CHAPTER FIVE

Ape knapping then and now: Limited social learn-
ing of sharp stone-tool making and use in naive
non-human apes

Alba Motes-Rodrigo'?, Claudio Tennie'’

Abstract

Ape knapping experiments complement human knapping experiments as a
source of behavioral data to build hypotheses about the learning mechanisms
underlying the acquisition of knapping skills in extinct hominins. In addition, ape
knapping experiments provide information regarding the stone-related behaviors
that could have preceded the systematic production and use of sharp stones in
our lineage. In this chapter, we review previous ape knapping experiments with a
focus on those that tested apes” abilities to socially learn from human demon-
strators. Two studies, investigating one orangutan and one bonobo, concluded
that both apes could socially learn sharp stone tool-making and use from human
demonstrations. These results were interpreted as evidence of the reliance of
early hominins on social learning to acquire knapping skills. However, alternative
explanations exist. We provide novel data from two experiments investigating the
abilities of the two previously untested great ape species (chimpanzees and goril-
las) to learn knapping from human demonstrations. Contrary to the previous
studies, the chimpanzees and gorillas in our experiments did not acquire sharp
stone tool-making or use socially from human demonstrations. However, the apes
we tested frequently manipulated the testing materials and two chimpanzees
engaged in two events of lithic percussion involving an active hammer (although
these actions did not lead to flake detachment). Our results suggest that the
observation of human demonstrations is insufficient for the tested apes to
acquire knapping abilities. This disparity in results between studies is unlikely to
be explained by species differences in tool-use proficiency but rather by the par-
ticular rearing background of the previously tested individuals. We discuss how
our previous results on both the individual and social learning abilities of unencul-
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turated, untrained orangutans compare to our new results on gorillas and chim-
panzees. In addition, we comment on the general implications of ape knapping
experiments for understanding the likely origin and maintenance of knapping
skills in pre-modern hominins.

INTRODUCTION

The production and use of sharp stone tools are often considered one of
the most important innovations in human evolution. The use of sharp
stone tools allowed our ancestors to access new food sources and engage
in a variety of newly available foraging behaviors such as butchering big
prey or plant processing techniques (Keeley and Toth 1981; Potts and
Shipman 1981). Despite the abundance of sharp stone tools in the archeo-
logical record, these artifacts on their own are silent regarding the learn-
ing process that naive hominins underwent to acquire the skills needed
for their production and use. Several research avenues, usually involving
comparative models, can be pursued in order to investigate this question.
One such avenue is to test how modern humans in experimental archae-
ological studies learn to make and use sharp stone tools (Morgan et al.
2015; Nonaka et al. 2010; Pargeter et al. 2019; Stout et al. 2015; Stout
and Semaw 2006). This approach has a long history and presents multi-
ple advantages (Bordes 1969; Eren et al. 2016; Toth 1982, 1985). From
a practical perspective, human participants can communicate their per-
ception of their thought processes (e.g., why they are choosing a particu-
lar striking platform or hammerstone) as well as receive instructions
before and during the experiments (Morgan et al. 2015; Nonaka et al.
2010). From a theoretical point of view, modern humans are the extant
species phylogenetically closest to early hominins, potentially allowing
to build behavioral and cognitive models of earlier hominin species
based on modern human behavior (Stout and Semaw 2006; Toth 1985).
However, knapping experiments with humans also have limitations.
First, it is often difficult to ensure the naivety of the human subjects to
knapping (as they might have seen movies or museum artifacts) and thus
it is difficult to disentangle the origin of knapping skills if they are
expressed during the experiment (though see Snyder et al. 2022 for a
method used to overcome this limitation using post-test questionnaires
and baseline testing). A counterargument to this limitation is that pre-
vious knowledge of the task (if any) would most probably involve the
final product rather than the knapping technique, meaning that partici-
pants would likely be naive to the production process (though even here,
reverse engineering of technique is a possibility and essentially how most
lithic analysis must be conducted today given that the production pro-
cesses are unobservable). The second limitation is that it is often prob-
lematic to ensure that other skills in the participant’s repertoire are not
being brought to and repurposed for the knapping task (“indirect know-
how”; e.g., familiarity with how to break glass, Snyder et al. 2022).
However, other behaviors in the early hominin repertoire (e.g., stone
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throwing, Kiihl et al. 2016) could have also preceded and influenced
knapping in extinct hominins (Carvalho et al. 2008; Panger et al. 2002),
although different learning mechanisms could have underlied their acqui-
sition. The third limitation is that despite being phylogenetically closer to
hominins than any other extant primate, the phylogenetic proximity
between modern humans and hominins decreases as we explore earlier
species. This decrease in relatedness could therefore undermine the use
of modern humans as models of earlier hominin species. The fourth lim-
itation of knapping experiments with modern humans is that most mod-
ern human populations currently inhabit an environment very dissimilar
from the one inhabited by our early ancestors (Faith et al. 2019). In
addition, many modern humans have more sedentary lifestyles compared
to the nomadic hunter-gathering lifestyle of early hominins (Marlowe
2005). However, such different living conditions between modern and
extinct humans could actually be advantageous for experimenters trying
to control for previous experience in human knapping studies, as the pro-
duction and use of stone tools in most modern human populations is rare.

In parallel to human knapping experiments, a research avenue was
initiated in the 1970s to investigate the stone tool-making and -using
abilities of non-human primates under controlled conditions. Primate
knapping studies have the advantage that it is relatively easy to ensure the
naivety of the subjects regarding sharp stone tool-making and -use. Most
captive-born primates have been under long-term monitoring and their
previous tool-making and -using experiences are known. Primate studies
(particularly those involving the genus Pan) can be informative regard-
ing the stone tool repertoires and abilities of older hominin and hominoid
species closer to the last common ancestors than our species (Bandini et
al. 2022; Carvalho and McGrew 2012; McGrew 2010; Wynn et al. 2011).
However, as we will see, primate knapping studies are not free of limita-
tions either.

Prior to our studies, two research projects investigated the abilities of
non-human great apes (henceforth apes) to make and use sharp stone
tools (several bonobos, Pan paniscus, and one orangutan, Pongo pyg-
maeus; Toth et al. 1993, 2006; Wright 1972). The goal of these projects
was to assess if great apes could acquire sharp stone tool-making and
using abilities via the observation of human demonstrations, and if they
could, to evaluate the extent of these abilities. The first ape knapping
experiment was conducted by Wright (1972) who tested a juvenile male
orangutan. The orangutan in Wright’s study (Abang) was provided with a
stabilized and pre-shaped flint core fixed on a wooden platform, as well
as a hammerstone and an opaque puzzle box baited with food. The lid of
the box was kept closed by a rope, which needed to be cut with a sharp
object in order to open the lid and thus access the food rewards contained
inside the box. This puzzle box represented an indirect task in which the
action of cutting with a sharp object did not grant immediate access to the
food rewards but instead allowed a door to open through which food
could be obtained. In a first experiment, Abang was given demonstra-
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Fig. 1.
Schematic representations of
different knapping techniques.
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tions of how to use a human-made sharp-edged stone as a cutting tool. In
addition, Abang experienced at least one instance of molding where the
keeper guided Abang’s hand to sever the rope with the stone. These dem-
onstrations and molding were followed by test trials where the orangutan
could explore and manipulate the testing materials (i.e., human-made
sharp-stones and puzzle box). After nine demonstrations, Abang used a
human-made sharp stone as a cutting tool to sever the rope keeping the
puzzle box closed. In a second experiment, Wright demonstrated to
Abang how to produce sharp stones by using a hand-held hammer to
strike on a hand-held core. This knapping technique is known as “free-
hand knapping” and it was not actually available to the orangutan during
the trials because the core was fixed on a board (see Fig. 1). During the
10th testing day and after 16 demonstrations, Abang produced his own
sharp-edged stones by striking a hand-held hammerstone against the
fixed core. Abang then proceeded to use one of these sharp-edged stones
as a cutting tool to severe the lock-rope, open the baited box and obtain
the food rewards (Wright 1972; https://www.youtube.com/
watch?v=3exAOxSKYCE).

In the 1990s, Schick, Toth and colleagues similarly tested the lan-
guage-trained bonobo Kanzi on his abilities to use and produce stone
tools after being exposed to demonstrations by a human model (Toth et
al. 1993). Additionally, the researchers investigated the development of
these skills over a period of several years (Schick et al. 1999; Toth et al.
20006). In the first set of experiments, Kanzi was provided with human
demonstrations (before the start of the tests) on how to produce sharp-
edged stones using the freehand knapping technique described above as
well as on how to use these sharp-edged stones as cutting tools to sever a
rope (Toth et al. 1993). After having been exposed to these demonstra-
tions, Kanzi was given hammerstones, loose stones of different sizes and
raw materials (although eventually, only chert cobbles were used in the
tests), and a puzzle box with a rope-lock similar to the one used by
Wright baited with food (see above). In later experiments, Kanzi was also
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Freehand knapping Bipolar knapping Active core
Throwing Directed throwing
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provided with a second “drum-like” puzzle box. This second box con-
sisted of a wooden cylinder covered by a transparent plastic lid that
needed to be cut in order to (directly) access the food placed inside the
cylinder. On the first day of the first stone tool-use experiment, after hav-
ing observed human demonstrations of stone tool-production and -use,
Kanzi started to use human-made flakes as cutting tools to sever the rope-
lock of the baited puzzle box. In a follow-up experiment, Kanzi’s abilities
to produce sharp-edged stone tools after observing human demonstra-
tions of the freehand knapping technique were evaluated. After a month
of trials and several unsuccessful attempts at producing sharp-edged
stones using the freehand knapping technique, Kanzi developed his own
technique to initiate stone fracture where he threw a cobble against a hard
surface (“throwing technique,” Fig. 1). This innovative solution was not
the type of solution originally intended by the experimenters and so
attempts were made to discourage this behavior by moving the experi-
ments to an outdoor enclosure with soft ground. Additionally, he also
innovated a variant of the throwing technique where he threw a cobble
against another stationary cobble (“directed throwing technique,” Fig. 1).
However, the timing and context of this innovation is not described (Toth
et al. 1993). Eventually, Kanzi also successfully performed the demon-
strated freehand technique. In later years, Kanzi preferably used the two
throwing techniques over the freehand knapping technique demonstrated
to him by humans (Schick et al. 1999). Kanzi’s half-sister Panbanisha
was later reported to have learnt to use and produce sharp-edged stone
tools via freehand percussion after observing a human demonstrator
(Savage-Rumbaugh and Fields 2006). Similarly, Panbanisha’s two sons
were also reported to have acquired sharp-edged stone-making and -
using skills via the observation of the two more experienced bonobos
(Kanzi and Panbanisha), although neither the learning process nor the
bonobos’ knapping skills were tested nor described in detail (Toth et al.
2006) and should therefore be considered with caution.

Despite being highly innovative at the time, the ape knapping studies
described above present a series of methodological limitations in light of
recent developments in animal cognition research. Specifically, all indi-
viduals tested in these previous studies were highly- or at least semi-
enculturated, meaning that they were partly raised in a human cultural
environment that included extensive direct human contact and intentional
training (Furlong et al. 2008; Henrich and Tennie 2017). This is problem-
atic for making inferences based on the results of these earlier studies.
Enculturated apes cannot be considered representative models of their
wild counterparts, nor of their last common ancestors with the hominin
lineage (Henrich and Tennie 2017). Indeed, it is widely accepted that one
of the tested apes (the bonobo Kanzi) represents one of the most extreme
cases of such human enculturation (Savage-Rumbaugh et al. 1986). As
for Abang the orangutan, a former ape keeper from the zoo where the
experiments took place told us (AMR) in 2019 that it was common prac-
tice in the 1960s and 1970s for the keepers in Bristol Zoo (UK, where
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Abang was located at the time) to enter the enclosure with the orangutans
as well as to take them for walks around the zoo grounds. Such close con-
tacts and frequent human interactions (forbidden in most zoos today)
suggest that Abang the orangutan was at least semi-enculturated (Henrich
and Tennie 2017). In Abang’s case, there is the additional limitation that
molding took place during the first experiment exploring sharp stone
tool-use. Abang’s keeper physically guided Abang’s hands to sever the
rope-lock using a sharp stone. This instance of molding confounds the
results of Abang’s learning process of sharp stone tool-use (though note
that Wright did not report any molding taking place during or before the
sharp-stone tool-making experiments). Relatedly, cobbles were actively
placed into Kanzi’s hands to promote stone tool-making (Savage-Rum-
baugh and Fields 2006). Finally, the reduced sample sizes (N=1) in both
studies (Toth et al. 1993; Wright 1972) leave open the question of the
generalizability of their results to other ape subjects of the same and other
species (though some limited data exist for three more bonobos, see
above).

In the present chapter, we expand on the findings of these early
experiments, first, by testing the two remaining species of great apes,
namely chimpanzees and gorillas, and, second, by addressing some of the
limitations and confounds in these early ape experiments. We investi-
gated—for the first time—whether group-housed chimpanzees and goril-
las can acquire sharp stone tool-making and -using abilities via the obser-
vation of human demonstrations. We tested a group of chimpanzees
including individuals both with limited levels of enculturation (semi-
enculturated) and unenculturated as well as a group of unenculturated
gorillas. Here, we used the term semi-enculturated as defined by Henrich
and Tennie (2017) to refer to apes that were hand-reared while they were
young but then lived most of their lives in a conspecific group at a zoo-
logical institution. By unenculturated individuals we refer to captive
individuals which have always lived in conspecific groups, are mother-
reared and have not received extensive human training (e.g., except for
veterinary procedures). We ensured the naivety of the test subjects to the
target tasks by interviewing the ape keepers and confirming the lack of
previous stone tool-making and -using experience of the apes both within
and outside previous experiments. If naive, unenculturated, untrained
chimpanzees and gorillas would develop sharp stone tool-making and -
using abilities following human demonstrations (but not on their own),
this would mean that the results of Wright and Toth et al. might be gener-
alizable to all great ape species. In turn, such findings would suggest that
human demonstrations suffice for the acquisition of these abilities even
in naive, untrained, unenculturated individuals. Such results would also
provide support for the hypothesis that the earliest stone tool-using homi-
nins learnt stone tool-making and -using abilities via the observation of
other individuals’ behavior. If naive, unculturated and untrained chim-
panzees and gorillas would not express the target behaviors after observ-
ing human demonstrations, this would suggest that human training

WORDS, BONES, GENES, TOOLS: DFG CENTER FOR ADVANCED STUDIES



Ape knapping then and now

and/or enculturation, perhaps in addition to human demonstrations, are
required for the acquisition of these behaviors in these species (compare
Bandini, Motes-Rodrigo et al. 2021, 2022). Such findings would suggest
that the background and training of the bonobos and orangutans tested in
the previous ape experiments had a strong influence on the positive find-
ings observed (causing enhanced innovativeness and/or increased social
learning abilities).

MATERIALS AND METHODS
Subjects and housing

The subjects of the experiments presented here were gorillas
(Nadults = 2F and 2M; Njuvenile = IM; Nipfant = IM; mean age = 23.5
years + 16) and chimpanzees (N,q,1ts = 7F and 6M; mean age = 33
years £ 11) housed at Twycross Zoo (Atherstone, UK). The chimpanzees
were housed in a group that included seven human-reared, three mother-
reared and three individuals of unknown rearing. The gorillas were
housed in a group that included four mother-reared individuals and two
individuals of unknown rearing. All these apes had access to indoor and
outdoor enclosures as well as to quarters off-sight from the visitors. All
ape indoor enclosures were equipped with environmental enrichment
such as climbing frames, bedding materials, platforms and containers
where food could be placed for the apes to retrieve. The floor of the
indoor enclosures was covered with wooden chips and straw. The apes’
outdoor enclosures consisted of grassed areas surrounded by glass walls
from where visitors could observe the apes. The outdoor enclosures
included climbing frames and huts. Feedings took place several times a
day when food (fruit, vegetables, primate pellets and nuts) was scattered
in the indoor and outdoor enclosures. Food was often placed inside
enrichment devices such as hanging balls and boxes attached to the
meshes. Water was available ad libitum in all enclosures. The experi-
ments took place in the off-sight quarters connected to the indoor enclo-
sures. During the experiments, all apes could access the off-sight quarters
as well as both the indoor and outdoor enclosures as a group.

Testing materials

Both during the demonstrations and the tests we used two puzzle boxes
(the tendon box and the hide box), three artificial hammerstones fixed to
the enclosure bars using chains and a fixed chert core. The tendon box
was modeled on an earlier version described by Wright (1972) and Toth
et al. (1993) and consisted of two opaque boxes secured to a wooden
board (Fig. 2). The tendon box had a clear Plexiglas window (5 cm x
16 cm) at the top that allowed the apes to see the reward inside one of the
boxes. The door of the reward box was pulled shut by a rope that ran
through the inside and exited through a hole in the opposite end. The rope
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Fig. 2.

lllustration of the tendon box
and its opening mechanism
when using a flake to severe
the rope lock. lllustration by

Nuria Melisa Morales Garcia.
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then ran between the two boxes for approximately Scm and entered the
second (non-rewarded) box. Thus, the rope was only accessible in the
area between the two boxes and had to be cut there to allow the door of
the reward box to open.

The hide box was designed based on an apparatus used to test capu-
chin monkeys (Cebus apella) (Westergaard and Suomi 1994) and con-
sisted of a transparent Plexiglass cylinder (16 cm wide x 15.5 cm high)
with a metallic rim (Fig. 3). A silicone membrane 2 mm thick was
screwed in between the cylinder and the rim, blocking the access to the
reward placed inside the cylinder. Three artificial hammers were made

Box 1 Tool Box 2
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out of concrete and used during demonstration tests (small: 12 cm length
x 9 cm width, 2 kg; medium: 15 ¢cm length x 10 cm width, 2.5 kg; large:
18 cm length x 11 cm width, 3 kg). The hammers had an overall potato
shape and were built around a metallic scaffold linked to a chain that
allowed fixing the hammers to a wooden platform. The hammers were
tested a priori on cores equivalent to the ones used in the experiments to
ensure that they allowed flake removal from the cores. The concrete used
to build the hammers included particles of up to 0.5 cm in diameter
(Fig. 3). Retouched Norfolk Chert cores were used for the demonstra-
tions and tests. The cores were modified to display angle variability
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Fig. 3.

Top panel: The three (chained)
hammerstones and the chert
core used during the experi-
ments fixed on the metallic
platform with a metallic mesh.
Bottom panel: The two puzzle
boxes (drum box and tendon
box) used during the experi-
ments. All materials were
mounted onto two wooden
platforms with a metallic frame
that allowed us to fix the mate-
rials to the walls of the testing
quarters. Pictures by Alba
Motes-Rodrigo.
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between ~90 degrees and ~40 degrees. Different cores were used for the
demonstrations and the tests. If a core was not modified during a test, the
core was used in further tests. Due to safety regulations, the core had to
be fixed on a metallic platform (20 cm x 20 cm x 2 cm) to prevent the
apes from carrying the core into the indoor enclosure (similar to Wright
1972). The core was attached to the platform using a metallic wired mesh
with a hole width of 50 mm and wire diameter of 3 mm from XTEND
(Carl Stahl ARC GmbH, Architectural Cables and Mesh Systems). This
fixing system left exposed a portion of the core (Fig. 3). The core was
attached to the platform ensuring that the acute angle from which flakes
could be detached was facing up.

Experimental procedure

Demonstrations to all apes were made in a group setting. The demonstra-
tions to the gorillas took place through a glass wall in the indoor enclo-
sure while the sleeping quarters were being cleaned and before the zoo
opened to the public. The demonstrations to the chimpanzees took place
through a mesh in the service aisle in front of the off-sight quarters where
the tests took place and which the chimpanzees were free to access out-
side of cleaning hours (see Fig. 10 in Neadle et al. 2020). An individual
was considered to have observed a demonstration when his/her head was
oriented towards the demonstrator (AMR) during the entire demonstra-
tion. If the individual moved away or stopped looking during the demon-
stration, the demonstrator stopped and started again from the beginning
once the individual was again paying attention. A spreadsheet of which
individuals had observed which demonstrations was continuously
updated after each demonstration (this was necessary to ensure that the
chimpanzees saw a minimum of three demonstrations before their first
test and to count how many demonstrations each gorilla saw, see below).
The identity of the individuals that observed each demonstration was
confirmed by the keepers present during the demonstrations. If the
experimenter was not sure if an individual had seen a full demonstration,
it was assumed that he/she had not and the demonstration was repeated.
During all demonstrations, the wooden platforms where the testing mate-
rials were fixed were placed on the floor between the apes and the dem-
onstrator, so the actions of the demonstrator were clearly visible from
where the apes were.

Each demonstration consisted of the production of one flake by strik-
ing the stabilized core on the fixing platform with one of the artificial
hammers. This was followed by the use of the produced flake to open one
of the puzzle boxes and obtain the food reward. This knapping technique
was employed in order to demonstrate to the apes the flake production
method that later was going to be available to them during the tests
(unlike Wright 1972). Only one flake was made in each demonstration
and flakes were not reused between demonstrations. After detaching a
flake, the demonstrator held it in front of the observing apes to ensure
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that he/she had seen the flake. The subsequent demonstrations of flake
use did not start until all apes present had seen the flake (i.e., their head
was oriented towards the demonstrator while she was holding the flake).
Demonstrations of flake use were conducted with both puzzle boxes (see
below). When demonstrating how to open the tendon box, the demon-
strator used the flake she had produced immediately before to cut the
rope that kept the door of the box closed. When demonstrating how to
open the hide box, the demonstrator used a flake she had produced imme-
diately before to cut through a plastic sheet placed in the same position as
the silicone membrane would be placed during the actual tests. We used
plastic sheets instead of silicone membranes during the demonstrations
due to the limited availability of silicone membranes and the high
number of demonstrations. When obtaining the reward, the demonstrator
made sure that the ape saw it by taking the reward out of the box and
showing it to the observing apes. After each demonstration, the boxes
were re-baited with the same reward and closed. Cores used during the
demonstrations were exchanged for new cores before the apes had access
to the testing materials.

The demonstrations involved all possible combinations (N=9)
between hand (left, right, both) and hammer type (small, middle, large).
Each of the nine combinations was demonstrated twice per test box
(3 hand combinations x 3 hammers x 2 boxes x 2 rounds of demonstra-
tions = 36 demonstrations) before the start of Test 1. As all demonstra-
tions had to be made in the presence of a keeper to comply with zoo reg-
ulations, each round of demonstrations was spread over at least two days,
depending on the keeper’s availability. A maximum of two cores were
used per demonstration day and these were exchanged when their knap-
pable surfaces were exhausted.

For the gorillas, the experiments were structured into the following
phases:

Initial Demonstrations (N=36) - Test 1 - Test 2 - Repeated Demon-
strations (N=12) - Test 3 - Test 4. Each gorilla saw at least six demonstra-
tions before the first test.

For the chimpanzees, the experiments were structured into the fol-
lowing phases:

Initial Demonstrations (N=36) - Test 1 - Test 2 - Repeated Demon-
strations (N=18) - Test 3 - Test 4 - Test 5 - Test 6. As some of the chim-
panzees rarely entered the off-sight quarters where demonstrations were
taking place, we proceeded to Test 1 when at least 80% of the chimpan-
zees had seen a minimum of three demonstrations (Table 1). Tests 5 and 6
were implemented given the results of Tests 1 and 3.

Repeated demonstrations were implemented after Test 2 to account
for any potential effects of the delay since the initial demonstrations.
These demonstrations were meant to act as reminders of the task and
solutions. Each test took place on a consecutive day and the testing mate-
rials were only available to the apes during the tests. Apes participated in
a maximum of one test per day, which lasted for several hours (between 2
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Table 1.

Number of demonstrations hammer id fobserved demo_type
_observed by each chimpanzee medium CH13 1 initial
Specifos th sive of hammer | STa! cH1 g nal
employed in the demonstra- large CH13 2 initial
tions and whether the demon- -
stration was initial or provided small CH1 3 initial
betv_veen Tests2and3as a small CH2 1 repeated
reminder (repeated).
medium CH2 2 repeated
large CH2 3 repeated
small CH3 6 initial
medium CH3 6 initial
large CH3 6 initial
small CH3 3 repeated
large CH3 3 repeated
medium CH3 1 repeated
small CH4 3 initial
small CH5 3 initial
large CH5 1 repeated
small CH6 6 initial
medium CH6 2 initial
medium CH6 2 repeated
small CH7 7 initial
medium CH7 4 initial
small CH7 2 repeated
medium CH7 3 repeated
large CH7 2 repeated
small CH8 2 initial
medium CH8 1 initial
medium CH8 3 repeated
large CH8 4 repeated
small CH9 1 repeated
small CH10 1 repeated
large CH12 3 initial
small CH12 3 initial
small CHM 3 initial
medium CH11 2 repeated
large CH11 1 repeated
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and 3 hours in the case of chimpanzees and approximately 2h in the case
of gorillas) on a voluntary basis. The testing materials (including the
baited boxes) were placed inside the testing quarter before each test as
described above (Fig. 3) and all individuals were free to participate. All
demonstrations and tests were recorded with two Sony HDR-CX330E
Handycams video cameras. From the video recordings of each test, the
demonstrator later coded all active interactions that the chimpanzees and
the gorillas performed with the testing materials. An interaction started
when the ape entered in physical contact with the testing materials and
finished when the contact a) ceased, b) paused for more than three sec-
onds or ¢) the interaction type changed (the part of the materials explored
changed). We only considered active interactions, meaning that station-
ary contact (such as placing and resting a hand on the materials, sitting or
lying down on the materials) was not coded. From each interaction we
coded: 1) the identity of the individual; 2) the testing material that the
individual interacted with (core, flake, hammer, hide box, tendon box); 3)
if the interaction took place manually, using the mouth or a tool; 4) the
type of tool and 5) the duration of the interaction.

RESULTS
Chimpanzees

Twelve out of the 13 chimpanzees tested interacted at least once with the
materials during the tests. The total number of interactions was 1025. The
total number of interactions per individual varied from two to 199 (mean
number of interactions = SD= 85 + 65) and the number of interactions per
test varied from 473 during Test 1 to 68 during Test 5 (Fig. 4). The chim-
panzees interacted the most with the baited boxes (hide and tendon box,
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Fig. 5). One of the chimpanzees learnt to open the hide box manually by
pulling on the edge of the silicone membrane and did so in several tests.
The manual opening of the box sometimes took place when other indi-
viduals were present in the testing quarter. No other chimpanzee was suc-
cessful in opening any of the baited puzzle boxes. Despite being empty
after it had been manually opened, most chimpanzees interacted with the
hide box (including the individual that learnt how to open it manually,
Fig. 5), suggesting that the food rewards were not the only motivator of
the chimpanzees’ exploratory behavior.

Most of the interactions performed by the chimpanzees with the test-
ing materials were manual (N=970), although the chimpanzees also used
their mouths to try to open the boxes (N=5) as well as several tools that
they brought from the indoor enclosure (N=50). The chimpanzees per-
formed 20 interactions using sticks and five using pieces of straw
obtained from the indoor enclosure. The nature of the tools used in the
remaining 25 interactions could not be identified from video recordings.

Twelve chimpanzees touched the rope of the tendon box a total of 52
times. Of these, only two individuals (CH3 and CH11) interacted with
the rope more than five times (13 and ten times, respectively). Most inter-
actions with the rope took place by hand (N=45) and using the teeth
(N=5), but on two occasions a piece of straw was used to apparently try
to (unsuccessfully) break the rope. The straw pieces were looped around
the rope of the tendon box and used to pull the rope upwards.

The chimpanzees interacted with the hammers a total of 155 times. Of
these interactions, 12 involved percussion, defined as the use of tools to
strike surfaces or objects (Whiten et al. 2009). On eight of these occa-
sions, the chimpanzees used a hammer to hit the wooden platform hold-
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ing the core and hammers (CH2: M, 33 years old at the time of testing,
human-reared; CH7: F, 31, human-reared; CH12: M, 40, rearing
unknown). On four of these occasions, one chimpanzee used a hammer
to hit another hammer (CH12). Two chimpanzees also forcefully rolled
the hammers on their side without lifting them (N=6; CH2 and CH7),
which caused a hammer to impact with the core. Eight times, two chim-
panzees (CH7 and CH12) made some contact with the core with a (hand-
held) hammer. Two of these interactions involved percussion. CH7 was
the first individual to use the small hammer to hit the middle section of
the core once during Test 1. During Test 3, CH12 struck four times the
core with the middle-sized hammer targeting the mesh-covered section
of the core (Fig. 6). None of these interactions led to flake detachment as
the strength employed to strike the core was insufficient and the target of
the percussive actions was not the exposed acute angle of the core.

Fig. 6.

CH12 striking the middle sec-
tion of the core fixed on the
wooden platform using the
middle hammer with the right
hand during Test 3. Magnified
is the hammer striking the
mesh-covered midsection of
the core from which no flake
could be detached.

Gorillas

No attempt at stone tool-making was ever observed in the gorillas. All six
gorillas interacted at least once with the materials provided. The total
number of interactions was 380. The total number of interactions per
individual ranged from eleven to 208 and the number of interactions per
test varied from 34 on Test 4 to 161 on Test 2 (Fig. 7). The gorillas inter-
acted the most with the baited boxes (hide and tendon box, Fig. 8) fol-
lowed by the hammers and lastly the core.

Most of the interactions performed by the gorillas with the testing
materials were manual (N=341), although the gorillas also used their
mouths to seemingly try to open the boxes (N=19). In addition, the goril-
las also used several sticks as probing tools to interact with the boxes that
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Number of interactions per-
formed by the different gorillas
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they brought from the indoor enclosure (N=20). Four of the gorillas
touched the rope of the tendon box a total of 41 times (across subjects).
Of these, only two individuals (the juvenile and the infant) interacted
with the rope more than five times (22 and 17 times, respectively). Most
interactions with the rope took place by hand (N=26) and using their teeth
(N=14), and on one occasion a stick was pressed down against the rope.
The gorillas did not engage in any type of percussive activity that
involved the hammers. However, they did play with the hammers by rol-
ling them on the platforms eleven times in total across individuals. In
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Tests 1, 2 and 4, one adult female managed to open the hide box by hand
by pulling on the silicone and ripping it. The manual opening of the box
sometimes took place when other individuals were present in the testing
quarter. Other individuals nevertheless explored the empty box
frequently even though it was empty. No other gorillas were successful in
opening any of the two puzzle boxes.

DISCUSSION

Two out of 13 tested chimpanzees (both of whom were potentially encul-
turated) but no gorilla out of six tested used a hand-held artificial hammer
to strike a fixed core in a variant of the bipolar technique. These striking
actions performed by the chimpanzees took place after observing human
demonstrations of how to make and use sharp stone tools. These two
instances of percussion were extremely rare among the total of 1025
interactions observed in this chimpanzee group. No sharp-edged stone
detachment took place as a consequence of these two striking actions.
This lack of stone detachment was probably caused by the use of insuffi-
cient force by the chimpanzees. Additionally, in these two instances of
percussion, the chimpanzees did not target the exposed area of the core
that had suitable angles for knapping, but instead hit the center of the core
(which was covered by a metal mesh).

The lack of tool use in wild populations alone would not explain the
negative results of our experiments with captive gorillas. Although goril-
las generally do not use tools in the wild (though see Breuer et al. 2005),
they have been reported to use tools with similar proficiency as other
apes in captivity (Shumaker et al. 2011). On the other hand, chimpanzees
are the great ape species with the most varied tool-use repertoire in the
wild and the only species of ape (so far) that uses stones as tools in the
wild (Biro et al. 2006; Boesch and Boesch 1984). Stone tool use (includ-
ing percussion) in foraging contexts has been described in multiple pop-
ulations of wild chimpanzees (Carvalho et al. 2008; Koops et al. 2010;
Luncz et al. 2012) but this behavior is relatively rare or absent among
captive, untrained individuals even when stones are provided as testing
materials (Arroyo et al. 2016). A previous study investigating the sponta-
neous abilities of chimpanzees to acquire sharp stone tool-making and
using skills during baseline tests (in the absence of demonstrations)
showed that captive, unenculturated chimpanzees from two different
groups do not spontaneously engage in lithic percussion (Bandini,
Motes-Rodrigo, et al. 2021).

Although rare, the two observations of lithic percussion collected
during the present study could indicate that the chimpanzees acquired
some action information regarding bipolar knapping from the demonstra-
tions (i.e., know-how copying). However, alternative explanations are
also possible. Given the published literature on chimpanzees’ lack of
spontaneous know-how copying (Motes-Rodrigo et al. 2021; Neadle et
al. 2020; Tennie et al. 2012), the two chimpanzees in our study that

WORDS, BONES, GENES, TOOLS: DFG CENTER FOR ADVANCED STUDIES

113



114

Motes-Rodrigo, Tennie

engaged in stone percussion could have socially learnt from the demon-
strations not the know-how of the underlying behavior, but the target of
percussion (know-where/what). The social learning mechanism underly-
ing this acquisition of information would thus have been stimulus and/or
local enhancement (acquisition of know-what and/or know-where). The
use of the artificial hammers as active elements could be then explained
by the fact that these were the only mobile materials available in the test-
ing quarter (i.e., the know-what to use as hammers was a given).

Of the two chimpanzees that performed percussive actions targeted
towards the core, one of them (CH7) had been hand-reared by keepers as
an infant and the other (CH12) had an “unknown background.” It is
therefore possible that both (but at least one) of the two chimpanzees that
performed percussive activities were somehow enculturated due to
extensive exposure to human contact during an extended period of time
(Furlong et al. 2008; Henrich and Tennie 2017). This is problematic for
making phylogenetic and species-wide inferences. Extensive human
contact has been shown to affect both brain connectivity and cognition—
including motivation and/or ability to copy behavioral forms or action
know-how (Pope et al. 2018; Tomasello et al. 1993; Tomasello and Call
2004). Enculturated apes have been repeatedly shown to possess
enhanced copying abilities compared to unenculturated apes (including
know-how copying, Call 2001; Call and Tomasello 1996; Custance et al.
1995). Indeed, the only two studies that claimed that great apes could
acquire sharp-edged stone tool-making skills (by copying a human
model) tested enculturated or semi-enculturated individuals who had
extensive human training and contact throughout their lives (Toth et al.
1993; Wright 1972). Therefore, enhanced attention towards humans
and/or the enhancement/training of certain cognitive abilities (such as
know-how copying, compare Heyes 2018) via enculturation could
explain the positive results of earlier ape knapping studies (see introduc-
tion) and the two observations of chimpanzee lithic percussion in the
present study. However, if this were the case, it remains unanswered why
the other hand-reared individuals in the group did not perform percussive
activities after being exposed to demonstrations. A potential explanation
for this latter observation could be that a combination of human exposure
during rearing, a more neophilic personality or differences in motivation
levels (Forss et al. 2020; Hopper et al. 2014) led only two individuals to
perform percussive actions (generally, animal behavior remains to some
degree stochastic, even after training and enculturation). Testing hand-
reared (and especially enculturated) individuals also incurs some of the
limitations of human knapping studies highlighted in the introduction
section. For instance, it might be difficult to exclude that hand-reared
and/or enculturated apes are naive to behaviors or materials of interest. In
such cases, enculturated (but not unenculturated apes, Clay and Tennie
2017) might apply a previously known behavior to a new context, mate-
rial or task after seeing a demonstration (i.e., contextual imitation).
However, the hand-reared individuals in our study were hand-reared at
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zoological institutions and after interviewing the zoo keepers we could
confirm their naivety towards the testing materials and target behaviors.

Yet, even if we were to consider both chimpanzees that engaged in
lithic percussion in this study as enculturated, our subjects and the sub-
jects tested in previous ape knapping studies (possibly Abang, but cer-
tainly Kanzi) would clearly differ in their degree of enculturation. Kanzi
the bonobo is one of the most famous cases of an ape brought up in a
human social environment and exposed to language experiments
throughout his life. Kanzi is renowned for having received extensive
training to communicate with humans using lexigrams (Savage-Rum-
baugh et al. 1986) and was accustomed to being in the same room as
researchers and interacting with them. Although the orangutan tested by
Wright (Abang) was not specifically nor intentionally trained to commu-
nicate with humans or copy them, he was often in very close contact with
humans as reported by a keeper of the ape team at the time of the experi-
ments conducted by Wright (which can provide unintentional training
across domains). Some of the chimpanzees we tested here were reported
to be hand-reared and other subjects (including gorillas) had unknown
backgrounds. However, it is unclear which degree of enculturation those
apes would have as it is not described what hand-rearing involved or dur-
ing how long (if at all) the hand-reared chimpanzees (and perhaps some
gorillas) were separated from their group and in close, direct contact with
humans. In any case, the chimpanzees included in our study would have
only lived in close proximity to humans during their infancy as they were
introduced into the conspecific group when they were juveniles. Conse-
quently, their degree of enculturation would be lower (semi-enculturated)
than that of Abang or Kanzi (enculturated), who lived in human-cultural
environments even in adulthood. This difference in enculturation degree
could partly explain the different results obtained between studies, sug-
gesting that an elevated level of enculturation (perhaps including exten-
sive human exposure) is necessary for apes to acquire sharp stone tool-
making and use — either on their own or triggered/copied from human
demonstrations (compare Motes-Rodrigo et al. 2022).

The results presented here also contrast with one of our previous
studies testing the social learning abilities of three stone-tool naive,
untrained and unenculturated orangutans to learn from human demon-
strations how to make and use sharp-stone tools (Motes-Rodrigo et al.
2022). In this previous experiment, we employed a similar testing set-up
and equivalent materials as those employed in the present study. In the
orangutan experiment, one young female (O1) engaged in frequent per-
cussive behavior (N=19 events) using a hand-held hammer to strike a
platform holding the hammers, the walls of the enclosure and the fixed
core. In these core-directed strikes, and contrary to the chimpanzees we
tested here, the target of percussion was the exposed area of the core (i.c.,
the only region from which sharp stones could have been detached). In
addition, percussive actions of the orangutan using the hammers to strike
against the walls and holding platforms led to the detachment of several
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pieces from the hammers, some of which were sharp enough to be used
as cutting tools. Nevertheless, the orangutan did not use these pieces as
tools. Previous experiments included in that same study on a different
orangutan population showed that orangutans spontaneously engage in
lithic percussion during baselines without the need to observe human
demonstrations of percussion. These spontaneous percussive events
involved the use of both hammers and the core as active elements to
strike the walls and floor of the testing quarter. In one trial, the core was
used as an active element when an individual removed it from its fixing
platform. This passive hammer technique! led to the detachment of three
sharp stone fragments. No observations were made of orangutans sponta-
neously using the hammers to strike the core in the absence of human
demonstrations. Given this spontaneous, untrained expression of lithic
percussion by naive orangutan individuals (see also examples in other
orangutan populations Bandini, Grossmann, et al. 2021; and capuchins
Westergaard and Suomi 1994) it is likely that O1 did not acquire the
know-how involved in lithic percussion from the demonstrations but
instead socially gathered and used information regarding the target
(know-where/know-what) of percussion.

The results of the present and previous studies on ape knapping point
to several factors influencing the acquisition process of sharp stone-tool
production by apes. Here, stone tool-making or production should be
understood as the general ability to detach sharp pieces from a core or
from a (human-intended) hammerstone rather than the production of
sharp artifacts by specifically striking a platform-oriented at an acute
angle relative to a high mass zone (acute angle rule, Moore 2020), for
which there is no evidence in apes. A combination of enculturation, train-
ing/molding and the provision of human demonstrations might allow
some apes (at least one bonobo and one orangutan) to reliably acquire
sharp stone tool-making and -using abilities during individual tests over
extended periods of time. This combination of subject characteristics and
testing methodology seems to be required for apes to learn these skills
considering the results presented here. When hand-reared chimpanzees
(in conspecific groups with unenculturated individuals) were provided
with human demonstrations, the observed stone-related behaviors were
much rarer and limited to only certain actions (i.e., occasional percus-
sion) that are not outside the spontaneous abilities of naive individuals
(Bandini, Grossmann, et al. 2021; Motes-Rodrigo et al. 2022). In orangu-
tans, it seems that human demonstrations (provided in an individual set-
ting) are not sufficient for the acquisition of the complete sequence of
stone tool-making and -use when the individuals are not enculturated
(Motes-Rodrigo et al. 2022). Thus, one potential explanation for the dif-
ferent results obtained in the present compared to previous studies with

' As suggested by one of the reviewers of this manuscript, the passive hammer

technique could also be referred to as active core technique.
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positive results (Toth et al. 1993; Wright 1972) is the specific degree of
enculturation. Unenculturated apes can sometimes show some elements
of the knapping sequence and even sharp stone tool use (Motes-Rodrigo
et al. 2022) but these skills are shown rarely and unreliably, and so far by
single individuals.

Overall, ape knapping experiments suggest that elevated levels of
enculturation—perhaps in addition to human demonstrations® and/or
training— are required for apes to reliably express stone tool-making
skills. In addition, modern task-naive, unenculturated and untrained apes
cannot individually or socially learn the complete sequence of behaviors
involved in knapping, including the use of the resulting sharp stones.
However, some of these experiments have revealed that at least some
species of apes can spontaneously acquire some elements of this
sequence (lithic percussion and the use of a sharp stone as a cutting tool,
separately, Motes-Rodrigo et al. 2022). These results open the possibility
that our hominid ancestors possessed the anatomical and cognitive abil-
ities to engage in and learn certain behavioral prerequisites of lithic tech-
nologies in the absence of know-how copying. For example, hominids
could have unintentionally produced sharp-edged stones as a by-product
of percussive activities (e.g., during foraging, play or another activity, as
it occurs in other species; Proffitt et al. 2016). In addition, it is possible
that they could also have spontaneously used flakes available from
anthropogenic (unintentional sharp-edged stones produced as a by-pro-
duct of percussive activities; perhaps even by other species) and/or flakes
and/or unmodified stones from non-anthropogenic origins (e.g., cliff
falls, Barnes 1939) as cutting tools (e.g., Mountford 1941). Later homi-
nins could have then combined these abilities leading to the emergence of
intentional knapping.

Despite these and other advances in non-human and human primate
archaeology, the emergence process of the complete hominin knapping
sequence, including intentional sharp-edged stone production and use,
remains speculative. Similarly, it is unclear whether intentional knapping
evolved as a response to necessity, opportunity, relative profitability or a
combination of these (Koops et al. 2014; Rutz and St Clair 2012). Knap-
ping skills could have emerged in our lineage when the degree of terres-
triality increased and the foraging niche expanded (Koops et al. 2014),
including the exploitation of larger prey and processing of hard under-
ground storage organs of plants (Marchant and McGrew 2005), which
could have increased the need or relative profitability of sharp stone tools
(Shea 2011). We are hopeful that future investigations will better be able
to determine both why and when these skills emerged in our ancestors.
However, even if we find the answers to these questions, the puzzle will
remain of when and why the acquisition of sharp stone-tool production

2 Please note that baseline tests (in the absence of demonstrations) with highly
unculturated apes are still pending.
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and use started to depend on know-how copying skills (Bandini, Motes-
Rodrigo, et al. 2021; Motes-Rodrigo et al. 2022; Snyder et al. 2022;
Tennie et al. 2016, 2017).
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