|
|
|
|
|
|
|
|
|
|

Ecology and cognition of tool
use in chimpanzees

Christophe Boesch

Max Planck Institute for Evolutionary Anthropology

Introduction

Humans, as the most technological species, tend to assume that tool use is a sign of higher
intelligence and that, over the course of our evolution, tools conferred a decisive
advantage in the struggle to adapt to different environments (Mithen, 1996; Wynn,
2002; Wolpert, 2003; Dietrich ef al., 2008). As such, animal species that use tools are
considered more intelligent, while those that do not are judged as being less intelligent.
This amounts to an anthropocentric judgment whereby humans adopt a human criterion
to judge the adaptive skills of other species (Bartrett et al., 2007; Goodrich & Allen, 2007).
However, both phylogeny and ecology must be taken into account before one makes
judgments about when and where we might expect tools to be used (Bluff et al., 2007;
Hansell & Ruxton, 2008).

Tool use as an adaptation

Physical adaptations

If one remembers that, in most cases, tools are an extension of one’s body that allow an
individual to solve tasks that cannot be solved with the body alone (Goodall, 1970; Beck,
1980; Boesch & Boesch, 1990), we must acknowledge that some primate species possess
more efficient physical specializations than humans. For example, baboons have very
hard, sharp teeth, which allow them to break open hard-shelled fruits that humans would
be unable to open without the help of a tool (Kummer, 1968). Similarly, orangutans and
gorillas, which are clearly physically stronger than humans, have been seen accessing
food resources using sheer force in situations where humans would need to rely on tools
(Schaik & Knott, 1996; Cipolletta ef al., 2007). In addition to sheer force, it has been
argued that hands help in tool use and this would then explain some of the distribution of
tool use in the animal kingdom, although we should not forget that birds hold tools with
their beaks and some otters use tools as well. Therefore, independent of the cognitive
capacities required to use tools, tool use by animals should not be expected to occur in all
situations where humans might use them. Our natural tendency to anthropomorphize

Tool Use in Animals: Cognition and Ecology, eds. Crickette M. Sanz, Josep Call and Christophe Boesch.
Published by Cambridge University Press. © Cambridge University Press 2013.




——

&

S
J o=k = o

N e

22

Christophe Boesch

hinders us from reaching a better understanding of the evolution of tool use, and it is

imperative that we look directly to animals for answers about when tools might be
beneficial.

Challenges imposed by ecological niche

Furthermore, each individual animal lives in a specific ecological niche, where they
encounter daily challenges that must be solved, and some of these challenges might be
more efficiently solved with the help of tools. Moreover, such challenges will vary
according to the species and the specific population studied. For example, a capuchin
monkey living in the dry open areas of northeast Brazil only faces a limited number of
challenges similar to those encountered by a capuchin monkey in wetter regions of Brazil
(Moura & Lee, 2004; Visalberghi ef al., 2007; Canale et al., 2009; Souto ef al., 201 I;
Spagnoletti et al., 2011). Moreover, both face totally different conditions than capuchin
individuals living in captivity. In addition, each species possesses different physical
adaptations, which might directly affect the possibility of using tools. The result might
be that, within each population, an individual’s development of causal understanding —
the understanding of the relationship between a set of factors (causes) and a phenomenon
(the effect) — will be promoted by being exposed to situations where such understanding
confers a competitive advantage. In turn, this will increase the exposure of juveniles to
specific object-object interactions that promote the development of folk physics and
select adaptive population-specific cognitive traits responsible for their specific tool-use
abilities (Fragaszy & Visalberghi, 2004; Boesch, 2007; Bluff et al., 2010).

So the question should really be, what is the best way to solve a challenge faced by an
individual within his ecological niche, rather than, why doesn’t a particular species/
individual use tools? Such an ecological approach toward tool use avoids the anthro-
pocentric assumption that it is better to use tools in most situations and allows us to look
at the ecological and morphological factors that affect tool use. It is important to note
that, in the real world, there is a constant interaction between brain, body and world
(Barrett et al., 2007; Boesch, 2007, 2010), and that we need to put ourselves into the
situation of the animals as much as possible if we want to understand the solutions they
adopt.

Macaques, a widely distributed genus, have not been observed to be particulatly adept
tool users; however, whenever facing the appropriate conditions, such as those of the Piak
Namn Yai Island in the Andaman Sea, they have been observed to become skilled tool users
and develop customary forms of tool use to extract food items in the intertidal zones of'the
coastal habitats and select tools based on the food being processed (Gumert et al., 2009).
“Appropriate conditions” are going to be species-specific, making any claims about
limitation in tool-using abilities hazardous, before we have gained an in-depth knowledge
of the species-wide population variations.

Some have argued that mental reasoning and understanding of the technical aspects
of tool use can only be demonstrated in “new situations on the first trial” (Tomasello &
Call, 1997; Bluff et al., 2007; Penn & Povinelli, 2007). However, such a criterion
cannot apply to natural situations, and thus, by definition, would seem to thwart any
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claims about reasoning and understanding from natural observations. If such a biased
approach to the study of animal behavior could be adhered to for the few animal
species that can be maintained in ethically and ecologically valid captive conditions,
it would prevent any understanding of higher cognition for all species in which
captive conditions cannot be implemented with ecologically valid environment.
Besides this, below we will see that some tool techniques result from very specialized
ecological challenges that cannot be fully mimicked in captive conditions.
Nevertheless, some birds have proven to be the ideal subjects and careful experimen-
tation has allowed for much progress in detailing some of the cognitive requirements
of tool use (see reviews by Emery & Clayton, 2004; Hunt ef al., 2006; Bluff ef al.,
2007; Seed et al., 2009a).

In the present review, I propose to concentrate on natural observations of tool use in
capuchins and chimpanzees in an attempt to understand causal understanding in
primates. This will allow me to illustrate the central role ecology plays in tool use,
especially for complex tool use aimed at refrieving food embedded in natural substrate.
For many complex real-world situations, experiments are not possible and only natural
observations will guide our thinking about animal reasoning and produce hypotheses
about the way animals might understand and alter their environments.

Tool use and anthropomorphism

Anthropomorphism, the attribution of human feelings and intention to other species, is an
inherent tendency of each human observer (Keeley, 2004; Goodrich & Allen, 2007;
Wynne, 2007). This is potentially dangerous as such an attribution can be purely a
consequence of our own way of thinking and have nothing to do with the way an animal
is thinking. At the same time, without an intimate understanding of the real challenges an
animal faces and the way it can arrive at solutions, there is no way we can make progress
in understanding the ways animals react in their environment. By definition, we can only
achieve that in an anthropomorphic way as we are humans. The nut-cracking behavior in
Tai forest chimpanzees or the underground termite fishing in Goualougo forest chimp-
anzees has to be solved within the technical constraints of those forests and only human
experiments can give us a feeling of what the real challenges are. So, basically, it is our
anthropomorphic understanding of the technical components of a tool-oriented task that
forms our basis for evaluating the appropriate solutions and estimating the cognitive
challenges. =

Having said that, no observer thinks animals have to solve the task in a human way,
and we do consider the specificity of the animal’s way of addressing the technical
challenges, but this remains a challenge for us as we are humans and cannot really
make judgments about the perceptions, understanding, previous experiences or alter-
natives that another species brings with them when solving a task. This problem is
especially acufe in captive experimental situations where all dimensions of the settings
and the solutions are an enforced human design, often with very limited ecological
validity (Allen, 2002; Boesch, 2007, 2010), and it becomes particularly difficult to
untangle what animals have brought in apart from the human impositions.
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The importance of ecology, cognition and culture

The “eco-cultural model” was originally proposed to explain the differences in cognitive
development observed between humans belonging to different cultures (Segall efal., 1999;
Carpendale & Lewis, 2004), and I proposed to expand it to include all large-brain animal
species capable of learning (Boesch, 2007). This model stresses that behavior and cogni-
tion are not purely driven by genetics, but result from the year-long ontogenetic inter-
actions of the individual with his social group and his ecological niche. The eco-cultural
model predicts that tool-use frequency should vary according to the ecological challenges
faced by different species. The more ecological niches are encountered by a species, the
more diverse technological solutions should be observed in that species, when all other
factors would remain constant. In other words, with the same level of learning ability and
the same physical ability, more tool uses should be observed in the species with larger
diversity of ecological niche (Boesch, 2007). Such a model would concur with the
“technical intelligence hypothesis,” which was proposed to relate the technical and
cognitive demands of using tools and thereby explain the origin of the ape/monkey
grade-shift in intelligence (Byrne, 1997, 2004). The classic example of the influence of
ecology and culture is nut cracking with hammers, which has been observed in chimpan-
zees and capuchin monkeys (Boesch ef al., 1994; Visalberghi ef al., 2007; Spagnoletti
etal.,2011); to be able to crack the nuts, those nuts must be present and large proportions of
chimpanzee and capuchin monkey populations do not live in forests where the nuts are
available, and therefore were not seen to use hammers to crack them. On the other hand,
many populations of chimpanzees live in forest where the nuts are present, but they do not
crack those (Boesch ef al., 1994; Boesch, 2003).

Tool use as complex behavior

A tool is defined as an external object detached from its substrate use to attain a goal
(Goodall, 1970; Beck, 1980). In a sense, a tool is perceived as an extension of the body that
is used to achieve a goal that cannot be directly achieved with the use of only hands or teeth.
To be able to achieve such a task, an individual needs to have a certain level of causal
understanding about the effect of one’s own body on objects as well as on the body’s
actions on external objects (Greenfield, 1991; Visalberghi & Tomasello, 1998; Boesch &
Boesch-Achermann, 2000; Fragaszy & Visalberghi, 2004; Visalberghi & Fragaszy, 2006;
Fragaszy, 2007; Hansell & Ruxton, 2008; Wimpenny e al., 2009; Bluff ef al., 2010). As
the latter functions only through the force exerted on the tool to achieve a certain goal, it
was proposed that this requires some more complex forms of causal understanding. While
new examples of tool use have been uncovered from wild animals, causal-understanding
abilities were suggested to be very limited in primates but at the center of the evolution of
human intelligence (Mithen, 1996; Wolpert, 2003). While the causal understanding in each
species must indeed be critically considered, it is only with a detailed and precise conside-
ration of all field evidence that we will be able to comprehend what level of causal
understanding and technical expertise animals have acquired,
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Flexible tool use, the use of different types of tools in different contexts and to reach
different types of rewards, has been observed more frequently in chimpanzees and
humans than in any other animal species (see below; Boesch & Boesch-Achermann,
2000). This distribution of flexible tool use in primates suggest that an elaborate under-
standing of causal relationships between different external objects favors the develop-
ment of tool use to new and different contexts, and this might be an important prerequisite
for the evolution of flexible tool use (Boesch & Boesch-Achermann, 2000).

More categorical definitions of tool use have become important due to the growing
evidence that tool-use skills could be found in many different animal species, including
birds and the increasing evidence of flexible tool use, both in captive and wild
animals (Goodall, 1970; Beck, 1980; Fragaszy, 2007; Hansell & Ruxton, 2008;
Wimpenny et al., 2009). In an attempt to single out some of the cognitive demands
of tool use, some authors have proposed a “tree model” of tool use using a sequential
hierarchical approach concentrating on the number of spatial relations produced by the
actor as well as the order in which they occur (Greenfield, 1991; Matsuzawa, 2001).
Developing on this and focusing on capuchin monkey tool use, a “spatial relation
model” was proposed that identifies four specific aspects of tool use, with a special
emphasis on the spatial relations necessary to master how to place and manipulate the
tool correctly in connection with the food reward (Visalberghi & Fragaszy, 2006;
Fragaszy, 2007). Such spatial relations are qualified depending on if they are performed
concurrently or sequentially, and in a dynamic fashion or not (see Table 2.1). Recently,
a new taxonomy of tools has been proposed based on the number of tools used or
combined, stressing the importance of metatools that were suggested to included all
secondary tools as well as combined tools (Wimpenny ef al., 2009). This new taxo-
nomic approach tends to underestimate the complexity of the decisions made when
using tools, as revealed by a chaine opératoire approach (Bar-Yousef ef al., 1992;
Carvalho et al., 2008; Bar-Yousef & van Peer, 2009; Boesch ef al., 2009). Furthermore,
since I am mainly interested in the ecological challenges solved with tools, I want to
categorize them according to the technical challenges addressed. Therefore, T will
discuss tools within a framework that attempts to distinguish four levels of increasing
complexity in the decision process and come back to the spatial relation model
approach when discussing the effect of cognition on tool use.

Simple tool use

Simple tool use includes all instances where a single tool is used to perform all the actions
necessary to obtain the reward. Examples of simple tool use are: an Egyptian vulture
breaking an egg with a stone held in its beak; a Californian otter pounding an oyster on a
stone placed on its belly; a chimpanzee fishing termites with a twig; and a human cutting
a piece of meat with a knife (see review by Goodall, 1970; Beck, 1980). The actions
performed with the tool can be numerous, but they are all performed with that single tool,
and therefore the causal understanding remains rather straightforward and the delay to
obtain the reward is limited as the connection between the body and the reward is direct
via the tool.
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Body — Tool — Reward

Hence, such simple tool use has been labeled as a first-order problem by Visalberghi
and Fragaszy (2006), as they imply a single relationship between the body and a tool
producing a single dynamic spatial relation (Table 2.1). Simple tool use is a widely
observed ability in the animal kingdom, but one striking difference is that, in most
species, a single or very few different types of simple tool use have been seen (Beck,
1980; Schaik & Knott, 2001). On the other hand, the flexible use of simple tools is limited
to only a couple of species, which suggests that flexibility in tool use is a demanding
aspect (Beck, 1980; Byrne, 1995). As simple as they may be, such tool use still requires
an understanding of the relationship between tool rigidity and function, on the one hand,
and an understanding between tool orientation and position of food reward as well as the
relationship between trajectory and substrate on which tools move, on the other (Santos
et al., 2000).

As in dense and rich habitats, where opportunities to access embedded resources with
tools are high, flexible tool use could rapidly result in an adaptive advantage, and it is
intriguing that such flexibility is so rarely seen in the wild (Beck, 1980; Boesch &
Boesch-Achermann, 2000; Visalberghi et «l., 2007, Hansell & Ruxton, 2008;
Spagnoletti ef al., 2011). However, each simple tool use requires the understanding of
and control over a specific causal and spatial relationship. It is therefore conceivable that
the mastery of multiple relationships such as this rapidly becomes quite demanding, both
in terms of cognitive understanding and flexibility. All chimpanzee and human popula-
tions have been seen to use a variety of simple tools so regularly that we can identify
where individuals originate from on the basis of their specific tool repertoire. As would
be expected from the predictions of the eco-cultural model, these two species face the
largest number of different ecological niches within the primate family (Woltheim, 1983)
and, therefore, face the most diverse sets of ecological challenges.

Combined tool use

In some specific ecological contexts, such simple tool use might not be efficient to solve a
given technical challenge and some innovations can then become necessary. Although a
single tool can successfully extract ants or termites from their nests, it will not successfully
crack hard-shelled fiuits, like nuts. In that case, the nut must be placed on a hard surface
and pounded with a hammer in order to be successful (Boesch & Boesch, 1984;
Visalberghi et al., 2007). An infant who has forgotten to place the nut on a hard surface
will quickly notice that the nut will become encased in the soil and will never break open,
no matter how hard one pounds (Boesch & Boesch-Achermann, 2000). Therefore, in this
situation, the nut must not only be placed in relation to the hammer but, at the same time,
must also be placed on a hard anvil in order for the pounding to be successful.
Chimpanzees and capuchin monkeys are able to flexibly do this, as they select the hardness
of both the anvil and the hammer in accordance with the hardness of the nut they intend to
crack (Boesch & Boesch, 1984; Visalberghi et al., 2009; Spagnoletti ef al., 2011). This
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combination of two types of relationships requires a precise understanding of causal
relationships and this results in further delay in achieving success as the tool user needs
to bring the two objects together before being able to act (Boesch & Boesch, 1984; Inoue-
Nakamura & Matsuzawa, 1997).

Body — Hammer + Anvil — Reward

Combined tool use, which has also been termed a “second-order problem” as individ-
uals are required to manage two spatial relationships between objects concurrently
(Visalberghi & Fragaszy, 2006), has also been observed in primates, although clearly
less frequently than simple tool use (e.g., nut cracking [see above] or honey extraction
[see below]). Wild capuchin monkeys have been seen to efficiently master both the
spatial relationships between positioning the nut on the anvil as well as the pounding of
the nut with a hard hammer.

Sequential tool use

In addition to combined tools that are used at the same time; animals have been observed

i to use tools one after the other before reaching the reward. Two types of sequential tools
can be distinguished. True sequential tools that are used one after the other in a sequence

! before reaching the goal, and secondary tools where one tool is used to make a tool, that

can then be used to reach the goal (see Watanabe, 1972 in Sumita, 1985).

Such sequential tool use is observed when important food resources are not always
directly accessible with a single tool in nature, as they are either too well protected from
predators or are too distantly located to be reached directly with only one tool. Two
major classes of resources are concerned here. The first, honey, is a very attractive food
resource for many animal species, and therefore bees construct well-protected hives as
they rely on them for their survival and reproduction. Many hives are located in small
: openings high up in trees and accessing them is a real challenge, even for honey
. badgers, which are armed with specialized morphological tools such as powerful

claws and teeth. Some hives are impressively large; for example, some stingless bees
in the forests of Gabon produce hives that are up to 100 cm deep, making it mandatory
to use tools to reach the honey for animals that are physically too large to enter the nest,
The second class of resources includes underground foods such as tubers, termites, ants
and honey. For all of these, the resource must first be located, then accessed and, finally,
the food must be extracted. Often many tools are necessary for consumption to be
successful.
The technical challenges of accessing such resources may discourage some animal
* species, who will then simply neglect them, while others may acquire morphological
adaptations in order to specialize for them. This is the case with honey badgers in African
forests, which specialize on honey, and with pangolins, which specialize on termites.
However, in other habitats, food availability might make such resources highly prized,
and sequential tool use will be the logical consequence.
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In the past, the cognitive challenges of attaining such underground resources were
proposed to be too demanding for non-human primates and to therefore be a uniquely
human specialty (Hatley & Kappelman, 1980; Laden & Wrangham, 2005). Recent
observations have shown that the exploitation of such protected food resources is well
within the ability of chimpanzees and that they do so regularly, using complex tool sets
(Sanz et al., 2004; Hernandez-Aguilar ef al., 2007; Boesch ef al., 2009; Sanz & Morgan,
2009). Tool set use, which is the use of different tools one after the other in order to reach
a reward, is in fact a sequential tool use as the order in which each tool is used is not
independent from the others.

Sequential tool use adds a layer of complexity, as the likelihood of randomly finding
the correct sequence to use the tools decreases proportionally with the number of differ-
ent tools used and, at the same time, requires a longer delay in obtaining the reward. That
each tool is of a different type and fulfills a different function implies that individuals
must keep track of different causal relationships in a sequential order, of which only the
last step allows access to the reward. Continuing with the example of honey extraction in
chimpanzees, tool 1, called the pounder, is used to forcefully hit the wax covering the
entrance to the bee hive until it is broken, which is sub-goal 1. Once this is achieved, tool
2, the enlarger, is used to open the honey chambers within the nest, which is sub-goal 2.
Finally, a collector, tool 3, is used to extract the honey, which is the reward (Boesch ef al.,
2009; Sanz & Morgan, 2009; see Figure 2.1). As such nests are very large, an individual
might have to reuse an enlarger (tool 2) to access a new honey chamber (sub-goal 2) to be
able to extract more honey with a collector (tool 3). Therefore, tool users must differ-
entiate between the spatial relationships of “tool 1,” with its specific action to object

General diagram of sequential tool use based on the complex situations seen in chimpanzees.
“Tool 1” will be reused until “sub-goal 1” is reached. Only if “sub-goal 1 is reached will “tool 2”
be used, and then untif “sub-goal 2” is reached. This can go on for up to five different tools until
the reward is reached (Boesch et al., 2009; Sanz & Morgan, 2009). If only one tool is used, this
diagram reduces itself to the simple tool use presented above.




O ="

|

e T T

30

Christophe Boesch

1 — intact bee hive entrance — from the spatial relationship of “tool 2,” with its other
specific action to object 2 — chamber walls within the broken bee hive entrance — from the
spatial relationship of “tool 37 — collecting honey from deep inside the hive. Tool size,
weight and hardness is selected and modified by tool users in accordance with such
specific actions and functions (see Boesch et al., 2009; Sanz & Morgan, 2009). Thus, the
memorizing of different steps within a specific sequence and the hierarchical differ-
entiation between them is what makes sequential tool use challenging.

Furthermore, the same tool is often used repeatedly until the sub-goal is reached, at
which point the individual will shift to using a second type of tool (see Boesch ef al., 2009;
Sanz & Morgan, 2009; Figure 2.1). In some sequential tool use, this requires quite
extensive use of the tool and the time delay before the use of the second tool can be
quite considerable. For example, when using a pounder (tool 1) to break open the bee hive,
a Goualougo chimpanzee could perform the action over 280 times before attaining sub-goal
1 and switching to tool 2 (Sanz & Morgan, 2009). Furthermore, quite often the sequential
tool use needed to reach a bee hive is challenging and chimpanzees are regularly unsuc-
cessful, as bee hives are often well protected. Underground hives, in particular, are very
hard to locate (Boesch ef al., 2009; Sanz & Morgan, 2009). Thus, sequential tool use
imposes not only an important time delay before getting at the reward, but requires that an
individual apply a “conditional recurrent hierarchical sequence” as each tool is inserted
within a sequence and each has to achieve a certain function that is dependent upon the
functions performed by previous tools and that will be performed by subsequent ones.

The puzzling observation that Central African chimpanzees employ sequential tool
use regularly but West African chimpanzees have been observed to do so only very rarely
begs the question of why some populations seem to use sequential tools much more often
than others. Tai chimpanzees have been seen to use sequential tools only in the context of
nut cracking, when they use sticks to extract the pieces of kernel out of nut shells after
breaking them open with hammers, while in 30 years of observations, we saw them using
simple tools only to extract honey from honeybee hives (Boesch & Boesch-Achermann,
2000). At the same time, chimpanzees in Central Africa have been seen to employ
sequential tool use extensively for honey extraction from both honeybee and stingless
bee hives. Therefore, it does not seem to be a cognitive limitation, but more likely an
ecological one, in the sense that the density of bee hives could be lower in Tai forest
compared to Central Afiican forests. In addition, honeybee hives seem to be constructed
in larger holes in trees in the Tai forest, permitting its exploitation directly with the hand,
while this has not been seen in Central African populations, where honeybees may face

higher predation pressure and select tree holes that are narrower and therefore more-

difficult to reach. Similarly, differences in the presence of stingless bees between West
and Central African forests, as well as differences in the amount of honey found in those
nests, could contribute to the fact that Central Aftican chimpanzee populations seem to
raid them more often and with more tools. It is still premature to make any firm
conclusions, but ecology might be largely responsible for the differences we see in
sequential tool use between chimpanzee populations.

Secondary tools that are produced with the help of another tool, as is so typical in stone
knapping, rests on a similar technical process, where tool 1 is used to reach sub-goal
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1, which produces tool 2, which is the tool that will reach the reward (McPherron, 2000;
Ambrose, 2001; Sharon, 2009). Up to now, using one tool to make another tool has not
been observed in chimpanzees, but the sequential dimension is very similar, and planning
to transform either the tool or the object has many striking similarities. Making secondary
tools is still, by nature, the imposition of form on the raw material resulting from detailed
planning and a balance with the technical constraints of the raw material and the function
of the tool (e.g., Wynn, 1993; McPherron, 2000). The essential difference, however, lies
in the additional complexity of concurrently mastering the external causal relationships
between two objects external to the actor, by which the first external object transforms the
second one, while previous tool transformations seen in other animal species were always
directly done by the actor. Before concluding about the inability of chimpanzees or other
animal species to master secondary tools, we must first see them face an ecological
challenge that would require them to shape one tool with another tool, such as cutting the
meat of large dead prey, or perforating a hole in a hard-to-reach solid surface that would
require a pointed end on a large branch (see also a captive bonobo successfully making a
secondary tool: Toth & Schick, 1993).

Composite tool use

Composite tools are tools that are made of at least two different material elements that are
kept together so as to function as one tool (Ambrose, 2001). This type of tool use, which
has been proposed to be unique to humans as it has not yet been seen in non-human
animals (Goodall, 1970; Beck, 1980; Boesch & Boesch, 1990), appeared in the course of
our evolution when we entered the Middle Stone Age (Ambrose, 2001, 2010). Analysis
of such composite tools suggests that they were mainly used to produce spears, knives
and scrapers involving at least three tool components, such as a handle or shaft, a stone
insert and a binding material (Ambrose, 2001). They seem to have developed as an
adaptation to the hunting of large prey species for which long-distance weapons and
increased cutting technology would have conferred an adaptive advantage to the tool
users. Chimpanzees have not yet been seen to hunt large mammals, and therefore have
not yet been seen to face the challenges that would make composite tools beneficial. It is
clear that the technical challenges of making such tools are important and novel, and
require an essential planning component and hierarchical sets of actions. However, the
sequential hierarchical actions discovered recently in Central Afiica suggest that the
differences might be smaller than was previously thought and more observations of wild
chimpanzee tool use should help to clarify the differences in such a domain between
human Middle Stone Age technology and chimpanzees (see Mercader ef al., 2007).

A special ecological challenge: non-visible food resources

To illustrate the cognitive demands that ecological challenges may represent, I discuss
here the special situation of non-visible food resources before moving to the general
question of tool use as a cognitive challenge (see below).
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Figure 2.2
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Index1

Reward
Schematic diagram of sequential tool use for non-visible resource, as used by chimpanzees in
Goualougo Triangle, Congo, or in Loango National Park, Gabon. First, an individual searches for
an indirect index of the presence of the resource, like a termite mound elevation, and once found, “tool
17 is used to locate another indirect index, index 2, which indicates the precise underground location
of the termite chamber. “Tool 2” is then used to fish for termites by Goualougo chimpanzees. In
Loango, chimpanzees must first find the opening of the nest marked by a small wax tube, index 1,
and then tool | is used to perforate the ground until the nest is located, normally by smell, which is
index 2. Then tool 2 can be used to dig a tunnel to reach the honey in the nest, which is sub-goal 1.
Thereafter, and depending on the depth of the nest, tool 3 can be used to help extract the honey.

Animals may face situations that are difficult even for human researchers to under-
stand, and for that I would like to turn my attention to the extraordinary case of sequential
tool use aimed at underground non-visible food resources. When chimpanzees in the
Goualougo forest intend to feed on underground termites, they first need to locate them.
To do so, they use sticks to puncture the ground until they find the termite mound
chamber (Sanz et al., 2004).

Similarly, when Loango chimpanzees feed on honey from underground stingless bee
hives, they must first locate the invisible honey chamber below the ground (Boesch et al.,
2009). The particular challenge of such an endeavor is that the reward — termite soldiers or
honey — is not directly visible, so its location must first be inferred with the help of indices
that suggest the presence of the reward — such as a small elevation increase on the ground
surface or a tiny opening of a wax tube. Nevertheless, such indices constitute only a very
rough indication of the reward’s location (“index 1 in Figure 2.2). This is very different
from ant-dipping or classic termite fishing, where the location of the nest is directly visible
and determining whether the ants or termites are present can be done with a simple scratch
on the surface of the nest entrance (Goodall, 1968; Boesch & Boesch, 1990).

Index 1 is only a rough indicator of the location of the food resource, because the
prey species — termites and bees — do their best to hide the resource from the many
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A vertical schematic illustration of the structure of two Melipone underground bee nests of the
species predated by chimpanzees in Loango National Park, Gabon. We extracted those nests that
were intact and active ourselves, as otherwise there was no way we could understand the technical
challenges the chimpanzees face when trying to access honey in underground nests. The honey
chamber within the nest is located underground, anywhere from 20 ¢cm to over 100 cm from the
surface, and, as illustrated, can be located laterally quite far away from the tube exit at the surface.
The very thin wax tube made by the bees can follow either a relatively straight path or a very
convoluted path to the chamber, which nothing on the surface would allow an individual to predict.

predators present in the forest. In the case of underground bee honey, the nest can be up
to 100 cm under the surface of the ground, and sometimes up to 70 cm laterally from the
only visible sign of a nest, the 3 mm wide wax tube marking the entrance of the nest
(see two examples of underground bee nests in Figure 2.3). After finding “index 1,”
chimpanzees will select a tool to puncture/perforate the ground, in order to better locate
the resource. By doing this, they are looking for a second indirect sign of the reward
location, “index 2.” From personal trials and by looking at the actions of the other
chimpanzees, index 2 can remain indirect in the sense that it can be a change in the
physical property of the ground that a chimpanzee has to then relate to the food
(Figure 2.2). For example, a chimpanzee must relate the perceived change in the
resistance of the soil as it forcefully pushes the stick through the ground trying to
detect the honey chamber or termite mound. Sometimes a chimpanzee will then smell
the end of the stick, as if confirming the localization of the resource. Index 2 will then
be used to direct the subsequent actions of the individual (Figure 2.2), and additional
tools might be needed before an individual gets to eat the food. Without such indices,
the actions would be performed purely at random and with very low success rates.
Indices are a cognitive challenge as they are not the reward but stand for the reward and
guide the chimpanzee. Furthermore, they are not visual cues, but instead involve other
sensory modes, as lower soil resistance implies the presence of a termite mound or
honey chamber.
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After finding index 2, chimpanzees often dig tunnels that are barely large enough to let
a human hand enter, indicating that they know exactly where they are aiming at. They
cannot do that by simply following the bee tube, as this is much too fragile to resist the
tool-assisted digging process. Personal testing at locating the nest proved to be extremely
difficult as the soil can be so hard that I was unable to perforate the ground beyond
30-40 cm. In fact, local pygmy trackers told me that the elderly in their village advised
them not to try to search for the honey of this species of bee as it “is too deep.” When
successful, it took me up to 40 minutes just to locate the honey chamber (Figure 2.3). At
the time of writing, Luisa Rabanal, the student working on this technique, and myself are
still unclear about how the chimpanzees are able to locate the nest so precisely and how
often they are successful in reaching the honey. Luckily, the chimpanzees are habituated
to the presence of camera traps and we are presently in the process of filming chimpan-
zees as they try undisturbed to solve this technical challenge.

Thus, an elaborate understanding of unseen nest structure, combined with a clear appre-
ciation that tools permit the location of unseen resources and a precise three-dimensional
sense of geometry to reach the honey chamber from the correct angle is demonstrated by the
chimpanzees when extracting underground honey. In addition, due to the important variation
in nest structure and the impossibility of predicting it from visible cues, chimpanzees have to
demonstrate a high sense of flexibility in implementing the sequence shown in Figure 2.2, as
angles, depth, direction and size of the nest, as well as hardness and type of soil vary for each
nest, requiring a permanent adaptation to the local situation in the selection and the number
of tools, as well as the modification to do to them (Figure 2.3) (Boesch et al., 2009). Finally,
the tool users’ techniques also vary, as they may use one or both hands or use both their hands
and their feet to perforate the ground with the tool.

Tool use as a cognitive challenge

Different aspects of tool use can represent a cognitive challenge and different authors
have tried to address them and place them within a coherent framework so that different
types of tool use can be compared. Tool selection has been considered as an important
cognitive challenge as it requires a flexible adaptation to the technical constraints
(e.g., Boesch & Boesch, 1990; Bluff ef al., 2007). Tool selection has been studied with
some captive monkeys and apes in different artificial experiments and results have shown
that, after training, some limited understanding of the functional property of tools could
be demonstrated (Povinelli, 2000; Santos ef al., 2003, 2006; Herrmann ef al., 2008).
Intriguingly, all species seem to give more importance to proximity — when a tool touches
an object — rather than to connectivity — when a tool is attached or supports the object —
leading to a lot of surprising and mysterious mistakes. In the real world, confusing
proximity with connectivity would not be very adaptive, and neither nut cracking nor ant
dipping would be successful and might even be deadly when it comes to jumping
between branches high up in trees.

In order to get a grip on all these different aspects of tool use and, therefore, make
comparisons between the different tool-use possibilities, I suggest adapting and expanding
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the relation spatial model in order to describe the cognitive challenges of tool use. This
model was initially proposed to address the tool-using skills of capuchin monkeys
(Visalberghi & Fragaszy, 2006; Fragaszy, 2007), and studies found that, in its more complex
forms, capuchins were able to concurrently master two different spatial relationships when
using tools with a dynamic dimension (see Table 2.1 under combined tool use (b)). I have
expanded on this by adding one more dimension than was originally proposed and have
used my four levels of different tool-use types (see above). In this model, each tool use is
classified with respect to four orthogonal properties; the number of spatial relationships that
need to be mastered for the tool use to be accurate (1) if such spatial relationships have to be
managed successively or concurrently; (2) if the relationships are static in time or needed to

_be dynamically adapted during the course of actions; (3) if the tools needed to be used in a

specific manner or could be used in a more permissive manner (for example, whether or not
both sides of a stick could be used); and (4) if direct body contact is involved or not.

The concurrent mastering of two spatial relationships has recently been suggested to
be crucially important in explaining some of the difficulties observed when captive
chimpanzees attempt to solve the tube-trap problem (Visalberghi & Limongelli, 1994;
Povinelli, 2000; Mulcahy & Call, 2006; Seed et al., 2009b), as it requires an additional
load on the subject’s attention system, cross-modal matching if different sensorial modes
are used, and increased response variability. The hierarchic sequential mastering of more
than one spatial relationship might similarly represent a cognitive challenge, as cross-
modality, attention and response variability with two spatial relationships is equally
required. Furthermore, since actions are not concurrent, the more tools an individual
uses, the more demands there will be on remembering them and placing them in the
appropriate sequential order. Tool use has been suggested to be the outcome of coordi-
nated multiple cognitive processes, each of which can respond differently to experience
and to immediate circumstances (e.g., Spencer ef al., 2001; Fragaszy et al., 2009).

Of special relevance here are the works comparing the performance of capuchin
monkeys versus chimpanzees, our two best primate tool users. Comparative approaches
using exactly the same procedure showed that capuchin monkeys fail a causal reasoning
task that chimpanzees could solve (Visalberghi & Limongelli, 1994), and children and
chimpanzees viewing similar films fare comparably well in another comparative causal
reaéoning test (O’Connell & Dunbar, 2005). More directly related to tool-use reasoning,
capuchin monkeys and chimpanzees were able to maintain focus on moving a cursor
toward a goal and monitoring the effect of each choice, but only chimpanzees could
master the notion of detour to reach a goal and plan the continuity of the path to that goal,
which made them more able to redirect their behavior when faced with multiple possi-
bilities (Fragaszy ef al., 2009). In addition, the performance of chimpanzees, but not
capuchin monkeys, increased with experience. Both are relevant to our understanding of
the differences in the tool-use skills of capuchin monkeys and chimpanzees, as monitor-
ing the effect to reach a goal is important for simple tool-use efficiency, while planning a
path to a goal with distinct detours and incorporating different tools is at the base of
performing sequential tool use, and reaches a higher level of complexity than does simple
tool use. Capuchin monkeys have been observed to use simple and combined, but not yet
sequential, tools.
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Tool use in the wild imposes an additional need for flexibility on tool users, as in all
tool-use contexts, variations are found in the shape, structure, location and hardness of
the food, as well as in the size, hardness, weight and color of the tools. This requires
additional flexibility in the individuals using the tools, as this will increase with the
number of different tool-use contexts. This might contribute to the observations that tool
use in birds is limited to clearly defined contexts, normally that of extracting insects and
grubs from holes in branches, and the time delay to solution is relatively short. By
contrast, chimpanzees use tools in a wide variety of contexts, such as during social play,
to attain food, for defense and hygienic purposes and as a means of communication
(Goodall, 1970; Boesch & Boesch, 1990). The more tools that are made from different
materials and used in different contexts, the more the individuals will have to make
decisions specific to each situation. Nut cracking, for example, is not only about hitting a
nut with a hard hammer, but the hardness, the weight and the color of each hammer is
different, while the placement of the nut on the anvil, and therefore its stability and
accessibility (the angle to hit it), will vary as well. In reality this makes each situation
different from the previous ones and represents a new challenge each time.

As can be seen in Table 2.1, the cognitive demands of sequential tool use have reached
a challenging level of complexity, and it is not surprising that such an ability was
previously thought to be restricted to humans; this also used to be thought of the ability
to extract underground food resources (Hatley & Kappelman, 1980; Laden &
Wiangham, 2005). Interestingly, following reviews of cognitive achievements such as
those demonstrated from comparative experiments with captive monkeys and apes, the
“unobservability hypothesis” states that only humans, but none of the non-human
primates, are able to reason and understand causality about unobservable entities
(Povinelli, 2000; Penn & Povinelli, 2007; Penn et al., 2008; Vonk & Subiaul, 2009). If
true, this would match nicely with the proposed dichotomy in the ability to extract unseen
resources with sequential tool techniques. However, if this hypothesis might apply to
some captive individuals that have experienced only very deprived ecological conditions
throughout their lives, it seems totally at odds with the new discoveries of underground
resource exploitation by chimpanzees in Central Aftica, as well as some Tanzanian
chimpanzees who have been observed to extract underground tubers (Sanz ef al., 2004;
Hernandez-Aguilar, 2007; Boesch ef al., 2009; Sanz & Morgan, 2009). This is not the
only hypothesis constructed from captive experimental works that is hard to reconcile
with new evidence of sequential tool use in wild chimpanzees; for example, some have
suggested that captive chimpanzees show strong limitations in causal reasoning com-
pared to humans (Premack, 2007), while others have argued that great apes are unable to
flexibly generalize from one task to another equivalent one (Martin-Ordas ef al., 2008).
In particular, the flexibility of wild chimpanzees in applying sequential tool solutions to
such different but equivalent tasks as the extraction of kernels from nuts, honey from both
tree and underground bee hives, soldiers from underground termite mounds and soldiers
from deep driver ant nests seems impossible to reconcile with such cognitive limitations.

An attempt to experimentally identify the cognitive requirements for sequential tool
use has been tried with Caledonian crows (Taylor ef @l., 2007, Wimpenny et al., 2009).
However, due to the limitations of captivity, the procedures developed did not faithfully
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mimic natural conditions, but instead forced the subjects to adopt a sequential approach
not by nature of the challenge, but simply by making them physically unable to directly
reach “tool 2,” which would have allowed them to directly get at the food reward. The
experimental setup forced the birds to select first tool 1 to extract tool 2 from a tube before
being able to use tool 2 to reach the food. Therefore, the experimental procedure not only
imposed an artificial sequential sequence, but also imposed the order in which the tools
could be used, so that the sequence was imposed by the procedure rather than being a
decision made by the subject when facing a demanding ecological challenge. Such
experiments did not really test the ability of crows to spontaneously understand sequen-
tial tool use. In the real world, it is the subject itself that has to decide about the sequence
and order of use of the different tools. Second, in the real world, the sequence is often
more complex due to the fact that it is not length alone that is important, but rather a
combination of length, width and weight. When underground termite fishing, the
Goualougo chimpanzees insert a thin fishing probe into a tunnel made with a wider,
stout puncturing tool (Sanz & Morgan, 2009). Similarly, when gathering tree honey, a
thinner and longer collector or fluid dip is used only after a short, heavy, thick pounder
has broken open the bee hive (Boesch ef al., 2009; Sanz & Morgan, 2009). The striking
feature of natural sequential tool use is that chimpanzees perform them with a clear
structure in mind as they follow a precise sequence, despite encountering numerous and
important difficulties in attaining sub-goals; different types of branches can be used as
pounders in Central African forests, and when the first pounder does not succeed in
opening the nest, the chimpanzees continue selecting only branches that could function
as pounders until the opening is made (often keeping unsuccessful pounders for later
reuse; Sanz & Morgan, 2009). Similarly, chimpanzees in Mahale National Park,
Tanzania, have been observed to regularly amrive at ant fishing sites carrying up to
three manufactured fishing probes with them, as the probes wear out rapidly when
used, which the chimpanzees were anticipating (Nishida & Hiraiwa, 1982; personal
observation). From video recordings, Goualougo chimpanzees arrived sometimes at
termite nests carrying two readily prepared types of sticks (Sanz ef al., 2004), demon-
strating that they correctly anticipated the future need of sequential tools.

Viewing tool use as a problem-solving task and considering that the problems are set by
the ecological niche of each population predicts a less rigid relationship between tool-use
skills and phylogeny, as illustrated by the extraordinary observations of New Caledonian
crows manufacturing and using complex tools (Hunt, 1996; Kenward et al., 2005; Hunt
et al., 2006). Similarly, we should expect that some ecological challenges in nature might
require similar causal understanding without requiring a tool and, therefore, the obser-
vations that some tool-use abilities have already evolved in non-tool-using primates is not
totally unexpected (Santos et al., 2003, 2006). Furthermore, the evolution of a complex
causal understanding of external objects in chimpanzees has been proposed to be selected
by hunting, as this requires thinking, anticipating and reacting to the movements of the prey
species (Boesch & Boesch-Achermann, 2000). In particular, the transfer of hunting skills to
tool-use situations that are perceptually quite different but conceptually quite similar would
favor the development of the type of flexibility that might be important for acquisition of
flexible tool use as well as the sophisticated sequential tool use seen in chimpanzees.
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Tool use as a cultural expression :

According to the “eco-cultural model” (Segall et al., 1999; Carpendale & Lewis, 2004;
Boesch, 2007), we should expect not only the ecology to be fundamental in explaining the
tool use observed within a species, but also the cultural environment to shape tool use. The
best-studied example of such a cultural tool use is the nut-cracking behavior observed in
chimpanzees (Sugiyama & Koman, 1979; Boesch & Boesch, 1984, 1990; Boesch ef al.,
1994; Boesch, 2003). The chimpanzees of the Tai forest crack five species of nuts and the
chimpanzees of Bossou, Guinea, crack an additional species. All of these species of nuts
have a large distribution range within the tropical forests of West and Central Africa, going
from Sierra Leone-Liberia to Gabon— Congo. Coula edulis is one of the most abundant
canopy trees in these forests and also has one of the least hard nuts of those that the
chimpanzees crack. Furthermore, observations in the Tai forest have shown that adolescent
individuals have enough strength to crack them open directly with their teeth (e.g., Tina, an
adolescent female with handicapped hands was seen to crack them successful for many
months; Boesch & Boesch-Achermann, 2000). Despite this, no evidence of nut cracking
has been found in Coula-rich forests east of the Sassandra River in Cdte d’Ivoire, where
chimpanzees live (see Figure 2.4), or in many forested regions of Gabon, Tanzania, Uganda
and Congo. Only in the Ebo forest in southern Cameroon were a handful of observations of
nut cracking reported (Morgan & Abwe, 2006). These observations made nut cracking one
of the most cited cultural tool-using behaviors (Boesch, 2003).
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Figure 24 Nut cracking has been found in wild chimpanzees of Céte d’Ivoire only on the western side of the
Sassandra River, despite the fact that Coula edulis and Panda oleosa nuts are found in all forests in
the south of the country. Twenty-two locations in the country with the confirmed presence of
chimpanzees have been visited for signs of nut-cracking sites in 1994-1995 (Boesch et al., 1994).
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Ant dipping in chimpanzees has also been shown to be significantly affected by
cultural preferences when this behavior is compared between different populations.
Two main ant-dipping techniques have been identified. First, the chimpanzees of
Gombe National Park in Tanzania have been described to use relatively long wands
to dip for the soldiers or driver ants directly from the nest entrance and then use their
two hands to bring the ants into their mouths (Goodall, 1968, 1970; McGrew, 1974).
This technique is very efficient as it allows individuals to capture about 700 ants
per minute (Boesch & Boesch, 1990). Second, the chimpanzees of Tai National Park
in Cote d’Ivoire have been described to use much shorter sticks to dip the soldiers out
of the nest entrance and then put the end of the stick directly into their mouth to remove
the ants with their teeth (Boesch & Boesch, 1990). This technique is proven to be much
less efficient, as only about 125 ants are captured per minute, but this method is
nevertheless systematically used by all group members of four chimpanzee commu-
nities observed in Tai forest.

A precise comparison of the techniques used by chimpanzees in the Tai forest and in
Bossou, Guinea, has confirmed that some aspects of the way the chimpanzees in Bossou
dip for ants are influenced by the species of ants they dipped for, as well as the location
they dipped for them (Mobius ef al., 2008). However, most of the differences observed
between the Bossou and Tai populations were not explained by ecological differences
(Mobius ef al., 2008). A larger review of chimpanzee populations has supported that
conclusion in the sense that we see a mixture of ecological effects as well as important
cultural effects in the presence of the ant-dipping behavior (Schoning ef al., 2008).
Therefore, in agreement with the prediction of the eco-cultural model, tool use in
chimpanzees is affected by both the ecology experienced by group members as well as
by the specific cultural environment they face (Boesch, 2007, 2010).

Cumulative cultural evolution in tool use

Complex cultural tool use as observed in nut cracking and honey extraction strongly
suggest a cumulative cultural process. Let me take here the example of nut cracking,
and include the obseivations of tool technology from different chimpanzee popu-
lations. We can see that flailing insects, conspecifics or snakes with branches or
saplings has been reported from all chimpanzee populations, as has clubbing play-
mates or social competitors with wooden sticks (named as “universal “ in Figure 2.5).
One innovation was added to this universal in Gombe and Tai chimpanzees when they
used tree trunks or roots to pound hard fruit against; this is similar to clubbing, but in
this case, the club was a different sort of object and served a different purpose, namely
to access food (Figure 2.5). A second innovation was seen in West Africa, where
hammers were used to pound on food that had been placed on a hard surface. From
this last innovation, two possible further novelties, both examples of sequential tool
use, were incorporated: the Tai chimpanzees added a stick in order to extract nut
remains from cracked shells; and the Bossou chimpanzees used mobile anvils on
which they placed nuts. A final innovation that was observed a few times in the
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Cumulative cultural evolution leading to nut-cracking technique, whereby a behavior seen in all
chimpanzee populations is elaborated through successive additions of new, different elements.
First, a simple tool is integrated into the pounding movements, as seen in Gombe, Bossou and Tai
chimpanzees. Then, the introduction of a second tool led to the invention of a combined tool use as
seen in Tai and Bossou chimpanzees. For each step of the accumulation process seen in a given
population, I have listed the different resources gained or involved.

Bossou chimpanzees was the placement of a stone under the mobile anvi] to stabilize
it before hitting the nut with the hammer (Figure 2.5). For each step in the cumulative

process, the tool technique was efficient to improve the access to a given food

resource and is still used effectively in at least one chimpanzee population, but it
was later elaborated for a new food source. Thus, nut cracking in chimpanzees
resulted from a cumulative cultural process developing from a universal, simple
chimpanzee technique.

The cumulative innovations were most likely not due to one single individual using
them, for the different techniques are all still in use in different populations. As the Tai
chimpanzees are separated from these other groups by about 3000km and several
major rivers, it would be unreasonable to assume one inventor for all these innovations.
Thus, this might be a very good example of what has been labeled a “collective cast of
mind” in the human literature, whereby the invention of one group member that has
disseminated to the whole group could be improved by another invention from another
individual, and that collective product would then disseminate again to the whole group
before being improved once again (Boesch, 2012). This accumulation of innovations,
which improves the product at each step, is what has been labeled a “cumulative
cultural evolution.”
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Conclusion

The observations of sequential tool use that have recently been observed in Central
African chimpanzees could become the flagship example of how much can be missed
about the behavioral and cognitive abilities of a species when important ecological
niches of an animal species’ range are not studied. After over four decades of field
studies on wild chimpanzees, new studies following chimpanzees in the Congo basin
regions have uncovered such sophisticated tool-use skills. Following the “eco-cultural
model,” we must expect that the greater number of different ecological niches a species
experiences, the greater number of different solutions they will develop. Thus, we
must expect more new discoveries about chimpanzees, as they are one of the primate
species with the largest distribution ranges in Africa, ranging from dry savannah
regions, like in Senegal and Mali, to the deepest rainforests in Céte d’Ivoire, Congo,
Gabon and the DRC.

The tool-use framework discussed here has, in conjunction with some careful captive
experiments, allowed us to pinpoint some important technical skills that require cognitive
skills that, at present, seem to explain some species differences. The number of spatial
relationships that must be controlled during tool use seems to place important cognitive
demands on the individual performing it and could explain why, at present, no sequential
tool use has been observed in wild capuchin monkeys. Similarly, the fiexibility demands
of natural ecological challenges in terms of synchronicity of actions, the dynamic
dimension of the actions itself, as well as the specificity of the actions requiring more
flexibility are all important demands on the individuals that need to be solved for tool use
to be successful. The discoveries of sequential tool use and cumulative culture evolution
in wild chimpanzees have shed new light on their tool-use abilities. Further new discov-
eries on chimpanzee skills are overdue and will help us to understand about their abilities
and the influence of ecology on such technical behavior.

" Viewing tool use as a way to solve natural feeding challenges has proven to have good
explanatory power for the distribution of tool-using abilities in the animal kingdom, as it
does not relate directly to phylogenetic proximity. Furthermore, the food-storing abilities
of certain birds have already pointed to the need to adopt an ecological approach to
cognition (Emery & Clayton, 2004), and not stick strictly to a phylogenetic viewpoint
based on the anthropocentric belief that, because humans are the best tool users and the
most intelligent species, those species most closely related to us must be more elaborate
in these dimensions than others. At present, the ecological approach favored by the
technical intelligence hypothesis or the eco-cultural model seems much better supported.
This also supports the view that we need to be more modest about claiming species
differences in such abilities, as long as we have not gained a representative knowledge of
ecological cognitive responses of each of those species (see, for example, Boesch, 2010;
Heinrich ef «l., 2010). Such an approach also has the potential future advantage of
allowing us to identify those factors that were important to explain the emergence of
human technical skills and cognition. The ecological approach suggested here would
certainly predict a domain-general view of the evolution of cognition, as is also
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demonstrated by the presence of tool-use skills in non-tool-using monkeys and birds
(Santos et al., 2003, 2006; Huber & Gajdon, 2006).

Tool use as a problem-solving task must be studied and thought about in relation to
the ecological challenges a species faces, and the total disconnection of tool-use
abilities from the natural challenges make some captive experimental studies difficult
to interpret and use to understand real-world animal abilities. I realize that, for birds,
the coupling of captive and wild studies is easier because of the increased possibility
of producing ecologically valid settings, and that this is more difficult for large
mammal species like the great apes. In addition, it may be impossible in captive

conditions to mimic the complex technical challenges encountered in the wild. In that

light, discussing causal cognition by focusing solely on work done with laboratory
animals will, in essence, totally underestimate what animals are capable of
(Tomasello et al., 2005; Penn & Povinelli, 2007; Penn ef al., 2008), and, therefore,
face the risk of being restricted to understand the detrimental effect of captivity on
animal cognition (Bard ef al., 2005; Leavens et al., 2005; Boesch, 2007, 2010;
ljzendoorn et al., 2009; Lyn et al., 2010). Some species differences could potentially
be understood if the experimental designs were exactly the same (e.g., Santos et al.,
2006; Fragaszy et al., 2009), but this would only be the case if we assume that the
species being compared will react similarly to captive conditions, an assumption that
has yet to be proven. Too often, the methods used in the experiments diverge in some
ways and this leads to very contradictory results (see, for example, Leavens ef al.,
2005; Boesch, 2007; Seed et al., 2009b; Lyn ef al., 2010) and never-ending discus-
sions about which methods reveal the essence of the animal skills. An enlightening
example is the 21-year-old famous trap-tube test developed to study causality under-
standing in different animal species, by presenting them with a food bait that needed
to be pushed out with a tool from a transparent tube while avoiding a trap in which the
food would fall (Visalberghi & Trinca, 1989; Visalberghi & Limongelli, 1994). This

tube test was very successful and used in many studies with many species, but with

hugely contradictory results (e.g., Povinelli, 2000; Martin-Ordas & Call, 2009; Seed
et al., 2009b), so that readers reach total confusion as each minimal change in the
experimental procedures can lead to major changes in the performance of the animals.
In careful experiments done with humans, it could be shown that gratuitous and
unsupported assumptions about how humans’ folk physics knowledge works was at
the base of the imprecision in the experiments (where too many variables were
intervening at the same time and could be perceived with different importance), as
well as of the errors in the interpretations (as we should expect different responses
when following different rules) (Silva ef al., 2005; Silva & Silva, 2006).

New observations and discoveries of tool use in macaques, capuchin monkeys,
orangutans and chimpanzees will continue to emerge as we study an increasing number
of different populations of those species, and they will make us alter our view of
species differences in cognition as well as for tool use. This is a very exciting
perspective and we hope that human destruction of nature will not prevent this from
happening!
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