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Despite chimpanzees and bonobos sharing close phylogenetic
ties to humans, chimpanzees are the more common model
species in multiple fields of comparative research. One reason
for this bias is the variation in tool repertoire size observed
between the two species. Previous studies have examined the
factors driving this difference, but few have targeted flexibility
in how tools are used. We studied bonobos and chimpanzees
under similar conditions in captivity, thus excluding any
ecological variation present in these species’ natural habitats.
We examined whether the species differed in their ability to
switch between tools, a trait that may facilitate tool innovation
in primates. To do so, we provided the apes with a task
that required switching tool type from a rigid stick to a
bendable rope to forage successfully. Our data suggest that
there are no significant differences in tool-use performance
between chimpanzees and bonobos in captivity. However,
we found significant differences in the species’ exploration
tendencies. While chimpanzees fixed their attention on stick
tools, bonobos switched their attention more easily towards
the rope, potentially due to less functional fixedness. We
also found significant within-species differences between
institutions. These findings suggest that future research
should disentangle intrinsic flexibility in exploration and
account for institution and group level effects.
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1. Introduction

Though once thought to be unique to humans, the ability to make and use tools has been documented
in a diverse range of species and in a variety of contexts [1,2]. Chimpanzees (Pan troglodytes) possess
the most varied tool-use repertoire of any species outside humans [3], and despite their close phyloge-
netic relationship, wild bonobos (Pan paniscus) use tools only occasionally, and in different contexts
from chimpanzees [3,4]. Both species are closely related to humans phylogenetically, with extant
chimpanzees and bonobos each sharing some genetic similarities to modern humans that they do not
even share with each other, likely due to incomplete lineage sorting [5,6]. Therefore, both species can
provide key insights into the evolution of various human traits (within limits [7]), but despite this,
historically, chimpanzees have been adopted as the primary models for comparative studies across
a range of topics, including tool use [7,8]. By exploring the traits that contribute to the difference in
tool use between the two Pan species, which shared a common ancestor only 1.5-2.5 million years ago
(mya) [9] and diverged from humans between 5 and 7 mya [5], we can better understand when and
how humans developed the unique and extensive tool use repertoires we see today.

Reports from the longest running wild bonobo field site (Wamba, in the Democratic Republic
of Congo) include observations of only 13 different types of tool use (potentially 14 behaviours in
total; see reports of a possible new behaviour at Kokolopori, Democratic Republic of Congo [10]),
compared to an estimated 42 thus far reported for chimpanzees [3]. Furthermore, there are differences
in the types of tool use observed across the species: bonobo tool use primarily focuses on behaviours
within the social and/or play domain [4] (with only one observed extractive foraging behaviour), while
chimpanzee tool use primarily focuses on extractive foraging behaviours [11,12]. This discrepancy in
size and type of tool repertoires between the species is despite their close genetic relationship [5] and
the fact that extant wild bonobos and chimpanzees have comparable dietary needs [13]. To properly
uncover whether differences in ecological pressures have caused the observed tool use differences,
one would need to cover the evolutionary history of these species’ habitats, or alternatively analyse
long-term data on how ecological fluctuations shape tool use patterns. Research on extant popula-
tions suggests that bonobos may experience less seasonal variability in food abundance compared to
chimpanzees [3]; however, the ecological variation in food fluctuations both across and within the two
Pan species is large and overlapping, which suggests that similar ecological demands apply to the two
species, despite occasional reported local foraging patterns [14].

In contrast to what has been observed in the wild, in captivity, most apes, including bonobos,
can use tools across contexts and domains [4,15]. This phenomenon has been referred to as the
‘captivity bias’ or ‘captivity effect’ and has been suggested to result from developmental effects and the
conditions faced by captive apes. This effect is not unique to primates and has also been documented
across a variety of other taxa including elephants [16], corvids [17] and bird species [18,19]. The
captivity effect may be driven by a variety of factors, including increased close contact with tool-using
conspecifics, exposure to humans and their artefacts, and free time due to provisioning and lack
of predation [15]. A more extreme version of the captivity effect is ‘enculturation’, which refers to
apes that have been raised by humans from a young age and/or undergone specific human-oriented
training over extended periods (e.g. [20,21]). These individuals often demonstrate skills and behaviours
that seem to go beyond the natural abilities of unenculturated conspecifics. While some studies with
unenculturated captive bonobos and chimpanzees have found that the species perform differently on
cognitive test batteries, with bonobos reported to be better at theory of mind and social causality tasks,
while chimpanzees outperformed bonobos in tasks that required tools and understanding of physical
causality [22], observational reports suggest that tool-use frequency is very similar across these two
species in captivity [4].

Previous findings that captive bonobos can use tools in similar ways and frequencies as chimpan-
zees suggest that bonobos do not lack the general cognitive capacity for tool use in extractive forag-
ing tasks. Therefore, observed differences in the wild could be due to either intrinsic motivation or
socio-ecological factors (or a combination of the two), which are altered or absent in captivity. Indeed,
in a study on wild bonobo and chimpanzee juveniles, Koops et al. [23] showed that predispositions and
motivation to manipulate objects were higher in wild chimpanzee infants, as they paid more attention
to objects and object-play, relative to wild bonobo infants, suggesting potential developmental roots to
the differences in tool-use repertoires later in life.

Therefore, while some differences between the species have been identified, other traits linked to
tool use are yet to be tested. In the current study, we aimed to expand on this topic by focusing on
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Table 1. Demographic information for the sample from each facility.

species facility sex mean age and range (years)
bonobo Berlin Zoo 2 females, 1 male 21(8-36)
........................................ FrankfurtZoo5fema|es4ma|es2528(75—66)
........................................ Le|p2|gZoo5fema|es3ma|es1525(4—265)
ch|mpanzee ................. O 10fema|es4ma|es ................................ 2079(10—46) ....................................
........................................ Ngambalsland24fema|es16ma|es1994(8—33)

tool flexibility, as this has been suggested to be a limiting factor for primate innovation (within the
extractive foraging context) and has yet to be compared between the two species [24,25]. Here, we refer
to tool flexibility as the ability to switch between different types of tools and/or change the usage of
tool types according to existing challenges. To flexibly switch between and understand different tool
types also requires motivation to engage with various objects in order to identify the distinct physical
properties of each tool type (thus potentially requiring higher propensities for object manipulation
and general flexibility rather than conservatism or functional fixedness; see [23]). Previous studies
in chimpanzees have found surprisingly low levels of behavioural flexibility and higher levels of
conservatism [24,26,27], though results vary by task type [28] and between groups of chimpanzees [29].
Currently, there are, to our knowledge, no data on behavioural flexibility in captive bonobos using
tool-based paradigms. To identify any potential intrinsic differences between bonobos and chimpan-
zees in the way they attend to and flexibly switch between tools, we tested bonobos and chimpanzees
housed at multiple facilities with similar captive conditions (in which tools and artefacts were present
throughout an ape’s lifetime). Flexibly switching between tools may be a beneficial behaviour in
situations in which new challenges require an individual to perform novel actions using a tool (here
referred to as tool innovation). Thus, this study had two main aims.

First, we tested the tool-use performance and tool innovation capabilities (A1) of captive bonobos
and chimpanzees when faced with the same (to them) new tool task. The experiment consisted of an
easy stick tool-use task and a more demanding rope tool-use challenge, thus allowing us to assess
whether each species was able to flexibly switch between the two tool types and tasks. The second aim
(A2) of the study was to examine whether there were differences in underlying motivational processes,
like object-directed exploration, and how such traits may link to potential differences in tool usage.

2. Methods
2.1. Subjects

Data collection on bonobos was conducted between April and August 2017 at the following three
German zoos: Berlin Zoo (n = 3), Frankfurt Zoo (n = 9) and the Wolfgang Kohler Primate Research
Centre (n = 8) located within Leipzig Zoo. The facilities were selected as they allowed us to test the
apes individually. Individual demographic details (sex, age at testing and rearing background) can be
found in electronic supplementary material, table S1. Data collection on chimpanzees was conducted
between September and October 2017 at Ngamba Island Chimpanzee Sanctuary (1 = 40) located in
Lake Victoria, Uganda, and at Leintal Zoo (1 = 14), Germany. In Leintal Zoo, three chimpanzees did not
interact with the task at all and thus were excluded from our analyses. See table 1 for an overview of
the demographic information. In both the bonobo and the chimpanzee sample, we had individuals that
were mother-reared within their peer groups of conspecifics at the zoo, but also individuals that had
lost their mothers early during ontogeny and therefore were human-reared and afterwards integrated
into a group of conspecifics.

2.2. Procedure

We tested the apes individually in their familiar main enclosures or sleeping quarters. All efforts were
made so that the apes could enter the test location voluntarily to avoid any confounding effects from
stress due to isolation from the group. Subjects were fed their regular amount of food on testing days
and were never water deprived. Testing took place roughly 1-2 hours after their morning feeding.
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Figure 1. (A) lllustration of the two different tool challenges presented to the chimpanzees and bonobos: straight channel (tool
behaviour: re-use of stick to extract honey) and curved channel (tool behaviour: use the rope tool (provided on the floor) to fish
honey). (B) Chimpanzee at Ngamba Island Sanctuary inserting the stick tool into the curved channel (photo credit: S.F.).

The tool-use task consisted of a wooden and Plexiglas honey trap, featuring two different channels
visible to the ape: a straight channel and a curved one (figure 1) as well as two distinct tools. This
chimpanzee dataset has previously been used to assess facility differences on physical cognition in
captive chimpanzees [30], and this task was also part of a cognitive test battery with captive orangu-
tans addressing tool use skills across species and rearing conditions [31,32]. We provided the apes with
three pieces of each tool type (stick and rope). The straight channel was empty, but at the start of the
experiment, a stick tool with the tip dipped in honey was inserted, and as such, a small amount of
honey could still be retrieved from the end of the straight channel when re-inserting the stick after
tasting the first honey. This was done to allow the apes to gain an understanding of the properties of
the stick tool, prior to potentially flexibly switching tool strategy for the curved channel. At the same
time, retrieving only small amounts of honey with the stick tool was intended to increase the apes’
motivation to explore the curved channel, which was more difficult to solve, and thus would require
innovating a novel tool action [32]. Task performance was measured by (i) whether or not the ape
inserted the stick again (or any of the additional two provided sticks) into the straight channel (referred
to as ‘re-insertion stick channel’ in our dataset) and/or (ii) whether or not the ape innovated the rope
solution by inserting the rope tool into the curved channel, being rewarded with honey sticking to the
rope (referred to as ‘solved rope solution” in the dataset). There was no pre-training for this task, and
each ape was presented the task only once. Each test lasted 10 min. All tests were video recorded using
one to two SONY HDR-CX200 Handy cameras, depending on the need due to angles and visibility.

2.3. Data coding and statistical analyses

We extracted all detailed behaviours (see ethogram in electronic supplementary material, table S2)
expressed by the apes during testing from the video recordings using Mangold Interact, v. 9, and 15%
of the test videos were inter-rater reliability coded and showed a good Cohen’s Kappa value of 0.81
[33]. From the videos, we coded task performance: whether or not the ape re-inserted the stick in the
straight channel and assessed tool flexibility by coding whether the ape innovated the rope solution
(inserting the rope to two-thirds into the curved channel). In addition, we also coded all detailed
exploration actions: number of times an ape inserted a stick into either channel, number of times the
ape inserted a finger into any of the two channels and each time the ape touched and/or manipulated
any of the provided tool items lying on the floor next to the apparatus (electronic supplementary
material, table S2).

3. Results

3.1. Species and facility differences in tool-use performance

We fitted generalized linear mixed models (GLMMs) with binomial error structures and logit link
functions. The outcome variable in both models was success in re-inserting the stick (coded as ‘success’
in the straight channel task) and innovating the rope solution (‘success’ in the curved channel task),
with failure coded as 0 and success coded as 1. Model 1 included Task Type (straight channel versus
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curved channel), Age (z-transformed to a mean of 0 and standard deviation of 1), Sex (female versus
male) and Species (bonobo versus chimpanzee) as predictors, with random effects of both Individual
(n = 74) and Facility (n = 5) to account for repeated measures (as each individual contributed two data
points to the dataset—success or failure on each of the straight channel and curved channel tasks).
Model 2 was identical but included Facility rather than Species as a predictor variable and did not
include a random effect of Facility. As only one species was tested in each facility, both predictors could
not be included as main effects in the same model. The two models were compared using a likelihood
ratio test (test ‘Chisq’ in the R function ‘anova’), which revealed that Model 2 (containing Facility as
a predictor) was a significantly better fit to the data than Model 1 (containing Species as a predictor)
(X* =10.58, p = 0.005). No significant effect of Species was found in Model 1 (8 = -0.31, p = 0.74). An
additional model, including the effect of rearing history, is presented in the electronic supplemental
material but found no effect of rearing history upon performance. Further examination of results was
therefore restricted to Model 2.

Model 2 was a significantly better fit to the data than a null model containing only the random effect
of Individual (X* = 57.11, p < 0.001). The model was assessed for multicollinearity using the function
‘vif” in the R package “car’, with a maximum observed value of 1.22, indicating no issues.

There was a significant effect of Task Type (B = 2.77, p < 0.001), indicating that individuals were
more likely to solve the straight channel task by re-inserting the stick than to solve the curved channel
task, which required innovating the rope solution. There was no significant effect of either Age or Sex.
The facility impacted individuals’ likelihood of solving both task types (overall significance calculated
using the ‘Anova’ function in the package ‘car’: X*> = 11.68, p = 0.020). A post hoc Tukey test revealed
that individuals at Ngamba Island were significantly more likely to successfully solve both tasks than
individuals at Leintal Zoo (8 = 2.21, p = 0.013). No other significant between-facility differences were
found (see figure 2).

3.2. Order of task success

Of 24 individuals who solved both the straight and curved channel tasks, 21 reinserted the stick tool
into the straight channel (solving that task) before inserting the rope tool into the curved channel
(solving that task). Of the three individuals who solved the curved channel task first, two were
bonobos and one was a chimpanzee. One additional individual (a bonobo) solved only the curved
channel task and never reinserted the stick into the straight channel. A Fisher’s exact test revealed no
difference between the species in the number of individuals who solved the curved channel task before
the straight channel task (p = 0.53), and in the majority of individuals, reinsertion of the stick (solving
the straight channel task) occurred before insertion of the rope (solving the curved channel task).

3.3. Tool type exploration

We fitted GLMMSs with Poisson error structures and log link functions. The outcome variable in
both models was the count of exploration events, with Tool Type (stick versus rope), Sex, Age
(z-transformed to a mean of 0 and standard deviation of 1) and Species (chimpanzee versus bonobo)
as predictor variables. An interaction between Tool Type and Species was included to test whether
bonobos or chimpanzees explored the different tool types at different frequencies. A random effect of
Individual (n = 74) was included to account for repeated measures (as each individual contributed two
data points to the dataset—their counts of stick and rope tool explorations).

This model was a significantly better fit to the data than a null model containing only the random
effect of individual (X* = 994.13, p < 0.001). The model was assessed for multicollinearity using the
function ‘vif” in the R package ‘car’, with a maximum value of 3.84 (observed in the terms involved
in the interaction), indicating no issues. The model was assessed for overdispersion using the function
“testDispersion” in the R package DHARMa, and no significant overdispersion was found (dispersion =
0.66, p = 0.54). Exploration frequencies varied by both Species and Tool Type. Bonobos explored using
the stick more frequently than they did the rope (§ = 0.88, p < 0.001), but this effect was significantly
stronger in chimpanzees (significant interaction between Species and Tool Type, = 1.55, p < 0.001),
indicating that chimpanzees explored using the stick tool at even higher frequencies than bonobos did.
Chimpanzees and bonobos explored using the rope tool at similar rates (8 = -0.47, p = 0.072; see figure
3).
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Figure 2. Proportion of individuals who solved the straight and curved channel tasks. Grey bars represent the observed proportions,
points represent the model-predicted values and error bars show the upper and lower confidence intervals of the model-predicted
values. The count of successful individuals can be found at the upper end of each bar, and the number of unsuccessful individuals can
be found at the top.

3.4. Stick use

We fitted a GLMM with Poisson error structure and log link function to analyse whether there were
any species differences in the frequency with which individuals used the stick to probe the straight
versus curved channels. The outcome variable was the count of probing events using the stick, with
Task Type (straight versus curved), Sex, Age (z-transformed to a mean of 0 and standard deviation of
1) and Species (chimpanzee versus bonobo) as predictor variables. An interaction between Task Type
and Species was included to test whether bonobos or chimpanzees explored the different task types
at different frequencies. A random effect of Individual (n = 74) was included to account for repeated
measures (as each individual contributed two data points to the dataset—their counts of straight and
curved problem explorations).

This model was a significantly better fit to the data than a null model containing only the random
effect of Individual (X’ = 44.56, p < 0.001). The model was assessed for multicollinearity using the
function ‘vif’ in the R package ‘car’, with a maximum value of 1.33, indicating no issues. The model
was assessed for overdispersion using the function “testDispersion” in the R package DHARMa, and no
significant overdispersion was found (dispersion = 0.51, p = 0.44).

Exploration frequencies varied by both Species and Task Type. Both species showed higher
exploration rates using the stick tool for the curved channel than the straight, but this effect was
significantly stronger in the bonobos (Task Type effect in chimpanzees = 0.18, p = 0.003; Task Type and
Species interaction in bonobos = 0.58, p = 0.003; see figure 4).

3.5. Time spent at the apparatus

We fitted a linear mixed model to assess whether there was a species difference in the overall time
individuals spent at the task. The outcome variable was the amount of time spent (in minutes) active
at the task, with Species (chimpanzee versus bonobo), Age (z-transformed to a mean of 0 and standard
deviation of 1) and Sex as predictor variables, and a random effect of Facility. The model indicated that
none of these predictor variables influenced time spent at the task, and the full model was not a better
fit to the data than a null model containing only the random effect of Facility (X =5.12, p = 0.16).
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4. Discussion

4.1. A1: Comparing tool-use performance between captive chimpanzees and bonobos when
faced with the same novel tool challenge

Here, we provided an experimental assessment of tool-use performance across captive chimpanzees
and bonobos from multiple facilities, in which all groups were faced with the same novel tool
challenge. Our data showed that both species were equally motivated to manipulate the apparatus,
with no difference found in the time they spent interacting with the task, and that both species were
more likely to reinsert the stick into the straight channel than to successfully innovate usage of the
rope tool to extract honey from the more challenging curved channel. This aligns with previous results
from orangutans (Pongo abelii and Pongo pygmaeus), and thus the perceived task difficulty seems to
generalize across great apes [31]. Despite clear differences in frequency and type of tool use repertoires
in the wild, in captivity, we did not find any species difference between chimpanzee and bonobo
overall tool performance, in line with some previous findings (e.g. [4,34] but see [22]). This was true
for both the reinsertion of the stick (indicating understanding of its match with the straight channel)
and the apes’ ability to flexibly switch to another tool type, and thereby innovate a rope tool solution
to extract honey from the curved channel. This was despite the fact that the tool use tasks we provided
were within the extractive foraging domain, which in the wild elicits more tool use in chimpanzees
relative to bonobos [11,12]. Our data suggest, therefore, that the general cognitive abilities for tool
manipulation and problem-solving do not differ between the species in captivity and are not subject to
innate species differences.

The captivity effect [15] may have boosted the performance of both species in our study, resulting
in no apparent species differences in capabilities. In particular, captivity seems to facilitate tool use
in bonobos who do not typically use tools in foraging contexts in the wild [15,35]. Indeed, previous
research in two other great ape species (Sumatran and Bornean orangutans, Pongo abelii and Pongo
pygmaeus) found that individual background and orientation towards humans, acquired during their
time in captivity, influenced performance on the same tool use task [31,36] and that Bornean orangu-
tans, who do not use stick tools in the wild, were able to solve this task in captivity at a similar level
to their tool-using Sumatran sister species [32]. As such, our study does not support the notion of any
intrinsic differences in the two species’ capacity for tool use, but rather points towards socio-ecological
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factors altered by life in captivity equalling out any potential differences in tool flexibility existing in
wild chimpanzees and bonobos.

However, it remains unclear which factors drive the observed enhancement in tool use perform-
ance. The potential complexity of the captivity effect is perhaps exemplified by the fact that we
identified a difference in performance between chimpanzees living in different facilities (chimpanzees
housed in Leintal Zoo versus those housed at Ngamba Island Sanctuary), demonstrating that it is not
captivity per se that impacts performance, but rather that there may be factors that differ between
captive care facilities that influence tool use behaviour. Our finding is consistent with previous
published data from the same dataset [30] and with the hypothesis that experience in research
influences cognition and performance in captive primates [37]. One previous study also identified
this effect (among others) even within facility at Leipzig Zoo, with subjects (across species) who had
participated in more experiments performing better in subsequent tasks [38]. Indeed, the chimpan-
zees housed at Ngamba Island Sanctuary, who participated in more research studies over time than
their counterparts at Leintal Zoo [30], performed significantly better. While there was no significant
difference in success rates between the three bonobo facilities, success rates across these facilities still
varied. Beyond previous experimental experience, differences in performance between facilities may be
a reflection of various other factors, such as time spent in captivity (as previously shown in the same
sample [30]), differences in rearing history [39] and motivational traits, such as exploration tendency
and persistence [40]. Even within a relatively large sample, it is challenging to explore all the potential
factors that may influence performance on tool use tasks and indeed cognitive tasks more broadly.
Future research should continue to focus on disentangling the experience factors that may impact
performance within captive populations and ideally include multiple facilities in experiments (see also

[37]).

4.2. A2: Examining underlying cognitive processes: exploration tendency and tool-use flexibility
between captive chimpanzees and bonobos

Our study also investigated whether chimpanzees and bonobos differed in their attention to objects,
as such variation may underlie the emergence of physical innovations [24,25]. In this study, in order to
continue to successfully retrieve honey, the apes had to switch from the easy stick dipping behaviour to
the harder challenge of innovating a new tool solution by fitting the rope in the curved channel. Across
both behaviours, both species, regardless of facility, explored and manipulated the apparatus using
the provided stick tool more than the rope tool. However, this effect was stronger in the chimpanzee
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sample. Thus, in line with previous studies that identified conservatism in other captive chimpanzee E
populations [24], the chimpanzees in this study fixated on the stick as a potential tool more than the
bonobos did. Yet, to what extent individual conservatism relates to behavioural flexibility remains
to be assessed. These data are also consistent with observations from wild chimpanzee populations,
in which the use of stick probes is considered a universal behaviour and is absent from only one
field site [11,41] and young chimpanzees become increasingly focused on stick manipulation with age
[23], as well as the finding of high levels of functional fixedness when it comes to tool types [24,42].
Conversely, wild bonobos have never been observed using stick probes [4,43], perhaps raising the
question of differing levels of intrinsic motivation to interact with certain tool types [23].

It has previously been suggested that species that regularly use tools in the wild may have an
‘attentional bias towards tools” [44, p. 133], but this hypothesis raises the question of what type of
object constitutes a ‘tool” for a given species. One eye-tracking study found that captive chimpanzees
have a stronger attentional bias towards action target objects (objects included tools, food and toys)
relative to bonobos [45], but our findings could be interpreted to suggest that chimpanzees may have
a more specific attentional bias towards sticks as potential tools, thus driving their tendency to explore
using the stick tool rather than the rope tool to a greater extent than the bonobos. This could contribute
to the near-ubiquity of stick tool use observed in wild populations (though we note the complete lack
of stick tool use so far observed in one wild population [46]).

In our study, as well as exploring using the two tool types more equally than the chimpanzees,
the bonobos were more willing to modify their strategy based on the task challenge. When using
the stick tool, despite having overall lower exploration rates than the chimpanzees, bonobos focused
their exploration more towards the curved channel than chimpanzees did, an approach that was
necessary to maximize the amount of honey they could retrieve. Previous studies using non-tool-based
paradigms have found no difference between the two species in terms of general behavioural flexibility
[28,47], but our findings suggest that the two species may differ in attentiveness to tool types,
with chimpanzees remaining the more conservative/functionally fixed Pan species. These data are
somewhat surprising, as behavioural inflexibility has been suggested to limit behavioural innovation,
which seems inconsistent with the fact that wild chimpanzees have a larger and more varied tool
repertoire than bonobos. Although, conversely, a lack of innovation may explain why chimpanzee
behavioural repertoires seem to remain stable over time. Persistence has also been shown to be key to
problem-solving in a range of species [48,49], and the relative contribution of behavioural flexibility
versus persistence in tool innovation has yet to be understood. Continuing to exploit a previously used
resource may lead to the refinement of tool use techniques, while exploring the surrounding environ-
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ment may lead to the discovery of new resource opportunities. Both processes may be important for
tool innovation in the wild. A bias towards continuing to try to exploit known resources using existing
tool techniques may also help explain why chimpanzee behaviours seem to remain relatively static
over long periods of time (e.g. [50]).

5. Conclusion

In summary, we did not find any significant differences between captive chimpanzees and bonobos in
their tool use performance when faced with the same problems and when tested under the comparable
environmental conditions offered by captivity. However, we did identify variance within the species’
abilities to flexibly switch between tools and attention towards the different challenges the apparatus
presented. Chimpanzees seemed to focus more on sticks, which could suggest a higher functional
fixedness in chimpanzee tool cognition relative to bonobos, but may also reflect an attentional bias
towards certain types of potential tool materials, which could lead to higher rates of tool use in the
wild. Bonobos, on the other hand, showed a greater tendency to explore using the rope tool, with
exploration rates using the two tool types more similar in bonobos than in chimpanzees. While both
species used the stick tool to explore the curved channel, presenting the higher reward, more than the
straight channel, this difference was greater in bonobos, perhaps suggesting less functional fixedness
in bonobos. In addition, our study confirmed previous findings with regard to the facility in which
the subjects were living [30], which was an even stronger predictor of success than species type. This
finding holds important implications for our understanding of captive ape cognition, as it suggests
that the current approach of treating all captive apes as cognitively and behaviourally ‘equal’ may be
misleading (see also [37]). Future studies should include different populations housed across facilities

to ensure a comprehensive approach to data collection, and potential differences in behaviour and
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cognition across institutions should be measured and quantified (see also [37]). Such an approach m
would also allow researchers to begin to identify the factors that lead to the ‘captivity effect’ in primate
tool use, further exemplified in our study as we found that in captivity, bonobos were as motivated and
able to use tools as chimpanzees, even though wild bonobos do not show the same tool repertoires or
predispositions as chimpanzees [23]. Identifying the factors that promote tool use even in non-habitual
tool-using species in captivity may also provide an indication of the factors that contribute to the
emergence of tool use in the wild. Future studies should focus on further testing the external and
intrinsic factors underlying tool use abilities and flexibility of both extant members of the Pan genus
and other great apes.
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