The Etho-Cebus Project; Stone-tool
use by wild capuchin monkeys

Elisabetia Visalberghi

Istituto di Scienze e Tecnologie della Cognizione, Consiglio Nazionale dells Ricerche

Dorothy Fragaszy

Psychology Department, University of Georgia

Tool use, according to St Amant and Horton (2008: 1203),’ is the “exertion of control over
a freely manipulable external object (the icol) with the goal of altering the physical
praperties of another object, substance, surface or medium (the target, which may be
the tool user or another organism}, via a dynamic mechanical interaction.” Among wild
great apes, only chimpanzees use tools habitually, in many varied formats across their
geographical distribution, and for diverse purposes {see McGrew, 1992; Yamakoshi, 2004
for a review; Boesch e al., 2009; and this volume). Tool use is observed much less ofien in
wild Sumatran orangutans (Porgo abelii), and even more rarely in the other wild great
apes (Western gorillas, Gorilla gorilla, and bonebos, Pan paniscus), though in captivity
all the great ape species use iools spontaneousiy in flexible and diverse ways. Ameng
monkeys, very few species use tools in natural settings (Macaca jascicularis:
Malaivijitmond er al., 2007, Gumert e/ al., 2009; Cebus® libidinosus and C. xanthosternos:
Canale et ¢/.. 2009, for a comprehensive review concerning the genus Cebus, see Ottoni &
Izar, 2008), although many species oceasionally use tools in captivity (for reviews, see
Anderson, 1996; Panger, 2007; Bentley-Condil & Smith, 2010; Shumaker et al., 2011).
Among monkeys, the capuchins {species belonging to the newly identified genus Supajus)
excel in all respecis (Bentley-Condit & Smith, 2010) and their tool use fully fits St Amant
and Horton’s (2008) definition.

Tool-using skills of captive capuchins were reported in Europe in the sixteenth century
(see Visalberghi & Fragaszy, 2012), long before the first illustration of a Liberian chim-
panzee digging for termites appeared in a stamp issued in 1906 (Whiten & McGrew, 2001)

We cite this definifion of tool use, among several available, becavse it highlights the requirement that the actor
must accomplish a mechanical interaction with the target. Use of a stone as a percussor epitomizes this aspect
of tool use.

Recent molecular analysis has revealed that capuchin monkeys, formerly identified as the single genus Cebus,
are two genera, with the robust forms (including libidinosus, xanthosternos and several other species) now
recognized as the genus Sapajis, and the gracile forms retained as the genus Cebus (Lynch Alfaro er af., 2011,
2012). Te date, tool use has been observed in some species of wild Sapajus, but no species of wild Cebus. In
this chapter we retzin Cebus when citing published findings using the older nomenclature and Sapajus
{Cebiis} 1o refer Lo the taxa in general and new findings abour species in this newly recognized genus.
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or reached the scientific community through the work of Jane Goodall (1964). However,
first-kand published reports on toel use by wild capuchins are relatively recent. Fernandes
(1991) published the very first account of direct observaiion of tool use. He observed a wild
capuchin (Cebus apella) using a broken ovster shell to strike oysters still attached to the
subsirate and successfully brealking them open. Boinski (1938) observed a wild male white-
faced capuchin {C. capucinus) hitting a snake with a branch obtained from nearby
vegetation. These observations each concerned one individual and one event. Habitual
tool use (i.e., by several individuals over a peried of time) in wild capuchins has been
discovered and investigated only in the present millennium.

Sumprising to some, the phenomenon of lool use by capuchin monkeys appears to be
geographically widespread in wild populations of bearded capuchins (Sapajns (Cebus)
libidinosus) and ta encompass a range of maferials, methods and goals. The reports come
from seasonally dry Cerrado and Caatinga habitats in the north and east of Brazil. At Fazenda
Boa Vista, State of Piaui (hereafter FBV; Fragaszy ef a/., 2004a) bearded capuchin monkeys
crack open palm nuts and other encased foods with stone hammers and anvils. In the Serra da
Capivara National Park, also in the State of Piaui, bearded capuchins use stones to access
embedded food by percussion and by scraping, and sticks to probe for honey and fo flush
vertebrate prey (Moura & Lee, 2004; Manmu & Ottoni, 2009). At the Agua Mineral National
Park (Federal District, Brazil) and in the State of Rio Grande do Norte they crack encased
foods with stone tools (Waga er al., 2006; Ferreira ef al., 2010) (see Figure 10.1). Elsewhere
researchers have found indirect evidence of tool use by (presumably)} bearded capuchins (i.e..
stone tools and palm shells on hard substrates; e.g., Canale ef al., 2009). Finally, semi-free-
ranging capuchins (that may be mixtures of species and hybrids) have been observed to crack
nuts in severai sites (for a review see Otlont & lzar, 2008).

Nut cracking is an integrated dynamic system with biomechanicai and morphological
components (refated to the monkeys™ posteranial morphology) and with environmental
components (including the mass and materiai of the hanumer stones and of the anvil site,
and the material and physical properties of the nut}. Using a stone (or log) to pound open
or otherwise breach an encased food item placed on a solid surface (an “anvil”) is
considered the most complex form of tool use by non-human species routinely seen in
nature, because it involves producing two spatiai relations in sequence (between nut and
anvil, and between pounding tool and nut) (Matsuzawa, 2001; Fragaszy ef al., 2004b).
Furthermore, transporiing the food item and sometimes the percussor involves costs
(time and energy, among others) and may present cognitive challenges, such as antici-
pating future needs, recalling elements that are out of sight and planning the course of
action. Transporting food resources and repetitive visits to specific places on the land-
scape to process foods are associated with early Homro and are thought to be important
innovations of the Oldowan {e.g., Binford, 1981; Isaac, 1984; Potis, 1991).

QOur goal here is to provide an overview of the discoveries made by the Etho-Cebus”
tearnt since the use of stone hamuners and anvils by wild bearded capuchin monkeys at

* In 2005 Dorotiy Fragaszy {Depariment of Psychology, University of Georgia, Athens, GA, US), Elisabetta
Visatberghi (Istituto di Scienze e Tecnologie della Cognizione, Consiglio Nazionale delle Ricerche, Rome,
Ttaly), Eduardo Cttoni and Patricis Izar (Depariment of Experimental Psychology, University of Sio Paulo.
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or reached the scientific community through the work of Jane Goodall (1964). However,
first-hand published reports on tool use by wild capuchins are relatively recent. Fernandes
{1991) published the very firsi account of direct observation of tool use. He observed a wild
capuchin (Cebus apella) using a broken oyster shell o strike oysters still attached to the
substrate and successfully breaking them open. Boinslki (1 988) observed a wild male white-
faced capuchin (C. capucinus) hitting a snake with a branch obtained from nearby
vegelation. These observations each concemed one individual and one event. Habitual
tool use (i.e., by several individuals over a period of time) in wild capuchins has been
discovered and investigated only in the present millennium.

Surprising o some, the phenomenon of tool use by capuchin monkeys appears to be
geographically widespread in wild populations of bearded capuchins (Sapajus (Cebus)
libidinosus) and to encompass a range of materials, methods and goals. The reporis come
from seasonally dry Cerrade and Caatinga habitats in the north and east of Brazil, At Fazenda
Boa Vista, State of Piaui (hereafter FBV: Fragaszy ef of., 2004a) bearded capuchin monkeys
crack open palm auts and other encased foods with stone hammers and anvils. In the Serra da
Capivara National Park, also in the State of Piaui, bearded capuchins use stones to access
embedded food by percussion and by scraping, and sticks fo probe for honey and to flush
vertebrate prey (Moura & Lee, 2004; Mannu & Ottoni, 2009). At the Agua Mineral National
Park (Federal District, Brazil) and in the State of Rio Grande do Norte they crack encased
foods with stone tools (Waga et al., 2006; Ferreira et al., 2010) (see Figure 10.1). Elsewhere
researchers have found indirect evidence of tool use by (presumably) bearded capuchins (i.c.,
stone tools and palm shells on hard substrates; e.g., Canale ef al., 2009). Finally, semi-free-
ranging capuchins (that may be mixtures of species and hybrids) have been observed to crack
nuts in several sites {for a review see Ottoni & Tzar, 2008).

Nut cracking is an integrated dynamic system with biomechanical and morphological
components (related to the moakeys” posteranial morphology) and with enviroamental
components (including the mass and material of the hammer stones and of the anvil site,
and the material and physical properties of the nut). Using a stone (or log) to pound open
or otherwise breach an encased food item placed on a solid surface {an “anvil™) is
considered ithe most complex form of tool use by non-human species routinely seen in
nature, because it involves producing two spatial relations in sequence (between nut and
anvil, and between pounding tool and nut) (Matsuzawa, 2001; Fragaszy er al., 2004b).
Furthermore, transporting the food item and sometimes the percussar involves costs
{time and energy, among others} and may present cognitive challenges, such as antici-
pating future needs, recalling elements that are oul of sight and planning the course of
action. Transporting food reseurces and repetitive visits to specific places on the land-
scape to process foods are associated with early Homo and are thought to be important
innovations of the Oldowan (e.g., Binford, 1981; Isaac, 1984; Potts, 1991).

Our goal here is to provide an overview of the discoveries made by the Etho-Cebus®
team since the use of stone hammers and anvils by wild bearded capuchin monkeys at

* 1n 2005 Dorothy Fragaszy (Department of Psychology, University of Georgia, Athens, GA. US), Elisabetta
Visalberghi (Istituto di Scienze ¢ Tecnologie defla Cognizione, Consiglic Nazionale delle Ricerche, Rome,
Italy), Eduardo Ottoni and Patricia [zar (Deparment of Experimental Psychology, University of Sio Paulo,
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Sione-iool use by wild capuchin monkeys

Figure 10.1

Sites for which there are published observations of the use of percussive tools by wild
capuchins. The stars indicate Fazenda Boa Vista (FBV, P, Brazil) and Serra da Capivara
National Park (SdC, PI, Brazil). The circle indicates the Agua Mineral Park, in the Brasilia
National Park (DF, Brazil).

Fazenda Boa Vista {Gilbués, Siate of Piaui, Brazil) was first reported in 2004. We also
briefly compare some of our findings on stone-lool use in bearded capuchins, such as
frequency of teol use, sex differences and selection of tools, with these reported for
chimpanzees.

Study area and monkeys

Our study area is located at Fazenda Boa Vista (9°39° S, 45°25' W; see Figure 10.1),
privately owned iand 21 ke northwest ol the town of Gilbués (P1). The physical geography
of the field site is a sandy plain at approximately 420 m above sea level, punctuated by

SEe Paulo, Brazil) started the Etho-Cebus Project to investigate the nut-cracking behavior of the FBV
capuching in ecological, developmental, social, physical and hisiorical context. Barth Wright and Kristin
Wright, both at lKansas City University of Medicine und Biosciences, have since joined the team, For more
informasion, see http:/www.Ethocebus.org
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sandstone ridges, pinnacles and plateaus surrounded by cliffs composed of sedimentary
rock rising steeply to 20-100 m above the plain. The cliff and plateau consist of inter-
bedded sandstone, siltstone and shale. Rock faces ofien brealk off these formations and fall
to the base of the cliff clese to the plain, shattering into boulders with planar surfaces, and
forming a talus (for further information about the geelogy of FBYV, see Visalberghi er af.,
2007 and video | in the electronic supplementary material at www.cambridge.org/
9781107011199). The sandstone cliffs and plateaus are heavily eroded and there are
ephemeral water courses that have running water briefly after rainfall. The area is lightly
populated by humans, and containg cultivated areas, wetlands, grazing land and some less
disturbed woodland areas. The flat areas are open woodland, whereas the slopes of the
ridges are more heavily wooded. Palms are abundant in the open woodiand. The climate is
seasonally dry. Over a 20-year period (1971-1990), the average annual rainfall was
1156 mm; 230 mm of that amount feil during the dry secason (May-Sepiember)
(Brazilian Agricultural Research Corporation, Embrapa, www.embrapa.br).

FBV is located in the iransition area between the Cerrado and the Caatinga
domains. It presents four types of vegetation physiognomies according to the terrain
and the availability of water. The sandy plain is characterized by a high abundance
of palms with subterranean stems and medium-height trees like Eschweilera nana
and Hymaenaea courbaril, The vegetation in wetter areas is characterized by a
higher diversity of trees forming gallery forests and a high density of the tall palm
tree Mauritia flexuosa. Shrubs and small trees dominate the cliff and the talus,
whereas in the plateau herbaceous vegetation dominates, especially bromeliads and
cactus.

We have studied two groups of wild bearded capuchins at FBV: the C group and the
Z group. In 2003, when we first visited FBV, the C group was already habitnated to
human presence and provisioned in suppori of ecotourism being promoted in that
area. During the year in which data on tool use were systematically collected by
Spagnoletti for her PhD (June 2006 to May 2007; Spagnoletti, 2009) the C group
received a suppiement of water and food (on average 3082 + 908 keal per day for the
whole group consisting of 12-18 individuals). The C group visited the provisionad
area to eat in 53 of the 91 days (38%) over which behavioral observations were carried
oui on that group. Visits to the provisioned area did not occur regularly and sometimes
capuchins did not visit for many days in a row (for example, in February 2007 and
February 2009 they did not visit for 11 and 12 days consecutively). Our team
habituated Z group to human presence in 2005 and this group was not provisioned.
The home range (MCP, minimum convex polygon) of Z group was 4.9 km® and that
for C group 6.9 km?, with an overlap of 3.0 km? during the period of Spagnoletti’s
study (Spagnoletti, unpublished data).

Between 2004 and 2009 the Etho-Cebus team conducted several behavioral studies,
some of which are ongoing at the time of writing. Here, we discuss observations on the 28
bearded capuchins belonging to two groups (C and Z) carried out by Spagnoletii ef al.
{2011, 2012) and a series of field experiments conducted with the C group carried out by
Visalberghi, Fragaszy and colleagues.
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Palimi nuis

In the open woodland of FBV palms are abundant and produce fruit at ground level.
The four species of palm nuts most commonly eaten by capuchins at Boa Vista are:
tueum (Astrocaryum campestre), catulé (Arralea barreirensisy, piassava (Orbignya sp.)
and catuli {Attalea sp.) (see Figures -3 in the electronic supplementary material at
www.cambridge.org/9781107011199). Behavioral and phenological data collected in
Boa Vista show that catulé nuts are more abundant in the dry season, whereas the other
species, and especially piassava, are more uniformly available across the year
(Spagnoletii et af,, 2012).

Typically, the capuchins collect the palm nuts by plucking one nut from the cluster,
pulling and turning it until it comes foose. The mesocarp of catulé, catuli and piassava
(but not of tucum) is edible, and capuchins usually eat this layer until the woody endocarp
of the aut is exposed, as do cattle and other animals in the area. At this point they
immedtately look for an anvil site to crack the nut, or abandon the nut on the ground.
Capuchins will also pick up nuts that have had the mesocarp removed previously and
transport them to an anvil site.

Visalberghi et al. (2008) characterized the four species of nuts cracked by capuchins and
assessed their peak-force-at-failure. The resistance of the structure of the nuts differed across
species and was correlated positively with weight (and volume). In particular, the mean peak-
force-at-failure values were 5.15 kN for catulg, 5.57 &N for tucum, 8.19 kN for catuli and
11.50 kN for piassava. Since catulé and tucum values were significantly lower than those of
catuli and piassava, nuts were categorized as low-resistance (catulé and tucum} and high-
resistance (piassava and catuli). To put these findings into context, all four species of palm
nuts exploited by capuchins are at least 13 times more resistant than walnuts (Juglans regia)
and between two (catule, tucum, catuli) and five times (piassava} more resistant than
macadamia nuts. Indeed, the piassava nuts are approximately as resistant as panda nuts,
the most resistant nuts cracked open by chimpanzees (see Table 10.1).

Stones used as hammers and their availability in FBY

Nut cracking by capuchins leaves physical evidence, such as distinctive shallow depressions
(pits) on the surface of both wooden anvils and stone anvils, cracked shelis and stone
hammer(s) on the anvil (see Figure 4 in the electronic supplementary material at www.
cambridge.org/9781107011199). Visatberghi ef al. (2007) used these diagnostic physical
remains to infer the occurrence of nut cracking in the arca of FBV. By surveying a sample of
these anvil sites they found that: (1) anvils (boulders and logs containing shallow, hemi-
spherical pits) were located predominantly in the transition zone between the flat open
woodland and the ridges, in lecations that offered some overhead coverage, and with a tree
nearby, but not necessarily near palm trees; (2) hammer stones represented a diverse
assemblage of ancient rocks that were much harder than the sedimeniary rock (sandstone)
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Tahble 10.1 Summary of the main characieristics of stone-tool use in bearded capuchins living at FBY and in
chimpanzees in the Tal National Park (TNP, fvory Coast). The references are in the texi unlass indicatad.

Cebus fibidinosus

Fan troglodyres verus

Customary and habitual
Seasonal

Hammers

Stone

Wood

Frequency of suitable
hammer stones

Peali-force-at-failure of the
hardest species of nuts”

Hammer selectivity on the
basis of material and weight

Anvils

Material

Reuse of the same anvil site
Anvil transport

Anvil selection
Anvil pits selection

Frequency of tool use

Body positien when eracking
Tool use in trees

Age of nut cracking acquisition

Yes
No

Yes
Unsuitable
17.5 stones per hectare (0.3-3 kg)

Orbignya sp., average 11.5 kN

Yes

Stone and woad
Yes
No impossible

Yes

Yes™®

Males > [emzles
Bipedal

Ves®

2-3 years

Yes
Yes

Yes
Yes
0.0% hammers (>1 kg) per hectare!

Panda oleosa, range: 9.6, 12,2 kN

Yes

Stone and wood

Yes

No, but common in
Bossou (pers. obs.}

Yes?

In progress”

Males < females

Seated

Yes

3.5-5 ycars(’

Notes

'Boesch & Boesch, 1983.
*Carvalha er af., 2009,
*Liu et al., 2011.

* Carvalho er al. in progress.

* Etho-Cebus team, unpubiished.

® Inoue-Nakamura and Matsuzawa, 1997,

* ' -
Experimenial confirmation.

prevailing in FBV out of which they eroded; and (3} hammers were mostly cobbles eroded
from the few conglomerate layers present in the local stratigraphy.

The stones found on the anvils (or within 3 m of them) were predominantly guartzite (the
hardest rock in the area), siltstone, ironstone and sandstone that underwent metamorphism
under higher temperature and pressure, becoming harder and less porous than the prevailing
sandstone. Overall, the weight of these stones averaged 1096 g (n=62, SD=462.78; max
weight 2530 g, min weight 140 g). Therefore, it appeared that sufficient hardness and weight
were requirements for stones to be used as hammers. Since hard stones that make durable,
effective hammess were significantly more frequently found on the anvil, or within 30 cm of
it, than in the corona (the zone surrounding the base of the anvil, 30-300 cm from the base),

Visalberghi ef al. (2007) suggested that capuchins transport hammer stones to the anvils.
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To investigate the latier point, Visalberghi ef af. (2009a) estimated the occurrence of
surfaces suitable as anvils, stones suitable as harmmers and palms in the home range of our
two study groups of capuchins by counting their frequencies in 40 plots (each measuring
10 m” located along a 3 kan line transect crossing four different physiocgnomies (the marsh,
the plain, the talus, i.e., the area of transition between the plain and the cliff, and the cliff-
plateau). The transect census showed that palms and anvil-like surfaces were relatively
common, whereas stones large enough and hard enough to use as hammers were rare.
Overall, in the 40 plots (totaling 400 m” of surface area) there were only seven hammer-iilce
stones which were found in two plots located at the cliff-plateau and in one plot located at
the fafus. The low number of hammer-like stones (17.5 stones per hectare) contrasts with
the abundance of anvil-like surfaces, which in many areas are present as boulder fields at
the feot of the cliffs. Both hammer-iike stones and anvil-like surfaces were found more
frequently in the talus and in the cliff-plateau areas than elsewhere, whereas palms were
comumon everywhere except in the cliff-plateau. In short, the elements indispensable for
tool use to crack nuts (i.e., hammer-like stones, anvils and palms, and therefore nuts)
co-oceur only in the cliff-platean and in the talus; onty the talus is close to the plain where
palms are abundant. This picture confirms Visalberghi ef a/.’s (2007) report that active anvil
sites are located at the transition zone between the cliff and the flat open woodland. Finally,
the overall abundance of ephemeral water courses and direct observation of stones and tree
trunks moved by water during heavy rainfalls support the hypothesis that when the
conglomerate beds are weathered and eroded, the quartzite pebbles become loosened
from the surrounding rock matrix, and are carried from the cliff-plateau to the talus
below by water. Thus they become available to the capuchins as loose stones on an
unpredictable basis, temporally and spatially.

Behavioral observations of iool use

Toal use occurred all year round at equivalent rates; monthly frequencies did not differ
between groups or seasons {Spagnoletti er /., 2011, 2012). Adult capuchins used tools to
exploit paim nuts in 87% of the tool-use episodes and to exploit other encased frujts in the
remaining episodes. One-third of the episodes of nul cracking targeted high-resistance
nuts, Informal observations by our reseasch team indicate that infants strike nuts on
surfaces and strike nuts with other objects during the first year of life, but they do not
open a whole nut or any part of a nut for many more months, despite persisten practice.
Some individuals have been observed using effective strikes in their second year, but
others did not do so until sometime in their third year or even later; Visalberghi and
Fragaszy, unpublished data). Of the 23 physically normal capuchins observed by
Spagnoletti at FBV that were at least three years old, only one female was never seen
to crack nuts using a stone tool. Her health did not seem compromised by this deviation.
Indesd, she was the heaviest adult female in her group and she bore several viable infants
between 2004 and 2009.

In contrast with the pattern observed in chimpanzees, where females use tools more
frequently than males (see McGrew, 1992 for z review: Lousdorf et al., 2004), aduli male
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capuchins used tocls about three times more often than females did to crack palm nuts
(but not other food items) (Spagnoletti et al.. 2011}. When the weights of the hamper
stones are considered in relation to the body mass of the tool users (weighed m the field
with a scale by Fragaszy er al., 2010}, it emerges that to crack open nuts the two sexes use
stones of roughly equal mass. Adult female capuchins used stones weighing on average
978 g (i.e., 44--51% of their body mass, depending on the individual), whereas adult
males used stones weighing on average 1072 g {ie., 24-40% of their body mass,
depending on the individual) (see Spagnoletti ef al., 2011; Fragaszy et al., 2010 for
further detaiis). Overall, females used on average 14+ 3.2 strikes fo open a nut and males
10 1.4 strikes (Figure 10.2).

Why does the frequency of nut cracking vary between male and female capuchins?
Females have higher energetic costs of reproduction than males, but if males are
sufficiently jarger than females they may have higher energetic requirements than
fernales {(Key & Ross, 1999). In terms of daily energy expenditure, male and female
capuchins appear close to even and should be expected to exploit nuts to similar extents.
However, since at our site female capuchins were 36% smaller than males, and use more
strikes to open a nut than males, nut cracking is more energy-demanding, more time-
consuming and/or a less reliable method of producing food for them than for males.
Additionally, fernales may be more sensiiive than males fo competitive costs, or costs
related to risk of predation, such as spending time on the ground (Fragaszy, 1990; Rose,
1994). However, this does not seem to be the case in FBY, where the daily time spent on
the ground by adult males and females is 29% and 31%, respectively (Spagnoletti, 2009).
Thus, cracking nuts might entail a different set of costs and potential benefits for males
than for fernales. Any and all of these factors could make tool use more advantageous for
male than for female capuchins (Spagnoletii e al., 2011). In contrast, for chimpanzees
nut cracking takes little time or effort and is a reliable method of foraging (Boesch &
Boesch-Achermann, 2000); physical sexual dimorphism is also less pronounced in
chimpanzees than in bearded capuchins {compare Key & Ross, 1999 with Fragaszy
et al., 2010).

Spagnoletti et al. (2011) report that capuchins were successful in §4% of the episodes
with high-resistance palm nuts, 91% of the episodes with low-resistance palm nuts and
99% of the episodes involving other encased foods. The rate of success is similar for
females and males, and both sexes cracked Jow-resistance palm nuts more often than
high-resistance nuts. This pattern of food choice may have resulted in equivalent
reliability of energy gain for all animals, or may have enhanced reliability of energy
gain for females compared to males. Interestingly for the discussion concerning tool
selectivity, female capuchins needed significantly more strikes than maies to crack low-
resistance palm nuts, but not high-resistance palm nuts. Though this might appear
contradictory, females used significantly heavier hammers to crack open high-resistance
palm nuts than low-resistance paim nuis, whereas males did not.

Efficiency in cracking nuts with tools varies widely among wild capuchins, even when
the same hammer stone and the same anvil are used to crack open nuts of the same palm
species (Fragaszy et al., 2010). 1n Fragaszy et al.’s sample, the most efficient monkey
opened on average 15 nuts per 100 strikes (6.6 strikes per nug). The least efficient monkey
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Figure 10.2

An adult male (a) and an adult female (b) bearded capuchin using a 3.5 kg stone 1o crack a
prassava nul. The height of the female’s sirike is much lower than that of the male. The male
weighs 4.2 kg; the female, 2.2 kg. This stone is heavier than those normaliy used by the monkeys
{photos by E. Visalberghi),
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opened on average 1.32 nuts per 100 strikes (more than 75 strikes per nut). They aiso
report that the efficiency ol one plysically fit adult human male (20 years, 185 em, 78 kg)
striking the same species of nuts with the same stone was 10.1 nuts per 100 strikes
(6.2 strikes per nut).

Logistic regression revealed that the monkey’s bedy weight and diameter of the nut
best predicted whether a monkey would crack a nut on a given strike. Increasing body
weight improved the likelihcod of cracking the nut; increasing dizameter of the nut
decreased the likelihood. In fact, smaller monkeys (females and youngsters) ofien fail
to crack whole nuts even after numerous strikes with a stone that weighs proportionally
more than 30% of their body weight.

Whereas chimpanzees are seated when cracking nuts, wild capuchins most often adopt
a bipedai stance, raising and rapidly lowering the hammer by flexing the lower extrem-
ities and the hip. By studying the kinematics and energetics of nut cracking of two adult
males and two adult females, Liu et al. (2009) demonstrated that the two males achieved
greater maximum downward vertical velocities with the stone than the females {mean =
3.81ms™! vs. 3.16 ms™'; males and females, respectively). Therefore, the maies gen-
erated higher maximurm kinetic energy than the females. As the males lifted the stones to
& higher maximum vertical height (in accord with their longer body length), the potential
energy that they generated was also higher than the potenfial energy generated by
females. Ali the monkeys produced work in the downward phase; that is, they added
energy to the stone in the downward direction. Males produced nearly twice the work that
females produced (mean = 3.61 1 vs. 2.89 J; males and females, respectively). The overall
consequence of the above differences is that large monkeys (adult males) crack nuts with
fewer strikes than small monkeys. The differential cost of cracking for small and large
animals is probably one of the factors accounting for the lower frequency of tool use in
females than in males {Spagnoletti et al., 2011).

Tabie 10.1 summarizes some of the above resulis and provides a comparison between
our findings and those reported for chimpanzees. The findings reported so far provide
enough information to draw two conclusions. First, most adult capuchins at FBV use
tools throughout the year, fulfilling McGrew’s (1992} definition of a habitual behavior
{pattern of behavior shown repeatedly by several members of the group) and Whiten
et al.’s (1999) definition of customary behavior (behavior that occurs in all or most able-
bodied members of at least one age and sex class). Second, cracking nuts requires the use
of stones of suitable weight and material, which are not very common in FBV. This
conclusion prompted us to expect that capuchins select appropriate stones and transport
them (as well as nuts or other encased hard fruits) 1o anvils. We turn now to what we have
learned about anvil sites and the transport of nuts and stones to these sites.

Anvil sties as indirect evidence for toof use
Capuchins use anvil sites habituafly. Spagnoletti et al. (2011) report that over a 12-month

period (1709 hours of observation) capuchins cracked palm nuts on 116 different anviis
thronghout an area of 9 lkm?, and that these anvils accormodated 607 episodes of tool useé
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Map of the anvil sites surveyed monthly. Note that they are located in the transition area
between the plain and the ridges. The two groups of capuchins we observed used the anvil sites
located on the center-left.

(5.2 tool episodes per anvil) (Figure 10.3). Mare comprehensive evidence of repeated use of
familiar anvil sites comes from a longitudinal survey conducted monthly by the Etho-Cebus
team of 40 anvil sites (from February 2003 to January 2006) and 58 anvil sites (which
included the previous 40) for two additional years (from February 2006 to January 2008;
Visalberghi ef al., submitted). As illustrated in Figure 10.4, in each monthly visit we scored
(a) displacement of the hammer stone(s), compared to its placement the previous month, and
{b) the presence of nut shells on the anvil. The joint oceurrence of hammer displacement and
presence of shells was considered as strong evidence of tool use, displacement of the hammer
stone without shells was taken as weak evidence and the presence of shells without displace-
ment of the hammer position was not considered evidence of tool use. We recorded strong
evidence of tool use on an average of 34% of the anvil sites each month, and wealc evidence
of use on an additional 7% of anvil sites.

During the three years of the study 17 hammer stones went missing from their original
anvil sites; two were brought back to the same anvil site by capuchins five months and
one month afier disappearance. On nine cccasions we found a new stone at an anvil site,
all of a suitable weight, and seven of these were suitably fracture-resistant to serve as
hammers. The other two were weathered sandstone, which breaks when used to strike
nuts (Visalberghi et al., 2007). The frequencies with which shells of piassava and catulé
nuis were found on the anviis in the survey match the relative frequencies of directly
observed tool-use episodes involving these two species of nuis (Spagnoletti, 2009). The
simifarity between direct and indirect assessments indicates surveying anvil sites is a
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Procedure for the survey of the anvil sites. Each month we visited each anvil site to gather indirect
evidence of tool use by scoring whether the hammer had been displaced from iis initial position
{a), and whether shells from nuts or remains from other encased frults were present on the anvil. The
comparison between these pictures shows that the anvil site has been used te crack nuts between
when photo a was iaken and 30 days later, when photo b was taken. In particular, in the fater photo b
{he hammer has been moved from its initiai position (line in the front) to a new one (indicated by the
arrow) and nut shells (circled with dotted lines) are present. Close to the nut shell on the far fefl
there is a new small black pebble, presumably brought by capuchins (photos by E. Visalberghi).

reliable way {0 assess 100l use in capuchins. In short, the evidence shows that {1) capu-
chins use anvils habitually; {2) capuchins transport new hamimer stones to anvils and
familiar stones ameng anvils; and (3) tool use to crack nuts by capuchins can be inferred
reliably by surveying anvil sites, lending support to the use of this type of indirect
evidence in areas where the monkeys are not habituated to human observers and/or the
area is unfamiliar to the researchers, as has been done by Ferreira er al. (2010), Canale
et g, (2009) and Langguth and Alonse (1997).
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Archaeological excavations at abandoned nut-cracking sites of chimpanzees (Mercader
et al., 2002, 2007) and combining classical archaeological approaches with direct obser-
vation of chimpanzees’ nut cracking are promising avenues for archaeologists to infer more
accurately the function of pounding tools coming from Plio-Pleistocene assemblages
(Mercader et al., 2007; Carvalho er al., 2008, 2009). Studies of this type with capuchin
monkeys would allow interesting comparisons among closely and less closely related
species that use percussive tools. We expect to begin studies along these lines with
capuchins at Boa Vista, such as examining microwear produced by capuchias on percussors
of high-quality material (e.g., lava basalt).

Transport and sefectivity of hammer stones: behavioral observations
and experimental evidence

Alihough both adult and juvenile capuchins spontaneously transport nuis and other
encased foods and hammers to anvil sites (Visalberghi ef al., 2009a), only 3.4% of the
tool-use episodes observed by Spagnoletti (2009) inciuded stone hammer transport. This
low rate of occurrence refiects the rarity of suitable stones in the general habitat, the
presence of hammers on anvil in use and, at least for small individuals, the high cost of
transport (Visalberghi et ol.. 2007: Massaro ef ol., 2012),

Of the 22 tool-using capuchins observed by Spagneletti (2009), 12 spontaneocusly
transported a hammer to an anvil at least once; frequencies of transport did not differ
between sex and age classes. Adult capuchins transported heavier hammer stones than
juveniles; an adult female transported the heaviest hammer stone, weighing 1600 g, for
6 m. If capuchins take into account the resistance of nuts when looking for a hammer,
then they should transport stones suitable to overcome the nuts’ resistance, such as
quartzites and siltstones, significantly more often than unsuitable ones, such as weathered
sandstones. To exploit nuis adult males carried suitably hard stones in 15 cases and
i unsuitably soft stones in four cases; adult females carried suitably hard stones in all five
i cases; and juveniles transported suitably hard stones twice and unsuitably soft stones five
times (Visalberghi ez ai., 2009a). Conversely, when exploiting other encased foods (less
resistant than the nuts), adulis transported soft stones in four cases out of five, and
juveniles transporied a soft stone in one out of two cases. Although the sample size is
small, our observations suggest that adult capuchins take into account the resistance of
the food item to be cracked when transporting and using a stone as a hammer
(Spagnoleiti, 2009; Visalberghi et al., 2009a).

To confirm that the monkeys selected stones for their weight and friability {resistance to
crumbling), we carried out the first experimental study on this topic with wild animais
(Visalberghi e af., 2009b)* by repeatedly providing individuals with sets of stones varying
in specific properties. We presented to eight capuchins choices between two (or among
three) stones differing in functional features. In the first two conditions, when no other

* Video clips can be viewed ai hup/www.cell.conveurent-biology/supplemental/SD960-9822%2808%
2901624-2




Elisabeiia Visalberghi and Dorothy Fragaszy

stones were available in the area, subjects chose hetween novel natural stenes, similar to
those they usually encounter in their habilat, differing in friability (sandstone vs. siltstone),
or in size and weight (smal! vs. large quartzite stones). One of the stones in each set was
deemed “functional™; i.e., it weighed 500 g or more and would not fractare when used to
strike a nut. In both the above conditions, all subjects first touched, transported and used the
functional stone significantly more ofien than expected by chance.

In the next three conditions subjects chose between novel manufactured stones
(composed of ground stone and resin of the same color and muaiterial), the weight (an
“invisible” feature) of which did not correlate with size (contrary to the usual case).
Capuchins had to choose between stones of the same size and different weight, between a
light large stone and a heavy small stone, and among a light large stone, a light small
stone and a heavy large stone. Again, each subject demonstrated a significant bias to
transport and use the heavier stone in all conditions (except one monkey in one con-
dition). They always used the stone they chose first and never modified their initial choice
after the first strike(s).

Interestingly, when visual cues were available and reliable, capuchins always touched
fhe functional stone first, suggesting they discriminated the volume of the stones by sight,
and they did not tap either stone. In contrast, when visual cues were not predictive or were
conflicting, individuals gained information about the mass of the experimental stones by
moving, lifting and/or tapping them. Tapping may have allowed them to infer the density
of the stones (see also Schrauf ef al., 2008). Fragaszy er al. (2010) showed that the
monkeys preferentially select the heavier stone when they have a choice of two manu-
factured stones of equal volume, even when the difference in weight between the two
stones is a small fraction of the total weight. Overall, naturalistic observations and field
experiments provide compelling evidence that when wild capuchins encounter stones
that differ in friability and weight, they choose, transport and use the more effective
stones to crack open nuts. Moreover, when weight cannot be judged by visual attributes,
capuchins act to gain information to guide their selection. In all these ways, capuchins
evidence planning and skill in tool use.

Final remarks

Capuchins from very early in life pound objects on surfaces (Adams-Curtis & Fragaszy.
1994) and ali over their wide geographical distribution they often pound encased foods,
such as hard fruits, seeds or shelled invertebrates, on hard surfaces in order lo get access
to the inner parts (for a review, see Fragaszy ef al., 2004b). Although captive capuchins
spontaneously learn fo use hammer stones to crack open nuts (for a review, sce
Visalberghi & Fragaszy, 2012), percussive tool use in the wild seems a geographically
circumsceribed phenomenon reported only in some populations of Cebus libidinosus and -
C. xanthosternos Yiving in northeastern Brazil (Ottoni & Izar, 2008; Canale ef al., 2009;
Ferreira ef al., 2010). Why might this be so? '

Three hypotheses have been proposed to account for the appearance of percussive tool _
use in some populations of capuchins and not in others. According to Moura and Lee
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(2004), the occurrence of tool use is related to energy bottlenecks. Tool use is thought to
allow the monkeys to exploit tough or hidden foods in regions where they experience
periods of extreme food scarcity. According to the second hypothesis, terrestriality is the
key factor promoting the emergence of tool use (see Chapter %, Meulman ef al., 2012).
The reasoning here is that foraging and traveling on the ground increase an individual’s
chances of discovering and practicing percussive tool use, because nuts, anvils and
potential tools are all found on the around (Visalberghi et al., 2005). These materials
can also be combined more readily on the ground. For example, on the ground, but not in
trees, nuis can be placed on flat surfaces and they can be recovered if displaced or
dropped. Resende et al. (2008) suggested that placing the nut an an anvil and releasing it
is ane of the main challenges facing young capuchins leaming to crack nuts; practicing
positioning nuts and other objects on fiat surfaces on the ground (but not in trees) may
help to overcome this refuctance, because the monkey can leam that a released object
remains in arm’s reach. The third hypothesis is that the abundance of tough foods in the
dist can increase the dietary benefits of tool use to access tough foods (independent of
food abundance or terrestriality) (Wright ef al., 2009).

It appears from estimates of fruit biormass (Verderane et al., unpublished data; see
also Spagnoletti ef al., 2012) that the monkeys at FBV do not face seasonal food
shortages as extreme as those seen in other habitats (e.g., Atlantic coastal forest). Their
reproductive performance and general health suggest a consistently good food supply
as well, For example, in late 2008, two pairs of twins wete born, one pair in each group.
Of the four twins, one disappeared at 11 months and the other three are still alive at this
writing {at 16-19 months). Twins are not common in capuchins and survivai past
30 days is less likely for a twin than for a singleton infant in captiviey (Leighty ef al.,
2004). Time budgets provide another indirect index of food availability. The capuchins
at FBV spent 7% of their daylight time in social activities (Spagnoletti, 2009), which is
at the upper range for capuchins living in other serni-deciduous dry forest habitats
(Fragaszy, 1990; Rose, 1994; Miller, 1997) and substantially higher than for capuchin
monkeys living in evergreen forests (Terborgh, 1983), suggesting that the capuchins
al FBV manage to find sufficient food quickly enough to have time for “leisure”
activities,

However, their diet does comprise a greater proportion of tough items than the diet of
monkeys at other sites {Wright ef a/., 2009). Although most of these items are breached
with teeth and hands, the toughest are breached through hammering with a stone. Thus
capuchins at FBV are using tools in a relatively food-rich environment.

The monkeys at FBV (similar to other populations of capuchins that use tools —
e.g., Mannu & Ottoni, 2009) spend a greater proportion of time on the ground (roughly
26-34.5% of the day; Spagnoletti, 2009) to foragg, rest and play than other populations of
capuchins for which tool use has not been reported (e.8.: Cebus olivaceus 13.4 %, Robinson,
1986; Sapajus (Cebus) nigrifus 1.9 %, Brandon Wheeler, pers. comm.; see Spagnoletti,
2009; Spagnoletti e af, 2009). Thus the preponderance of the evidence suggests that
seasonal food shortages are not an adequate explanation of the appearance of tool use
among capuchins in Cerrado environments. Insiead, a combination of ecological circum-
stances including spatial loeation of resources, scarcity of terrestrial predators (influencing




Elisabetia Yisalberghi and Dorethy Fragaszy

the risk of descending to the ground) and mechanical properties of available foods would all
seem 1o play influential roles in the appearance of too! use.

Overall. our ndings show that at FBV wild bearded capuchin monkeys are habitlual
tool users (semsu McGrew, 1992) and that the sophistication of their behavior with
respect to setection and transport of tools matches that reported for wild chimpanzees
using percussive oofs (see Table 10.1). This is particularly interesting given the phylo-
genetic distance between the two species. Although extensive and fexible too! use was
once considered a defining human characteristic, discovery of habiual tool use among
wild chimpanzees (Pan troglodytes) in the 1960s led anthropologists to suggest that the
last common ancestor of chimpanzees and humans was a tool user. For many archae-
ologists and anthropologists, chimpanzees have become the referent for medeling early
hominins (Sayers & Loveioy, 2008). However, wild bearded capuchin monkeys, a
species that separated from the human lineage about 35 million years ago, also habitually
use tools, but greal apes other than chimpanzees rarely do. Thus we need to re-think the
accepted explanations of continuity and convergence in primafe tool use (Wynn &
McGrew, 1989; Byme 2004; Fox er al., 2004: Davidson & McGrew, 2003; but see
Panger er ol., 2002; Haslam et al, 2009). Percussive tool use in non-humans has
particular importance for the understanding of tool use in early hominins that also used
percussive tools to access encased food. As an outgroup species, capuchins illuminate
convergences in behavior that suggest ecological foundations for the character of interest
(in this case, percussive tool use). A rigorous comparison of percussive tool use in
capuchins with tool use in chimpanzees and humans, extant and extinet, will contribute
to our understanding of the origins and evolution of this key feature of human behavior,
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