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What Is Challenging About Tool Use?
The Capuchin’s Perspective

ELISABETTA VISALBERGH| AND DOROTHY FRAGASZY

ur fascination with the use of tools by nonhu-
Oman animals reflects a profound appreciation
of the importance of tools to our own species.
There is no doubt that the use of tools has em-
powered humans to diversify their way of life and
“.to exploit resources not available to other pri-
“mates. The paleontological and archaeological
records show that changes in tools throughout
human history reflect an accumulating mastery of
physicat refations and knowledge of natural pro-
cesses. The tools themselves provide a record of
human workmanship, and, from the earliest peri-
ods of human history, one of the best records
from which to infer the behavior of our ancestors.
Moreover, using tools is linked in our minds to in-
welligence; the emergence of tools in human his-
tory is thought to reflect the evolution of human
intelligence.

Apart from the issue of intelligence, animals us-
ing tools interest biologists because tool use is a
means by which an individual can expand avail-
able resources. For example, chimpanzees {Pan
troglodytes) can open certain kinds of nuts only by
cracking them with a stone.- These nuts are a rich
food source for the animals, Similarly, using a cac-
tus needle, the woodpecker finch {Cactospiza pall-
ida) -can obtain prey not otherwisc accessible.
Although it is often an assumption, using a tool to
solve an ecologically important problem (such as
obtaining food or constructing shelter) is generally
thought to confer an advantage over solving the

same problem by some other means without using
a tool, usually because the 100l confers some me-

‘chanical advantage or some protection to the user.

We all understand what we mean by the word
“tool” and by the phrase “using a tool.” However,
as is often the case for words and phrases used in
everyday speech, these terms are actually too
vague for scientific purposes. To determine
whether and under what circamstances other
species use tools, we need a more precise defini-
tion. Beck (1980) offered a widely accepted func-
tional definition of tool use in his book Animal
Tool Bebavior, which is still the most complete
catalog of tool use in animals. Beck states that
“tool use is the external employment of an unat-
tached environmental object to alter more effi-
ciently the form, position, or condition of another
object, another organism, or the user itself when
the user holds or carries the tool during or just
prior to use and is responsible for the proper ori-
entation of the tool” {p. 10). To distinguish ex-
ploratory behaviors from tool use, we need to
make a further distinction that must be inferred
from the animal’s behavior. Tool use reguires that
the agent pursue a goal. Exploration can lead to
fortuitous discovery of how to use an object as a
tool, but it is the purposeful repetition of that se-
quence of actions to reach a goal that is recog-
nized as tool use.

As Beck (1980) shows convincingly, tool use is
widely distributed across the animal kingdom; it is
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clearly not restricted to primates. However, it is
thought that tool use is more flexible in format and
more varied in function in primates than in other
orders (Tomasello & Call, 1997). In the wild, tool
use is widespread among chimpanzees, observed
less often in orangutans {Pomgo pygmaeus), and
even less often in the other great apes {gorillas, Go-
rilla gorilla, and bonobos Pan paniscus), and ca-
puchins (genus Cebus). Only wild chimpanzees use
tools habitually, in varied formats, and for diverse
purposes. However, all of these species use tools
spontaneously and readily in captivity in flexible
and diverse ways. Many other species of nonhu-
man primates occasionaily use objects as tools
(e-g., Macaca tonkeana: Ueno 8¢ Fujita, 1998;
Macaca fascicularis: Zuberbithler, Gygax, Harley,

. & Kummer, 1996; Macgca silenus: Westergaard,
1988; Papio papio: Beck, 1973; see Beck, 1980, for
review). But none aré habitual users of tools, al-
though they can easily be trained to use tools
(Macaca fuscata: Hihara, Obdyashi, Tanaka, &
Irild, 2003). Clearly, use of an object as a tool is
chalienging for all primates and an unusual accom-
plishment for most.

For many years, we have studied tool use and
other features of manipulative behavior and prob-
lem solving in tufted capuchin monkeys (Cebus
apelia), the most adept and frequent users of tocls
among monkeys, In this chapter, we use capuchins
as a vehicle to discuss tool use in nonhuman pri-
mates. After providing some background on ca-
puchins and an overview of the forms and contexrs
of tool use commonly observed in this genus, we
review experimental studies focusing on the num-
ber and kind of relations among object, substrare,
and actions required to use an object to achieve a
goal. This section is framed in terms of a particular
view of tool use that we believe holds promise for a
broad understanding of the phenomenon as a par-
ticular kind of perceptual-motor challenge.

To the best of our knowledge, capuchins learn
to use tools in much the same way that other
species do. Understanding how they learn to use
tools, and the aspects of using tools that challenge
them, gives us a new understanding of tool use in
our own species as well as other species of nonhu-
man, animals. Finally, to better understand why
captive capuchins readily use tools, but capuchins
in the wild rarely do so, we discuss the behavioral
and environmental factors that promote and con-
strain the occurrence of tool use in these mon-
keys.

Toel Fabrication and Use

CAPUCHIN MONKEYS

Capuchir.; monkeys have been popular subjects for
research in the faboratory as well as in the feld (sea
Fragaszy, Visalberghi, & Fedigan, 2004, for 4 o
view). They are robustly built monkeys weighin
between 2.5 and S kg. Capuchins are nameqd fo,
the distinctive caps on their crowns that appear iy
various colors and shapes in different Species, They
have an unusual life history: capuchins live ap
anomalously long time (up to 55 years in captiy.
ity}, and they have a long period of materna( care
and immaturity. A large ratio of brain size to body
size also distinguishes capuchins from other mog-
key species. Capuchins live in groups ranging frop,
around 10 to more than 40 individuals that con-
tain one or more adult males, several aduit females,
and immatures. In general, each group containg 5
clearly dominant male and female. Although group
members can be assigned to different domiinange
classes, social relations are characterized by a high
degree of tolerance among individuals.

Capuchins are very widely distributed in Ceq-
tral and South America, ranging from Honduras to
the north of Argentina and from Peru to the Ac-
fantic coast of Brazil. Such a wide distribution s
possible because they can thrive in a variety of
habitats. They spend most of their time in trees,
Howeves, in response to local conditions, they may
atso spend time feeding on the ground (including
raiding crops), drinking, playing, or moving across
open ground between patches of forest,

Capuchins are omnivores. They eat mostly
fruits but include varying portions of other veg-
etable items {leaves and shoots, flowers, buds, etc.),
invertebrates (moflusks, insects, worms, etc.), and
vertebrates (birds and their eggs, small mammals,
lizards, etc.) in their dier, Magy other South Amer-
ican monkeys eat the same items as capuchins, but
what distinguishes the latter is their destructive
manner of foraging. Capuchins are renowned as
extractive foragers, meaning thar they exploit hid-
den and encased foods. Their foraging behavior is
distinctive for its inclusion of a large variety of
strenucus actions {e.g., dig, rip, bite, bang, grab,
break; sec figure 27.1) as well as dexterous and
precise ones (e.g., pull or pick with precision grip,
5C00p, cpen by peeling},

One particular form of strenuous foraging ac-
tivity typifies wild capuchins: breaking open hard-
shelled fruits, nuts, and invertebrates. C. apelia
repeatedly bang the shelled item against a tree



What fs Challenging About Tool Use? 531

Figure 27.1. Manu National Parl, Peru. An adult male C. apella strips pieces from a branch using strong
arms and teeth. (Photograph courtesy of Charles Janson.)

trunk or other hard surface umtil cracks appeat in
the shell. Then, they peel or remove the cracked
rind with the teeth and hands or bang the aut or
shell again until the husk breaks and the fesh or
kernels can be extracted. :

Capuchins are comparable to other species of
monkeys in their achievements in rasks commonly
used to assess memorial, attentional, and conceptual
abilities (e.g., Piagetian sensorimotor tasks, varions
discrimination, matching, and conceptual learning
tasks, as well as social cognition tasks; Adams-
Curtis, 1990; Anderson, 1996; Antinucci, 1989
D’ Amato & Salmon, 1984; De Lillo & Visalberghi,
1994; see Tomasello & Call, 1997, and Fragaszy,
Fedigan, & Visalberghi, 2004, for a comparative

review). However, their engagement with objects is
unique. Captive capuchins of all ages devote consid-
erable attention, time, and energy to' manipulating
objects; moreover, they frequently combine objects
and surfaces in actions (e.g., bang objects on sar-
faces and poke objects into surfaces), leading to for-
tuitous spontancous discoveries and innovations.

HISTORICAL QVERVIEW OF TOOL
USE REPORTS

The Complete Capuchin (Fragaszy, Fedigan, et al,,
2004, chap. 10) conrains the most updated and
exhaustive information on the tool using skills of
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capuchins. The use of tools has been observed
mainly in captive capuchins; the first report dates
back about 500 years. The Spanish naturalist Gon-
zalo Ferndndez de Oviedo y Valdés (de Oviedo,
1526/1996, cited by Urbani, 1998) was the first to
describe a capuchin monkey cracking open a nut
with a tool. Hundreds of years later, Erasmus Dae-
win, the grandfather of the more famous Charles
Darwin, observed this same behavior in a park in
London (Darwin, 1794). A century later, natural-
ists and psychologists began to report serendipi-
tous observations as well as systematic studies of
captive capuchins using tools (e.g., Kliiver, 1933,
1237; Nolte, 1958; Romanes, 1883/1977; Watson,
1908; for further details, see Beck, 1980, Fragaszy,
Fedigan, er al., 2004; Visalberghi, 1950). At this
point, it became clear that these South American
monkeys were capable of using many different tools
to reach many different goals {sticks to rake/push/in-
sett, hard objects to crack open nuts, etc.),
According to Hifl {1960), Buffon writes that
Dampiér (1697} provided the first report of ‘tool
use by wild capuching (living on the istand of
Gorgona off the coast of Colombia) cracking open
mollusks by banging them on the rocks or using a

stone as a tool to smash the shells. Note that ac-.

cording to Beck’s definition (1980}, only the latter
case can be considered tool use, However, Dampier
merely wrote that the monkeys ate mollusks by
digging them out of the shefls. Unless different ed;-
tions of the book contain different information, the
earfier references to Dampier reporting tool use
were apparently in error, In other words, Dampier
did not report that he saw wild capuchins using
tools. Although there are second-hand reports of
capuchins using pounding tools (e.g., Hernandez-
Camacho & Cooper, 1976}, Fernandes {1991)
published the first report of direct observation of
tool use by wild capuchins. Fernandes described,
300 years later, what Buffon and Hill erroneously
atteibuted to Dampier: a wild capuchin using a
broken oyster shell to strike oysters still artached to
the substrate, successfully breaking them open. An-
other instance of rool use by wild C. capucinus was
carefully documented by Boinski (1988); she ob-
served a male killing a snake by hitting it with a
branch obtained from nearby vegetation.

In a photograph report that appeared in the
popular press, Oxford {2003) documented a group
of wild C. apeila in the “cerrado” habitat of Brazil
that feed routinely on the nuts of the Atralea palm,
He photographed these monkeys opening the hard
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nuts by first placing them on a large stope and yf,
pounding them with stones that oftey Weighez
more than a kilogram. Prompted by hig aStOi’liShj;
photos, we conducted an exploratory investigatio
in this same area {Fragaszy, Izar, Visalberghi 02
toni, & Gomes de Oliveira, 2004, Direcy Obs]erva»
tion of several instances of tool yge by wild
capuchin monkeys (male and female) Convinged |
that the phenomenon was indeed a legitimage dis-
covery, In surveying the surrounding area, we
found indirect physical evidence thar monkeys
cracked nuts on numerous rock CUrCrops, hoyl.
ders, logs, and even the tops of mesas. The abyp.
dance of shell remaing and depressions iy the anyjl
surface at numerous anvil sites indicate that ny-
cracking activity is common and long enduring,
The presence of abundant anvil sites, fimited alter.
native food resources, the abundance of palms, and
the fact that the palms in this region produce fiyjr
at ground level al likely contribute to the mon-
keys’ routine exploitation of palm nyts via crack-
ing them with stones. In our opigion, ecologically
and behaviorally, capuchins’ nut-cracking appears
to parailel nut-cracking observed in wild chim-
panzees. Further systemaric long-term studies are
needed.

In the last two decades of the last century, 4
surge of interest in capuching’ ool use developed
that continues to the present. This increased inter-
est was partly inspited by Parker and Gibson’s
(1977, 1979} argument that higher forms of ince;-
gence evolved as an adaptation for extracting em-
bedded food resources, Pursuing this idea, some
researchers investigated the development of tool-
using behaviors in young individuals as well as the
achievements of adules within a Piagetian frame-
work {Chevalier—Skolnikoff, 1939, 1990 K. R.
Gibson, 1990, Natale, 1989; Parker & Poti, 1990},
Others {e.g., Anderson, Fragaszy, Visalberghi, &
Westergaard-—see table 27.1 for references} under-
took studies to clarify (1} how behavios, morphol-
ogy, and cognition contribute to the emergence of
tool use, {2} the range of capuchins’ tool use, {3)
the extent to which social influences affect individ-
uals learning to use objects as tools, (4} the fexibil-
ity of tool use with varying objects and surfaces,
and (5} whar this flexibility means about underly-
ing comprehension of the ragk. Recently, reports of
tool use by wild or semifree capuchins carried out
in the capuching’ natural habitars have appeared
(e.g., Jalles-Filho, da Cunha, & Satm, 2001; Ottoni
& Mannu, 2001, Rocha, dos Reis, & Sekiama,




Table 27.1 Recent Studies an Tool Use in Capuchins, Chronologically Ordered

No. of
Tool
Relational Specific Aim(s) Users/No.
Task " Caregory® of the Study Totalb- Species Source
Studies in Captivity*
MNut cracking First dynamic Selection among differently effective tools 1/6 C. apelia Antinucci 8 Visalberghi, 1986
MNut cracking First dynamic Acquisition of the behavior and social learning 2/42 C. apelia Visalberghi, 1987
Dipping First static Acquisition of the behavier and social learning 6/9 C. apella Westergaard & Fragaszy, 19872
Sponging : First static 9/9
Stick directed to a wound = First static Serendipitious observation n.a. C. apella Westergaard & Fragaszy, 1987b
Stick directed to a wound First static Serendipitious observation T na. C. apella -Ritchie & Fragaszy, 1988
Raking/digging/probing Ambiguous C. apella
description Observational study . n.a.f12 C. albifrons Chevalier-Skolnikoff, 1989

Nut cracking First static Social influences on teol use acquisition 5120 " C apella Fragaszy & Visalberghi, 1989
Stick to push . First static 520
Stick to rake First dynamic Sensorimotor, intelligence 3 C. apella Natale, 1989
Stick to push & reward ) . ’

out of a tube First dynamic Appreciation of how the tool should be modified 3/4 C. apella Visalberghi & Trinca, 1982
Nut cracking First dynamic Benefits in terms of time and success due to the

use of tools Sle C. apella Anderson, 1990
Stick to rake , First dynamic Sensorimotor intelligence 3/5 C. apella Parker & Poti, 1998
. Developmental 1

Sticks to push a reward

out of a tube First dynamic Selection of the appropriate tool 4 C. apella Visalberghi, 1993
Nut cracking and probing First static Sequential use of tools {tool-set) 3/9 C. apella Westergaard 8 Suomi, 1993

- First static
Probing First static Selection of the appropriate teol 2 C. apella Anderson & Henneman, 1994
Dipping . Fizst static Tool acquisition in juveniles and influence
of the context 3juv/Sfuv C. apella Fragaszy, Fedigan, et al., 1994

Nut cracking First static 3juv/uy
Stick to push a reward

out of a tube Second simult. Understanding of cause-effect relations 4 C. apella ~ Visalberghi & Limongelli, 1994
Aimed throwing First static - Modeling eatly hominid technelogy 4 C. apella Westergaard 8 Suomi, 1994a
Stone flaking First dynamic Production of flakes 611 C. apella Westergaard & Suomi, 1994b
Stones as curting tools First static Stones as cutting tools 313
Bone modification due .

to the use of taols First static Modeling early hominid technology 510 C. apella Westergaard & Suomi, 1994¢

(continued)
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Table 27.1 (Continved)

and traps

No. of
: Tool
Relational Specific Aim(s) Users/No.
Task Category® of the Study Totalb Species Source
Nut cracking First static Use and modification of bone tools 3/9 C. apella Westergaard & Suomi, 1994d
Bene fragments as
cutting tools First static 3/9
Stick to displace a reward
out of a rube Fitst dynamic Comparison with apes [ C. apeila Visalberght et al.; 1995
Dipping First static Modeling East Asian hominid bamboo .
‘ technology 518 C. apelia Westergaard & Suomi, 1995a
Curting First static 6/18
Digging tools First static Modeling hominid subsistence technology 4/10 C. apella Westergaard & Suomi, 1995b
Stone throwing First static Modeling hominid throwing capabilities 4 C. apella Westergaard & Suomi, 1995¢
Pestle use First static Use of different objects as pestle 10/18 C. apella Westergaard et al,, 1995 ©
Nut cracking First static Modeling hominid metal-tool technology 514 C. apella Westergaard et al., 1996
Cutting First static 5714
Stones as cutting tools First static Transfer of tools and food 3ni C. apella Westergaard & Suomi, 1957
Ant gathering First static Use of sticks to extract ants 714 C. apella Westergaard et al., 1997
Stones as cutting tools First static Use of a tool-set 3/14 -
Nut cracking First static Use of color chips to request tools 1 C .apells Westergaard, Chavanne, et al,,
1998
Dipping First static
Dipping First static Rele of sex and age on tool use acquisition 21736 C. apellz Westergaard, Lundquist, et al.,
1998 .
Factors associated with tool use and
modification 31/61
Container for water First static Serendipitious observation 1/11 C. olivaceus Urbani, 1999
Sponging Zero 1/11
-Stick as cane NA 111
Bait for fishing First static Observational stady 4/6 C. apella Mendes et al., 2000
Cracking open a _ First static Modeling hominids’ behavioral evolution and
baited box the transport of tools 8/13 C. apella Jalles-Fiiho et al., 2001
Transport tools to the box 1713 '
Transpert tools to the nuts
and nut cracking First dynamic 7/8 -
Dipping First static Influence of task location of tool use 2/4 C. olivaceus Dubois et al., 2001
Tool choice, obstacles, First dynamic and Selecrion of the appropriate tool and
second simule. understanding of cause-effect relations 4 C. apella Fujira et al., 2003
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Table 27.1 {Continued )

) No. of
. Tool
Relational Specific Aim(s) Users/No,
Task Category® of the Study "Condition  Total? Species Source
Studies in Semifree and Wild Conditionsd
Throwing, probing NA® Observational study W NA/21 C. capucinus - Chevalier-Skolnikoff, 1950
Pounding to open oysters  First static Serendipitious observation W NA C. apeilz Fernandes, 1991
Exploratory. probing First static Serendipitious observation W NA C. capucinus  Garber & Paciulli, 1997
Nut cracking ? Second sequential  Serendipitious W NA C. apella Langguth & Alonso, 1997
Nut cracking for inside
larvae Second sequential Use of suitable pounding toels and anvils S-F no data/44  C. apells Rocha et al., 1998
Dipping First static Selection and modification of tools S-F 311 C. apella Lavallee, 1999
Nut cracking Second sequential Search of suitable anvil and pounding tools S-F 15/18 C. apella Ottoni & Mannu, 2001
Leaves to absorb liquid Zero Serendipitious observation W NA C. albifrons Phillips, 1998
Branches te kill a snake First static Serendipitious observation w NA C. capucinus  Boinski, 1988
Nut crackingf ? Second sequential ~ Observational study W NA C. apella Boinski e al., 2001
Stick to push First dynamic Acquisition of tool use by providing a W 0/15 C. capucinus  Garber & Brown, 2004
ool task ,
Nut cracking Second sequential W Several C. apella Oxford, 2003; Fragaszy, lzar,

Use of pounding tools and anvils

et al., 2004

*Relational categories are defined in table 27.2 according to the number {zero, first, or second order) and type of relations (static and dynamic) embodied in the task. We include a few cases re-
ported in the literature as tool use involving a zero order relation that do not fit our criterion of tool use.

bNumber of individuals using tools and total number of individvals tested. When there is only one value, it means that the study focussed only on those subjects. NA = not applicable, meaning

that the infermation is not provided by the author(s).
<Captivity includes cages, outdoor enclosures, and small islands.
dIn semnifree ranging (5-F) conditions, the animals have access to large areas from which they obtain a substantial part of their food. W = wild,
¢In our view, the instances described are not cases of tocl use. Most of them refer to explorative behaviors and to dropping branches.
Boinski et al., 2001, did not actually see the capsule of the Couratari oblongifolia open or the capuchin bring its content to the mouth,
Note: From The Complete Capuchin, by D. Fragaszy, L. Fedigan, and E. Visalberghi, 2004, Cambridge: Cambridge University Press. Updated with permission of the publisher,
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1998), and, as mentioned, we have observed wild
capuchin monkeys cracking open palm nuts using
stones and anvils (Fragaszy, Izar, et al., 2004).
Table 27.1 provides a list of published repaorts on
tool use in capuchins from 1980, the vast majority
of which (about two-thirds) refer to studies carricd
out in captivity. Instead of reviewing the above
studies (for this, we direct interested readers to Fra-
gaszy, Fedigan, et al,, 2004), we describe only a
few of them to illustrate the types of tool-using
problems that capuchins master readily and the
types that are more chaflenging for them.

A PERCEPTION-ACTION VIEW OF
TOOL USE

Before we review research teports, we need to pres-
ent and explain our particular treatment of tool
use. The definition of tool use from Beck (1980)
that we quoted at the opening of the chapter is suf-
ficient to identify tool use across a broad spectrum
of species and contexts, as it was intended to do.
However, this definition still leaves ambiguous the
status of some actions. Consider the case where an
individual rubs a substance on the body (calied
“anointing” in monkeys; e.g., Baker, 1995), pre-
sumably because the astringent substance feels
good on the skin (and also because it likely pro-
vides insecticidal or antibacterial protection;
Valderrama, Robinson, Attygalle, & Eisner, 2000},
In this case, the actor, to paraphrase Beck’s defini-
tion, uses a material {an unattached environmental
object) to alter the condition of its skin while the
user holds or carries the material during use and
the user is responsible for the proper orientation of
the materjal. However, several clements are not
clear: for example, whether rubbing something on
the body counts as orienting a material. Given this
ambiguity, we do not classify anointing as tool use.

Beck’s functional definition presents a further

problem for us: Namely, it is meant only to distin-

guish tool use from other categories of action. But,
identifying an action as tool use does not heip to
evaluate the relative complexity of the action; thus,
it does not help to establish whether or why some
forms of tool use are more challenging than others.
For this purpose, we need a principled psychologi-
cal framework of tool use.

We can think about tool use in terms of the rela-
tions among objects, surfaces, effectors, and move-
ments that must be recognized or produced to

achieve a goal.! This framework wag first exph.
cated by Lockman (2000} in a discussipn of the
origins of tool use in human infancy through ey
ploratory action with objects and surfaces, Tn thig
framework, the actor, through CoOmMmon gy
ploratory actions in the species-typical behavigry|
repertoire (Lockman refers to these as “perception.
action routines”), {a) discovers the Properties of
objecrs and surfaces, and the consequences of copy.-
bining them in various ways, (b} learns o recog-
nize and manage the mobile spatial frames of
reference that govern the relation of body, Objecm,
and surfaces to each other, and (¢) practices mody,-
lating actions to achieve particular CONSequenceg,
Thus, combinatoriai exploration leads to oot use.

An important element in this framework is thae
the actor produces information through action thyt
guides subsequent activity, and action and petcep-
tion occur in inextricably linked cycles. This ip.
sight applies to all action, as explicated by I J.
Gibson (1966, 1979; see E. J. Gibson & Pick,
2000). In this view, the actor must produce at leagt
one needed relation berween one object and ap-
other object or a surface in order for the action 1o
qualify as tool use, Merely recognizing the appro-
priate relation, but not producing it, is not toel
use,

To make this point clearer, consider the follow-
ing example. A dog attending closely to a bicycle
Of to a stone is using neither the bicycle nor the
stone as a tool. These objects become tools only
when they are used for reaching a goal (traveling
efficiently or cracking open a.nut) and only when
the actor is responsible for producing the relevant
relation. Even if the dog has gone on runs with its
owner riding the bicycle or received nuts after its
owner cracked them, so thar it anticipates a fast
run or bits of nuts when these objects are present,
the dog is not yet a too! user, Similarly, preferential
attention toward one of two {or more).objects or
choice of an object (Fujita, Kuroshima, & Asai,
2003; Hauser, 1997, Povinelli, 2000; Santos,
Milles, & Hauser, 2003) may inform us about the
actor’s recognition of spatial relations that are rele-
vant for tool use, but attention and choice are not
tool use,

TOOL USE IN CAPUCHINS

To be conservative, we focus on cases in which ca-
puchins use objects to achieve 1 tangible goal (thus
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quling out banging to make noise and anointing the
pody with material with no clear immediate goal,
among other actions). Moreover, we add to the
Jefinition of tool use given here {using an object as
4 functional extension of the body to act on an-
other object” or surface) the requirement that the
actor itself produce a relation between the tool and
another object or surface, and not simply use a pre-
existing relation (labeled as zero-order relations i
table 27.2}. This definition excludes some situa-
tions that others commonly include as examples of
tool use, such as pulling in a cane where the carve
of the cane afready surrounds a piece of food when

537

the actor arrives on the scene. In our scheme, the
moukey itself has to place the cane in refation to
the food {producing a first-order relation) for the
action to be classified as tool use.

An animal may not use a tool consistently in all
contexts; it may use a tool to solve one task but be
unable to use it to solve another. What determines
the difficulty of a tool-using task? According to the
perception-action framework, the number and
kind of relations among objects, surfaces, and
movements that must be recognized or produced to
achieve a goal determine the complexity of a tool-
using task (see table 27.2).

Table 27.2 Relations Produced Through Action With an Object That Are Evident in Capuchins’ Use of Tools

Relational Category Definition

Examples

Zero Order

by default.

First Qrder

Static first-order relations

Act on one object; action
on second object occurs

Acting with an object on 2
Gxed surface {0 on a fixed

Pull in a cane positioned with food inside
" the hook and the straight part of the cane
within reach. '
Pull in cloth with food on the cloth.

Probe into an opening with a stick (“dip”).
Pound a stone on a nut fixed on a surface.

object) to reach the goal

Dynamic first-ozder relations
relation to an object B

moves. Because action with

A alters the state of B,

B must be monitored as

action progresses.
Second Order

Sequential second-order
relations

Acting with an object A in

Acting with an object A in
relation to object B following

Push food out of a tube with a stick,
Pull in an object with a stick when they
are not already positioned so that
- pulling is effective.
Pound a loose nut with a stone.

that

Peund a stone against a nut placed on a
second stone.

placement of object B in
relation to a third object C
fsurface ot object). In this
case, one static relation
between B and C and then
one dynamic relation between

A and B are produced.
Acting with an object A in
relation to object B while
maintaining B in relation
to C (surface or obiject).
In this case two dynamic
relations {between A and B,
and between B and C) are

Simultaneous second-order
relations

Push food through tube with a stick while
avoiding a hole,

Pull food with a rake across a surface with
a hole. .

Pound a stone against a nut on an anvil
surface while holding the nut {to prevent
the nut from failing off the anvil),

coordinated simultaneously.

Nobte: In cur view, an action involving a zero-crder relation is not tool use; tool use requires producing a first-order relation. Order

refers to the number of relations between objects and
sequence.

sucfaces that are required to reach the goal, and not to the number of actions ina
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We recognize two types of spatial relations here:
static and dynamic. Static relations are produced
once, such as placing a nut on a specific surface,
Dynamic relations must be maintained through
time, such as holding 2 nut on an inclined surface
ot keeping an object behind the blade of a hoe
while sweeping it lateralty. Ocher thing being
equal, a dynamic relation is more difficalt to
achieve than a static relation, because it requires
continuous monitoring. The boundary between
static and dynamic relations may not always be
clear (for example, the case of a nut placed on an
inclined stone), but it is stll useful, we think, to
keep this dimension of action in mind when think-
ing about a particular tool problem,

First-Order Problems
(Single Relations)

Captive capuchins are often successful in tasks
where they must produce a single static spatial rela-
tion. Probing into an opening with a stick or pound-
ing a nut or other object fixed to a surface (see figure
27.2, top left and right) are examples of actions
embodying static first-order relations. Dipping and
banging are Very common actions performed fre-
quently by all capuchins. Actions producing dy-
namic single relations are also fairly common, such
as pushing or puiling an object with a stick (figure
27.2, bottom left). Pounding a loose nut with a
stone can involve a static relation if the nut re-
mains where it is placed without support (see figure
27.2, bottom right} or a dynamic relation if the ob-
ject slips unless sapported.

A dipping/probing task is a good example of a
tool-using task involving a single static relation that
has been used many times with captive capuchins
(see figure 27.2, top left). Tn this task, a container is
filled with a viscous food (e.g.. syrup, applesauce,
yogurt) or ants (Westergaard, Fundquist, Kuhn, 8¢
Suomi, 1997} that can ke retrieved through an open-
ing that is too small for a capuchin’s hand. The con-
tainer is fixed to 2 rigid surface and suitable objects
(stick, straw, dowels, and branches from which
smaller pieces can he used) are presented. Capuchins
master this task before their Grst birthday (Wester-

gaard & Fragaszy, 1987a; Westergaard, Lundquist, -

Haynie, Kuhn, & Suomi, 1998) or shortly thereafter
(Fragaszy, Visale, & Ritchie, 1994),

In a variation of this task, capuchins struck an
acetate film with sharp-edged stones and cut an
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opening into a closed food container (Westergaard
& Suomi, 1994b). When sticks o probe wig, are
not readily available near the apparatus, capuchipg
collect them from somewhere oyt of view anq bria

them to the work site {Fragaszy & Visafberghg
1989; Lavallee, 1999, Visalberghi, 1987). pzaming’
1s implied by the coliection of tools distant from the
worle site (see also Jalles-Filho etal., 2001),

Once capuchins have learned to dip for foeq
they do not forget how to do this, even afre; sev.
eral years. For example, two capuching that
learned to dip for syrup, dipped years lage, when
given similar opportunities, although the setting
was completely different (from indoor to semifree
conditions) (Lavallee, 1999). However, applying 5
strategy successfully adopted in the Past is not pec.
essarily efficient for the task ar hand. Figure 27 3
shows a female tufted capuchin that years before
had used sticks to dip for syrup. Now, she has 25
opportunity to work for a new food item, a wal.
nut. She is holding a straw and touching the she||
of the walnut with ir, Clearly, dipping will not
worlc in this context. In this case, the monkey wi||
have to abandon the remembered action—acbject
combination and learn new ones. It is evident from
this example that capuchins do not always appreci-
ate the appropriate elements of g task in the same
way as an adult human observer.

SECOND-ORDER PROBLEMS
(TWO RELATIONS)

Inserting a stick inro an opening is a fairly probable
action for capuchins, as their success in dipping
tasks suggests (see earlier). Capuchin monkeys also -
readily discover that after they insert a stick into a
korizontal rube, they can push food out of the tube
using a stick (fgure 27.4). Pushing food through a
tube requires producing one static relation (inserting
the stick into the tibe) and then one dynamic rela-
tion {a sustained push on the food with the stick).
Visalberghi and Trinca | 1989} used a transpar-
ent tube, which allowed the experimenter and sub-
ject alike to view the food inside and to see the

tool entering the tube, to study the tool-using he-

havior of four tufted capuchin monkeys. The
monkeys mastered this problem within 101 min
without any training or demonstrations. This gen-
eral finding has been replicated with other ca-
puchins and other primate species {for a review, see
Visalberghi, 2000).
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Figure 27.2. Top left, Adult female tufted capuchin dips for applesauce while holding her newborn infant
in one arm. She holds the stick with a power grip. (Photograph courtesy of Elisabetta Visalberghi.) This is
an example of producing a static first-order relation; see table 27.2. Bottom left, Tufted capuchins use a
C-shaped toof to retrieve a reward. Once the monkey has placed the hook around the food, the task be-
comes easy, but the monkey must still monitor that the food remains within the hook of the tool as it
slides across the surface. This task involves producing a dynamic first-order relation. (Photograph cour-
tesy of §. Cumimins-Sebree.) Top right, Juvenile uses a metal object to crack open a walnut glued in the
wooden board, (Photograph courtesy of Elisabetta Visalberghi.) This is an example of producing a static
first-order relation. Bottom right, Adult male effectively cracks open a nut by striking it with a log,
demonstrating skillful use of a tool (from video by Elisabetta Visalberghi). This involves a static first-
order relation if the nut remains stationacy during the cracking process. If the nut must be supported to
prevent it from moving {not shownj, this is an additional, dynamic relation that the actor must produce.

broken off. In the third condition, the sticks were so
short that two of them had to be inserted one be-
hind the other inside the tube in order to move the

The four monkeys tested by Visalberghi and
Trinca (1989} subsequently encountered the same
tube apparatus in three new conditions in which the

tools had to be modified before use or used in suc-
cession (see figure 27.4). In one condition, the ob-
ject (a bundle of thin canes held together by tape)
was too large in diameter to fit into the tube. In an-
other condition, the stick had thin pieces of dowel,

inserted transversely at each end, so that the ends of -

the stick could not enter the tube. To insest the stick
into the tube, the dowel had to be pulled out or

food far enough for the monkey to reach it. The ca-
puchins succeeded under all conditions within a few
minutes. Despite their success, they made many at-
tempts to use the original object without modifying
it and ro use parts of the object (e.g., the tape, 2
splinter; see figure 27.4) that did not have the neces-
sary properties (e.g., rigidity, length) to displace the
food from the tube. Over the 10 trials in each
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Figure 27.3. An adult female tufred
capuchin, proficient in using straw for
dipping syrup, touches a nut gliedon a
wooden board with a straw, using the
same action that she used previously to
retrieve syrup from a closed container.
She ignores the adjacent hard objects
(one shown in the foreground) that
could be used effectively to crack open
auts. Striking a nut'glued in place
would be producing a first-order static
refation. (Photograph courtesy of
Elisabetta Visalberghi.)

condition, the number of errors produced by each
monkey and the nature of their etrors decreased
only slightly. After an interval of § -years, when
these same capuchins encountered these objects and
the tube again for a filming session, they made the
same kinds of errors (Visalberghi & Limongelli,
1992). These findings indicate that the monkeys did
not quickly learn what properties of the objects,
surfaces, and actions were most important for suc-
cess, and they were willing to produce multiple ac-
tions in sequences in attempts to solve the problem.

In another experiment, the same four capuchins
were given a choice among four different objects to
use to push food out of the tube {Visalberghi; 1993).
Three of the objects could not be inserted or would
not reach the food (one was too thick, one was too
short, and one had a transverse block at one end
that prevented its insertion), whereas the fourth was
the appropriate diameter and length. Although they
made a few wrong choices throughout the 16 test
trials, all the capuchins selected the correct tool
far more often than would be expected by chance,
Similarly, Anderson and Henneman (1994) found
thar capuchins selected an appropriate object for
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dipping from among an array of appropriate and in-
appropriate objects. It appears that recognizing an
appropriate object to, insert is easier for monkeys
than modifying an object appropriately beforehand.

Cracking open a nut sometimes requires manag-
ing two spatial relations in succession. For example,
if the nut is loose and most of the ground surface is
relatively soft but hard objects are present, the
monkey can use one hard object as an anvil and
another to pound. Positioning the nut on a specific
hard surface (an anvil) is the first spatial relation;
pounding the nut with a hard object is the second.
The monkey must often hold the nut in place to
make sure that it stays on the anvil as it is struck,
adding a dynamic element to the first of the two
relations,

Capuchins, in semifree conditions, crack nuts
placed on an anvil from about 2 years of age
(Ottoni & Mannu, 2001; Resende & Ottoni,
2002; Rocha et al,, 1998). And, as noted, in Piaui
(Brazil), wild €. apella libidinosus (or Cebus libidi-
nosus according to the more tecent classification
of the genus by Groves, 2001; Rylands, Schneides,
Mittermeier, Groves, & Rodriguez-Luna, 2000;

i
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Bundle

Short sticks

Figuve 27.4. The tube task consists of a transparent horizontal tube baited in the center with a food treat.
Pushing food through a tube requires producing one static relation (inserting the stick into the tube) and
then one dynamic relation (a sustained push on the food with the stick). The objects provided to the sub-
ject that can be used as tools are shown in the zop right of the figure. (From fop to bottorm) A stick that can
be used to push the treat out of the tube. A bundle consisting of several reeds firmly held together by tape;
the diameter of the intact bundie is too large to fit into the tube. The H-stick consisting of a dowel with
two smaller sticks placed transversally near the end; the transverse sticks block the insertion of the dowel
into the tube. Short sticks at least two of which. must be inserted into the tube one behind the other to dis-

place the reward. {Drawing by S. Marta.) The capuc

fin in the fignre has dismantled the bundle of reeds

{visible at her feet) and is inserting the tape, nota reed, into the tube. Errors of this type {selecting inappro-
priate objects as tools) are common in capuchin monkeys. (Photograph courtesy of Elisabetta Visalberghi.)

see also Fragaszy, Fedigan, et al., 2004) routinely
open hard nuts with tools (Fragaszy, Izag, et al,
2004). This appears to be a very promising setting
in which to study tool use in wild capuchins, as
Matsuzawa and colleagues have done with wild
chimpanzees (Inoue-Nakamura & Matsuzawa,
1997; Matsuzawa, 1994; Matsuzawa et al., 2001).

It is clear that capuchins are capable of solving
a variety of different tasks requiring fisst- and
second-order relations, more so than monkeys of
other genera tested so far. However, in most studies
with captive capuchins, not all individuals were
successful at any particular task (e.g., Westergaard
et al., 1998). Some individuals ignored the task,
whereas others, although they explored the con-
text, did not solve the task, even if they had many
opportunities to watch others using an obiject and

abtaining food. In contrast, many of the wild
tufted capuchin mornkeys observed by Fragaszy,
Izar, et al. (2004} cracked open nuts (Marino Gomes
de Oliveira, personal communication), and all indi-
viduals except infants cracked nuts in Ottoni and
Mannu’s (2001} study.

Several factors may account for more consistent
use of tools to obtain food by individuals in semi-
natural or natural groups than in captive groups.
More frequent exposure to the task over a longer
period of time, exposure to the task from an eatly
age, richer social context, and greater motivation
in obtaining food are some of the more obvious
ones (see Fragaszy & Visalberghi, 2004, for discus-
sion of variables that affect learning in social
settings!. In most of the laboratory studies, the tool
task is presented for a limited duration and a limited
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number of times, sometimes with few or no com-
panions present, and the monkeys are typically
well nourished and fully adult when they first en-
counter the task. In a natural setting, the task (em-

bedded food to open} is present daily for weeks or-

months, for year after year. All individuals have re-
peated opportunity and a strong interest in obtain-
ing the food, and materials are distributed in space
and cannot be monopolized by any single individ-
ual. In other words, whereas the experimental data
reflect cross-sectional testing, field observations re-
flect longitudinal exposure.

Moving Objects Across Irregular
Surfaces: An Extreme Challenge
for Capuchins

Visalberghi and Limongelli (1994) presented a
variation of the tube task, the trap-tube task, to

four capuchin monkeys alceady proficient in push- -

ing food out of a tube. The apparatus consists of a
transparent tube with a hole in the center and a
“trap” underneath the hole (figure 27.5). The ex-
perimenter placed the reward on one side of the
hole. To get the food, the capuchin had to insert
the stick into the tube (first relation} and push the
food (second relation) away from the trap {third
relation). The monkey could avoid the trap while
retrieving the reward by taking into account the
outcome of its action with the stick on the move-
ment of the food (toward or away from the trap).
Once’ the stick is inserted into the tube, avoiding
moving the food over the trap embodies two dy-
namic relations: one that the monkey must pro-
duce (between the stick and the food} and one that
it must recognize beforehand (between the move-
ment of the food over the trap and the food falling
into the trap).

The four capuchins were tested for 140 trials.
Three of them succeeded at only chance levels,
whereas the fourth {3 years old) succeeded on 86%
of trials in the second half of the experiment. Care-
ful observation of this monkey’s performance re-
vealed that she adopted a distance-based rule: She
fooked inside the tube from either end and only
then did she insert the stick into the opening far-
thest from the reward (Visalberghi & Limongelli,
1994). However, when the tube was modified so
that one “arm™ was longer than the other, as shown
in figure 27.6, the distance rule became counterpro-
ductive. When the trap was not centered, inserting
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the stick into the side of the tube from which ¢,

reward was farther away led to failure, A e ‘
pected from the use of a distance rule, whey t;:e
trap was not centered, the monkey’s rate of Success
felt significantly below chance level {Limongel};
Boysen, & Visalberghi, 1995), ’

A distance-based strategy seems odd to us, Ag
adult humans, we anticipate or we imagine the ef.
fect of pushing the food with the stick and (simyl. -
tancously} the fate of the food when i Moves
above a hole. Thus, the position of the food with
respect to the trap is integral to how we decide tg
push the food. The four capuchins probably antici.
pated that pushing with the stick causes the fooq to
move, but they did not simultaneously recognize
that the food will fall into the hole when they push
it toward the hole. The behavior of the three mon-
keys that never scored better than chance with the
trap tube supports this view. This view is also sup-
ported the thorough analysis of the behavior of the
fourth monkey who discovered an effective strat-
egy based on a spatial relation instead of one based
on the recognition beforehand of the relation be. .
tween the movement of the food over the trap and
the food failing into the trap. ]

When the trap tube was presented to five chim-
panzees, two sofved it at above-chance level
(Limongelli e al., 1995), but their strategy was not
based on the same distance rule as was used by the
successful capuchin, Roberta (see Experiment 2,in

~ Limongelli et al., 1935). It is possible that these

two apes might have understood the relevant rela-
tion between the food and the hole, as do children
above 3 years of age (Visalberghi & Limongelli,
19965 Want 8¢ Harris, 2001). However, Reaux and
Povinelli (2000) found that several chimpanzees
behaved like Roberta; they solved the task by in-
serting the stick into the end of the tube farthest
from the food. When they encountered the tube
with the trap rotated 180 degrees vertically (so that
the reward cannot fall into it and be lost), they
continued to use the same distance rule. Therefore,
identifying the second spatial relation in the trap
problem is not easy for either apes or capuchins,
even though they cari see the hole and the food and
see that, when they push the food into the hole, it
falls into the trap.

To better understand what makes the trap
tube difficult for capuchins and chimpanzees, we
should consider whether they perceive the hole in
the tube and whether they anticipate the path of
motion of the food when it enters the hole. Would
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Figure 27.5. Trap-tube is a transparent tube with 2 holc in the center and a trap underneath it. The upper
'panel shows an example of correct insertion of the stick; the rewasd is on the right side of the trap. Note
how delicately the monkey {Roberta) moves the stick with the fingertips of her right hand while at the
same time monitoring the slow movement of the reward. The lower panel shows an example of insertion
of the stick in the wrong side of the tube. Note that the reward, lost on a previous trial by Roberta, is al-
ready inside the trap. (Photographs courtesy of Elisabetta Visalberghi.)

they eventually learn to solve this problem effec- Cummins (1999) investigated the ability of four
tively if they generated more or different kinds of capuchin monkeys to deal with two kinds of aber-
feedback from their own actions concerning ob-  rations of a surface (a barrier and a hole} while us-
jects moving across surfaces? Experiments fo test ing a hoe to retrieve a piece of food (figure 27.7).
these hypotheses have begun. When the hoe struck the hole, the monkey could
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Figure 27.6. Control tests presented to Roberta, the
only capuchin that solved the trap-tube task above
chance level. These tubes were used to test whether
Roberta was using a distance strategy to solve
the trap-tube task, When the reward falls into the
hole, it is lost to the monkey, The figure shows
the possible locations of the reward at the begin-
ning of each trial, In 2 and ¢, the hole is centered,
in b and d the food is in the same position as in a
and ¢ but the hole is displaced from the middle part
of the tube. Note that in 2 and & the reward js
closer to the opening on the right and farther from
the openingto the left and that in ¢ and d the re-
ward is closer to the opening on the left and farther

from the opening to the right. Roberta did not solve

the problem when it was presented as in & and 4.
{(Redrawn by S. Marta from Limongelli et al.,
1995}

see and feel the blade of the hoe falling into it
When the hoe struck the barrier, the monkey could
see that the hoe was partly occluded and could fee]
the impediment to movement. In this task, ca-
puchins detected barriers on surfaces more readily
than holes and they moved an object past a barrier
more successfully than past a hole, In subsequent
testing, the monkeys avoided moving a reward to-
ward a hole placed anywhere on 2 surface. They
also readily moved the reward across a focation
wherte, on a previous trial, the hole had been
(Cummins-Sebree & Fragaszy, 2005). In other
words, their successful performance was not based
on the spatial rule of avoiding the area where a hole
sometimes appears. These results suggest that feed-

- when capuchin monkeys had enough of
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back from action is very important for fearniy
H

the righe
e ehjae
tas they

kinds of experience, they learned to use g
o move another object past a holg, jus
tearned to move an object past a barrier.

The four capuchins tested by Fujita et al, (2003)
used cane tools effectively to pull in food a
smooth surface but failed when they ENCOUNtered
new situations involving obstacles and trapg, The
fact that these same subjects were proficient in tasks
requiring a choice between cane toois Of.Va[‘yiﬁg
shape, size, color, or material led Fujita et 4, to ar-
gue that capuchins are able to appreciare relayigq.
ships between items (namely, tool and reward), by
they have difficulty mastering relationships among
items (namely, tool, food, and a constraining epy;.
ronmental feature, such as a trap). )

Visalberghi and Néel {2003} provide an exam-
ple where experience acting on objects resulted in
excellent discrimination by capuchin monkeys in 4
different kind of task. In terms of fime and energy,
opening an embedded food is a costly éctivity.
Therefore, it is important for the monkey to deter-
mine, before opening it, whether a particular shel|
is empty or full. Visatberghi and Néel permitted the
monkeys to choose one of two visually identical
nuts to open. The nuts were hung on the side of the
cage with string; the monkey could take one and
the other was immediately removed. One of the
fats was empty (worthless); the other was fulf
{valuable). Before making their choice, the ca-
puchins lifted the ruts {presumably to judge their
weight) and tapped the shells (presumably to lis-
ten). The monkeys could discriminate between nuts
differing by as little as 2 to 3 gm, a 21 o 30%
difference in weight. Fither tapping or lifting was
sufficient for accurate discrimination between the
full and empty nuts, By their action, the monkeys
produced information about the nuts that permit-
ted them to make informed chojces.

We suggest thar the same processes apply to be-
havior in tool-using situations. Tool users act to
produce information about objects and surfaces
that guide further action. To the extent that the
context permits effective production of salient in-
formation from their awn action, capuchins are
likely to master the problem.

The notion that individuals act to produce rele-
vant perceptual information, 4nd that this informa-
tion guides further action and further learning,
opens a new avenue for investigating how and
when monkeys will master using objects as tools.

Cross 3



Figure 27.7. A capuchin monkey faces the choice of retrieving one of the two pieces of food with a hoe.
Success depends on the type of surface the food must traverse. In the lower panel, the monkey is moving
the hoe to collect a piece of food by sliding it across a solid, smooth surface (the surface on the monkey’s
lefe; on the right side of the picture) instead of trying to coliect the piece of food placed behind a hole {the
dark rectangle on the surface to the monkey’s right; on the left side of the picture); in the upper panel, the
monkey moves the food around the barrier (the raised block on the right) rather than toward the kole on
the fefr. Coping with moving food past the hole posed a greater challenge to the monkeys than coping
with moving food around the barrier. (Photographs courtesy of . Cummins-Sebree. )
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We anticipate an active program of research to in-

vestigate these ideas.

Behavioral and Environmental
Factors Promoting and
Constraining Tool Use

Captive capuchins’ impressive achievements in us-
ing tools contrast sharply with the scarcity of re-
ports of tool use by wild capuchins, What aspects
of capuchins’ behavior and ecology might result in
the discovery of how to use an object as a toof?
And conversely, what can constrain or prevent ca-
puchins from using tools, or prevent the scientist
from noticing it? Considering these questions may
help us understand why captive and wild monkeys
diffef in tool use and may suggest new ways to
look for tool use in wild capuchins.

Like other monkeys, capuch'iris POSSESS Sensory,
anatomical, and behavioral characteristics that en-
able them to use objects as tools {e.g., they have
grasping hands and stereoscopic vision, they coor-
dinate vision and prehension, and they manipulate
abjects dexterously). In addition to these character-
istics, as mentioned earlier in this chapter, ca-
puchins possess behavioral characteristics thar are
less widely shared with other primates and that are
particularly relevant to using objects as tools. Both
wild and captive capuchins reliably and sponta-
neously combine objects with substrates and with
other objects by pounding and rubbing; they also
insert their hands and objects in holes and crevices
{Boinski, Quatrone, 8 Swartz 2001; Fragaszy,
1986; Fragaszy & Adams-Curtis, 1991; Janson &
Boinski, 1992; Panger, 1998). These actions are
sufficient to support the discovery of tool use by
captive capuchins’ (Visalberghi, 1987}, When cap-
tive capuchins encounter objects they consider be-
nign, whether povel or familiar, they quickly
approach, explore, and manipuiate them enthusi-
astically. Interest in objects, even familiar ones,
persists over time (Visalberghi, 1988; Westergaard
& Fragaszy, 1985). On encountering an interesting
set of objects or an interesting substrate with loose
objects available, and with the time and security to
investigate, a2 capuchin monkey will reliably pro-
duce actions with objects on surfaces. This form of
activity is more likely when the monkey is on the
ground, so that the objeect does not fall out of reach
when the monkey drops it {(as would occur if the
monkey is in a tree), when a substrate to bang the
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object against is easily within reach, ap
the monkey itself is at no risk of falling,

These optimal conditions are less likely ¢ be
present for wild capuchins (Visalberghj, 1993)
which do not respond as enthusiastically to ﬂovei
objects as do captive monkeys {Visalberghi, Jan-
son, & Agostini, 2003). Capuchins’ arboreg|
lifestyle limits their opportunities to manipulate
objects and makes the use of objects as toolg more
chalienging. When in the trees, capuching’ hands
are more often needed for support, loose objects
that could be used as tools are less available and
are less easily set aside and retrieved, and stable
strong, and appropriately shaped supporting sub-,
strates are less available than on the ground, A).
though arboreality may limit opportunities, it does
not preclude tool use as both chimpanzeés and
orangutans do sometimes use tools in trees (Boesch
& Boesch-Achermana, 2000; van Schaik, 2003,
van Schaik, Fox, & Sitompul, 1996). Finally, ca-
puchins have not yer been studied extensively in
the wild and activities carried out high in the forest
canopy are more difficult for terrestrial humans ro
view than activities occurring on the ground (but
see later). All of these points may account for the
rarity of observations of tool use in wild ca-
puchins.

Let us now consider the circumstances under
which wild capuchins should be expected to use
tools. Tool using would provide an alecrnative
feeding strategy when other important resources
are scarce. For example, the exploitation of nuts
and the pith of oil palms (Elais guineensis) by wild
chimpanzees in Bossou (Guinea, West Africa) is
strongly negatively correlated with the availability
of fruit (Yamakoshi, 1998), Visalberghi {1997) ar-
gued that the general disposition to act with ob-
jects that leads capuchins to use tools for
exploiting embedded food resources is more likely
when readily available foods are scarce or undesir-
able. In addition, using a too is more likely when
direct pounding or biting does not suffice {Visal-
berghi 8 Vitale, 1990}. Thus, we should expect to
find capuchins using tools when seasonal reduc-
tions in fruit availability are particularly harsh and
an embedded food that is difficult to open is abun-
dant or highly desirable due to its nutritional
value, or when the diversity of foods is consistently
low and an embedded feod is an important staple
itern in the diet,

Evidence supporting this view is stowly accumu-
lating. The few reports of wild capuchins using

d Wi’len
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tools are all cases in which easily obtained food
was scarce or abundant food was very difficult to
obtain. Fernandes (1991, p. 530) argues that the
ability to open oysters by using a tool allowed ca-
puchins to be “the only permanent primate resi-
dent” in the mangrove swarmp he surveyed. There
s strong, but indirect evidence {remains of Syagrus
quts on and near stones on the ground in areas
where tufted capuchin monkeys ranged) that, dur-
ing 2 period of severe drought, wild C. apella used
stones to pound open nuts (Langguth 8¢ Alonso,
1997). We expect that, as we look more widely at
wild capuchins in areas where they search for en-
cased foods on the ground, we may find additional
populations of monkeys using stones as tools to
pound open hard foods.

In short, the strong motivation imposed by
hassh ecological conditions, a certain degree of ter-
restriality, and the ready availability of stones and
hard surfaces on which to place the embedded food
to be pounded all favor the emergence of using
tools to open hard foods. Too! use, in turn, may
give capuchins a chance to inhabit otherwise inhos-
pitable areas and to deal with seasonal changes in

food availability.

CONCLUDING REMARKS

Tool use arhong nonhuman animals will certainly
remain of interest to behavioral scientists for many

reasons for vears to come. Nevertheless, in part be-

cause it is of interest to so many communities for
diverse reasons, there is more discussion about tool
use than research on the topic; indeed, we find the
literature on tool use, as a whole, to be theory
poor.

For most of the twentieth century, studies of
tool use in animals were descriptive or documen-
tary. Documentary studies will remain important
{Le., reports of new discoveries from the field that
individuals of a particular species use an object as a
tool, such as van Schaik & Knott, 2001, for orang-
utans; Hunt, 1996, and Weir, Chappell, & Kacel-
nik, 2002, for New Caledonian crows). However,
we have entered a new millenium and it is time to
face a new challenge. The challenge for the field of
comparative cognition that we are now in a post-
tion to address is understanding the origins and
mechanisms that support the use of tools in diverse
species. This task requires theoretically driven em-
pirica, and particularly experimental investigations.
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There is no comprehensive “theory of tool use” to
guide us. Instead, theoretical treatments of tool
use, particularly by nonhuman primates, have in-
cluded adaptations of Piagetian theory by Parker
and colleagues (Parker & Gibson, 1977; Parker,
Langer, & McKinney, 2000; Parker & Poti, 1990)
and Antinueci (1982), innate knowledge and
causal comprehension theory by Visalberghi and
Tomasello (1998) and Povinelli (2000), and hierar-
chical ordering theories by Greenfield (1991) and
Matsuzawa (2001). o

We have proposed using perception-action the-
ory, offered some examples of research with ca-
puchin monkeys based on this theory, and applied
it post-hoc to previous studies with capuchins {see
table 27.1). This theory seems to us to offer prom-
ising new directions for comparative research. We
suggest that theoretical diversity is a healthy state
for the field at this time; we look forward to con-
tinuing experimental worl guided by several theo-
retical orientations.

Where should research on tool use in capuchins
go in the near future? Three directions seem to us
to be very promising. First, descriptive studies of
tool use and other forms of combinatorial behavior
by wild capuchins (c.g., Boinski et al, 2001;
Panger, 1928) will continue to be enormously im-
pogtant to our understanding of developmental
processes and fanctional consequences of these ac-
tivities, :

Second, we look forward to the start of experi-
mental studies on tool use at field sites where this is
permissible. Ottoni and colleagues (Ottoni &
Mannu, 2001; Resende & Ottoni, 2002) have be-
gun such a line of work. A site where capuchins are
provisioned .and provided with opportunities to
use tools could create a natural laboratory of the

kind that Matsuzawa and colleagues have done at

Bossou (Inoue-Nakumura & Matsuzawa, 1997;
Matsuzawa et al., 2001). Natural laboratories pro-
vide opportunities for many kinds of longitudinal,
developmental, and experimenta! studies, such as
investigating how animals cope with altered condi-
tions (new kinds of nuts or tools, altered abun-
dance or distribution, etc.}. Moreover, naturally
occurring phenomena, such as immigration of
skillful individuals into groups whose members do
not use tools in the same manne, can tell us about
the contribution of social context to skill develop-
ment in a natural setting, Overall, the more compa-
rable data we have obtained on wild capuchins and
wild chimpanzees, the more powerful will be our
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comparisons of these two tool-using genera., We
are now beginning to collect such data.

Third, we look forward to experimental studies
in the laboratory using perception-action theory to
examine how capuchins detect, produce, and mod-
ufate spatial relations among objects. In general,
this theory directs our attention to the physical and
perceptual challenges of using objects as tools. One
can ask, for example, how monkeys progress from
banging a hard object erratically on a nut and the
surface surrounding the nut, to carefully modu-
lated, accurate strikes that break the nut efficiently.
Or, one can ask what features of the repertoire
contribute to initial discoveries of useful refational
properties, how easily the monkeys learn to detect
and produce appropriate spatial relations, and so
forth. We know virtually nothing about these top-
ics at present for any nonhuman species. We are
particularly interested in the possibility that pro-
ducing and sustaining dynamic and static refations

pose differential challenges to the monkeys. One of -

the advantages of this line of investigation is that it
leads naturally to links with neuroscience, biome-
chanics, moephology, and related felds in the life
sciences.

A final thought: Seeking compatible explana-

tions for behavioral phenomena at multiple levels
{mechanism, function, development, and evolu-
tion) invigorates the field of animal behavior
(Kamil, 1998, Comparative cognition would do
well to follow the model of the larger field of ani-
mal behavior and work to maintain maltiple levels
of explanation and multiple links with other felds.
Researchers interested in tool use in nonhuman
species should keep this in mind.
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Notes

1. This view of tool use is similar in many re-
spects to those presented by Greenfield (1991).

- 2. Hauser (1997) tested cotton-top tamarins

(Sagusnus oedipus) in a choice paradigm (previously

-vant and irrelevant features of 5 ool In H
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adopted by Brown, 1990, to test Buman j
and Povinelli (2000} used the Same parad; o Ants)
chimpanzees. In these studies, the sub,'ecrgrl? Wlt-_
choose berween objects to retrieve g rewa{dad it
choice, not the actual use of the object as toq| Th
the dependent variable used rq evaluate the povss
keys’ representation of the functionally relevan;nfo "o
tures of a tool. Santos and co-workers (i, -
used looking time to test whether ramaring ang rehssj

sus {Macaca »idatea) distinguished between ;e[:-
Santos’s studies, macaques and tamarir:;i uscflriaa[ﬁd
distinguished relevant and irrelevant fearyreg of ok
jects that could be used ro pall in food. Ag men:
tioned earlier, we consider the WO variableg o
choice and locking time to indicate something aloy,

the subjects’ interest in objects or events bue ngt
about tool use per se.
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