tai Western chimpanzees and
Fazenda Boa Vista bearded capuchin monkeys: a
comparison. Phil. Trans. R. Soc. B 370, 20140351.
(doi:10.1098/rsth.2014.0351)

Haslam M et al. 2009 Primate archaeology. Nature
460, 339—344. (doi:10.1038/nature08188)
Mercader J, Panger M, Boesch C. 2002 Excavation of
a chimpanzee stone tool site in the African
rainforest. Science 296, 1452—1455. (doi:10.1126/
science.1070268)

Stewart FA, Piel AK, McGrew WC. 2011 Living
archaeology: artefacts of specific nest site fidelity in
wild chimpanzees. J. Hum. Evol. 61, 388—395.
(doi:10.1016/j.jhevol.2011.05.005)
Hernandez-Aguilar RA, Moore J, Pickering TR. 2007
Savanna chimpanzees use tools to harvest the
underground storage organs of plants. Proc. Nat/
Acad. Sci. USA 104, 19 210—19 213. (doi:10.1073/
pnas.0707929104)

Caruana MV, Carvalho S, Braun DR, Presnyakova D,
Haslam M, Archer W, Bobe R, Harris JWK. 2014
Quantifying traces of tool use: a novel
morphometric analysis of damage patterns on
percussive tools. PLoS ONE 9, e113856. (doi:10.
1371/journal.pone.0113856)

Benito-Calvo A, Carvalho S, Arroyo A, Matsuzawa T,
de la Torre I. 2015 First GIS analysis of modern
stone tools used by wild chimpanzees (Pan
troglodytes verus) in Bossou, Guinea, West Africa.
PLoS ONE 10, e0121613. (doi:10.1371/journal.pone.
0121613)

Haslam M, Gumert MD, Biro D, Carvalho S,
Malaivijitnond S. 2013 Use-wear patterns on wild
macaque stone tools reveal their behavioural
history. PLoS ONE 8, €72872. (doi:10.1371/journal.
pone.0072872)

Visalberghi E, Haslam M, Spagnoletti N, Fragaszy D.
2013 Use of stone hammer tools and anvils by
bearded capuchin monkeys over time and space:
construction of an archeological record of tool use.
J. Archaeol. Sci. 40, 3222-3232. (doi:10.1016/j.jas.
2013.03.021)

Mercader J, Barton H, Gillespie J, Harris J, Kuhn S,
Tyler R, Boesch C. 2007 4,300-year-old chimpanzee
sites and the origins of percussive stone technology.
Proc. Natl Acad. Sci. USA 104, 3043. (doi:10.1073/
pnas.0607909104)

Carvalho S, Biro D, McGrew WC, Matsuzawa T. 2009
Tool-composite reuse in wild chimpanzees (Pan
troglodytes): archaeologically invisible steps in the
technological evolution of early hominins? Anim.
Cogn. 12, 103-114. (doi:10.1007/510071-009-
0271-7)

Matsuzawa T, Humle T, Sugiyama Y. 2011 The
chimpanzees of Bossou and Nimba. Sarl,
Luxembourg: Springer Science & Business Media.
Carvalho S, Cunha E, Sousa C, Matsuzawa T. 2008
Chaines opératoires and resource-exploitation
strategies in chimpanzee (Pan troglodytes) nut
cracking. J. Hum. Evol. 55, 148—163. (doi:10.1016/j.
jhevol.2008.02.005)

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

Ambrose SH. 2001 Paleolithic technology and
human evolution. Science 291, 1748 —1753. (doi:10.
1126/science.1059487)

Whiten A. 2015 Experimental studies illuminate the
cultural transmission of percussive technologies in
Homo and Pan. Phil. Trans. R. Soc. B 370,
20140359. (doi:10.1098/rsth.2014.0359)
Marshall-Pescini S, Whiten A. 2008 Chimpanzees
(Pan troglodytes) and the question of cumulative
culture: an experimental approach. Anim. Cogn. 11,
449—456. (doi:10.1007/s10071-007-0135-y)

Hirata S, Morimura N, Houki C. 2009 How to crack
nuts: acquisition process in captive chimpanzees
(Pan troglodytes) observing a model. Anim. Cogn.
12, 87-101. (doi:10.1007/s10071-009-0275-3)
Kortlandt A. 1986 The use of stone tools by wild-living
chimpanzees and earliest hominids. J. Hum. Evol. 15,
77-132. (doi:10.1016/50047-2484(86) 80068-9)
Whitesides GH. 1985 Nut cracking by wild
chimpanzees in Sierra Leone, West Africa. Primates
26, 91-94. (doi:10.1007/BF02389050)

Morgan B, Abwe E. 2006 Chimpanzees use stone
hammers in Cameroon. Curr. Biol. 16, 632—633.
(doi:10.1016/j.cub.2006.07.045)

Carvalho S, Matsuzawa T, McGrew WC. 2013 From
pounding to knapping: how living apes can help us
model hominin lithics. In Tool use in animals:
cognition and ecology, pp. 225—241. Cambridge,
UK: Cambridge University Press.

Boesch C. 2000 The chimpanzees of the Tai Forest:
behavioural ecology and evolution. Oxford, UK:
Oxford University Press.

Sirianni G, Mundry R, Boesch C. 2015 When to
choose which tool: multidimensional and
conditional selection of nut-cracking hammers in
wild chimpanzees. Anim. Behav. 100, 152—165.
(doi:10.1016/j.anbehav.2014.11.022)

Luncz LV, Mundry R, Boesch C. 2012 Evidence for
cultural differences between neighboring
chimpanzee communities. Curr. Biol. 22, 922—-926.
(doi:10.1016/j.cub.2012.03.031)

Luncz LV, Boesch C. 2015 The extent of cultural
variation between adjacent chimpanzee (Pan
troglodytes verus) communities: a microecological
approach. Am. J. Phys. Anthropol. 156, 67—75.
(doi:10.1002/ajpa.22628)

Luncz LV, Boesch C. 2014 Tradition over trend:
neighboring chimpanzee communities maintain
differences in cultural behavior despite frequent
immigration of adult females. Am. J. Primatol. 76,
649—657. (doi:10.1002/ajp.22259)

Lachlan RF, Janik VM, Slater PJB. 2004 The
evolution of conformity-enforcing behaviour in
cultural communication systems. Anim. Behav. 68,
561-570. (doi:10.1016/j.anbehav.2003.11.015)

van de Waal E, Borgeaud C, Whiten A. 2013 Potent
social learning and conformity shape a wild
primate’s foraging decisions. Science 340, 483 —485.
(doiz10.1126/science.1232769)

Aplin LM, Farine DR, Morand-Ferron J, Cockburn A,
Thornton A, Sheldon BC. 2015 Experimentally
induced innovations lead to persistent culture via

48.

49.

50.

51,

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

conformity in wild birds. Nature 518, 538-541.
(doi:10.1038/nature13998)

Biro D, Inoue-Nakamura N, Tonooka R, Yamakoshi
G, Sousa C, Matsuzawa T. 2003 Cultural innovation
and transmission of tool use in wild chimpanzees:
evidence from field experiments. Anim. Cogn. 6,
213-223. (doi:10.1007/510071-003-0183-x)
0'Malley RC, Wallauer W, Murray CM, Goodall J.
2012 The appearance and spread of ant fishing
among the Kasekela chimpanzees of Gombe: a
possible case of intercommunity cultural
transmission. Curr. Anthropol. 53, 650—663.
(doi:10.1086/666943)

Boesch C. 2012 Wild cultures: a comparison between
chimpanzee and human cultures. Cambridge, UK:
Cambridge University Press.

Boesch C. 2009 The real chimpanzee: sex strategies
in the forest. Cambridge, UK: Cambridge University
Press.

McGrew WC, Tutin CEG. 1978 Evidence for a social
custom in wild chimpanzees? Man 13, 234-251.
(doi:10.2307/2800247)

Boesch C, Crockford C, Herbinger I, Wittig R,
Moebius Y, Normand E. 2008 Intergroup conflicts
among chimpanzees in Tai National Park: lethal
violence and the female perspective.

Am. J. Primatol. 70, 519—532. (doi:10.1002/
ajp.20524)

Boesch C. 1991 Handedness in wild chimpanzees.
Int. J. Primatol. 12, 541-558. (d0i:10.1007/
BF02547669)

Boesch C, Boesch H. 1984 Possible causes of sex
differences in the use of natural hammers by wild
chimpanzees. J. Hum. Evol. 13, 415—440. (doi:10.
1016/50047-2484(84)80055-X)

Kuhl H, Ancrenaz MM, Williamson EA. 2007 Best
practice guidelines for the surveys and monitoring of
great ape populations, 36. Gland, Switzerland: IUCN.
Altmann J. 1974 Observational study of behavior:
sampling methods. Behaviour 49, 227-267.
(doi:10.1163/156853974X00534)

Baayen RH. 2008 Analyzing linguistic data.
Cambridge, UK: Cambridge University Press.

Barr DJ. 2013 Random effects structure for testing
interactions in linear mixed-effects models. Front
Psychol. 4, 328. (doi:10.3389/fpsyg.2013.00328)

R Development Core Team. 2010 R: a language and
environment for statistical computing. Vienna,
Austria: R Foundation for Statistical Computing.
Bates D et al. 2015 Package ‘Ime4’ version 1.1-8. R
statistical program. Vienna, Austria: R Foundation
for Statistical Computing.

Henrich J, Boyd R. 1998 The evolution of conformist
transmission and the emergence of between-group
differences. Evol. Hum. Behav. 19, 215-241.
(doi:10.1016/51090-5138(98)00018-X)

Van Schaik CP. 2012 Animal culture: chimpanzee
conformity? Curr. Biol. 22, R402—R404. (doi:10.
1016/j.cub.2012.04.001)

Whiten A, Horner V, de Waal FBM. 2005 Conformity
to cultural norms of tool use in chimpanzees.
Nature 437, 737-740. (doi:10.1038/nature04047)


http://dx.doi.org/10.1098/rstb.2014.0351
http://dx.doi.org/10.1038/nature08188
http://dx.doi.org/10.1126/science.1070268
http://dx.doi.org/10.1126/science.1070268
http://dx.doi.org/10.1016/j.jhevol.2011.05.005
http://dx.doi.org/10.1073/pnas.0707929104
http://dx.doi.org/10.1073/pnas.0707929104
http://dx.doi.org/10.1371/journal.pone.0113856
http://dx.doi.org/10.1371/journal.pone.0113856
http://dx.doi.org/10.1371/journal.pone.0121613
http://dx.doi.org/10.1371/journal.pone.0121613
http://dx.doi.org/10.1371/journal.pone.0072872
http://dx.doi.org/10.1371/journal.pone.0072872
http://dx.doi.org/10.1016/j.jas.2013.03.021
http://dx.doi.org/10.1016/j.jas.2013.03.021
http://dx.doi.org/10.1073/pnas.0607909104
http://dx.doi.org/10.1073/pnas.0607909104
http://dx.doi.org/10.1007/s10071-009-0271-7
http://dx.doi.org/10.1007/s10071-009-0271-7
http://dx.doi.org/10.1016/j.jhevol.2008.02.005
http://dx.doi.org/10.1016/j.jhevol.2008.02.005
http://dx.doi.org/10.1126/science.1059487
http://dx.doi.org/10.1126/science.1059487
http://dx.doi.org/10.1098/rstb.2014.0359
http://dx.doi.org/10.1007/s10071-007-0135-y
http://dx.doi.org/10.1007/s10071-009-0275-3
http://dx.doi.org/10.1016/S0047-2484(86)80068-9
http://dx.doi.org/10.1007/BF02389050
http://dx.doi.org/10.1016/j.cub.2006.07.045
http://dx.doi.org/10.1016/j.anbehav.2014.11.022
http://dx.doi.org/10.1016/j.cub.2012.03.031
http://dx.doi.org/10.1002/ajpa.22628
http://dx.doi.org/10.1002/ajp.22259
http://dx.doi.org/10.1016/j.anbehav.2003.11.015
http://dx.doi.org/10.1126/science.1232769
http://dx.doi.org/10.1038/nature13998
http://dx.doi.org/10.1007/s10071-003-0183-x
http://dx.doi.org/10.1086/666943
http://dx.doi.org/10.2307/2800247
http://dx.doi.org/10.1002/ajp.20524
http://dx.doi.org/10.1002/ajp.20524
http://dx.doi.org/10.1007/BF02547669
http://dx.doi.org/10.1007/BF02547669
http://dx.doi.org/10.1016/S0047-2484(84)80055-X
http://dx.doi.org/10.1016/S0047-2484(84)80055-X
http://dx.doi.org/10.1163/156853974X00534
http://dx.doi.org/10.3389/fpsyg.2013.00328
http://dx.doi.org/10.1016/S1090-5138(98)00018-X
http://dx.doi.org/10.1016/j.cub.2012.04.001
http://dx.doi.org/10.1016/j.cub.2012.04.001
http://dx.doi.org/10.1038/nature04047
http://rstb.royalsocietypublishing.org/

65.

66.

67.

68.

69.

70.

1.

Downloaded from http://rstb.royalsocietypublishing.org/ on October 19, 2015

Hopper LM, Schapiro SJ, Lambeth SP, Brosnan SF.
2011 Chimpanzees’ socially maintained food
preferences indicate both conservatism and
conformity. Anim. Behav. 81, 1195—1202. (doi:10.
1016/j.anbehav.2011.03.002)

Dindo M, Whiten A, de Waal FBM. 2009 In-group
conformity sustains different foraging traditions in
capuchin monkeys (Cebus apella). PLoS ONE 4,
€7858. (doi:10.1371/journal.pone.0007858)

Whiten A, van Schaik CP. 2007 The evolution of animal
‘cultures’ and social intelligence. Phil. Trans. R. Soc. B
362, 603—620. (doi:10.1098/rsth.2006.1998)

Pagel M, Mace R. 2004 The cultural wealth of
nations. Nature 428, 275-278. (doi:10.1038/
428275a)

Barth F. 1998 Ethnic groups and boundaries: the
social organization of culture difference. Long Grove,
IL: Waveland Press.

Coultas JC. 2004 When in Rome. . . an evolutionary
perspective on conformity. Group Process Intergroup
Relat. 7, 317-331. (doi:10.1177/136843020 4046141)
King AJ, Cowlishaw G. 2007 When to use social
information: the advantage of large group size in
individual decision making. Biol. Lett. 3, 137-139.
(doi:10.1098/rsbl.2007.0017)

72.

73.

74.

75.

76.

71.

Haun DBM, Rekers Y, Tomasello M. 2012 Majority-
biased transmission in chimpanzees and human
children, but not orangutans. Curr. Biol. 22,
727-731. (doi:10.1016/j.cub.2012.03.006)

Boesch C, Boesch-Achermann H. 2000 The
chimpanzees of the Tai Forest: behavioural ecology
and evolution. Oxford, UK: Oxford University Press.
Homer V, Proctor D, Bonnie KE, Whiten A, de Waal
FBM. 2010 Prestige affects cultural learning in
chimpanzees. PLoS ONE 5, e10625. (doi:10.1371/
journal.pone.0010625)

Kendal R, Hopper LM, Whiten A, Brosnan SF,
Lambeth SP, Schapiro SJ, Hoppitt W. 2015
Chimpanzees copy dominant and knowledgeable
individuals: implications for cultural diversity.

Evol. Hum. Behav. 36, 65—72. (doi:10.1016/j.
evolhumbehav.2014.09.002)

Biro D, Sousa C, Matsuzawa T. 2006 Ontogeny and
cultural propagation of tool use by wild chimpanzees
at Bossou, Guinea: case studies in nut cracking and leaf
folding. In Cognitive development in chimpanzees, pp.
476-508. Tokyo, Japan: Springer.

Brosnan SF, Hopper LM. 2014 Psychological limits
on animal innovation. Anim. Behav. 92, 325-332.
(doi:10.1016/j.anbehav.2014.02.026)

78.

79.

80.

81.

82.

83.

Laland KN. 2004 Social learning strategies. Anim.
Learn. Behav. 32, 4—14. (doi:10.3758/BF03196002)
Boyd R, Richerson PJ. 1988 Culture and the
evolutionary process. Chicago, IL: University of
Chicago Press.

Van Leeuwen EJC, Cronin KA, Schiitte S, Call J, Haun
DBM. 2013 Chimpanzees (Pan troglodytes) flexibly
adjust their behaviour in order to maximize payoffs,
not to conform to majorities. PLoS ONE 8, 80945.
(doi:10.1371/journal.pone.0080945)

Watson SK, Townsend SW, Schel AM, Wilke C,
Wallace EK, Cheng L, West V, Slocombe KE. 2015
Vocal leamning in the functionally referential food
grunts of chimpanzees. Curr. Biol. 25, 495—499.
(doi:10.1016/j.cub.2014.12.032)

Whiten A, Spiteri A, Horner V, Bonnie KE, Lambeth
SP, Schapiro SJ, de Waal FBM. 2007 Transmission of
multiple traditions within and between chimpanzee
groups. Curr. Biol. 17, 1038—1043. (doi:10.1016/j.
cub.2007.05.031)

Bonnie KE, Horner V, Whiten A, de Waal FB.
2007 Spread of arbitrary conventions among
chimpanzees: a controlled experiment. Proc. R.
Soc. B 274, 367—372. (doi:10.1098/rspb.
2006.3733)


http://dx.doi.org/10.1016/j.anbehav.2011.03.002
http://dx.doi.org/10.1016/j.anbehav.2011.03.002
http://dx.doi.org/10.1371/journal.pone.0007858
http://dx.doi.org/10.1098/rstb.2006.1998
http://dx.doi.org/10.1038/428275a
http://dx.doi.org/10.1038/428275a
http://dx.doi.org/10.1177/1368430204046141
http://dx.doi.org/10.1098/rsbl.2007.0017
http://dx.doi.org/10.1016/j.cub.2012.03.006
http://dx.doi.org/10.1371/journal.pone.0010625
http://dx.doi.org/10.1371/journal.pone.0010625
http://dx.doi.org/10.1016/j.evolhumbehav.2014.09.002
http://dx.doi.org/10.1016/j.evolhumbehav.2014.09.002
http://dx.doi.org/10.1016/j.anbehav.2014.02.026
http://dx.doi.org/10.3758/BF03196002
http://dx.doi.org/10.1371/journal.pone.0080945
http://dx.doi.org/10.1016/j.cub.2014.12.032
http://dx.doi.org/10.1016/j.cub.2007.05.031
http://dx.doi.org/10.1016/j.cub.2007.05.031
http://dx.doi.org/10.1098/rspb.2006.3733
http://dx.doi.org/10.1098/rspb.2006.3733
http://rstb.royalsocietypublishing.org/

	Primate archaeology reveals cultural transmission in wild chimpanzees (Pan troglodytes verus)
	Background
	Material and methods
	Study communities
	Comparison of ecological conditions
	Tool artefacts at nut-cracking sites
	Observational data collection
	Comparison of tool selection: hammer accumulation and direct observation

	Results
	Comparison of stone tool availability
	Comparison of tool selection pattern

	Discussion
	Conclusion
	Ethics
	Authors’ contributions
	Competing interests
	Funding
	Acknowledgements
	References




