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Abstract Chimpanzees (Pan troglodytes) are known to
make and use a variety of tools, activities which require
them to employ their hands in a skilful manner. The learn-
ing process underlying the acquisition of tool-using skills,
and the degree of laterality evident in both immature and
mature performers are investigated here focusing on the use
of leaves for drinking water by members of the Bossou
chimpanzee community in Guinea, West Africa. In addi-
tion, comparisons are drawn between the present findings
and our previous data on the cracking of oil-palm nuts (Ela-
eis guineensis) using stone tools by members of the same
community. The use of leaves for drinking water emerges
approximately 2 years earlier than nut cracking, at around
the age of 1.5 years, although the manufacture of leaf tools
begins only at 3.5 years of age. In addition, in clear contrast
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with nut cracking, the majority of chimpanzees are ambi-
dextrous in their use of leaves, with only certain individuals
showing a bias for one hand. We discuss possible explana-
tions for the earlier emergence and increased ambidextrous-
ness that characterises leaf-tool use in comparison with
other forms of tool use by wild chimpanzees. In summary,
our results provide the first detailed description of the
acquisition process underlying leaf-tool use along with
the accompanying patterns of handedness, while also being
the first to provide comparisons of the development of
different forms of tool use within the same wild chimpanzee
population.

Keywords Chimpanzees (Pan troglodytes verus) - Tool
use - Drinking water with leaves - Learning - Laterality

Introduction

Chimpanzees are known to make and use a variety of tools,
in both subsistence and non-subsistence activities (McGrew
1992; Whiten etal. 1999). Such tool use activities are
assumed to be transmitted culturally between communities
and across generations (Matsuzawa and Yamakoshi 1996),
that is, they are learned from others who are more proficient
than the novice (McGrew 2004). Nevertheless, only a few
studies have explored the acquisition process underlying
tool use behaviours in wild chimpanzees. Those that exist
have focused on nut cracking (Inoue-Nakamura and
Matsuzawa 1997; Matsuzawa 1994, 1999, Biro et al. 2003,
2006), termite fishing (Lonsdorf et al. 2004, Lonsdorf 2005,
2006), ant dipping (Humle 2006), and the use of leaves for
drinking water (Tonooka 2001; Biro et al. 2006).

As tool use is an activity that requires the use of hands in
a skilful manner, manual dexterity, at least as reflected in
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increased frequency and proficiency in the use of the tool, is
likely to progressively improve during the process of learning.
Related to the refinement of manual actions is the question of
“handedness”: is an increasing degree of lateralisation
part of the acquisition process? The few studies that have
investigated laterality in tool use show that the majority of
individuals are lateralised to one side or the other (Boesch
1991; Humle and Matsuzawa 2009; Lonsdorf and Hopkins
2005; Matsuzawa et al. 2001, McGrew and Marchant 1996;
McGrew et al. 1999; see Marchant and McGrew 2007 for a
recent summary). However, ant fishing at Mahale, Tanzania,
appears to be a non-lateralised activity (Marchant and
McGrew 2007), although potentially small sample sizes in the
case of some individuals may leave these data inconclusive.

The scarcity of such studies may be due to the difficulties
involved in conducting systematic direct observations on
chimpanzees performing tool-use activities in the wild. Not
all tool-use behaviours are frequent enough to allow
researchers to accumulate sufficient data for in-depth analy-
ses, and many may be seasonal or difficult to observe due to
the nature of the chimpanzees’ habitat. For these reasons,
an “outdoor laboratory” was established in the home range
of the chimpanzee community at Bossou, Guinea, which
increased individual group members’ opportunity to per-
form the behaviours, as well as researchers’ chances of
observing them (Matsuzawa 1994, 2009). As a result, we
now have extensive annual records on various tool-using
activities from every member of the Bossou community,
spanning many years. The majority of these data focus on
leaf tool use and nut cracking.

Wild chimpanzees are known to use leaves for drinking
rain water from tree holes (Boesch and Boesch 1990;
Ghiglieri 1984; Goodall 1968; McGrew 1977, 1992;
Nishida 1990; Quiatt and Kiwede 1994; Sugiyama 1993,
1995; Tonooka et al. 1994; Wrangham 1992). Although
this behavioural pattern has been observed at all long-term
chimpanzee research sites, the precise technique used var-
ies considerably across populations. Chimpanzees have
been observed to drink water using ‘sponges’ made of
leaves (Goodall 1968; McGrew 1977, 1992), ‘leaf spoons’
(Goodall 1968; McGrew 1977; Sugiyama 1995), and more
recently, using a technique referred to as ‘leaf folding’
(Tonooka et al. 1994). The latter has been described in
detail only for the chimpanzees of Bossou, Guinea, who use
this technique more than any other form of the behaviour,
preferring the leaves of Hybophrynum braunianum as the
raw material for the tool (Tonooka 2001). Tools are manu-
factured prior to use by collecting a clump of fresh leaves
and folding them inside the mouth, roughly in the shape of
an accordion. The finished tool is then dipped into a tree
hole, retrieved, and put inside the mouth, such that the
water it carries can be drunk. The sequence is then
repeated, reusing the same tool several times.
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Although nut-cracking behaviour has also been observed in
one other non-human primate species (e.g. bearded capuchin
monkeys, Visalberghi etal. 2007), in chimpanzees it is
restricted to West African communities (P. . verus: Anderson
et al. 1983; Biro et al. 2003, 2006; Boesch and Boesch 1983;
Boesch etal. 1994; Carvalho et al. 2007; Matsuzawa 1994;
McGrew et al. 1997, Sugiyama and Koman 1979; P. t. velle-
rosus: Morgan and Abwe 2006), even though there are nuts
and stones available in the habitats of Central and East African
populations. The behaviour, as performed at Bossou, involves
the use of a pair of moveable stones as hammer and anvil, to
extract the nutritious kernel of hard-shelled oil-palm nuts.

Our aim in the present paper is to draw together our
recent data on the use of leaves for drinking water, focusing
in particular on two aspects of the behaviours: the learning
process underlying the acquisition of the skill, and the
degree of laterality evident in both immature and mature
performers. We also draw comparisons with the cracking of
oil-palm nuts, within individual wherever possible, and
offer hypotheses on the underlying causes of the differences
observed with regard to developmental aspects and patterns
of lateralisation.

Methods
Subjects and study site

Behavioural observations involved members of the chim-
panzee community at Bossou (7°39'N, 8°30'W), situated in
Guinea, West Africa, about 6-km north-west of the foot of
the Nimba Mountains, near the country’s border with Cote
d’Ivoire and Liberia. This community has been studied
since 1976 (Sugiyama and Koman 1979), and was habitu-
ated towards human observers without being provisioned
with food. Since the start of the field project the size of the
community has varied between 12 and 23 individuals. The
core area of the community’s range encompasses 5—6 km?
composed of primary and secondary forest surrounded on
all sides by dry savannah which the chimpanzees have
never been seen to traverse.

Table 1 shows the group composition in each season of
the present study. Individuals’ ages ranged from 14 months
to 53 (estimated) years, and they were divided into four age
classes: adults (more than 11 years old), adolescents
(between 8 and 10 years), juveniles (between 4 and
8 years), and infants (<4 years) (Table 1). All group mem-
bers were recognised individually.

Data collection

Observations were carried out in a small clearing in the for-
est (“outdoor laboratory”; Matsuzawa 1994) located on the
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Table 1 Composition of the

. . . Name Sex  Birth Jan 2000 Jan 2003 Jan 2005 Jan 2006
wild chimpanzee community at
Bossou in each field season of Age Age Age Age Age Age Age Age
the present study (y:m) class (y:m) class (yym)  class (y:m) class
Fana Q ~1956 43 1 46 1 48 1 49
Fanle Q 1997 Oct 2:3 4 5:3 3 7 3 8 2
Foaf 3 1980 late 19 1 22 1 24 1 25
Fokaiye® & 2001 July - - 1:6 4 - - - -
Fotayu® Q 1991 mid 8 2 11 1 - - - -
Jeje 3 1997 Dec 2:1 4 5:1 3 7:1 3 8 2
Jimatou® 3 2002 Oct - - 0:3 4 - - - -
Jire Q ~1958 41 1 44 1 46 1 47
Joya { 2004 Sep - - - - 0:4 4 1:4 4
Juru® Q 1993Nov 6:2 3 - - - - - -
Kai® ? ~1950 49 1 52 1 - - - -
Nina® Q ~1954 46 1 49 1 - - - -
Nto® Q 1993 early 7 3 - - - - - -
Pama Q ~1967 32 1 35 1 37 1 38 1
Peley 3 1998 Apr 1:9 4 4:9 3 6:9 3 7:8 3
Pili® Q 1987 early 12 1 - - - - - -
Pokru® 3 1996 Aug 3:5 4 - - - - - -
weme el 4 e 2
10 years), 3 juvenile (4-7 years), Tua 5 ~1957 45 1 48 1 50 1 51 1
4 infant (<4 years); age pre- Velu { ~1959 40 1 43 1 45 1 46 1
sented in years and months (y:m) Veve? Q 2001May _ _ 1:8 4 _ _ _ _
# Individual disappeared in 2004 Vuavua® ° 1991 mid 3 2 11 1 _ _ _ _
® Individual confirmed dead Yo o ~1961 38 1 41 1 43 1 44 1
* Individual disappeared by Yoro 3 1991mid 8 2 1 1 13 1 14 1

2001

summit of Mont Gban, south of the village of Bossou
(Fig. 1). The clearing was roughly rectangular, 7 x 20 m,
with dense forest on three sides, and a wall on the fourth
constructed from branches and leaves behind which the
experimenters hid, out of view of the chimpanzees. Several
paths used regularly by the chimpanzees to traverse Mont
Gban converged in this clearing, such that parties of chim-
panzees visited the outdoor laboratory regularly, on average
once a day. A hole with two openings (front and side) was
made in the trunk of a tree (Richinodendron heudelotii,
located at the back of the outdoor laboratory, Fig. 1) and
was refilled to the rim with water (approximately 17.51)
after each visit by chimpanzees to provide fresh water and
to monitor the quantity consumed by individuals. When cut
in 1999, the front opening was 150-mm-wide and 220-mm-
high, and the side opening was 130-mm-wide and 160-mm-
high. Both openings shrank in subsequent years (the front
opening, for example, down to 85 x 185 mm by 2002);
when either became too small for the hands of adult chim-
panzees to reach through easily, they were enlarged again.
No leaves were provided by the experimenters, such that
chimpanzees had to use the vegetation available in the
surrounding environment, as under fully natural conditions.

Stones (a set of around 50) were permanently available at
the outdoor laboratory during each period of study, and
Elaies guineensis nuts (presented in several small piles; see
Biro et al. 2003 for further methodological detail) were also
replaced after each chimpanzee visit. When water, stones
and nuts were made available by the experimenters, the
chimpanzees passing through the outdoor laboratory
stopped to drink and nut crack in the majority of cases.
Through the years, we recorded the use of leaves and
nut-cracking ability (or lack thereof) in every member of
the community along with the identity of the hand used to
hold the tool while performing the behaviour. Data were
collected in the dry season, December to February, over a
total of 20-30 h of observation each year. Although nut
cracking with stones has been studied continuously since
1988, the data on the use of leaves for drinking water
reported here correspond to four field seasons: January
2000, 2003, 2005 and 2006. All chimpanzee visits to the
outdoor laboratory were captured on videotape, using Sony
DCR-TRV20 and Sony DCR-TRVO digital cameras. Leaf
tools were collected over one field season (December
2003), and systematic measurements (weight, size and
quantity of water carried) were obtained, along with
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Fig. 1 The outdoor laboratory set-up at the top of Mont Gban, located
within the Bossou chimpanzees’ home range. The arrow labelled LU
shows the location of the drinking tree, Richinodendron heudelotii,
which contains a treehole filled with water. A chimpanzee can be seen
drinking water from the hole with a tool made from leaves. Concur-
rently, several chimpanzees are cracking nuts (arrow labelled NC)
with a pair of stones at another location within the outdoor laboratory.
The inset in the top right shows a close up of the Richinodendron heu-
delotii tree used in the present study with the two openings of the tree-
hole indicated by F (front opening) and S (side opening)

information about tool-user identity, whenever possible.
Subsequent video analysis of the use of leaves for drinking
water was conducted by CS to collect further detailed infor-
mation concerning developmental changes and handedness.

On the basis of both video recordings and ad libitum
observations, we gathered laterality data in hand use for the
leaf-dipping action (see ethogram at the beginning of the
“Results” section). Only independent bouts of the leaf-dip-
ping behaviour were recorded, rather than every manual
action. A bout of leaf-tool use for drinking water was defi-
ned as a period during which an individual was performing
the tool-using behaviour (Humle and Matsuzawa 2009)
with the following possible start and end points: a bout was
said to have commenced when the subject started dipping a
leaf tool in the water and ended when the subject moved
away, changed hands during the dip action or moved from
one opening in the tree to the other (in the latter two cases a
new bout was said to have begun).

Results

To better understand the process of acquisition and devel-
opment of leaf-tool use, we produced an ethogram of the
behaviours involved, based on the data collected both from
our video records and from in situ observations. Figure 2
presents a flow chart incorporating both major phases of
this tool-use pattern (tool manufacture and tool use), allow-
ing us to highlight which behaviours are characteristic of
individuals in different age classes.

@ Springer
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Fig. 2 Flow chart of the behaviours performed by chimpanzees dur-
ing the making and use of leaf tools to drink water (thick arrows).
Three other behavioural patterns that can occur during this tool-using
context were also included (right side of the flow chart). See main text
for details of each behavioural element

Ethogram

Inspect the individual approaches the tree hole
and looks inside

the individual plucks fresh leaves from
a tree or bush by hand

the individual transfers the leaves into
the mouth

Pick leaves

Put in mouth

Tear the individual tears parts of the leaves out
using a combination of teeth and hand
Chew/fold the individual uses movements inside the

mouth to fold or to rumple the leaves to
produce the finished drinking tool
Dip the individual inserts the drinking tool
into the water, then retrieves it
the individual inserts the tool into the
mouth and drinks the water it carries
the individual pays close attention to
the actions of other individual(s)
either during the process of making or
using the drinking tool
the individual picks up from the ground
or from inside the tree hole a tool pre-
viously used by another individual
the individual plays alone or with other
individuals in the immediate vicinity
of the tree, or with the water contained
within the tree

Drink

Observe

Pick up used tool

Play
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An adult chimpanzee performing the behaviour will start
by inspecting the water inside the tree hole. She will then
pick a number of leaves from a tree or bush with one hand,
and put these inside her mouth. With her teeth and hand she
will tear off parts of the leaves (often the petioles), and
finally, with the help of jaw and tongue movements (result-
ing in either a chewed or a folded clump of leaves) produce
the finished tool. This completes the first, tool-manufactur-
ing phase.

In the second, tool-using phase, the chimpanzee will per-
form the action of leaf dipping: the tool is submerged into the
water with one hand and then removed and taken to the
mouth, thus allowing the individual to drink the water carried.
During this phase, the individual may alternate the use of her
hands to perform the dipping action. Besides this typical pro-
gression, three further behaviours are relevant. Chimpanzees
can observe other individuals performing the behaviour, pick
up leaf tools already used and abandoned by other individuals,
or play in the immediate vicinity of the tree. Developmental
differences are evident in the performance of these latter three
behaviours, as described further below.

Development of leaf-tool manufacture and use

The youngest individual observed to successfully drink
water with the aid of leaves was 1.5 years old (Table 2).
However, it is important to note that the leaf tools used by
young infants are not their own—instead they use leaf tools
previously made and discarded by older individuals. Only
at the age of 3.5 years do young chimpanzees start to use
leaf tools that they themselves manufactured, while also
continuing to use those discarded by fellow group members
for several more years (Table 3).

Table 2 Age (years:months) at which chimpanzees first performed
two different tool-using behaviours: drinking water with the aid of
leaves (LU) and nut cracking (NC)

Name Sex Leaf use (LU) Nut cracking (NC)

Fanle Q 1:3-2:3 2:4-4:4

Fokaiye 3 1:5 No NC before
disappearance (3:4)

Jeje 3 2:1-4:1 6:1-7:1

Jimatou 3 No LF before No NC before death (1:2)

death (1:2)

Joya Q 1:5 No NC yet (3:3)

Peley 3 1:9-3:9 1:9-3:9

Pokru 3 1:5-2:5 No NC before
disappearance (4:1)

Veve Q 1:7 No NC before death (2:7)

Ranges are given in cases when the behaviour first appeared between
two consecutive periods of observation, single figures when the behav-
iour appeared during a particular period of observation

The NC data are from Biro et al. 2003 and 2006

Table 3 Use of leaf tools (made and discarded by other individuals, or
made by self) by chimpanzees in different age classes

Age class Use Use Make and
discarded tool use own tool

Adult

11- Yes No Yes
Adolescent

8-10 Yes No Yes
Juvenile

5-7 Yes Yes Yes
Infant

34 Yes Yes Yes

2-3 Yes Yes No

1-2 Yes Yes No

0-1 No No No

Nevertheless, during this approximately 2-year period
(1.5-3.5 years of age) infants do begin to manufacture their
own leaf tools, albeit without succeeding to make usable
tools. Failures are due mainly to using inappropriate raw
material: sometimes infants gather very small leaves result-
ing in a tool that falls apart, while at other times they gather
dry leaves from the ground that crumble into small pieces
straight away. Despite these early attempts at tool manufac-
ture, we did not observe infants younger than 3.5 years
using the resulting tools for drinking water. Instead, they
soon discarded them and returned to using tools made and
abandoned by older individuals.

That young chimpanzees may benefit from using such
discarded tools is also supported by our analysis of the
efficiency of leaf tools made by individuals in different age
groups. By collecting leaf tools immediately after the end
of chimpanzee visits to the outdoor laboratory, we were
able to measure both their weight and water-carrying
capacity. The latter was assessed by experimenters dipping
the tools in a bucket of water ten times consecutively, and
then squeezing them over a measuring jug. Figure 3 shows
that leaf tools manufactured by juveniles and adolescents
tend to be smaller and tend to carry a smaller volume of
water per dip than those of adults—suggesting that there is
an advantage to be gained for younger chimpanzees in
using leaf tools manufactured by adults.

Handedness and development

We calculated a handedness index (HI) score for each indi-
vidual observed to use leaf tools at the outdoor laboratory,
based on bouts of leaf-dipping action. The index was calcu-
lated by subtracting the number of left handed from the
number of right-handed dipping bouts and dividing by the
total number of bouts: HI = (R — L)/(R + L). Thus, resulting
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:E" 600+ holes, this was also followed by the changing of hands. In
% 55l . adolescents this happened in 5 out of 12 episodes of chang-
g ing holes (15.6% of all cases of hand change by adoles-
S 4004 cents), and 1 out of 2 episodes for adults (3.3% of all cases
g * . of hand change by adults). The only two episodes of hand
5 300- e e Sl change in infants also took place after changing holes
3 e ° % Adolescent g p gmng ’
3 send e s s. . A Juvenile although they were also observed changing holes twice
5 - ?i° RS I « Unidentified ~ without changing hands.

-‘;f 100454 “, * i’ ‘e Figure 6 shows the distribution of hand use as a function
§ ;]' of which opening of the tree hole individuals were using.
© o0 : - s 3 % Adults exhibited a tendency to use the right hand when leaf

Tool weight (g)

Fig. 3 Average quantity of water carried by particular leaf tools as
function of their weight. Wherever possible, tools were assigned to the
individual who manufactured them; these individuals were in turn cat-
egorised by age group. Data are from the 2003 field season

positive values reflect a right-hand bias, whereas negative
HI scores indicate a left-handed bias. In addition, subjects
were classified with regard to their handedness using a two-
tailed binomial test based on bouts. The level of signifi-
cance was set at o = 0.05 (see Table 4 for more details).

Our records of leaf-tool use reveal little individual-level
laterality. Figure 4 shows individual hand preference based
on bouts of leaf dipping, combining data from all four field
seasons. Of the 24 chimpanzees, two infants were never
observed drinking water during the study period, and for
one infant (Veve), we recorded only a single episode. Of
the remaining 21 individuals, only three adults showed
exclusive use of one hand, although these results are based
on the extremely small sample sizes (Nina: 5, Kai: 2, and
Fana: 6 episodes). The remaining 18 individuals were
observed to use both the left and the right hand for the leaf-
dipping action, with only four showing a clear preference
for one of the hands (two-tailed binomial test, P <0.01;
Fig. 4).

Did the use of both hands for leaf dipping result from
alternation between hands while drinking at the same tree
hole or from changing hands when moving from one open-
ing of the tree hole to the other? Juveniles were the ones
most likely to change hands during or between leaf-dipping
bouts, followed by adolescents (Fig. 5). Although adults
also changed hands to dip, they did so much less frequently.
Regarding the use of the two openings of the tree hole
(front or side), juveniles were also the ones who alternated
most frequently between the holes (Fig. 5). This behaviour
is reminiscent of the elevated levels of hammer or anvil
changes during bouts of nut cracking in younger performers
(Carvalho et al. 2008)—adults are much more likely to con-
tinue to use the same hammer—anvil set throughout a bout.

In only 11 (16.2% of all cases of hand change by juve-
niles) of the 26 episodes in which the juveniles changed
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dipping at the front opening of the tree hole, and to use the
left hand when leaf dipping at the side opening. Four out of
five adults for whom there was sufficient data used their
right hand more often at the front hole than at the side hole
(Chi-squared test: XZ =13, df=1, P<0.001; xz =9.56,
df=1, P=0.002; »*=20251, df=1, P<0.00l;
}52 =6.321, df=1, P =0.012). Only one of the two adoles-
cents considered used the left hand when leaf dipping at the
side opening of the tree hole (;(2 =6.718,df=1, P =0.009).
Likewise, juveniles did not seem to show a preference for
using either hand when leaf dipping at the front opening,
but showed a slight preference for the left hand when leaf
dipping at the side opening. Two out of three juveniles used
their left hand more often at the side hole ( xz =11.26,
df=1, P<0.001; y*=26.077, df=1, P<0.001). For
infants, data are not sufficient to draw conclusions.

Discussion

The use of leaves for drinking water has been considered a
less complex form of tool use than the use of a pair of
stones as hammer and anvil to crack open nuts. Matsuzawa
(1996) has proposed a way of classifying tool use according
to its complexity; drinking with the aid of a leaf tool consti-
tutes “level 17 tool use and nut cracking constitutes “level
2” tool use. Levels here are defined on the basis of the num-
ber of constituent elements that are combined during tool
use: for leaf tools the number of objects is two (leaf tool
and water) while in nut cracking three objects are related in
succession (anvil, nut and hammer). This classification is in
line with our findings that young chimpanzees begin to per-
form leaf drinking at the age of 1.5 years, while nut crack-
ing only appears at the age of 3.5 years at the earliest
(Inoue-Nakamura and Matsuzawa 1997; Biro et al. 2003)—
more complex behavioural patterns are likely to appear later in
development. In addition, laboratory results on the develop-
ment of different types of object manipulation in infant
chimpanzees may provide a clue to explaining disparities in
timing during the development of various tool-use behav-
iours in the wild. Different forms of tool use require essen-
tially different actions: for leaf-tool use, individuals must
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manipulations may explain the precocious emergence of
leaf-tool use in comparison with that of nut cracking.

At around the same time that infants start to use leaf
tools, they also start to manufacture them. Nevertheless,
they do not use the latter to drink water; rather, they discard
them almost immediately and prefer to use tools previously
abandoned by older individuals. One possible reason for
this concerns the efficiency of tools that infants manufac-
ture: they tend to be too small to function, or they carry
much smaller quantities of water than those of adults.
Younger individuals’ leaf tools can thus be considered less
efficient than those of adults, and it is possible that the use
of abandoned tools—which may serve as large, “supernor-
mal” stimuli that allow infants to obtain far more water than
they could by themselves—also enhance acquisition of
both the tool-making- and tool-using phases of the behav-
iour. Lower efficiency of tool use in younger individuals,
when compared with the performance of adults, has also
been reported for nut cracking, where younger individuals
require larger numbers of hammer blows to break the shell
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and extract the kernel—this measure is around 1-2 blows in
skilled performers at Bossou, but is generally considerably
higher in the first few years of successful cracking (Biro
et al. 2003). Nevertheless, lower efficiency of self-made
tools may not be the main explanation behind their lack of
use by infant tool makers: intriguingly, it is possible that in
cognitive terms, infants are not yet able to relate the tool-
making phase with the subsequent use of the same tool.
This lack of ability to bridge the two phases of the process
may stem from the fact that the process of tool making is
essentially invisible—it takes place inside the mouth, and
thus requires a mental representation of how the tool is
shaped while out of view of the infant. Nevertheless, some
aspects of tool manufacture acquisition may be beyond
young infants’ cognitive or motor capabilities, irrespective
of limited opportunities to observe the process. A recent
study by Bania et al. (2009), where chimpanzee subjects
were required to modify a tool to retrieve a food reward,
has shown that tool modification by infants—necessary for
the tool-making phase—appeared to reflect a trial and error
strategy. This suggests, as stated by the authors, that infants
have yet to exhibit full understanding of the functional
properties of tools for a specific task and/or may have
potential difficulties with the motor requirements of the
actions involved.

The question then arises whether we are right to consider
as the starting age the first use of a leaf tool irrespective of
the maker of the tool, and hence disregard the process of
manufacture. If we take into account the manufacturing
process (which must always precede the drinking action),
then the full behaviour appears only at the age of 3.5 years,
when individuals begin to make and use their own tools.
Three and a half years is also the age at which “level 2 tool
use appears in development. This would suggest that the
combination of tool-making- and tool-using phases which
together facilitate the use of leaves for drinking water con-
siderably increase the cognitive demands of the task.

During leaf-tool use, chimpanzees exhibit a different pat-
tern of handedness from that seen in nut cracking within the
same population (Biro et al. 2006). Although nut cracking
is a highly lateralised behaviour, with perfect handedness at
the adult individual level, leaf-tool use is a non-lateralised
activity, much like ant fishing (Marchant and McGrew
2007), or pestle-pounding (Humle and Matsuzawa 2009).
The majority of chimpanzees are ambidextrous in their use
of leaves, and only some show a bias for one hand. Simi-
larly, these differences are evident when comparisons are
drawn with the results obtained by Boesch (1991) for
wedge-dipping to drink water from a puddle at the Tai for-
est, Cote d’Ivoire, and with those of Lonsdorf and Hopkins
(2005) for termite fishing at Gombe, Tanzania, both of
which are highly lateralised behaviours. In the case of ant
fishing, where lateralisation is absent, Marchant and

McGrew (2007) demonstrate a positive correlation between
the frequency of hand changes and the incidence of major
hand support, as ant fishing is an arboreal activity. Like-
wise, pestle-pounding, pounding the centre of the palm
crown using a palm frond as pestle to extract the resulting
softened palm heart, is also an arboreal tool-use task, which
simultaneously requires strength and balance while stand-
ing bipedally on top of an oil-palm tree (Humle and
Matsuzawa 2009). Although in our study leaf-tool use is
not completely arboreal, it is also not fully terrestrial, as
individuals were able to perform the behaviour either stand-
ing on the ground or hanging from lianas surrounding the
tree containing water. In fact, in most cases, individuals
were relying on their non-tool-using hand for postural sup-
port during bouts of leaf-tool use (although it should be
noted that we have not carried out a systematic analysis of
the precise conditions under which the alternate hand is
freed from such duties, hence cannot conclude that leaf-tool
use is typically accompanied by this constraint). Even when
adult individuals do not change their hands frequently
while leaf dipping for water, as in the case of ant fishing
(Marchant and McGrew 2007), their ambidextrality might
be explained by the necessity of adopting different postural
positions depending on the location of the hole through
which they extract water. That is, that they may choose to
use one or the other hand in accordance with the demands
of particular situations, which might reflect a degree of
behavioural flexibility.

Our data also showed developmental changes related
with handedness. Juveniles and adolescents frequently
change hands when leaf dipping for water, in comparison
with adults who do so much more rarely. A similar scenario
is evident in nut cracking, where young chimpanzees are
often ambidextrous in hammer use and frequently switch
hands, before settling on one or the other hand later in
development (Biro et al. 2006). In addition, while juveniles
often change hammers and anvils during nut cracking
(Carvalho et al. 2008), in leaf drinking they change from
one opening of the tree hole to the other. Furthermore, juve-
niles also change hands more frequently when moving
between the two openings of the tree hole. These develop-
mental changes in handedness are in concordance with the
suggestion by Lonsdorf and Hopkins (2005) that there is a
relationship between different cognitive and motor
demands and the tool use task-specific variation in hand
preference.

Our data on laterality during leaf-tool use for drinking
might suggest some adaptation in terms of handedness to
postural position, as we found a tendency for individuals to
prefer one hand over the other when leaf dipping at one of
the two openings of the tree hole. Nevertheless, the switch-
ing of hands, as well as of openings of the tree hole during
the performance of leaf-dipping actions also represent

@ Springer
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important steps towards the learning of the behaviour and
suggest a trial and error process in acquisition by young
individuals—analogous to the way in which the switching
of tools during nut cracking may represent young chimpan-
zees’ attempts to learn about the properties and efficiency
of different tools (Biro et al. 2006).
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