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Object affordances play a major role in action expression: (a) providing opportunities to generate poten-
tial solutions to instrumental problems and (b) shaping and constraining the motor actions available to
an individual. The playful manipulation of objects can facilitate individual acquisition of functional
object-assisted actions through affordance learning. We tested the “object affordance” hypothesis in
free-ranging long-tailed macaques. This hypothesis holds that the physical properties associated with
stone size afford different stone-directed actions, in the context of stone handling (SH) behavior, a form
of culturally maintained stone play from which stone tool use can emerge. We predicted that higher SH
versatility (i.e., total number of different SH behavioral elements expressed) and higher duration of the
SH behavioral element “Pound” would be associated with the manipulation of medium-sized stones, fol-
lowed by small stones, and then large stones. Our data partly supported these predictions. Both me-
dium-sized and small-sized stones afforded the highest SH versatility, and a higher duration of “Pound”
than large stones. As expected, duration of “Pound” was higher with medium than small stones, but the
difference was not statistically significant. Our results were consistent with Newell’s constraint model,
which emphasizes the role of objects’ physical properties in limiting and enhancing the expression of
actions directed to these objects. The relaxed selective pressures acting on SH behavior may enhance
the expression of a range of actions directed toward stones of different sizes that could facilitate the
emergence of instrumental solutions and may contribute to explaining the evolution of lithic technology
in early humans.
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Acting selectively on the basis of available information is an
adaptive component of problem-solving and instrumental object
manipulation (i.e., tool use; Shumaker et al., 2011) because it
allows individuals to tailor effective behavioral responses to local

environmental features (Fragaszy et al., 2010; Stephens & Krebs
1986). There are several extrinsic (e.g., ecological, social) and
intrinsic (e.g., anatomical, motivational, cognitive) variables that
affect selectivity in tool-assisted actions (Cenni & Leca, 2020a).
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Among the ecological factors, object affordances (i.e., the physical
properties of objects that determine their potential for manipulation;
Gibson, 1979) play a major role in shaping and constraining the ef-
ficiency of instrumental object-directed actions. Indeed, affordan-
ces mediate motor acquisition and expression (a) by limiting the
actions available to an individual, through the structural constraints
associated with both the object and the user (Newell, 1986; Newell
& Jordan, 2007; Newell et al., 1989); and (b) by creating opportu-
nities to experience actions, enabling affordance learning (Bour-
geois et al., 2005; Fontenelle et al., 2007; Lockman, 2000; Palmer,
1989).
Perceiving the affordances of objects, through visual exposure

and manual contact, increases the efficiency of instrumental object
manipulation (Randerath et al., 2011) by facilitating action expres-
sion. Human participants were tested across three conditions in the
performance of an instrumental object-assisted task (Randerath et
al., 2011). In the pantomime condition, all object affordances
related to the task were hidden (both visually and manually) and
participants were asked to perform the actions needed to accom-
plish the task (e.g., hammering a nail or scooping soup into a
plate) without having visual or haptic (i.e., tactile) contact with the
tools. In the demonstration condition, the participants were asked
to reproduce the actions needed to accomplish the task while hav-
ing only visual access to the tool, used by a demonstrator. Lastly,
in the use condition, the participants were asked to perform the
actions needed to accomplish the task while having both visual
access to, and haptic contact with, the tool. As expected, the
results showed that the pantomime condition was the most prone
to errors. The information provided by object affordances increas-
ingly facilitated the expression of tool-use task, from the demon-
stration condition to the use condition, in which the task was
performed almost normally, suggesting that access to object-
related information is a crucial feature for the appropriate expres-
sion of instrumental actions (Randerath et al., 2011).
Newell’s (1986) constraint model holds that objects’ physical

characteristics influence the form that actions take, both by pro-
moting and inhibiting different levels of action semantics, such as
grip configuration, which is an embedded characteristic of action
(Napier, 1956; van Elk et al., 2009). In a study by Newell et al.
(1989) exploring the influence of object constraints in action
expression, preschoolers and adults were tested on their ability to
grasp a series of cubes differing in sizes, from smaller to larger
than the palm of their hands, and the variability in grips, number
of hands and number of fingers used to control differently-sized
objects, in relation to hand size. Object-to-hand-size ratio was a
significant predictor for the number of hands and fingers touching
the cubes, and, interestingly, this relation was independent of age.
As expected, the total number of fingers in contact with the cubes
increased as objects became larger, but the constraints associated
with large cubes limited the versatility of grip patterns, with only a
few grips being exhibited when grasping large objects. When han-
dling very large cubes, the physical constraints eliminated the ma-
jority of possible configurations between fingers and thumbs,
suggesting that the number of potential actions available with large
objects would decrease. In contrast, medium-sized objects allowed
for the greatest variability in numbers of fingers involved in grasp-
ing, which may afford a higher number of potential actions, when
several combinations of grip patterns are possible (Napier, 1956;
Newell et al., 1989).

Similarly, six primate species were tested on their grasping
strategies and number of fingers used to control spherical objects,
in relation to object’s volume (Pouydebat et al., 2009). To grasp
small objects, subjects preferentially used two fingers, whereas
larger objects (which did not exceed the length of the subject’s
hand) were controlled with more fingers and a greater variety of
grip configurations that could potentially afford a higher number
of actions. Specifically, in cercopithecids, such as macaques and
baboons, power grip was the preferred grasping configuration for
larger objects, whereas precision grip (i.e., the grasping of the
object with the distant phalanx of thumb and index finger) was
more likely adopted to grasp small objects (Pouydebat et al.,
2009). These results are in line with findings in long-tailed maca-
ques, Macaca fascicularis, a species known for its extensive
manipulative capacities (Heldstab et al., 2016; Pelletier et al.,
2017; Torigoe, 1987), in which some populations instrumentally
manipulate stones of different sizes in the context of tool-assisted
extractive foraging (Gumert et al., 2009). Power grips were
reported to be preferentially adopted in pounding actions directed
toward large stones (approximately the size of an individual’s
palm or larger), whereas precision grips were more likely used to
grasp smaller stones (Gumert et al., 2009). Thus, qualitative fea-
tures of an object, such as size and volume, may be used as predic-
tors for subsequent individual differences in the performance of
functional object-directed actions. Understanding the role of
objects’ physical properties in the expression of actions is crucial
to investigate how objects available in an individual’s environment
afford different functional motor actions, by limiting and enhanc-
ing the performance of suitable solutions for instrumental tasks.

To further explore the relationships between object affordances
and action expression in instrumental object manipulation, one
may investigate how the physical properties of objects influence
noninstrumental forms of object manipulation, such as object play,
often claimed to be proximately and ultimately linked with tool
use (Lockman, 2000). In long-tailed macaques, Zou and col-
leagues (2017) AQ: 14examined the exploratory and noninstrumental
behavior patterns directed toward novel objects of different sizes
(i.e., a basketball ball and a tennis ball), to determine how the
physical properties of novel objects mediate the expression of
object-directed actions. Interestingly, they found no significant
variation in the overall time spent manipulating these two objects
across subjects, but marked interindividual differences emerged in
the relative duration of several behavioral actions directed toward
the objects, for example, a tennis ball was rolled, held and bitten
more often than a basketball ball (Zou et al., 2017). Thus, mean-
ingful differences caused by the physical properties of objects that
can predict differential action expression in a population may not
be found in the total time allocated to their noninstrumental han-
dling (i.e., the overall duration of play with different objects), but
in the qualitative structural components of object-directed playful
handling (i.e., relative durations of differential manipulative
actions expressed toward different objects).

Stone handling (SH) is a form of culturally transmitted stone-
directed play in several macaque species (Nahallage et al., 2016).
This behavior is a good candidate to explore object affordances in
play, for at least four reasons. First, SH is characterized by a vast
repertoire of stone-directed actions, including several SH behav-
ioral elements (i.e., stone-directed actions that can be assigned to
mutually exclusive behavioral categories defined in the SH
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repertoire) reminiscent of foraging activity (e.g., Bite, Pound, Rub,
Wrap; Leca et al., 2007b, 2011; Pelletier et al., 2017). Second,
according to the definitions used by Pelletier et al. (2017); long-
tailed macaques rely on different manual grips to control and per-
form SH behavioral elements (i.e., SH behavioral elements require
using a different numbers of fingers), with some SH behavioral
elements requiring a power grip (e.g., Pound), whereas others are
frequently expressed using a precision grip (e.g., “Pick and
Drop”). Third, previous studies indicated that three SH behavioral
elements may have been coopted into stone-tool use under differ-
ent motivational domains: one in Japanese macaques (Macaca fus-
cata) in a social context (i.e., unaimed stone-throwing to enhance
the effect of agonistic display; Leca, Nahallage, et al., 2008); and
two in long-tailed macaques in a sexual context (i.e., repeated
stone-tapping and stone-rubbing onto the genital area as a form of
object-assisted solitary masturbation; Cenni et al., 2020). Fourth,
these macaques play with stones of various sizes, weights and tex-
tures, which provides opportunities for different stone-directed
actions to emerge, and possibly contributes to explaining the great
variety of behavioral elements in a given species’ SH repertoire.
To explore the role of object affordances in the expression of

object-directed playful actions, we examined the various SH behav-
ioral elements involving stones of different sizes in free-ranging Bali-
nese long-tailed macaques. Our objective was to assess whether
various stone sizes differentially afforded SH behavioral elements. We
tested the “object affordance” hypothesis, whereby the expression of
SH behavioral elements was mediated by the size of the stones being
manipulated; in other words, the selection, diversity, and duration of
the SH behavioral elements performed by the monkeys should covary
with the size of the stones they playfully handle. To do so, we com-
pared SH behavioral elements directed toward small, medium and
large stones. From this hypothesis, in line with Newell’s constraint
model, we generated two predictions. First, we predicted that SH ver-
satility (i.e., defined as the number of different SH behavioral elements
displayed across subjects) would differ across stone sizes. Specifically,
handling a medium-sized stone should be associated with the greatest
SH versatility, followed by small stones and large stones (i.e., large
stones should afford the smallest number of different SH behavioral
elements; Prediction #1). Second, in line with previous findings in
long-tailed macaques on grip patterns during the performance of
instrumental stone-pounding (Gumert et al., 2009), we predicted that
SH behavioral elements requiring power grip (i.e., Pound) should be
preferentially performed with medium stones, followed by large stones
and small stones. In other words, object-directed actions requiring all
fingers and thumb to be expressed, as well as control over the object,
should be more likely to be performed using medium stones, followed
by large stones and small stones (Prediction #2). Finally, in line with
previous findings about the different manual grips expressed in the SH
repertoire of long-tailed macaques (cf. Pelletier et al., 2017) and in
light of Newell’s constraint model, which emphasizes how objects’
physical properties affect the expression of actions directed to these
objects, we discussed the distribution of different SH behavioral
actions across stone sizes. To assess whether different SH behavioral
elements are preferentially associated with specific stone sizes, we
measured the relative durations of each SH behavioral element (in rela-
tion to the overall duration of SH activity) directed toward stones of
different sizes.

Method

Study Population and Site

We observed a population of free-ranging, urban-dwelling,
habituated and provisioned Balinese long-tailed macaques inhabit-
ing the Sacred Monkey Forest Sanctuary in Ubud, central Bali,
Indonesia. The area is forested and surrounded by human settle-
ments and Hindu temples. In 2019, the population of long-tailed
macaques living in Ubud totalled over 1000 individuals and was
comprised of seven neighbouring groups with overlapping home
range areas (Giraud, 2020). During the study period, the monkeys
were provisioned at least three times per day with fruits and vege-
tables by the temple staff.

Data Collection and Study Subjects

Observations were conducted during the dry season, from May
to August 2018 and 2019; between 08:00 and 17:00. SH behavior
occurred in all seven groups of this primate population, and across
all age and sex classes (Pelletier et al., 2017). In this study, we
sampled 37 individually identified subjects, 15 females and 22
males, belonging to the same group, which counted around 200
individuals. Of the 37 sampled subjects, 13 were old juveniles
(aged 2 to 3 in females and 2 to 4 in males), nine were subadults
(adolescents individuals aged 3 to 4 in females and 4 to 6 in
males), and 15 were adults (aged 4 or more in females, and 6 or
more in males; Brotcorne et al., 2015). We selected individuals 2
years old or older because in Japanese macaques, a phylogeneti-
cally close species, within the same fascicularis subgenus group of
Macaca, previous findings showed that at this age individuals al-
ready exhibit all SH behavioral elements (Nahallage & Huffman,
2007). No senile individuals were sampled, since previous findings
showed that in aging individuals the complexity of the SH reper-
toire gradually decreases, possibly due to the degradation of their
motor coordination (Nahallage & Huffman, 2007). All the SH
sequences used in this study were video recorded with a digital
camera (Sony Full HD Handycam Camcorder). SH sequences
were collected by Camilla Cenni and two field research assistants
using ad libitum sampling method (Altmann, 1974): the subject
was filmed if performing SH, and the observation was extended
for two minutes after the end of the SH activity (Huffman, 1996).
Whenever possible, the subjects were filmed from the front or the
side, within 3 to 5 m, and about 2 m2 in frame, to ensure excellent
visibility conditions and to obtain good quality videos.

For each subject, we collected the stones used by the monkeys
to perform SH activity. To determine stone size, Camilla Cenni
and two field research assistants measured the length along the
longest line of the stone with the use of a caliper. Because our sub-
jects varied in age and consequently in hand size, we used two
measures to characterize stone size, (a) absolute stone length,
expressed in cm and (b) relative stone size, inferred by comparing
the size of the stone to the subject’s palm. A small stone was
defined as being smaller than the subject’s palm of hand and char-
acterized by a length , 3 cm (M 6 SD: 2.15 6 0.47 cm, ranging
from 0.70 to 2.90 cm). A medium stone was defined as being of
similar size to the subject’s palm with a length varying between 3
and 5 cm (3.996 0.54 cm, ranging from 3.00 to 5.00 cm). A large
stone was defined as being greater than the subject’s palm and
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characterized by a length . 5 cm (7.92 6 1.51 cm, ranging from
5.40 to 11.10 cm). After being collected and measured, all stones
were video recorded, to allow for a later match between the stone
and the corresponding SH bout.

Data Analysis and Statistics

For each of the sampled subjects, we selected three two-minute
SH sequences, truncated from longer independent SH bouts (i.e.,
they belonged to distinct SH bouts collected on different days).
Thus, a SH bout represented the display of SH activity with possi-
ble pauses for up to 120 s (Huffman, 1996; Leca et al., 2007a),
whereas a SH sequence represented a truncated two-minute seg-
ment of a longer SH bout. For five subjects, two of the selected
SH sequences were truncated from SH bouts collected on the
same day, and for three out of these subjects, the selected SH
sequences were truncated from the same SH bout, but they did not
overlap in time (i.e., two SH sequences did not share any SH be-
havioral elements). In each of these SH sequences, the subject
manipulated at least a small stone, a medium stone and a large
stone, respectively, independent from each other: each stone was
used in a single SH sequence (see three video examples of an indi-
vidual manipulating a small, medium and large stone on different
days in Video S1 in the online supplemental materials). Regarding
the three subjects whose selected SH sequences were truncated
from the same SH bout, two selected stones were present in both
SH sequences. In addition, whenever possible, we ensured that the
small, medium and large stones manipulated by one subject were
not manipulated by another subject. In two cases, the same stone
was manipulated by two subjects on two separate SH bouts
recorded on the same day. Thus, in total, we selected 36 small, 37
medium, and 36 large stones. In the selected SH sequences, a sub-
ject could use more than one stone to perform SH within the same
SH sequence, or the stone of interest could be combined with
objects other than stones (e.g., locally available hard-shelled nuts,
that are commonly manipulated but almost never consumed and
usually discarded), but we only scored the SH behavioral elements
directed to the selected stone (i.e., the selected small, medium and
large stone, respectively). The SH behavioral elements that require
at least two stones to be performed (e.g., Clack, Flint, Rub To-
gether) were scored if the stone of interest was used together with
other stones or objects to perform them. In the end, the selected
SH sequences contained on average 1 min and 42 s (625 s) of SH
activity (i.e., the overall SH behavior displayed in a SH sequence)
with the selected stone. SH sequences were chosen and truncated
on the basis of optimal visibility conditions, to ensure that all the
behavioral elements directed to the stone of interest could be reli-
ably identified. For a SH sequence to be eligible, the stone used
should be matched with the video-record available for the stone
collected. If more than one SH sequence was eligible for selection,
SH sequences were chosen at random, with the use of a random
number generator. If a SH bout was longer than two minutes, the
beginning of the truncated SH sequence was randomly selected
with the use of a random time generator. In each video-recorded
SH sequence, Camilla Cenni scored all the SH behavioral ele-
ments performed by the subject with the stone of interest, and used
the same SH ethogram as in Pelletier and colleagues (2017) to
generate event-log files (i.e., series of consecutive SH behavioral
elements), by using BORIS software (Friard & Gamba, 2016).

During the scoring process, we detected two stone-directed actions
not previously described by Pelletier and colleagues (2017). Given
that SH is a culturally-maintained form of object play, it is not sur-
prising that the behavior may undergo transformation (Huffman &
Quiatt, 1986; Leca et al., 2012). The two newly described SH be-
havioral elements were named “Push-Through” and “Slam.”
Operational definitions and video references of these two new SH
behavioral elements can be found in Table S2 and Video S3 in the
online supplemental materials. To assess reliability of video scor-
ing, we calculated an interscorer reliability test for Camilla Cenni
and Jean-Baptiste Leca when transcribing the same samples of SH
video records, involving a total of 24 SH sequences (i.e., 22% of
the sample; k = 0.95; Martin & Bateson, 1993).

To test Prediction #1, we used the “rarefaction analysis” to gen-
erate rarefaction curves, calculated through EcoSim software
(Gotelli & Entsminger, 2001). Rarefaction analysis is a technique
commonly used by ecologists to characterize the species composi-
tion of ecological samples, based on the cumulative number of
individuals belonging to different species found in a sample, and
to estimate the predicted number of species in a subsample of indi-
viduals (Gotelli & Colwell, 2001). By repeatedly resampling a
large pool of N individuals, the expected number of species in a
smaller collection of n individuals, drawn at random from N, can
be generated (Simberloff, 1978). Rarefaction curves are plotted
from the number of expected species found in smaller subsets, and
they move from right to left, as the full dataset N increasingly rare-
fies. A rarefaction curve describes, on the y axis, species versatil-
ity, defined as the total number of different species found across a
collection of individuals, providing confidence intervals that allow
for statistical comparisons between samples. Rarefaction analysis
has been previously used to characterize animal behavioral reper-
toires (Peshek & Blumstein, 2011). To apply the rarefaction analy-
sis to estimate SH versatility, defined as the total number of
different SH behavioral elements displayed across subjects, we
treated SH behavioral elements (e.g., Bite, Pound, Wrap) within
an individual’s repertoire as species, and the total abundance of
SH behavioral elements performed (e.g., the total number of Bite,
Pound, Wrap, recorded; i.e., SH abundance) as individuals. As a
result, SH versatility was calculated as a function of SH abundance
( F1Figure 1).

We performed sample-based rarefaction analysis to compare
SH versatility across small, medium and large stone sizes (cf.
Gotelli & Colwell, 2001). A sample-based rarefaction preserves
the heterogeneity that comes from comparing individuals differing
in the SH versatility (i.e., performing a different number of SH be-
havioral elements than other individuals) associated to a stone
size. In fact, although sample-based rarefaction computes the
expected sample SH versatility as a function of SH abundance, it
maintains the relationship between an individual’s SH versatility
and its SH abundance. Operationally, a sample-based rarefaction
curve is generated by repeatedly resampling and pooling a smaller
sample of individuals and computing the mean and variance for
the SH versatility found across smaller subsets of individuals,
depending on their relative SH abundance. The main function of
this rarefaction analysis is that it allows for the comparison of rare-
faction curves belonging to different stone sizes with different SH
abundance, by calculating the expected SH versatility for smaller
SH abundances. To do so, sample-based rarefaction curves repre-
senting SH versatility for different stone sizes can be compared at
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the maximum common abundance level available to the curves
that are being compared (black dotted lines in Figure 1). Because
we compared three rarefaction curves, we considered two maxi-
mum common SH abundance levels, one for the stone size associ-
ated with the smallest SH abundance (i.e., SH versatility
associated to the curve with the smallest SH abundance was com-
pared to SH versatility associated to the other two curves), and one
for the stone size associated with the second smallest SH abun-
dance (i.e., SH versatility associated to the curve with the second
smallest SH abundance was compared to SH versatility associated
to the curve with the highest SH abundance). At equal abundance
level, the 95% confidence intervals (95% CI) allow for statistical
comparisons between samples. Further details about the applica-
tion of rarefaction analysis to behavioral repertoires can be found
in Peshek and Blumstein (2011).
To test Prediction #2, we extracted for each subject the relative

duration (i.e., in relation to the cumulative duration of SH activity)
of Pound expressed with each stone size from the generated event-
log files. In addition, we examined the relative duration of SH be-
havioral elements across stone sizes that comprised 1% or more of
the overall sampled SH activity. To compare the duration of SH
behavioral elements directed to stones of different sizes, we used a
Friedman test with Dunn’s posthoc tests for multiple pairwise
comparisons and Bonferroni correction to control for type I errors
(Siegel & Castellan, 1988).

Ethical Statement

This research was exclusively observational and noninvasive.
Our study was conducted in accordance with the Indonesian Min-
istry of Research and Technology, the Provincial Government of
Bali, and the local district authorities. It was approved by the

institutional Animal Welfare Committee of the University of Leth-
bridge (Protocol #1906).

Results

Rarefaction Analysis

At the maximum common SH abundance to large, medium and
small stones (i.e., 1310), SH versatility significantly differed
across stone sizes (i.e., the 95% CIs of the three rarefaction curves
did not overlap). Handling small stones was associated with signif-
icantly higher SH versatility than handling large stones, and han-
dling medium stones was associated with significantly higher SH
versatility than handling large stones. Specifically, at SH abun-
dance level = 1310; 32 different SH behavioral elements were
exhibited with small stones (95% CI [30, 32]), 31 different SH be-
havioral elements were exhibited with medium stones (95% CI
[30, 31]), and 26 different SH behavioral elements were exhibited
with large stones (95% CI [26, 26]; Figure 1). At the maximum
common SH abundance to medium and small stones (i.e., 1371),
SH versatility did not significantly differ between small stones and
medium stones. Handling small stones was associated, on average,
with higher SH versatility than handling medium stones, but the
difference was not statistically significant. Specifically, at SH
abundance level = 1371; 32 different SH behavioral elements were
exhibited with small stones (95% CI [30, 32]), and 31 different SH
behavioral elements were exhibited with medium stones (95% CI
[31, 31]; Figure 1). Therefore, SH versatility was significantly
higher for medium and small stones than for large stones; Predic-
tion #1 was partly supported.

Duration of SH Behavioral Elements

We found a statistically significant difference in the duration of
Pound across stone sizes (v2 (2, N = 37) = 16.88, p, .001). Pound
lasted longer when handling medium stones than when handling
large stones (z =�0.65, p = .005). As expected, Pound lasted on
average longer when handling medium stones than when handling
small stones, but the difference was not statistically significant
(z = 0.00, p = 1.000). Contrary to what we expected, Pound lasted
longer when handling small stones than when handling large
stones (z = �0.65, p = .005). The relative duration of Pound when
handling small, medium and large stones constituted 6.72%
(610.85), 9.11% (614.83), and 1.78% (64.03) of the cumulative
SH activity, respectively. Prediction #2 was partly supported.

Across stone sizes, we found statistically significant differences
in the duration of some SH behavioral elements. In T1Table 1, we
reported the statistics of the Friedman’s test and the posthoc pair-
wise comparisons of all SH behavioral elements that comprised
1% or more of the overall sampled SH activity across stone sizes.
When handling different stone sizes, durations of SH behavioral
elements differed for Cuddle, Hold, Roll, and Rub. Cuddle lasted
longer when handling large stones than when handling small and
medium stones. Hold lasted longer when handling small stones
than when handling medium and large stones. Roll lasted longer
when handling small stones than when handling medium and large
stones. Rub lasted longer when handling medium and large stones
than when handling small stones.

Figure 1
Rarefaction Curves for Small Stones (Solid Yellow Line), Medium
Stones (Solid Blue Line), and Large Stones (Solid Red Line)

O C
N O
L L
I O
N R
E

Note. The lighter lines with crosses as markers represent the 95% confi-
dence intervals for small stones (yellow line), medium stones (blue line),
and large stones (red line). If, at given abundance levels (vertical dotted
black lines), rarefaction curves fall outside the 95% confidence intervals,
SH versatility differs across stone sizes. See the online article for the
color version of this figure.
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Discussion

Our results partly support the two predictions we derived from
the “object affordance” hypothesis, whereby the size of the stone
handled affects the expression of qualitative aspects of object play
in Balinese long-tailed macaques. We found that both small and
medium stones were associated with the expression of signifi-
cantly more SH behavioral elements (i.e., with a higher SH versa-
tility) than large stones, but no significant difference was found in
the SH versatility associated with small and medium stones (Pre-
diction #1 was partly supported). In addition, we found that when
handling small and medium stones, Pound lasted longer than when
handling large stones, but we did not find any statistically signifi-
cant difference in the duration of Pound when handling medium
stones and small stones (Prediction #2 was partly supported).
Finally, consistent with previous findings about the different man-
ual grips expressed in the SH repertoire of long-tailed macaques
(cf. Pelletier et al., 2017), we found significant differences in the
duration of several SH behavioral elements across stone sizes, sug-
gesting that object size affects the expression of object play actions
in this population of long-tailed macaques. Specifically, we found
that (a) compared to handling medium and large stones, Hold and
Roll with small stones lasted longer, whereas Rub had a shorter
duration and (b) compared to handling small and medium stones,
cuddle with large stones had a longer duration. Taken together,
these findings provide some support for the “object affordance”
hypothesis, with one of the physical properties of objects (here
stone size), significantly influencing the expression of playful
stone-directed actions, both at the level of the behavioral repertoire
(i.e., SH versatility), and at the level of specific stone-play patterns
(i.e., Pound and other SH behavioral elements).

Many studies have suggested that noninstrumental object
manipulation, both exploratory and playful, may be a precursor of
functional object-assisted actions, through affordance learning
(Bourgeois et al., 2005; Fragaszy & Visalberghi, 1989; Kenward
et al., 2006; Lonsdorf, 2005). Following a perception-action per-
spective, the temporal association between object-directed playful
manipulation and instrumental object-mediated actions allow an
individual to gradually understand the physical and functional
properties of objects through exploratory and pressure-free interac-
tions with its environment (i.e., “affordance learning” hypothesis,
Lockman, 2000). If so, experiencing the physical properties of the
object, such as its size, during playful object-directed manipulation
may contribute to the motor expression of suitable solutions (a) by
allowing individuals to perceive the object’s potential for manipu-
lation and (b) by limiting the array of available actions and
improving the performer’s sensorimotor coordination, through
practice (Lockman, 2000). The behavioral variability associated
with object play (Burghardt, 2005; Leca et al., 2010b, 2011) could
provide a reservoir of actions directed toward various objects that
may be later beneficial for the development, evolution and daily
expression of tool use (Cenni & Leca, 2020a; Leca et al., 2012;
Lockman, 2000; but see Allison et al., 2020). Through a system-
atic comparison of qualitative aspects of SH behavior in long-
tailed macaques, our results are indicative of a relationship
between the size of the stones used and the SH behavioral ele-
ments exhibited.

Our results are in line with Newell’s constraint model, which
emphasizes the role of task constraints, such as the size of theT
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object used, in limiting the expression of available actions (New-
ell, 1986; Newell et al., 1989). In a study by Cesari and Newell
(1999) furthering previous findings from Newell and colleagues
(1989), five adult men and five adult women were tested on their
ability to grasp a series of cubes differing in sizes, density, and
weight, from smaller to larger than the palm of their hands, and
from lighter to heavier, in relation to their density (e.g., some
cubes were made of cork, others of aluminum). The weight of the
cubes started to play a large role in the expression of grip configu-
rations only when it became increasingly large in relation to a par-
ticipant’s hand-weight (which was necessarily associated with an
increase in object size; that is, object size had a greater influence
on grip configuration for small and medium weights; Cesari &
Newell, 1999). In addition, several studies have shown how the or-
ganization of grip configuration is shaped before the actual contact
with the object (Newell et al., 1993), indicating that visual affor-
dances, and therefore size, play a major role in influencing grasp-
ing and consequently object-directed actions (Sirianni et al.,
2018). In our study, small and medium stones were substantially
lighter (on average 7.496 4.51 and 36.306 18.54 g, respectively)
than large stones (on average 257.68 6 176.76 g), but we do
acknowledge that there was a higher variation in the weight of
large stones, with five large stones weighting more than 500 g.
Therefore, it is possible that, when handling particularly heavy
stones, mass could greatly contribute to explain action expression
associated with large (and heavy) stones. Specifically, heavy
stones may impede the expression of a range of SH behavioral ele-
ments that require power, precision, and control to be expressed,
such as pounding stones on a surface, or that are largely impacted
by weight, such as holding stones away from the body or the
ground (cf. Nahallage et al., 2016; Pelletier et al., 2017; Pellis et
al., 2019).
It is noteworthy that we did not find a statistically significant

difference between medium and small stones in the expression of
pounding actions, although on average medium stones were asso-
ciated with longer Pound in relation to cumulative SH activity
than small stones. In line with Newell’s constraint model, only a
few grip configurations (and therefore, actions) are commonly
used toward specific objects differing in sizes, even though theo-
retically those objects could still be grasped and manipulated via a
wider range of grip configurations (cf. Cesari & Newell, 1999;
Newell et al., 1989). Thus, actions that generally require specific
grip configurations to be expressed, such as Pound, may be per-
formed using behavioral variants that are macrostructurally similar
(i.e., the trajectory of the action is maintained, but a different grip
configuration is adopted) and therefore qualify as the same SH be-
havioral element; however more data are needed to test this possi-
bility. Furthermore, the potential variability of actions (“motor
abundance”; Latash, 2000, 2012) associated with different objects
is likely higher in object play than in tool use, which may favor
the maintenance of a reservoir of solutions upon which selection
can act to shape and refine functional responses to environmental
problems (Bateson, 2014; Bruner, 1972). The relaxed selective
pressures under which object play is expressed (Burghardt, 2005);
together with the anthropogenic influences acting on this popula-
tion of long-tailed macaques (i.e., food provisioning), may main-
tain a pool of playful actions directed toward stones of different
physical characteristics (i.e., size, weight, texture) that could be
coopted into stone tool use (cf. Huffman & Quiatt, 1986; Leca et

al., 2007b; Leca, Gunst, et al., 2008; Leca, Nahallage, et al.,
2008). In this view, the perception of relevant physical properties
of stones by individuals during playful manipulation may later
facilitate the functional use of stones during the expression of
instrumental object-mediated actions, such as tool-assisted mastur-
bation, a form of stone tool use documented in the long-tailed
macaque population living in Ubud (Cenni et al., 2020), but more
data are needed to test this prediction.

Contrary to previous reports of SH in some free-ranging groups
of Japanese macaques, in which SH activity was mainly observed
immediately after feeding on provisioned food (Huffman, 1984;
1996; Leca, Gunst, & Huffman, 2008), a six-month study con-
ducted in 2016 and based on focal-animal sampling did not show
any marked temporal connection between SH and feeding activ-
ities in this free-ranging population of long-tailed macaques living
in Ubud (unpublished data). However, these data could not be
used in the present study because the number and duration of SH
bouts were not sufficient to run a rarefaction analysis. As a result,
we used behavioral data collected via ad libitum sampling. We do
acknowledge the limitations inherent to this sampling technique.
More specifically, we were unable to assess (a) whether individu-
als displayed a preference for size-specific stones during the selec-
tion part of SH activity (i.e., before SH started) or (b) whether, at
the individual level, SH duration was affected by stone size. Yet, it
is noteworthy that these questions were beyond the scope of our
study.

Future research should investigate the relationships between
action expression across stones differing in size and the possible
interindividual SH variability, to understand whether (and if so,
how) individual preferences in the expression of SH behavioral
elements covary with the constraints of the stones being manipu-
lated. Specifically, we will test (a) whether individuals have “SH
signatures” (i.e., preferences in the expression of a few SH behav-
ioral elements), and, if so, (b) whether their preference in the
expression of SH activity is influenced by the stone physical char-
acteristics, such as size, or if the preference for SH behavioral ele-
ments performed by an individual overcomes the constraints
associated with stones (i.e., action expression is only moderately
affected by stone size when an individual’s preference is
accounted for).

This study has implications for the evolution of human technol-
ogy and primate intelligence (i.e., “technological intelligence” hy-
pothesis, Cenni & Leca, 2020b). The playful actions afforded by
stones of different sizes in the long-tailed macaques living in
Ubud leave physical traces (e.g., on surfaces where percussive/
rubbing actions occur, on the items flinted/clacked, and on the
stones used); these artefacts may contribute to the maintenance of
stone play as a behavioral tradition (Leca et al., 2007b; Nahallage
et al., 2016; Pelletier et al., 2017), by facilitating the transmission
of SH behavior (Leca et al., 2010a) and possibly affording the
emergence of stone-tool use (cf. Fragaszy et al., 2013), through
stimulus enhancement and indirect forms of social learning. Addi-
tionally, the physical traces left after playful object-directed
actions can increase the likelihood of social interactions, through
the creation of a “lithic niche” that facilitates learning and teaching
(cf. Hiscock, 2014). Living in an environment where suitable
objects and artifacts for instrumental actions are present may be a
necessary step for the emergence of tool-assisted solutions applied
to foraging problems (i.e., “ecological opportunity” hypothesis;
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Fox et al., 1999). Therefore, understanding the interface between
the expression of playful and instrumental object-directed actions
and the role of affordances mediated by objects in their perform-
ance is essential to appreciate the emergence of flexible tool use
solutions, lithic culture and primate intelligence.
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