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Abstract

Objectives: According to the technical intelligence hypothesis, humans are superior to all other

animal species in understanding and using tools. However, the vast majority of comparative stud-

ies between humans and chimpanzees, both proficient tool users, have not controlled for the

effects of age, prior knowledge, past experience, rearing conditions, or differences in experimental

procedures. We tested whether humans are superior to chimpanzees in selecting better tools,

using them more dexteriously, achieving higher performance and gaining access to more resource

as predicted under the technical intelligence hypothesis.

Materials and methods: Aka and Mbendjele hunter-gatherers in the rainforest of Central African

Republic and the Republic of Congo, respectively, and Taï chimpanzees in the rainforest of Côte

d’Ivoire were observed cracking hard Panda oleosa nuts with different tools, as well as the soft

Coula edulis and Elaeis guinensis nuts. The nut-cracking techniques, hammer material selection and

two efficiency measures were compared.

Results: As predicted, the Aka and the Mbendjele were able to exploit more species of hard nuts

in the forest than chimpanzees. However, the chimpanzees were sometimes more efficient than

the humans. Social roles differed between the two species, with the Aka and especially the

Mbendjele exhibiting cooperation between nut-crackers whereas the chimpanzees were mainly

individualistic.

Discussion: Observations of nut-cracking by humans and chimpanzees only partially supported

the technical intelligence hypothesis as higher degrees of flexibility in tool selection seen in chim-

panzees compensated for use of less efficient tool material than in humans. Nut cracking was a

stronger social undertaking in humans than in chimpanzees.
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1 | INTRODUCTION

Humans have been proposed to possess a specific form of intelligence

termed “technical intelligence” which has allowed the development of

specialized skills in thinking, modifying and combining material objects,

as well as using them to modify the outside world to serve their own

interest (Johnson-Frey, 2003; Mithen, 1996; Oakley, 1956). These abil-

ities, by freeing humans from environmental constraints, have allowed

them to occupy most habitats and become the most successful animal

species on Earth (e.g., Foley & Lahr, 2003; Leakey, 1980). In particular,

a technical revolution concomitant with the emergence of Homo sapi-

ens sapiens some 200,000 years ago found our ancestors developing a

number of new abilities related to tools and artifacts (Leakey, 1980;

Mellars & Stringer, 1989; but see McBrearty & Brooks, 2000 for a

more gradual view of these changes). However, the question remains:

Are these tool-specific skills an evolutionary innovation appearing

uniquely in the hominid line, or are some of these skills shared in part

or whole with the chimpanzee, a species known to be a prolific tool*These authors contributed equally to this study.
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user throughout its distribution range (e.g., Boesch, 2012; Boesch &

Boesch, 1990; Boesch & Boesch-Achermann, 2000; Goodall, 1970,

1986; Sanz & Morgan, 2007, 2009)?

This question has been discussed extensively but is difficult to

address because it is challenging to use archeological remains to make

inferences about technical intelligence (Ambrose, 2010; Bar-Yosef &

van Peer, 2009; Beaune, 2004; Davidson & Noble, 1993; Dietrich,

Toth, Schick, & Chaminade, 2008). For example, using the structures of

core stones and flakes, it has been suggested that the Acheulean tech-

nology is clearly distinguished from the Oldowan technology by signs

of symmetry in the production of tools (Wynn, 1993, 2002), while

others reached different conclusions about the technical knowledge

involved (see Davidson & Noble, 1993; Iovita & McPherron, 2011;

McPherron, 2000). The stasis of the shape of the hand axe for almost

one million years has been extensively discussed, but opinions are still

divergent about its functions and means of production (e.g., Henshil-

wood, D’errico, Marean, Milo, & Yates, 2001; Iovita & McPherron,

2011; McPherron, 2000, 2013). Furthermore, the persistence of stone

as compared to wood and bone artifacts may bias our understanding

of the origins of tool use in early hominids (Lemorini et al., 2014).

In a comparative approach to address this question, the technical

abilities of the chimpanzee have been studied both in the wild and in

captivity with mixed results. Field observations revealed that all known

wild populations of chimpanzees use different sets of tools with differ-

ent shapes and materials to fulfill different purposes, including access-

ing important food sources (e.g., Boesch, 2012; Boesch & Boesch,

1990; Goodall, 1970, 1986; Sanz & Morgan, 2007, 2009; Sugiyama &

Koman, 1979). Chimpanzees of the Taï Forest demonstrate a sophisti-

cated knowledge of the physical properties of objects as they assess

up to five physical and contextual properties to select under different

circumstances the most optimal hammer for nut-cracking (Boesch &

Boesch, 1983, 1984a; Sirianni, Mundry, & Boesch, 2015). This also

occurs when out of sight of the food source, demonstrating some fore-

sight and planning (Boesch & Boesch, 1984b). Moreover, it was

recently demonstrated that cultural preferences of different neighbor-

ing social groups affects the tool selection criteria, emphasizing the

multifactorial influences observed in chimpanzee tool use (Luncz &

Boesch, 2014; Luncz, Mundry, & Boesch, 2012).

In contrast, captive chimpanzees have demonstrated only limited

understanding of how tools work (e.g., Hanus, Mendes, Tennie, & Call,

2011; Martin-Ordas, Call, & Colmenares, 2008; Penn & Povinelli, 2007;

Povinelli, 2000; Schrauf & Call, 2011). For example, captive chimpan-

zees that have spent all their life in an artificial and impoverished cap-

tive condition seem to possess limited understanding of the weight of

an object and are further challenged when required to combine weight

with other properties of a tool (Hanus & Call, 2008; Povinelli, 2012;

but see Bril, Dietrich, Foucart, Fuwa, & Hirata, 2009; Schrauf & Call,

2011). Similarly, captive chimpanzees display a limited understanding

of the connectivity between objects which prevents them from prefer-

ring to pull at a rake or a towel that is in contact with a food reward

rather than one that is not (Martin-Ordas et al., 2008; Povinelli, 2000;

but see Bania, Harris, Kinsley, & Boysen, 2009).

The most straightforward way to address this question is to com-

pare humans and chimpanzees naturally performing the same technical

challenge. In the past, this might have seemed difficult to find but we

now know that both chimpanzees and humans, in the African rainfor-

est, open wild-occurring nuts with tools, thereby potentially providing

one of the best opportunities to compare the technical skills of two

species. The present paper aims to do exactly this.

Here, we assess the technical intelligence hypothesis in the con-

text of a cross-species comparison of nut-cracking in humans and

chimpanzees. This is obviously only a sub-sample of the broad reper-

toire of behaviors exhibited by each species. In addition, our study is

limited to examining current behavior, although the behavior has been

performed and adapted for generations in both species as evidenced

by transport of stone hammers by chimpanzees (Boesch & Boesch,

1984b; Mercader et al., 2007) and use of iron tools by humans. Conse-

quently, our test of the technical intelligence hypothesis restricts itself

on the abilities and performances of the two species as seen in the

nut-cracking context.

If chimpanzees possess a more limited technical intelligence than

humans (e.g., Mithen, 1996; Povinelli, 2000, 2012; Wolpert, 2003),

then we would expect humans to use more efficient tools to crack

nuts, to modify the tools more extensively, to plan tool use further

ahead of time, and to use tools more dexterously to achieve higher

efficiencies than chimpanzees. Moreover, higher technical intelligence

should allow humans to exploit nut species that are not accessible with

less efficient tools. We test these predictions by comparing

nut-cracking by the Taï chimpanzees with the same behavior per-

formed by two different human groups; the Aka Pygmy hunter-

gatherers of Central African Republic and the Mbendjele Pygmy

hunter-gatherers of the Republic of Congo.

Finally, since cultural effects are known to affect most aspects of

human behaviors, we would predict more cultural influences in human

technical solutions than in the Taï chimpanzees. One anticipated differ-

ence will be that modern hunter-gatherers, and not chimpanzees, are

known to use a base camp to where they bring back the gathered

foods for consumption and sharing with other group members, rather

than consume the opened nuts in the forest as seen in chimpanzees.

Limited studies have documented how culture affects technological

solution in humans groups and such influences may reinforce or inter-

fere with a pure energetic optimization of nut cracking, as suggested in

our previous predictions.

1.1 | Background information about nut cracking

1.1.1 | The nuts

The nuts found in African forests vary in hardness and morphology and

thus present differing technical challenges (Figure 1). For convenience,

we use the word “nut” for all hard-shelled fruits found in the forest,

although not all of them are nuts in the botanical sense and some

should instead be called seeds. Panda oleosa is the hardest nut in Africa

and required a weight of about 1,600 kg to break open, while Coula

edulis breaks with less than 300 kg and the oil palm nut, Elaeis edulis, is

even softer (Boesch & Boesch, 1983; Peters, 1987). For a given nut
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species, the nut cracker can vary the combination of weight and hard-

ness of the hammer and of the anvil leading to different technical solu-

tions (Figure 1). For example, Panda nuts are too hard to crack open

with a wooden hammer, while Coula and Elaeis nuts can be broken

with small stones and wooden clubs (Boesch & Boesch, 1983).

The availability of raw materials for tools, as well as the proximity

of trees and tools will influence the technical solutions for the nut

crackers. For example, some of the forests in the Congo Basin have

few stones and so the cracking of hard nuts, like Panda, requires costly

transport of hammers over long distances. Similarly, Panda trees are

extremely rare in the forest around Ndele, in Central African Republic,

where we found one single tree in a 50 km2 surveyed area, while they

are abundant around the village of Djoub�e, in Congo, where we identi-

fied 250 of them in a comparably large area.

In addition to hardness, the morphology of the nuts affects the avail-

able technical solutions. C. edulis is a round-shaped nut with one kernel in

a thin shell, as is the oil palm nut, Elaeis guinensis. P. oleosa produces

oblong-shaped nuts containing 3–4 kernels embedded in a thick hard

shell, so that each kernel has to be accessed individually. These three spe-

cies of nuts can be placed in balance on a flat anvil to be pounded with a

hammer. However, Panda nuts need to be positioned carefully to ensure

that strikes land between the dehiscent lines of the kernels. In contrast,

Irvingia gabonensis, Irvingia robur, or Klainedoxa gabonensis are flat-shaped

nuts that germinate along the thin side and need to be held constantly in

a specific position to strike them on the dehiscent line.

P. oleosa and E. guinensis nuts are cracked both by humans and

chimpanzees, while I. gabonensis (grandifolia) and Klainedoxa gabonica

are cracked only by the humans, while the Taï chimpanzee eat their

outer juicy pulp when fresh and access the kernel with their teeth once

the fruits are drying. Two additional nuts cracked by the human forag-

ers are not found in the Taï forest (I. robur and Antrocarion micraster),

while the C. edulis cracked by the Taï chimpanzees is absent in the for-

ests of Central African Republic and Northern Congo. We analyzed

nut-cracking for most of these tree species; thus our comparisons of

efficiency included nuts cracked by both chimpanzees and humans but

also nuts cracked by only one of these primate species.

1.1.2 | The nut crackers

1.1.2.1 | The Aka of the Central African Republic

The Aka forest hunter-gatherers are part of a larger group of foragers

called BaYaka that include the Baka from Cameroon and the Mbendjele

from Republic of Congo (see Lewis, 2002; Bahuchet, 1985, 1988, 1991).1

All subsist largely on wild foods. The BaYaka extract and consume nut

kernels throughout much of the year (Bahuchet, 1985, 1988, 1991; Hew-

lett, Fouts, Boyette, & Hewlett, 2011), while the Aka consume seven nut

species depending on their availability: around Badangu, in Lobaye prov-

ince in the Central African Republic, they rely heavily on oil palm nuts and

Irvingia nuts, while farther west around Ndele, where oil palms are absent,

they exploit P. oleosa, I. gabonensis (grandifolia), I. robur, K. gabonica, and A.

micraster. The density of nut-producing trees in forests in the study

regions remains high despite extensive commercial logging in the CAR

and northern Congo because their wood is not commercially valuable.

The Aka we followed were in a process of sedentarization in the

village of Ndele. The women were still extracting I. gabonensis nuts

both for same-day consumption and for production of a bread-like

paste that they use in cooking other foods and that lasts up to two or

three months. Adam Boyette has over 12 months experience with the

Aka and joined C.B. for the data collection period. We followed a group

of women for most of the Irvingia nut season during their daily forays

in the forest for a 4-week period between May and June 2012. A civil

war in 2013 prevented us from returning for the next nut season.

1.1.2.2 | The Mbendjele from the Republic of Congo

In the northern Congo, we followed a group of Mbendjele hunter-

gatherers, near the village of Djoub�e on the Motaba River. The Mbend-

jele are closely related to the Aka and belong to the same language

group (Lewis, 2002, 2012). In this isolated region northwest of the

Nouabel�e-Ndoki National Park, nuts were still an important part of the

gathering activities. As with the Aka, CB followed the women in the

forest supported by Da�sa Bombjakov�a who has spent more than a year

there and was proficient in their language.

FIGURE 1 Cracking nuts can have different optimal solutions
depending on the prevailing ecological conditions. To open a nut,
three different elements need to be brought together: the nut, the
hammer, and the anvil. Each nut species possesses its specific
hardness, size and morphology that need to be accounted for when
selecting the hammer and the anvil. Hammers vary mostly in terms of
hardness and weight, while anvils vary mostly in their hardness (1 for
harder/heavier material, – for softer/lighter one). The figure illustrates
two alternative optimal solutions: the nut cracker can combine a hard
anvil with a hard and light hammer (dotted line) or compensate for a
soft hammer by selecting a heavier one (full lines). In nature, selecting
harder or heavier tools often requires the nut cracker to transport
them over longer distances

1The word “Pygmy” has gained a pejorative connotation to the point that

the Republic of Congo has banned the use of this term by law and sug-

gested “autochtone.” In our experience, the Mbendjele of Congo calls them-

selves and their neighbors the “BaYaka.” To them, the BaYaka include the

Mbendjele from the Republic of Congo, the Baka from Cameroon and the

different Aka groups found in Congo and Central African Republic. Differ-

ent terminologies have been proposed (Bahuchet, 1985; Lewis, 2002). For

our present analysis, we use the term “BaYaka” as a generic term for the

people living in whole region, and use the term Aka for those living in Cen-

tral African Republic and the term Mbendjele for those living in northern

Congo.
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This group is more traditional in the sense that it spends more

time in temporary camps in the forest and had less tense relations with

the farmers living in that region. We followed them in the forest for

12 weeks between May and August 2014, remaining within walking

distance to the fallow lands of the villages to allow them regular access

to oil palm trees that constitute one of their staple foods. This last

aspect might well have been very specific to the region around the

Djoub�e village. The availability of nut-producing trees was higher than

in the Ndele forest. During our stay, we gained detailed observations

about the Mbendjele extracting nuts of P. oleosa, I. gabonensis, and E.

guinensis.

1.1.2.3 | The Taï chimpanzees from Côte d’Ivoire

They live in the tropical rainforest of the Taï National Park, in the west

of Côte d’Ivoire. For 12 years starting in the early 1980s, Christophe

and Hedwige Boesch collected extensive data on nut-cracking behavior

(e.g., Boesch, 2012; Boesch & Boesch, 1981, 1983, 1984a, 1984b;

Boesch & Boesch-Achermann, 2000). The chimpanzees crack five dif-

ferent species of nuts, including the P. oleosa nuts also cracked by the

BaYaka, and the soft C. edulis nuts.

To limit the confounding effects of age and sex we compare only

adult female subjects from each species. However, because humans

and chimpanzees apply different technical solutions to the same prob-

lem, a simple direct comparison was not possible; therefore we will

perform two comparisons:

1. Same nuts—different tools: Here, we compare human and chimpan-

zee nut-cracking technique and performance when opening the

hard nuts of P. oleosa. In this comparison, we also include Irvingia

nut cracking to compare the Aka and the Mbendjele techniques.

Thus, here we explore species- and group-specific differences in

technical inventiveness and strategies.

2. Different nuts—same tools: Here we compare humans and chim-

panzees using the same tools to open similarly soft nuts. The

Mbendjele were cracking the soft oil palm nuts, E. guinensis, while

chimpanzees cracked the C. edulis nuts, both species regularly

using wooden materials as hammer and anvil. Thus, here we evalu-

ate species-specific technical manipulative skills.

3 | METHODS

3.1 | Data collection procedures

After we explained the reasons for our visit, some women allowed us fol-

low them in order to understand their traditions and how they work. We

followed a “neutral-observer non-intervention” approach, in which we fol-

lowed the women and recorded their behavior without any intervention.

Observations were made whenever women went to gather nuts in the

forest, and we followed them during the whole foray while keeping track

logs of the foray and marking each individual nut-producing tree.

3.1.1 | Nut cracking techniques

We used focal individual sampling (Altmann, 1974) to collect data on

all the technical elements of the nut cracking (material selected, nut

cracking position and technique, tool modification and transport as

well as nut cracking efficiency measures) (see Boesch & Boesch, 1981,

1983, 1984a, 1990; Boesch & Boesch-Achermann, 2000). For the

Mbendjele, DB and AM collected some data after over one month of

training by CB for an attainment of a very high level of concordance in

data collection. Later in the season, DB collected all data on oil palm

nut cracking by the Mbendjele women (see Table 1). If the target indi-

vidual stopped cracking nuts before others, we would switch individu-

als to continue recording nut cracking sequences. Only when the nut

cracking was finished did we ask questions about tool selection and

the planning of next food source. To increase sample size, we some-

times collected data on two individuals in full view at the same time or

switched to another nut cracker if data had already been collected for

30 uninterrupted minutes for one individual under the same tree. Sam-

ple sizes are summarized in Table 1.

TABLE 1 Sample size of the nut-cracking behavior in Taï chimpanzees, Aka and Mbendjele

Population nut species Number of adult females Number of nut-cracking sequences Total nut-cracking time Total number of nuts opened

Taï chimpanzees

Panda oleosa 18 114 4,5330 3,664 nuts

Coula edulis 22 206 3,0190 7,973 nuts

Aka

Panda oleosa 4 4 280 77 nuts

Irvingia gabonensis 7 29 6930 2,829 nuts

Mbendjele

Panda oleosa 17 98 1,4940 2,833 nuts

Irvingia gabonensis 9 22 2860 1,292 nuts

Elaeis guineensis 7 53 1,6700 10,727 nuts

For each nut species, the number of individual adult females, the number of nut-cracking sequences as well as the total nut-cracking observation time
(in minutes) and total number of nuts opened are presented.
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3.1.2 | Efficiency measures

Previous studies of chimpanzee nut-cracking (e.g., Boesch & Boesch,

1984a; Boesch & Boesch-Achermann, 2000) used two measures of

efficiency, the number of nuts consumed per minute and the number

of hits per edible nut. Because Aka and Mbendjele women generally

cooked nuts after cracking them, we modified the first measure to

include only the number of nuts opened per minute, given as

Nb nuts open=mn 5
total time to open all nuts
number of edible nuts

We measured the number of hits per edible nut by summing the

total number of hits to all nuts during a given nut-cracking sequence

and dividing this by the total number of eaten nuts according to the

formula

Nb hits=edible nuts 5
total number of hits for all nuts

number of edible nuts

This measure is directly influenced by the strategies that nut-

crackers use to select material for tools. We used direct observations

to obtain these measures for the women. C.B. used archival video foot-

age of Panda nut-cracking to obtain them for the chimpanzees. The

video allowed calculation of the total amount of time individuals spent

collecting, cracking, and eating all nuts, including those that were inedi-

ble. During nut-cracking sessions, the chimpanzees spent 59% of their

time eating nuts; thus this measure is not the same as that used in pre-

vious studies (above). We calculated both measures only for nut-

cracking sequences of individuals lasting for more than 5 min. A nut-

cracking sequence including all observations made of one individual

cracking nuts under one and same tree.

3.2 | Data analysis and statistical analysis

To compare chimpanzee and Mbendjele nut-cracking efficiencies, we

used a Generalized Linear Mixed Model (GLMM; Baayen, 2008) with

Poisson error structure and log link function (McCullagh & Nelder,

2008). In the models, we compared nut cracking efficiency (number

nuts opened per minute and number hits per nut) between chimpan-

zees and humans and separately for Panda nuts and soft nuts. In all

models, we included group (human or chimpanzee), day in season, and

their interaction as fixed effects and individual as a random effect. To

keep type I error rate at the nominal level of 0.05, we included random

slopes of all fixed effects within individuals (Barr, Levy, Scheepers, &

Tily, 2013; Schielzeth & Forstmeier, 2009). However, to keep model

complexity moderate, we did not include correlations between random

intercepts and random slopes (omitting such correlation does not

increase type I error rates; Barr et al., 2013). To control for varying

durations of nut cracking sessions we included this variable (log trans-

formed after subtracting the time needed for processing and eating the

cracked nuts) as an offset term (McCullagh & Nelder, 2008). For the

number of hits per nut model, we did not include an offset term. Since

the initial model was overdispersed, we included an additional random

effect which had a unique level for each observation (thereafter “obser-

vation level random effect”). For the soft nuts the model also included

hammer type as a fixed effect (with levels wooden hammer and stone

hammer) and random slopes of this effect within individual (with ham-

mer type manually coded). The null models lacked group and its inter-

action with day in season. Both models included an observation level

random effect since otherwise they were overdispersed (dispersion

parameter, number nuts: 2.12; hits per nut: 4.33), and the number of

nuts model also included the cracking time (log-transformed) as an off-

set term.

As an overall test of predictors in each model (Forstmeier & Schiel-

zeth, 2011) we compared the full model to a model that did not include

the predictor variables, but included all other terms present in the full

model. This comparison was conducted using a likelihood ratio test

(Dobson, 2002). Prior to fitting the model we z-transformed all fixed

effects to a mean of zero and a standard deviation of one. To rule out

influential cases we excluded levels of the random effects, one at a

time. This revealed the models to be fairly stable. Collinearity, assessed

based on Variance Inflation Factors (VIF; Field, 2005; Quinn & Keough,

2002), derived from a standard linear model lacking the respective ran-

dom effects appeared to be no issue (maximum VIF 5 2.5 in the group

comparisons, otherwise <1.03). Overdispersion appeared to be no

issue (dispersion parameters, group comparison, number nuts per

minute: 0.39; group comparison, number hits per nut: 0.20). The mod-

els were fitted in R (version 3.1.2; R Core Team, 2013) using the func-

tion glmer of the package lme4 (Bates, Maechler, & Bolker, 2013).

4 | RESULTS

Nuts represent for all three groups an important source of food, and

during the nut season they were observed to extract nuts for a few

hours each day. However, selection of materials and nut-cracking tech-

niques varied extensively among the three groups.

4.1 | Material used to crack the nuts

4.1.1 | Same nuts—Different tools

The Taï chimpanzees used exclusively natural material to crack the

Panda nuts. They showed a high level of selectivity for hard stone

material both for the hammers and the anvils, selecting stone as ham-

mer in 89% of the cases (N 5 70 stones/8 sticks) and rock outcrops in

6% of the Panda anvils (N 5 27 rocks/441 roots) despite a very low

availability (Boesch & Boesch, 1983) (see Figure 2). When they trans-

ported stone hammers for Panda nuts, they selected granite stones,

which are relatively rare but especially hard in 88% of cases (401 out

of 458 stone hammers, Boesch & Boesch, 1984b). The high proportion

of stones used as hammers may result from the fact that using a stone

instead of wood allows for an energetic gain of 42% when cracking

Panda nuts (Boesch & Boesch, 1983).

In contrast, Aka and Mbendjele women use an axe or a bushknife,

respectively, as an anvil to crack open the Panda nuts (see Figures 3

and 4). The Aka place the axe on the ground with the sharp cutting

blade edge upwards (Figure 3), and held the nut in place with their

hand so that when the nut is hit with a wooden club it will strike the

blade precisely at the dehiscent line. In contrast, the Mbendjele mainly
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used a bushknife as anvil, similarly maintaining the cutting blade

upwards on the ground with one foot (Figure 4). Mbendjele women

say that axes are too dangerous and are men’s tools, and that they pre-

fer bushknifes, even if we saw them use the axes a few times. We

could confirm that they cut their fingers more often with axes than

when using a bushknife (although this may be an effect of more exten-

sive practice with bushknives). As hammers they use soft wooden

sticks made out of the trunks of small and common saplings (Aka called

them “Djele”, and Mbendjele called them “Dofolofo”). Those selected

by the Mbendjele are so soft that they required replacement after

about 2 hr of use with Panda nuts. Both types of hammers are much

lighter and softer than the stones used by the chimpanzees for the

same nut species.

Moreover, the Aka and the Mbendjele use a second metal tool, a

knife, to extract the kernel from the opened nutshell. After use of the

bushknife or axe to cut open the shell precisely along the dehiscent

line exposing the whole kernel, the knife is used to extract the kernels

intact from the shell to which they remained attached. The extraction

of the kernel with a knife is rapidly done and then they throw the ker-

nels in the basket to bring back to camp.

In agreement with the technical intelligence predictions, Aka and

Mbendjele women show a more diversified nut spectrum that is not

limited to round nuts, as they also crack flat-shaped nuts, like the two

species of Irvingia nuts and Klainedoxa nuts. Since those are large trees

that produce large numbers of fruits, this expansion in the diet is highly

beneficial. Somewhat diverging from the technical intelligence predic-

tions, however, the Aka and Mbendjele showed less selectivity and less

flexibility than the chimpanzees in the selection of their tools as a func-

tion of the nut hardness, limiting themselves to the same few special-

ized tools; metal cutting blades as anvil and very similar sized wooden

hammers. This more limited tool selection process might reflect the

larger cultural dimension of humans in the sense that their tool selec-

tion is strongly influenced by the specific usage of their social group.

This may still be in agreement with the technical intelligence hypothe-

sis if it leads to higher efficiencies, a test we will perform in the next

section. The main cost of using a sharp-cutting anvil instead of a flat

FIGURE 2 Taï chimpanzees cracking nuts: An adult female cracking a Panda nut with a heavy stone hammer (top, left), an adult male
cracking a Coula nut with a wooden hammer (top, right), and an adult female cracking a Coula nut directly in a tree (below)
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one is that it requires holding the nut in position permanently during

the strikes, thereby exposing the fingers to cuts if the nut slips along

the blade of the anvil.

4.1.2 | Different nuts—Same tools

Contrary to what we saw with the hard Panda nuts, Taï chimpanzees

and Mbendjele women use very similar materials to crack the softer

Coula and Elaeis nuts. Both populations select flat stable anvils on

which the nuts are balanced without support; chimpanzees select

mostly naturally occurring roots or more rarely rocks (6%), while

Mbendjele select a flat stone (40%) when they crack the nuts in the

forest, or a wooden mortar, called “kingi leboka” (58%, N 5 32/53)

when cracking the nuts in the camp. In both populations, anvils are re-

used regularly to crack the same nut species across seasons.

As hammers, chimpanzees select mostly small stone hammers

(about 80% in South Group chimpanzees; Luncz et al., 2012) or mainly

wooden hammers (about 80% in North Group chimpanzees; Luncz

et al., 2012). In the group of Mbendjele that we followed, they selected

stone hammers in 45% of the nut-cracking sessions in the forest

(N 5 24/53) and when in camp used a wooden stick in 21 cases or a

metal axe head in 8 cases.

4.2 | Nut-cracking technique

4.2.1 | Same nuts—Different tools

We considered six main elements of the complex nut-cracking process,

all of which both the women and the chimpanzees used in the same

order and with similar techniques (Figures 5–7). Individuals positioned

the nuts precisely on the anvils, stabilized them if necessary, and used

a hammer to hit the nut vertically until they cracked.

Taï chimpanzees mainly crack nuts alone, except for females with

the dependent offspring (Figures 2 and 5). If no hammer is available at

FIGURE 3 Aka women demonstrating the nut cracking technique using a traditional axe as an anvil and a wooden hammer to crack
Irvingia nuts in the camp (both on top) and Panda nuts in the forest (both below). In both cases, we see how carefully the nut is maintained
on the blade of the axe before striking with the wooden hammer
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a tree with nuts, chimpanzees select and transport a hammer to crack

nuts and they eat all nuts immediately, thus always combining nut-

cracking with nut-eating for each sequence. Mothers share extensively

with their infants and juveniles (Boesch & Boesch-Achermann, 2000).

Sharing of nuts with unrelated individuals is exceptionally rare, except

in the case of adoption of orphans (Boesch, Bol�e, Eckhardt, & Boesch,

2010).

The Aka women forage in the forest as groups of four or more

individuals which sometimes include men for security (especially when

elephants are known to be in the forest). For Irvingia nuts, each woman

cracked an average of 226 nuts per tree and an average of 535 nuts

per day, which represents about 2.6 kg of nuts per day per woman.

Before leaving the camp to collect nuts, the women take in their basket

the nut-cracking tools, an axe, a Djele hammer, and a knife. Older expe-

rienced women guide the others after they have agreed which trees

and/or region to visit. Once under a tree, each woman collects her nuts

onto a separate pile and cracks all of them on her own, extracting the

kernel with a knife before cracking the next one (Figure 3). Only for

especially productive trees will they collect a second pile of nuts to

crack. The Aka women both for Irvingia and Panda nuts arrive as a

group under the tree, and more than one woman cracks nuts at that

tree (Figure 6). Sometimes, a mother opening nuts with an 8–12 year-

old daughter may have her help by extracting the kernels with her

mother’s knife (Figure 6).

The Mbendjele women have developed more a social approach to

nut-cracking, as five of the six elements of the nut-cracking are shared

with members of the women group gathering together (Figure 7). Typi-

cally, some women collect all of the nuts into one big pile under the

same tree and all nut-crackers place themselves in a circle around that

pile (Figure 4). Once opened, they place the opened nut parts with one

kernel in a pile on a large leaf for the extraction of the kernels to be

done by another woman, often the one baby-sitting (Figure 7). Switch-

ing between nut-cracking to nut extraction can happen, especially if

the baby of a nut-cracking woman wants to breastfeed. Regularly,

while collecting nuts, one woman makes some thin wooden hammers

for herself and the other women. Cooperative nut collection, making

hammers and kernels extraction by Mbendjele women occurred consis-

tently; no such cooperation was observed in chimpanzees.

FIGURE 5 Technique used by the Taï chimpanzee to crack open
the Panda nuts. The nut cracking is basically individual, with only
two elements sometimes performed by others (see the doted
boxes and dashed arrows): first, the offspring of the females may
sometimes crack a few nuts with the females’ tools. Second,
chimpanzee mothers systematically share the nuts they open with
dependent offspring between 2 and 5 years

FIGURE 6 Technique used to crack the Panda and Irvingia nuts by
the Aka foragers. The Aka were observed to perform most of the
nut-cracking actions individually, but they always crack the nuts in
groups, and they cooperate to find the trees with most experi-
enced woman guiding the other ones. Mothers with middle-aged
infants may have those help by extracting the kernels with their
mother’s knife (the dotted lines shows this to be facultative)

FIGURE 4 A group of Mbendjele women cracking Panda nuts. As
typical for the Mbendjele, the women have piled the collected nuts
in one large pile in the middle and they position themselves around
it to crack them using a bushknife as an anvil. The opened nuts are
placed on a big Aframomum leaf, visible on the foreground, for one
woman to extract
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4.2.2 | Different nuts—Same tools

The six main elements found when opening the hard nuts were also

observed for the softer Coula nuts in chimpanzees (Figure 5). As for

Panda, Coula nut-cracking in chimpanzees is a predominantly individual-

istic activity with the exception of mother-offspring interactions. Like

the chimpanzees, Mbendjele adult women crack palm oil nuts individu-

alistically, both in the forest and in camp. The women also use palm oil

as a body lotion, a beauty product and for ritual purposes.

4.3 | Efficiency of nut-cracking technique

4.3.1 | Same nut—different tools

Comparing the number of nuts opened per minute using the two meas-

ures presented in the methods allows assessment of how different tech-

niques result in different performances. However, due to the paucity of

Panda trees in the forest where the Aka lived, we can compare only

Mbendjele efficiencies with those of the Taï chimpanzees. This revealed

no obvious difference between the Mbendjele and chimpanzees regard-

ing the first efficiency measure (estimate 6 SE 5 0.06 1 0.08,

X2 5 0.499, df 5 1, p 5 0.480; see also Figure 8a). This is notable as the

chimpanzee efficiency is probably underestimated as it is difficult to be

certain the measure for chimpanzees was not affected by time spent

eating the nuts.

The second efficiency measure, the average number of hits needed

to open a nut, was also not significantly different (estimate 6

SE5 0.016 6 0.132, X2 5 0.015, p 5 0.904; see also Figure 8b). Chim-

panzees use about 40% fewer hits on average, which suggests that

their use of stones, which are harder and heavier than the women’s

wooden clubs, compensated for any advantages that the cutting anvils

provided.

This impression is reinforced when we look at the efficiencies

reached by chimpanzees when using hammers of different weights: the

heavier the stone hammers used to crack the Panda nuts, the more nuts

per minute they tended to open (estimate 6 SE 5 0.076 6 0.041,

X2 5 3.073, df 5 1, p 5 0.080) (Figure 9 top) and the fewer hits they

needed to open the nuts (estimate 6 SE 5 –0.300 6 0.50,

X2 5 17.301, df 5 1, p < 0.001) (Figure 9 below). Chimpanzees have

the possibility of selecting a heavier hammer to improve both efficiency

measures when cracking Panda nuts, a solution that is not available to

the Mbendjele, as they restrict their selection to similar sized wooden

clubs.

4.3.2 | Different nuts—Same tools

Here with regard to the number of nuts per minute, there was no

obvious difference between chimpanzees and Mbendjele efficiencies

(estimate 6 SE 5 0.09 6 0.07, X2 5 1.63, df 5 1, p 5 0.202; boot-

strapped confidence interval of estimate: 20.06 to 0.24; Figure 10a).

However, with regard to the number of hits per nut, humans clearly

needed fewer hits than chimpanzees (estimate 6 SE 5 –1.41 1 0.15,

X2 5 49.34, df 5 1, p < 0.001; bootstrapped confidence interval:

21.71 to21.13; Figure 10b).

5 | DISCUSSION

According to the technical intelligence hypothesis, humans should pos-

sess a more elaborate knowledge of tools and their function, and

FIGURE 7 Technique used to crack the Panda nuts by the Mbendjele foragers. The main elements of nut cracking remain the same, but
except for cracking the nuts, all other elements were done by and with other women
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therefore be better able to solve technical challenges and thereby out-

perform other animal species, including chimpanzees. The nut-cracking

behavior is part of the natural foraging repertoire of both humans and

chimpanzees allowing for the first investigation of the technical intelli-

gence hypothesis without the confounds of the arbitrariness and artifi-

ciality present in many experimental comparative studies (Bering,

2004; Boesch, 2007; Ferdowsian et al., 2011; Henrich, Heine, & Nor-

enzayan, 2010). Our comparison revealed a large overlap in the solu-

tions adopted by the two species as well as notable differences.

Mbendjele women often cooperated during nut-cracking, including by

performing complementary tasks, while chimpanzees mostly cracked

nuts individualistically, and the women can exploit more types of nuts

because they use more specialized tools. However, chimpanzees crack

nuts equally or more efficiently by some measures.

Nut cracking presumably appeared very early in human evolution

and this percussive behavior is suggested to be at the origin of the

invention of the intentional flaking behavior emerging in our ancestors

some 2–3.3 million years ago (Bril et al., 2009; Harmand et al., 2015;

Nonaka, Bril, & Rein, 2010). Chimpanzee nut-cracking has been the

subject of detailed study in West Africa, where the behavior has

existed for at least 4,300 years (Boesch & Boesch-Achermann, 2000;

Mercader et al., 2007; Mercader, Panger, & Boesch, 2002; Sirianni

et al., 2015).

5.1 | Contrasting chimpanzee and human nut-cracking

technique

Different solutions are available to crack a nut (Figure 1), and chimpan-

zees concentrate on what is possible with natural tools with surprising

success, while humans developed composite artificial tools. In contrast,

for soft nuts, humans like chimpanzees choose natural stones as

FIGURE 8 (a) Comparison of the number of Panda nuts opened
per minute among Taï chimpanzee females and Mbendjele women.
When opening Panda nuts, Taï chimpanzee females (N
individuals 5 18, N sequences 5 114) and Mbendejele women (N
individuals 5 17, N sequences 5 98) used different tool material
and type than the Mbendjele (see text for more explanation).
Points indicate averages per individual, and horizontal lines and
boxed indicate medians and quartiles, respectively. The points are
proportionate to the number of nut cracking sessions per individual
(range: 1–12). (b) Comparison of the number of hits to open a
Panda nut among Taï chimpanzee females and Mbendjele women.
The area of the dots is proportionate to the number of cracking
sessions per individual (range: 1–21)

FIGURE 9 Taï chimpanzees efficiencies when cracking Panda nuts
as a function of the weight of the stone hammers used. Number of
nuts per minute is presented above and number of hits per nut
below. In both graphs, each dot represents one nut cracking

session. The dashed and dotted lines indicate the fitted model and
its confidence intervals (for the respective other predictors being
at their average)
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hammers and anvils. Iron tools are a limited resource within the BaYaka

society, as there is often only one axe or bushknife per family. Thus,

using an axe/bushknife for nut-cracking prevents its use by other fam-

ily members for other activities such as honey gathering or hunting and

in addition imposes transport costs.

The complexity of nut-cracking allows for different technical solu-

tions resulting in comparable benefits. For example, the selection of a

specific hammer type can entail different types of benefits. We saw

that the Mbendjele select small light hammers while the chimpanzees

select heavy hard stone hammers. Both tools have their benefits, with

the heavier ones opening nuts with fewer hits and possibly more

quickly, while the smaller hammers may provide improved precision

when required (such as for Irvingia and Klainedoxa nuts). At the same

time, selecting such tools incurs costs that are difficult to compare: a

heavy stone needs to be transported by the chimpanzees over distan-

ces up to a few hundreds of meters (Boesch & Boesch, 1984b), while

the use of a smaller wooden hammer is efficient only if combined with

a metal anvil that is transported all day long by the Mbendjele and the

Aka women. Another cost comes from the relative softness of tree

root anvils which thus absorb a portion of the strike energy. The larger

weight of the hammers seems to compensate for this, so that in the

end chimpanzees still use fewer hit per nut than Mbendjele women

using a bushknife. However, it is important to note that the bushknife

is used by women in the forest for many other purposes.

Chimpanzees live in Taï NP in a forest where K. gabonensis and I.

gabonensis trees are common and they regularly eat the flesh from

fresh fallen frruit. However, they were never seen to use tools to crack

them open, although they regularly eat kernels from Irvingia nuts by

using their canines to widen small openings that result from germina-

tion. This requires considerable force, though, and could lead to tooth

breakage. In the Congo forests, the Mbendjele women crack the nuts

from K. gabonensis and I. gabonensis as well as the very hard Antrocarion

and I. robur nuts. The use of metal tools thus allows the exploitation of

many more of the abundant hard nuts available in those forests. Chim-

panzees are strongly limited to those hard nuts that can be balanced

on a flat anvil.

On the other hand, use of sharp-edged metal cutting tools may

entail some costs, especially when used to open hard-shelled nuts.

Both the axe used by the Aka women and the bushknife used by the

Mbendjele produced occasional cuts to the fingers that resulted in

bleeding and sometimes caused even deeper cuts that prevented them

from cracking nuts for a few days. This especially occurred for younger

individuals learning the technique and in a subsequent analysis we will

study how such a risk affects the learning of the technique.

5.2 | Technical intelligence and nut cracking

Which aspects of technical intelligence may explain the differences we

observed between humans and chimpanzees when cracking nuts? Fig-

ure 11 lists the four main cognitive skills we see at work within the

nut-cracking sequence that can explain part of the differences dis-

cussed above.

1. Planning of actions: Some have proposed this to be one of the dis-

tinguishing cognitive abilities between humans and other animals

(Cheke & Clayton, 2010; Roberts, 2002; Suddendorf & Corballis,

2007, but see Janmaat, Ban, & Boesch, 2013a, 2013b). For the hard

Panda nuts, both species plan by anticipating the need of a specific

hammer/anvil and transport it if needed to the nut cracking tree

FIGURE 10 (a) Comparison of the number of nuts opened per
minute between female chimpanzees cracking Coula nuts (N
individuals 5 22, N sequences 5 206) and humans cracking oil
palm nuts (N individuals 5 7, N sequences 5 53). Indicated are the
mean number nuts per minute per individual (dots) together with
medians and quartiles. The area of the dots is proportionate to the
number of cracking sessions per individual (range: 1–35). (b)
Comparison of the number of hits per nut between female
chimpanzees cracking Coula nuts and humans cracking oil palm
nuts. Indicated are mean number hits per nut and individual (dots)
together with medians and quartiles. The area of the dots is
proportionate to the number of cracking sessions per individual
(range: 1–34)
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(see Figure 11). By using both an artificial anvil and commonly

occurring wood as a hammer, Mbendjele women have partly freed

themselves from the limitations of material availability in the forest.

For chimpanzees, nut-cracking may be energetically unfeasible in

forests of limited material availability, while the Mbendjele women

could still crack the nuts under such conditions. For example, large

granite stones, commonly used by chimpanzees for Panda nuts, are

extremely rare in the Aka and Mbendjele forests but this does not

affect their performance. This difference between the two species

points to a clear selective advantage for action planning.

2. Conditional selection of tools: In a recent analysis, we showed that

the hammer selection process for Coula nut-cracking by Taï chim-

panzees is highly complex, and included simultaneous assessment

of four different parameters of the tool and hammer selection

dependent upon the local material available (Sirianni et al., 2015).

An earlier, less detailed study tended to support a very similar

awareness of at least three functional properties of stone hammers

for Panda nut-cracking in Taï chimpanzees (Boesch & Boesch,

1984b). Nut cracking represents one of the most challenging high

benefit foraging behaviors seen in nature and chimpanzees have

developed sophisticated cognitive skills to achieve a net benefit

despite important environmental constraints (Milton, 1988).

In contrast, humans have partly freed themselves from such environ-

mental constraints and followed a comparatively simple and rigid

selection strategy by always using the same anvil and selecting ham-

mers among a very limited number of common sapling species. This

is clearly less complex than what we see in chimpanzees and is unex-

pected under the technical intelligence hypothesis. In addition, it

entails costs as the efficiency measures for hard nuts tend to be

lower for humans compared to chimpanzees (see Figure 8b). Thus,

on one side and when comparing the same nut species, chimpanzees

demonstrate a more elaborate selection of tools than humans. On

the other side, the potential limitation in the human’s selection flexi-

bility is largely compensated by a larger access to more nut species.

FIGURE 11 Contrasting humans and chimpanzee technical solutions when cracking Panda nuts. We identified four main technical steps
that seem to reflect different technical cognitive approaches; (a) planning of actions: humans transport their tools frequently for the whole
day from leaving the camp in the morning visiting different trees until back in the camp, while chimpanzees transport them normally to one
tree only, (b) conditional selection of tool properties: humans rely on light handy wooden hammer and the same iron tools, while
chimpanzees select natural stone hammers anew for each nut cracking sequence, (c) composite tools: humans make and use composite
tools consisting of different materials, while chimpanzees use and make only natural tools of the material found in the forest, and (d)
delayed food sharing: humans extract the extracted kernels with an artificial knife and carry them back to camp, while chimpanzees extract
most of it with their teeth as they eat them as they open them
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It is further noteworthy that chimpanzees crack Coula nuts at the

beginning of the season directly in the branches of the nut-

producing trees by selecting anvils that can sometimes be far from

horizontal (Figure 2). In those situations, chimpanzees hold the nut in

place on the anvil with one hand while pounding it with the hammer

held in the other hand (Boesch & Boesch, 1984a, 1984b). To avoid

hitting their fingers during striking the nuts, they swiftly release the

grip on the nut, holding it back firmly before lifting the hammer

(Boesch & Boesch, 1990). This tree-technique uniquely seen in chim-

panzees allows them to expand the nut-cracking season by a whole

month and therefore maximize the amount of nuts they can

consume.

3. Composite tools: After many decades of observations on wild chim-

panzees living in different environments, we have yet to find a pop-

ulation able to produce composite tools or sharp-edge tools

(Ambrose, 2010; Boesch, 2012), suggesting a striking limitation in

the technical abilities of chimpanzees as compared to humans. Unin-

tentional flake production happens regularly when chimpanzees use

stones to crack nuts, as has been documented in an archeological

study in the Taï forest (Mercader et al., 2002) as well as directly

observed (Boesch, personal observation). Nevertheless, chimpan-

zees have never been seen to use the sharp-edge of such flakes,

even while they reuse them as smaller hammer to crack nuts with

the same pounding technique. Chimpanzees have been seen to use

tools in a sequential order that can include tools of different materi-

als (Boesch, 2012; Boesch, Head, & Robbins, 2009), but they have

never been seen to combine them into one composite tool. This

supports a striking difference in technical intelligence between

chimpanzees and humans.

Present-day composite tools include the metal tools which were

introduced in Central Africa only recently (Bahuchet, 1991, and

Lupo et al., 2015 suggest iron introduction and production possibly

as late as AD 1787), which raises the question of what type of com-

posite tools were the BaYaka using to crack nuts before the intro-

duction of iron ore? Were they using the same technique with

stone handaxes? It is, however, still unclear how resistant these

would have been for cracking the hard Panda nuts (Hayden, 2008,

2015). So it might be that, as they still do with soft nuts, the BaYaka

people could have used a more chimpanzee-like technique before

the Iron Age. For example, when cracking only a few nuts, Mbend-

jele women may use roots as an anvil, as chimpanzees do, and place

the Panda nuts on it and use the bushknife as a hammer (a tech-

nique regularly seen in the present-day Baka of Cameroon; Sato,

Kawamura, Hayashi, Inai, & Yamauchi, 2012).

Finally, the evolution of composite tools should be expected only in

situations where it brings some selective advantage. This is not the

case for Panda nut-cracking technique where simple tools are

equally efficient (see Figure 8), so the inclusion of composite tools

in the nut-cracking technique needs to be explained. One possibility

is that in the BaYaka society bushknifes and axes are multi-function

tools, and while now an important element for cracking nuts, they

may originally have been used to cut firewood, to cut the large Tre-

culia fruits to access the prized numerous seeds, to dig out wild yam

tubers, to cut new wooden hammers and so on. Once these bene-

fits of bushknifes were established they may have been employed

in the nut-cracking technique.

4. Delayed food sharing: The notion of Home Base has been central in

our understanding of some of the key innovations leading to mod-

ern humans (Isaac, 1978; Kaplan, Hill, Lancaster, & Hurtado, 2000;

Marlowe, 2005). In all traditional hunter-gatherer societies, part of

the food collected in the field is brought back to camp for sharing

with individuals that were not present during collection because

they were foraging for other food sources or did not forage at all.

Our observations of nut-cracking in the forest by the BaYaka

women concur with this view and stand in strong contrast with the

chimpanzee habit of consuming everything where the food has

been accessed. Food sharing has been amply documented in chim-

panzees for meat (Boesch & Boesch, 1989; Gilby, 2006; Teleki,

1973; Watts & Mitani, 2002), for nuts (Boesch & Boesch-

Achermann, 2000), and for some large fruits (Gomes & Boesch,

2011; Wittig & Boesch, 2003), however the sharing happens always

at the time of consumption and is not delayed in the way it is in

humans.

Food sharing in camps in humans has been proposed to fulfill a very

important social function and play a central role in the development of

a division of labor between the sexes and among different age classes

(Isaac, 1978; Marlowe, 2005; Winterhalder, 1997; Winterhalder &

Smith, 2000). This social function is partly observed in chimpanzees

where food, especially meat, can be shared strategically and traded

with social partners (Boesch & Boesch, 1989; Gomes & Boesch, 2009,

2011; Mitani, Watts, & Muller, 2002).

5.3 | Socio-cultural aspects of technical solutions

The technical complexity of nut-cracking and the varying availability of

potential tools results in individuals adopting different solutions that

may be equally efficient (Figure 1). This flexibility provides room for dif-

ferent technical solutions in different groups. For example, in Taï chim-

panzees, different neighboring groups have developed different

preferences for the material of the hammers they use when cracking

the Coula nuts and individuals within each social group show a very

high level of conformity to their group’s solution (Luncz et al., 2012,

2014; Luncz, Wittig, & Boesch, 2015). Furthermore, these different

material preferences were only in part affected by material availability

in the different group territory, supporting clearly a cultural influence

on material selection (Luncz et al., 2012). Similarly, anvil selection dif-

fers in the two BaYaka groups we compared, with the Aka using only

axes and the Mbendjele using mainly bushknives. This difference

seems to come at a cost, as the Mbendjele women are significatively

less efficient than the Aka women when cracking the same I. gabonen-

sis nuts (called “Mopayo” or “Payo” respectively; Boesch, unpublished

data). Axes have greater cutting power than bushknives, and once their

use is mastered they allow the opening of very hard nuts more effi-

ciently than bushknives. Finally, Mbendjele women select heavier

branches as hammers for Irvingia nuts than Aka women. This may be
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viewed as a way to compensate for the lower cutting power of the

bushknifes (see Figure 1), but this is complicated by the fact that

Mbendjele open the nuts “from the head,”2 while Aka women open

them from the base to make the extraction of the kernel easier.

The largest difference in nut-cracking as a social activity was the

extensive cooperation among Aka and, especially, Mbendjele women,

in contrast to the individualistic nut-cracking by chimpanzees. Thus, we

see here a case of “facultative cooperation” as it reflects more the

social cohesion within group members than an adaptive response to an

ecological challenge (West et al., 2006).

An intriguing question is why we see a difference in the level of

cooperation between Aka and Mbendjele women. At least two possible

factors may explain this. First, Aka women foraging around the larger

village of Ndele faced relatively higher levels of feeding competition.

We regularly observed that Aka women might arrive at fruiting Irvingia

trees only to find that other women are already cracking the nuts or

that all nuts had been collected by others since their last visit. Such sit-

uations never happened when we were with the Mbendjele where

Panda trees are very abundant and the women could easily fill their

baskets close to camp and this may have allowed their higher levels of

cooperation. A second factor may be differences in the level of seden-

tarization. Lewis, Vinicius, Strods, Mace, and Migliano (2014) proposed

that extensive cooperation in hunter-gatherer societies resulted from a

combination of high mobility with prevalent demand sharing, and fur-

ther argued that it could persist without punishment of non-

cooperator. However, they added that cooperation becomes less likely

as groups became less mobile. This might help to explain why we found

less complex cooperation among the Aka, who were in the process of

sedentarization, and the Mbendjele, who relied much more on tempo-

rary camps and were more mobile.

6 | CONCLUSION

A direct comparison of nut cracking between chimpanzees and humans

in the context of the technical intelligence hypothesis has revealed a

complex picture. In some aspects humans performed in more complex

and efficient ways than chimpanzees, as predicted, while in other

aspects chimpanzees outperformed humans. This revealed as well that

both species were able to find different and efficient technical solu-

tions to the challenge of opening hard nuts, with chimpanzees relying

more on flexible solutions reevaluated for each nut-cracking situation,

while humans rely systematically on the same high performance tools

in all different nut-cracking situations. The more flexible solutions

adopted in chimpanzees rewarded them with better performance in

some measurements. However, the more socially integrated human

solutions allow for the complementary work of different individuals to

crack the nuts. Cooperation levels differed in the two humans groups

for aspects of the nut-cracking that one individual could master on its

own. Chimpanzee and human each have sophisticated technical intelli-

gence skills to solve in their own ways the complex challenges of crack-

ing hard nuts with the help of tools.
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