
Th ere are constant sounds of  chattering, whistling, and 

rustling as various creatures search for food, attempt to at-

tract mates, or avoid predators in the dense forests of  the 

 Nouabalé-Ndoki National Park. However, the rhythmic 

sound of  a chimpanzee using a large branch to pound open 

a beehive is distinct fr om all other forest noises. Such a rever-

berating echo of  pounding sends us racing through the un-

derbrush to catch a glimpse of  a tool-using ape. We arrive at 

the origin of  the sound to fi nd a young adult female lounging 

near a beehive surrounded by a swarm of  stingless bees. She 

picks up a large club lying on the branch beside her, holds it 

as if  preparing to launch it as a javelin, but instead force-

fully hits its end against the beehive. She repeatedly pounds 

with the club before inspecting the result of  her eff orts. Aft er 

fi nding that the tool possibly is too large, she carefully places 

it in the canopy and manufactures a shorter tool that seems 

easier to maneuver. She then uses the two tools alternately to 

hammer and lever the hive. Suddenly appearing to abandon 

the task, the chimpanzee climbs up into the trees’ leafy canopy 

and returns with a slender twig deft ly fashioned into a dip-

ping probe to extract the honey. She spends the rest of  the af-

ternoon  enjoying the bounty of  her technological skills, while 

we are left  to refl ect on the cognitive implications of  such im-

pressive “tool kits.”

Tool use involves the relating of  two objects to one an-

other, and is therefore considered more cognitively com-
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plex than other types of  object use. However, some types 

of  tool use are species-specifi c feeding adaptations that 

do not require any understanding of  the task. Th e diver-

sity and fl exibility of  tool use by primates once seemed 

to distinguish them from other taxonomic groups, but 

recent research on the tool behaviors of  wild corvids has 

challenged such broad generalizations (Hunt 1996; Hunt 

et al. 2006; Hunt and Gray 2003). Parker and Gibson 

(1977) provide criteria for distinguishing complex forag-

ing strategies that are “context-specifi c” from “intelligent” 

tool use that is characteristic of  the more advanced stages 

of  sensorimotor intelligence. Tomasello and Call (1997) 

state that understanding of  the dynamic relationships be-

tween objects presumably enables fl exibility in applying 

tool-use skills across contexts, which is indicative of  intel-

ligent tool use. Th e technological system of  chimpanzees 

has been lauded as being the most sophisticated form 

of  nonhuman material intelligence observed in natural 

environments. Various tool behaviors of  wild chimpan-

zees, such as nut cracking and the use of  tool sets in ter-

mite fi shing, have been referred to as “complex,” but there 

have been few systematic treatments of  the composition 

or structure of  chimpanzee tool use that allow us to assess 

the complexity of  these tasks. In this chapter we examine 

several traditional notions of  complexity, including the 

number of  behavioral components (elements) needed to 

complete the tool task, structuring of  actions, and hier-
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archical organization of  object relations. We also provide 

some preliminary insights into the fl exibility of  diff erent 

tool tasks shown by this species, which may provide some 

indication of  their causal understanding of  these tasks and 

the rules governing chimpanzee tool strategies.

Chimpanzee Tool Use in a Comparative Context

Among nonhuman primates, the material intelligence 

of  chimpanzees and orangutans has been diff erentiated by 

the diversity of  tools used in diff erent contexts and relative 

regularity in which tools are used in comparison to their 

use by other taxa (van Schaik et al. 1999). Reports of  tool 

use by New World monkeys have eff ectively challenged 

some long-standing assumptions about the phylogenetic 

distribution of  particular features of  tool-use skills. In 

particular, the behaviors of  some wild capuchin monkey 

populations stand apart from the relatively rare and simple 

tool-use behaviors observed in other primates (Fragaszy 

et al. 2004; Phillips 1998; Waga 2006). Most recently, the 

tool-use behaviors of New  Caledonian crows have further 

broadened our perspectives of  complex tool use in other 

taxonomic groups. Th ese corvids have a repertoire of  sev-

eral diff erent tool behaviors (Hunt 1996), some of  which 

diff er in the complexity of  their manufacturing sequences 

(Hunt et al. 2006; Hunt and Gray 2003). Future compara-

tive examinations of  the complexity of  tool-use behaviors 

will provide insights into the cognitive capacities of  these 

species. However, a necessary fi rst step is to assess the tool 

technology within a species or population to determine 

the degree of  variation in these systems and how this may 

inform us about ecological and social factors shaping dif-

ferent tool-use propensities.

Assessing Complexity of  Tool Use

Sophisticated social networks and multistage food-

 processing techniques have been cited as complex behav-

ior patterns that involve advanced cognitive functioning 

(Byrne and Byrne 1993; Byrne et al. 2001; Corp and Byrne 

2002). However, there have been surprisingly few system-

atic treatments of  complexity in wild chimpanzee tool 

use. Previous approaches to characterizing the complexity 

of  particular tool tasks have included counting the num-

ber of  behavioral components (elements), examining the 

sequential structuring of  actions, and assessing the depth 

and hierarchical organization of  object relations. We pro-

ceed with a description of  these methods before applying 

them to the tool-use behavior of  wild chimpanzees in the 

Goualougo Triangle, Republic of  Congo. Th is chimpan-

zee population has a large repertoire of  tool-use behaviors, 

some of  which are exhibited on a habitual or customary 

basis (Sanz and Morgan 2007). Th rough a systematic com-

parison of  these tasks, we will assess whether the behav-

iors diff er in their degree of  complexity and what conclu-

sions we can draw about the chimpanzees’ understanding 

of  these tasks.

Initial approaches to complexity in tool-use behaviors 

involved comparing the physical characteristics of  tools 

and the modifi cations required in their manufacture. Os-

walt (1976) proposed a method to systematically gauge the 

technological complexity of  various hunter-gatherer pop-

ulations that involved estimating the number of  physically 

distinct structural confi gurations that contribute to the 

form of  a tool. McGrew (1987) extended this analysis to 

wild chimpanzees, but the complexity of  chimpanzee tool 

traditions was low on the human scale, and the variation 

between populations was too fi ne to be evaluated by Os-

walt’s technosystem. Th is is not to say that chimpanzee 

tools are not modifi ed or manufactured toward a spe-

cifi c mental representation of  a particular tool type, or 

even that they may not be comprised of  multiple objects. 

Boesch and Boesch (1990) have shown that chimpanzees 

consistently fashion stick tools of  specifi c lengths and di-

ameters for particular tool-use tasks. Several stages of  raw 

material modifi cation may be necessary to produce a suit-

able ant-dipping rod at Taï (Boesch and Boesch 1990), a 

spear at Fongoli (Pruetz and Bertolani 2007), or a termite-

fi shing probe at Goualougo (Sanz and Morgan 2007; Sanz 

et al. 2009). Intriguingly, design complexity and number 

of  nonrecapitulated modifi cations have been documented 

in the manufacture of  tools from Pandanus tree leaves by 

New Caledonian crows to capture invertebrates (Hunt 

et al. 2006). Th e manufacture of  tools with several “steps” 

or notches cut along the leaf  edge is considered more com-

plex than simple strip tools.

It has been suggested that estimations of  behavioral 

complexity in natural systems can be accomplished by 

“repertoire counting,” which involves an inventory of  all 

the distinct components (elements) that comprise a be-

havior or task (Sambrook and Whiten 1997). Th e size of  a 

behavioral repertoire is assumed to be positively related to 
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the cognitive sophistication of  the organism, in which the 

diversity of  available choices indicates a propensity for in-

novation and an ability to select appropriate behaviors. In 

general, chimpanzees have a diverse behavioral repertoire 

that includes many diff erent types of  tool use. Th is can 

partially be attributed to the manual dexterity of  primates, 

which aids in the formation and manipulation of  external 

objects (van Schaik et al. 1999). Again, this has been chal-

lenged by the “tool kits” of  New Caledonian crows (Hunt 

1996). Rather than labeling behaviors as complex based 

on the number of  their behavioral components, it is more 

important that particular skills are explicitly linked to cog-

nitive capabilities, such as understanding of  the task. Th e 

assemblage or organizational structure of  behavioral com-

ponents in diff erent settings may assist in distinguishing 

rigidly fi xed action patterns from more fl exible manifesta-

tions of  tool use which show that an organism has some 

understanding of  the task.

Most sophisticated behavior patterns are interpreted 

as being sequentially or hierarchically organized such 

that later elements require the completion of  one or more 

previous elements. However, context-specifi c or fi xed 

patterns can also involve many elements that are linearly 

ordered with little or no evidence of  strategic fl exibility 

or understanding of  causality between external objects. 

Boesch and Boesch-Achermann (2000) have suggested 

that this fl exibility is a key component in inventing and 

developing tool repertoires such as those of  humans and 

chimpanzees. Flow diagrams of  decision processes or al-

ternative pathways at natural junctions can provide impor-

tant insights, such as propensities to reiterate strings of  ele-

ments, and abilities to substitute elements and incorporate 

fl exible responses for coping with new situations. It is also 

possible to superimpose quantitative data, such as frequen-

cies or probabilities of  element transitions, onto these fl ow 

diagrams of  structural organization (Tonooka 2001). Th is 

provides insights into the statistical regularity of  particular 

element combinations, and it may also highlight essential 

sequences of  elements that are necessary to accomplish a 

task (Byrne 2003). Th e structured use of  multiple tools to 

achieve a goal may necessitate a higher level of  hierarchical 

organization than tasks involving only a single tool.

Th e use of  multiple tools to achieve a common func-

tion is relatively rare in species other than humans, but it 

has been observed to be habitual in some chimpanzee pop-

ulations. Sugiyama (1997) compiled reports of  chimpan-

zees using more than one tool in sequence (serial tool use) 

or a combination of  tools together (composite tool use) 

to achieve a goal. Th e “tree structure analysis of  hierarchi-

cal cognition” developed by Matsuzawa (1996) provides a 

way of  describing the cognitive processes involved in a se-

ries of  actions or behavioral patterns. Th e depth of  nodes 

in the tree structure represents complexity of  action, and 

the number of  nesting clusters indicates hierarchical lev-

els. In tool use, the depth of  nodes increases with the num-

ber of  objects used. For example, termite fi shing consists 

of  a single relationship between a fi shing probe (tool) and 

a termite (target), whereas the use of  metatools, observed 

in nut cracking at Bossou, consists of  three nested object 

relationships (hammer, anvil, nut). Tree-structure analysis 

can be applied across cognitive domains to systematically 

document structure and hierarchical processes within or 

between taxa. Th is approach has also been used to depict 

cognitive modules of  symbol use (Matsuzawa 1996) and 

social intelligence (de Waal 2003).

Comparisons of  the catalogs of  tool behaviors recorded 

at long-term study sites have shown that repertoires diff er 

between populations and even between adjacent groups 

(Boesch and Boesch 1990; McGrew 1992; Sanz and Mor-

gan 2007; Yamakoshi 2001). We have previously reported 

on the technological system of  the chimpanzees in the 

Goualougo Triangle, which includes the habitual use 

of  multiple tool techniques that have been described as 

being complex (Sanz and Morgan 2007; Sanz et al. 2004). 

In this chapter, we systematically compare the composi-

tion and structure of  diff erent tool-use behaviors within 

this wild chimpanzee population. Tool behaviors directed 

toward diff erent targets are likely to diff er in their ele-

ment composition, organizational structure, and pattern-

ing of  elements. However, diff erent tool-use tasks are also 

compared to investigate whether these chimpanzees have 

rules that govern object relations or demonstrate fl exibil-

ity in employing diff erent tool strategies in the same or dif-

ferent contexts. Our aim is not only to better understand 

the technological sophistication of  these chimpanzees, but 

also to elucidate some of  the cognitive mechanisms which 

have led to the emergence of  these fascinating behaviors.

Approach

Study Site and Population

Th e Goualougo Triangle is located within the Nouabalé-

Ndoki National Park, Republic of  Congo. Th e study area 



130 Sanz, Morgan

covers 380 km2 of  evergreen and semi-deciduous lowland 

forest with altitudes ranging between 330 and 600 m. 

Th e climate can be described as transitional between the 

Congo-equatorial and subequatorial climatic zones. Th e 

main habitats in the study area are mixed-species forest, 

monodominant Gilbertiodendron forest, and swamp. Th e 

main rainy season is from August through November, with 

a shorter rainy season in May.

Between February 1999 and December 2006, we spent 

a total of  88 months in the Goualougo Triangle habituat-

ing and studying wild chimpanzees. We conducted recon-

naissance surveys in several community ranges, but the ma-

jority of  our eff orts were allocated to the Moto, Mopepe, 

and Mayele communities, which each consisted of  64 to 

71 individuals (including immatures) during this period.

Data Collection

Tool behaviors were recorded ad libitum during direct 

observations with semi-habituated chimpanzees in the 

Goualougo study area. For all instances of  tool behavior, 

we recorded the actor, behavior, type of  object used, tar-

get of  behavior, and outcome. We recorded digital video 

of  tool-use behavior whenever possible. In addition, be-

tween 4 and 18 remote video-recording devices were used 

to conduct surveillance at termite nests of  chimpanzee vis-

itation between 2003 and 2006. (For precise details of  the 

device used, see Sanz et al. 2004). Th e following tool-use 

behaviors were video-recorded during time spent with 

chimpanzees conducting direct observations or via remote 

video-recording devices that were installed in the forest:

H o n ey  g at h er i n g.  Chimpanzees in the Goualougo 

Triangle have been observed to use dipping, levering, and 

pounding tools to gather honey from the hives of  stingless 

bees and African honeybees (see Sanz and Morgan 2009 

for a review). Inserting a probe into a bee nest to extract 

honey (dipping) is the most widespread tool-use strategy 

shown by chimpanzees in honey gathering and is seen in 

sites across Africa, from the Taï forest in Ivory Coast to 

Gombe in Tanzania (Bermejo and Illera 1999; Boesch and 

Boesch 1990; Boesch et al. 2009; Fay and Carroll 1994; 

Fowler and Sommer 2007; Hicks et al. 2005; Izawa and 

Itani 1966; Kajobe and Roubik 2006; Nishida and Hi-

raiwa 1982; Stanford et al. 2000; Tutin et al. 1995). Chisel-

ing or lever-opening of  arboreal bee nests to widen an ac-

cess point to extract honey has been observed in Tanzania, 

the Central African Republic, Gabon, and the Republic 

of  Congo (Fay and Carroll 1994; Sanz and Morgan 2007; 

Wallauer, personal communication). Pounding or ham-

mering of  beehives with the end of  a large club to break 

the hive structure has been observed rarely, but it seems to 

be exclusive to chimpanzee populations of  the Congo Ba-

sin (Bermejo and Illera 1999; Boesch et al. 2009; Fay and 

Carroll 1994; Hicks et al. 2005; Sanz and Morgan 2007).

Le a f   s p o n gi n g.  Leaf  sponging involves using a mass 

of  crushed or chewed leaves to sponge water from a tree 

basin. Th is behavior has been documented at several long-

term study sites (Whiten et al. 1999, 2001), but is carefully 

distinguished from leaf  folding by Tonooka (2001), who 

has compiled detailed data on the use of  leaves for drink-

ing water by wild chimpanzees in an outdoor laboratory in 

which the water was provisioned in a tree hollow. Reports 

of  the natural use of  leaves to drink water include the fol-

lowing: Gombe (Goodall 1964) and Mahale (Matsusaka 

et al. 2006) in Tanzania, Taï in Ivory Coast (Boesch and 

Boesch 1990), Bossou in Guinea (Sugiyama 1995), Lopé 

in Gabon (Tutin et al. 1995), Goualougo in the Republic 

of  Congo (Sanz and Morgan 2007), Semliki in Uganda 

(McGrew et al. 2007), and Tongo in the Democratic Re-

public of  Congo (Lanjouw 2002).

T er m i t e  fis h i n g  at  elevat ed  n ests .  Several 

studies across equatorial Africa have reported that chim-

panzees use fi shing probes to extract termites from their 

earthen nests (see Sanz et al. 2004 for a review). Termite 

fi shing typically involves inserting a fl exible wand into a 

termite nest to extract termites that attack the invading 

object, but variations in this behavior have been docu-

mented between populations. For example, there are sev-

eral populations of  chimpanzees in central Africa that use 

fi shing probes with a modifi ed brush tip (Muroyama 1991; 

Fay and Carroll 1994; Suzuki et al. 1995; Bermejo and Illera 

1999; Sanz et al. 2004, 2009). Another variation involves 

the use of  a second tool; aft er unsuccessfully attempting 

to open termite exit holes manually, chimpanzees in the 

Goualougo Triangle have been observed to manufacture 

a perforating twig to open the exit holes on the surface 

of  the nest (Sanz et al. 2004). Th e tip of  the tool is pressed 

into the surface of  the mound to clear soil from a closed 

exit hole. Th e chimpanzee then inserts a fi shing probe 

into the cavities of  the nest to extract termites. Perforating 

tools vary from small, straight twigs a few centimeters long 
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to large, unwieldy branches with leafy twigs attached (av-

erage length = 32.9 ± 19.4 cm; range = 5; 91 cm, n = 54).

T er m i t e  fis h i n g  at  su bt er r a n e a n  n ests .  Yet 

another task involves extracting termites from subterra-

nean nests, which necessitates a tool kit comprised of  a 

puncturing stick and fi shing probe. Although termite nest 

puncturing (also referred to as digging) and fi shing tool as-

semblages have been recovered from sites in central Africa 

(Sabater Pi 1974; Sugiyama 1985; Muroyama 1991; Fay and 

Carroll 1994; Suzuki et al. 1995; Bermejo and Illera 1999), 

the fi rst full descriptions of  this tool behavior have only 

become available from the Goualougo Triangle (Sanz et al. 

2004). Th e chimpanzee must fi rst gain access to the sub-

terranean chambers of  the nest by inserting the length of  a 

stout stick into the ground, holding the midsection of  the 

tool with both hands, and oft en using a foot for additional 

leverage. Th e stick tool creates a long and narrow tun-

nel for insertion of  the fi shing probe. Aft er removing the 

puncturing stick, the chimpanzee inserts a  brush-tipped 

fi shing probe to extract the termites. In contrast to per-

forating twigs, the tools used in puncturing are uniformly 

straight and smooth, and are manufactured from particu-

lar tree species.

Data Analysis

Individual chimpanzees were identifi ed from their dis-

tinct physical characteristics and these data were compiled 

in a population history database. Video analysis was con-

ducted using INTERACT Version 8.04 (Mangold 2006). 

Video recordings were scored as tool-use bouts, sessions, 

and episodes (defi nitions adopted from Yamakoshi and 

Myowa-Yamakoshi 2004). An episode began when the 

chimpanzee manufactured a tool (or at the fi rst moment 

aft er which they were observed with the tool) and ended 

when the tool was discarded or the task was abandoned. 

Within an episode, any number of  bouts or sessions could 

occur. A bout began when a chimpanzee used a tool to 

achieve a goal, and ended when they either succeeded or 

failed to achieve it. A session consisted of  a series of  bouts 

by an individual towards achieving a particular goal. Th e 

chimpanzee might make several attempts to achieve the 

goal (widen the entrance of  a beehive, create a tunnel into 

a subterranean termite nest), but the session continued 

until they attained the goal, stopped using that tool to use 

another, discarded the tool, or abandoned the endeavor. 

For all of  the following analyses, we included only record-

ings of  individuals who were capable of  the task and com-

plete sequences of  tool behaviors.

We used Matsuzawa’s (1996) tree structure analysis to 

compare the complexity of  diff erent tool tasks. Specifi -

cally, we examined the depth of  object-relationship nodes 

as a measure of  complexity and the number of  nested clus-

ters as indicative of  hierarchical levels. In addition to the 

overall object-relationship structures, we also present both 

the elements and essential actions of  each tool task in a tra-

ditional fl ow diagram. Th ese diagrams are the traditional 

way of  showing the structural organization of  behavioral 

elements and essential actions (as in Tonooka 2001). Our 

fl ow diagrams focus on the target, tool, action, and goal 

of  each tool task.

Th e behavioral elements in this study were an exten-

sion of  the traditional ethogram approach. We defi ned 

elements as functionally distinct behavioral units, which 

we assumed to have biological meaning due to their seam-

less execution. Natural junctions were taken into consider-

ation when defi ning behavioral elements. For example, we 

observed that the steps involved in removing a leaf  sponge 

from the mouth and inserting/extracting it into a water 

basin were very rarely disjointed. Th erefore, we did not 

split this behavior into distinct units as was done by To-

nooka (2001), who divided this action into discrete steps. 

Behaviors associated with tool manufacture were not in-

cluded in these measures of  repertoire size, but have been 

previously published for these tool tasks (Sanz and Mor-

gan 2007). We defi ned essential actions as those that were 

shared by all chimpanzees who successfully completed the 

tool task. Behavioral elements that involved the active use 

of  the tool were defi ned as tool actions.

We defi ned a sequence as a continuous string of  at least 

30 behavioral elements employed toward accomplishing a 

task. Th is number of  elements was more than suffi  cient to 

achieve each of  the tasks, but longer sequence lengths were 

preferred for robust statistical analysis. We quantifi ed non-

randomness in tool-action transitions by comparing ob-

served fi rst-order transition matrices with 1,000 randomly 

permuted matrices of  the same data (custom soft ware by 

R. Mundry). Matrix permutations preserve the patterning 

of  elements within the matrix, whereas sequence permuta-

tions may alter the distribution of  transitions in the ma-

trix. However, we used sequence permutations when the 
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number of  columns was too small to allow matrix permu-

tations. We also calculated the Shannon-Weaver entropy 

index for element transitions, which provided a standard-

ized index ranging from 0 to 1, with lower values indicat-

ing more structured relations within the matrix.

Kruskal-Wallis tests were used to test diff erences in rep-

ertoire sizes of  behavioral elements between tool tasks. Rep-

resentation of  each individual was limited to a particular 

tool task to meet assumptions of  independent data points.

Results

Our data set was comprised of  27 video-recorded episodes 

of  leaf  sponging (adult/subadult females = 10; adult/sub-

adult males = 2; juveniles = 2), 24 recordings of  honey 

gathering (adult/subadult females = 6, adult/subadult 

males = 2; juveniles = 4), 25 recordings of  termite fi sh-

ing at elevated nests (adult/subadult females = 5, adult/

subadult males = 4; juveniles = 4), and 21 recordings 

of  termite fi shing at subterranean nests (adult/subadult 

females = 2, adult/subadult males = 6). A subset of  these 

data were composed of  continuously recorded episodes 

that could be used for sequence analysis (11 segments 

of  leaf  sponging, 24 segments of  honey gathering, 33 seg-

ments of  termite fi shing at elevated nests, and 21 segments 

of  termite fi shing at subterranean nests).

Tree-Structure Analysis

Figure 11.1 depicts the hierarchical tree-structure analysis 

of  tool tasks analyzed in this study. Th e relationships be-

tween objects ranged from level 1 to level 3 as described 

by Matsuzawa (1996), and the hierarchical organization 

diff ered within and between tasks. Leaf  sponging is con-

sistently a level 1 tool use that involves a leaf  sponge (tool) 

directed toward water in a tree basin (target). Several 

leaf  sponges could be used in a bout, but we only observed 

one type of  tool in this context. Termite fi shing at elevated 

termite nests most oft en involved a relationship between 

two objects—the brush-tipped fi shing probe (tool) and the 

termites (target)—which is a level 1 tool use. However, we 

also observed the use of  a perforating twig (tool) to open 

the surface of  a termite nest (target) prior to termite fi sh-

ing, which is a second relationship between objects in this 

context. Th e serial order of  two tools to open a subterra-

nean nest (target) with a puncturing stick (tool), and then 

use of a brush-tipped fi shing probe (tool) to extract termites 

(target) was obligatory except in cases where termites were 

exiting their nests to forage. A third object relationship oc-

curred in these termite fi shing contexts when the reverse 

end of  a fi shing probe was used to clear debris from a termite 

tunnel. Th ree object relationships can also be detected in 

honey gathering, which may involve a pounding club (tool) 

and a lever stick (tool) to open the entrance of  the bee-

hive (target), and then also a dipstick (tool) to extract the 

honey (target). Th ese episodes of  multiple tool use within 

a task were serially ordered and temporally distinct, rather 

than occurring simultaneously as described in the meta-

tool use of  Bossou chimpanzees (Matsuzawa 1996, 2001).

Repertoire Size and Novelty of  Elements

Th ere were consistent and signifi cant diff erences in the 

repertoire sizes of  behavioral elements associated with each 

tool task (Kruskal-Wallis H-test, chi-square = 12.20, df  = 3, 

p = 0.007). Figure 11.2 compares the average repertoire 

sizes of  chimpanzees in diff erent tool tasks with the relative 
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Figure 11.1 Tree-structure analysis of diff erent tool tasks. We have adapted the notation 

analysis of Matsuzawa (1996) to accommodate serial tool use and multiple-function tool 

use. Objects are represented by solid squares, with targets italicized. A node that depicts 

an obligatory object relationship is represented by a solid circle. A node that represents an 

optional object relationship is shown as an open circle. A tool with a multiple function is 

connected to the target by a dotted line. Figure 11.1a depicts leaf sponging, which involves 

a single and consistent relationship between two objects. Figure 11.1b depicts honey gather-

ing, which can involve multiple tools and targets but most oft en involves only a pounding 

club directed at a beehive. Figure 11.1c depicts termite fi shing at an elevated termite nest, 

which requires the relationship between the fi shing probe tool and the termites, but we 

have also frequently observed the use of a perforating twig to open the nest surface. A fi sh-

ing probe can be used for multiple functions in this context when its orientation is reversed 

and the blunt end is used to clear the fi shing hole. Figure 11.1d represents termite fi shing at 

a subterranean termite nest, which requires two relationships between objects, a punctur-

ing stick to create a tunnel into the nest, and a fi shing probe to extract termites. We have 

also observed reversal of the fi shing probe to clear the tunnel in this context.
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proportion of  essential actions diff erentiated from addi-

tional variations in tool-use techniques. Leaf  sponging was 

comprised of  the fewest number of  elements and a narrow 

range of  associated variation (average = 3.5 ± 0.4), which 

indicates that this behavior may have few steps that are 

executed with high fi delity. Further, the majority of  these 

behaviors were essential for achieving the task. More than 

twice as many elements were associated with all other tool 

behaviors (honey gathering = 7.8 ± 2.4; termite fi shing at 

elevated nests = 7.4 ± 0.9; termite fi shing at subterranean 

nests = 8.5 ± 1.9). Termite fi shing at subterranean nests re-

quired two types of  tool use (puncturing the nest, fi shing 

to extract termites), and therefore was associated with the 

largest repertoire sizes. Th e number of  essential elements 

necessary to accomplish each task was slightly lower, but 

the resulting depiction of  task complexity was similar to 

that produced from estimating the entire repertoire size.

Figure 11.3 shows the overlap between the tool types and 

essential elements associated with each task. Leaf  spong-

ing and honey gathering did not share any tool types or 

elements with other tool tasks. Termite gathering at sub-

terranean and elevated nests was diff erentiated by punc-

turing and perforating tool use. All of  the fi shing elements 

were shared between the diff erent nest contexts—with the 

exception of  the sweeping of  termites, which was an essen-

tial behavior only at elevated nests.

Structural Organization

In addition to depicting the structural organization of  be-

havioral elements and essential actions (fi gure 11.4), we 

quantifi ed transitions between tool actions and goal be-

haviors in observed tool sequences using the permutation 

method described above, which is similar to the analysis 

of  stone tool use in nut cracking undertaken by Inoue-

Nakamura and Matsuzawa (1997).

Leaf  sponging required the fewest essential actions 

to achieve the goal. Th ese were arranged in a simple lin-

ear structure that involved manufacture of  a single tool 

(leaf  sponge) and few associated tool actions (inserting 

the sponge into a basin, and then extracting it) to obtain 

drinking water. Th e consistent pattern observed in leaf-

sponging sequences was seen in the fact that more than 

75% of  them diff ered from randomized data.

Termite fi shing at elevated nests had a more com-

plex structural organization of  behavioral elements than 

leaf  sponging. Th e chimpanzee must execute more steps 

by straightening the tool’s fi bers before inserting it into 

the termite nest. We also found that there were more op-

tions in this tool task than in the previous one, such as the 

choice of  whether to gather termites directly from the tool 

or by sweeping a hand along its length. Despite variations 

observed in real sequences, all of  these element transitions 

diff ered from randomly generated matrices. Th e transition 

between straightening the brush fi bers to inserting them 

into the nest yielded a particularly strong signal, with more 

than 75% of  observed sequences diff ering from random-

ized data.

Figure 11.2 Comparison of average repertoire sizes associated with each of the tool tasks.

Vertical bars indicate standard deviations. Proportions of the repertoires that consist of 

essential elements are highlighted in dark gray. Fewer elements and less variation are associ-

ated with leaf sponging for water than with other tool tasks. Extraction of termites from 

subterranean nests had the largest repertoire sizes and numbers of essential elements. Th e 

greatest variation in repertoire size was observed in honey gathering.

Honey gathering

Leaf sponging

Termite gather at subterranean nest Termite gather at elevated nest

Leaf sponge

Insert/Extract sponge into basin

Suck-wadge sponge

Pounding club

Pound hive

Lever-open tool

Lever-open Entrance of Beehive

Dipstick

Insert/Extract Dipstick into Beehive

Inspect hive

Conserve tool

Extract honey by hand

Puncturing stick

Insert/extract puncture stick

Inspect/smell end of tool

Fishing probe with brush

Straighten brush fibers

Insert/extract fishing probe

Eat termites direct from tool

Perforated twig

Widen termite tunnel

Sweep termites from tool

Figure 11.3 Overlap between the tool types and essential elements (in boldface) associ-

ated with each task. Th e region in which the oval diagrams overlap shows the elements 

that are shared between tool tasks. Th e graphical presentation is adapted from Takeshita’s 

(2001) depiction of similarity of behavioral patterns between individuals. We found no 

overlap in elements of leaf sponging or honey gathering. Termite gathering at subterranean 

and elevated termite nests shared all the elements that were associated with fi shing tool 

use, but diverged in their use of puncturing and perforating tools. Also, sweeping termites 

from the tool was an essential feeding technique only at elevated nests.
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Although the use of  a puncturing stick is necessary to 

gain access to subterranean termite nests, the most salient 

transitions in this task were those associated with fi shing. 

More than 50% of  the observed transitions involving these 

elements (brush straightening, inserting the probe into a 

nest, gathering termites by eating them directly from the 

tool) diff ered from randomized data. In contrast to the 

feeding techniques shown at elevated nests, there was a 

stronger tendency for chimpanzees to eat termites directly 

from the tool rather than sweep them with their hands at 

the subterranean nests.

Th e structural complexity of  honey gathering is a di-

rect result of  the increase in the number of  diff erent types 

of  tools. Despite the various tools and action combina-

tions that we observed, only three observed transitions 

diff ered consistently from random patterns. Repeated 

pounding of  the beehive was the most consistent transi-

tion observed between two elements, with more than 75% 

of  observed transitions diff ering from randomized data. 

Th e cycle of  inspecting the hive and gathering honey was 

also consistent in our observations of  honey gathering.

Sequence Analysis

Tool behaviors described here diff ered in Shannon Weaver 

values (H
s
) of  fi rst-order transitions (Kruskal-Wallis Test, 

Figure 11.4 Structural confi gurations of the diff erent tool-use behaviors: leaf sponging (fi gure 11.4a), honey gathering (fi gure 11.4b), termite fi shing 

at elevated nests (fi gure 11.4c), and termite fi shing at subterranean nests (fi gure 11.4d). Th e names of tools appear within ovals, with text in parentheses 

indicating steps in their manufacture or modifi cation (Sanz and Morgan, 2007). Rectangles indicate actions toward achieving a target. Essential 

elements in each tool task are highlighted in gray. Transitions between tool actions and goals are quantifi ed from fi rst-order transition matrices. Th in 

lines between elements indicate observed transitions. Lines of medium thickness indicate that 50 to 75% of observed transitions diff ered from random 

permutations of the data. Th e thickest lines indicate that more than 75% of observed transitions diff ered from random permutations of the data.

 (a)  (b)

 (c)
 (d)
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chi-square = 12.47; df  = 3; p = 0.006). Leaf  sponging 

was associated with the lowest H
s
 values (average = 0.35 ± 

0.02), which indicates that patterns were defi ned by few 

elements with stable fi rst-order transitions, in contrast 

to the other tool tasks which showed more variation in 

 behavioral elements and their organization within a se-

quence (honey gathering = 0.45 ± 0.10; termite fi shing, 

elevated = 0.56 ± 0.10; termite fi shing, subterranean= 

0.53 ± 0.05).

Discussion

We found signifi cant diff erences in the composition and 

structural organization of  diff erent tool behaviors shown 

by the wild chimpanzees of  the Goualougo Triangle. Not 

only do their tool behaviors vary in complexity, but the 

chimpanzees also employ diff erent strategies to accomplish 

them. As expected, the tool-use behaviors were comprised 

of  various elements necessary for tasks directed at diff erent 

targets, but we also found that the sizes of  element reper-

toires associated with each task were signifi cantly diff erent 

from each other. Viewed from the “repertoire counting” 

approach, this indicates that leaf  sponging was a simpler 

task than puncturing at termite nests, which was associ-

ated with twice as many elements. However, we also found 

that a large number of  elements could be shared between 

diff erent tool-use tasks. Comparisons of  the structure 

of  these diff erent tasks showed that the chimpanzees had 

the capacity to use tools in highly standardized sequential 

patterns (leaf  sponging, termite fi shing at elevated nests) 

and also in more fl exible structural confi gurations (ter-

mite fi shing at subterranean nests, honey gathering). Tree-

structure analysis supported our fi nding that tool tasks dif-

fered in their complexity, and also that these chimpanzees 

showed fl exibility in organizing them. Leaf  sponging was 

depicted as the simplest tool task, consisting of  a single 

relationship between tool and target. Multiple object rela-

tionships were shown in honey gathering and termite fi sh-

ing at elevated and subterranean nests. Diff erences in the 

nesting of  object relationships indicated that chimpanzees 

within this population had several strategies of  multiple 

object use. In addition to showing that their tool behav-

iors varied in their degree of  complexity, we found that 

they were capable of  fl exibly executing diff erent tool-use 

strategies and generalizing object relationships across dif-

ferent contexts. Although further research is warranted, 

our conclusion is that the varying levels of  task complexity 

and fl exibility in applying technological skills across dif-

ferent contexts demonstrates the intelligent use of  tools by 

wild chimpanzees.

Examining Complexity in Chimpanzee Tool Behaviors

Systematic comparisons of  the composition and structure 

of  diff erent chimpanzee tool tasks provided insights into 

diff erences that were not evident in our previous ethno-

graphic descriptions of  these behaviors (Sanz and Morgan 

2007). Tool-use behaviors diff ered in the composition 

of  element behaviors and sizes of  specifi c tool-task reper-

toires. Within the context of  unlimited choices, a selec-

tive and well-composed repertoire of  behaviors associ-

ated with a particular task could indicate a chimpanzee’s 

degree of  insight into it. However, small repertoires have 

also been associated with task simplicity. We found that 

leaf  sponging had the smallest number of  elements with 

seemingly invariant transitions. It should also be taken into 

consideration that this type of  analysis may be sensitive to 

diff erences in defi ning behavioral elements which can ar-

tifi cially infl ate or reduce levels of  complexity and invali-

date comparisons between studies. Th e relative simplic-

ity of  the leaf-sponging task is supported not only by the 

agreement between diff erent measures of  complexity, but 

also by previously published reports. It has been claimed 

that leaf  sponging may not be a diffi  cult tool use to inno-

vate because it has been observed in almost all well-studied 

chimpanzee populations (Whiten et al. 1999, 2001) and 

similar behaviors have been invented by captive chimpan-

zees (Kitahara-Frisch and Norikoshi 1982). As shown by 

tree-structure analysis, this behavior consists of  a single 

object relationship without alternative structural elements. 

Tonooka (2001) showed that tool use in water drinking 

was acquired at a relatively young age, but that social facili-

tation played a role in its acquisition. Juvenile chimpanzees 

showed more inclination to watch others during this tool 

behavior than did adults. Th ere is also indication that some 

type of  social facilitation may be responsible for the sud-

den increase in frequency of  leaf  sponging in the M group 

of  chimpanzees at Mahale in Tanzania (Matsusaka et al. 

2006). Together with analysis of  the other tool tasks, these 

fi ndings have prompted our current research on the rela-

tionship between task complexity and social learning.

Although repertoire sizes were larger in termite and 

honey-gathering contexts, we found that many of  ele-

ments could be shared between the diff erent tasks. Gener-
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alization of  elements across tool tasks could make learning 

of  the tasks less cognitively demanding, but that depends 

on how the elements are executed within tool sequences. 

We found that the object relationships and element se-

quences in the fi shing portions of  the subterranean and 

elevated termite nest tasks were nearly identical, but that 

the necessity and timing of  the incorporation of  punctur-

ing stick and perforating twig were extremely diff erent. 

Flow diagrams of  termite-gathering sequences at elevated 

and subterranean nests clearly illustrate the structural dif-

ferences between these tool tasks (fi gure 11.4). Multiple 

tools are used in both tasks, but it is obligatory to use two 

tools in gathering termites only at subterranean nests. 

Th e entire length of  a stout puncturing stick is inserted 

into the ground to create an access tunnel into the sub-

terranean chambers of  a termite nest, and then the fi shing 

probe is used to extract the termites. Besides the obvious 

diff erences in form and function of  the puncturing and 

perforating tools, the perforating twigs are used only occa-

sionally to clear debris from an existing termite exit tunnel. 

Tree-structure analysis shows that these tasks have similar 

targets but involve diff erent tools and relationships. We 

conclude that chimpanzees can apply termite fi shing 

knowledge fl exibly in diff erent settings, and that they can 

implement these skills appropriately relative to other types 

of  tools. Furthermore, the chimpanzees seemed to antici-

pate the diff erent tasks by arriving at each nest with the ap-

propriate tools. Th ey oft en arrived at a subterranean nest 

with both the puncturing stick and the herbaceous fi shing 

tools they would need. We have never observed them ar-

riving at elevated nests with puncturing tools; rather they 

arrived only with fi shing probes and then manufactured 

perforating twigs from nearby vegetation if  needed.

Multiple tool use is relatively rare in nonhumans, which 

is another reason why the regular use of  tool sets in the 

Goualougo is intriguing. We have observed chimpanzees 

using multiple tools to gather termites and open beehives 

to gather honey. Although tree-structure analysis shows 

that the depth of  nodes may be similar to those in the 

termite-gathering tasks in this study and in the metatool 

use described by Matsuzawa (1996, 2001), the hierarchical 

structuring of  object relationships in honey gathering dif-

ferentiate it from the other tool-use tasks (see leaf  spong-

ing in fi gure 11.4a, and termite gathering in fi gures 11.4c 

and 11.4d). In contrast to the simultaneous use of  multiple 

tools in metatool use by chimpanzees at Bossou, described 

by Matsuzawa (1996, 2001), the tool behaviors we observed 

consisted of  temporally distinct episodes of  serial tool use. 

Although the types of  object relationships varied between 

metatool use in nut cracking and multiple tool use in 

honey gathering, they had similar degrees of  complexity, 

as evidenced by the depth of  nodes produced in each case. 

Th e object relationships in the termite-gathering tasks in-

volved the predictable use of  certain tool sets in a particu-

lar context, whereas the use of  tools in honey gathering 

seemed to be in response to the characteristics of  a given 

bee hive. Honey gathering was also shown to be more 

fl exible than the other tool tasks analyzed in this study, 

with a large element repertoire and few fi xed transitions. 

A highly fl exible tool-use strategy could be related to the 

highly variable physical characteristics of  target beehives 

in the dense lowland forests of  the Congo Basin. It is pos-

sible that ecological features have shaped the diff erences 

between the tool behaviors documented in this study, but 

direct comparisons of  element repertoires, structural con-

fi gurations of  elements, and object relationships in diff er-

ent contexts may provide insight into the depth of  chim-

panzees’ understanding in such situations.

Factors that Shape Complex Tool Use

Th ere are several indications that technological skills simi-

lar to those described in this study exist in several chimpan-

zee populations in western equatorial Africa. Descriptions 

of  tool sets used by chimpanzees to extract termites from 

their earthen nests have been reported from Gabon, the 

Republic of  Congo, Cameroon, the Central African Re-

public, and Equatorial Guinea (Bermejo and Illera 1999; 

Deblauwe et al. 2006; Fay and Carroll 1994; McGrew and 

Rogers 1983; Muroyama 1991; Sabater Pi 1974; Suzuki et al. 

1995). Th ere is also evidence of  multiple tool use in honey 

gathering from several sites in this region (Boesch et al. 

2009; Bermejo and Illera 1999; Fay and Carroll 1994; 

Hicks et al. 2005). Th is raises the question of  which spe-

cifi c factors could have shaped the broad and complex tool 

technology of  these chimpanzees, and how those tradi-

tions are maintained.

Within this region of  the Congo Basin we have found 

that there are ample ecological opportunities to use tools, 

and potential interspecifi c feeding competition that may 

force chimpanzees to adopt unique foraging niches. Th e 

Ndoki forests off er a relative abundance of  ecological op-

portunities for tool use. Several species of  Macrotermes 

build various types of  nests, ranging from completely 
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subterranean nests to conspicuous towers. With a total 

of  seven species of  army ants, the assemblage of  Dorylus in 

the Goualougo Triangle is the most diverse ever recorded 

at a chimpanzee study site (Sanz et al. 2009). Ants are har-

vested by chimpanzees at their bivouacs or while traveling 

through the forest. We have also documented the presence 

of  at least six diff erent bee species in the Goualougo study 

area, with honey gathering observed at the hives of  Afri-

can honeybees and three species of  melipones. Th e pres-

ence of  particular targets does not mean, however, that 

chimpanzees will use tools to exploit these food resources. 

Motivation and technological knowledge are also pre-

requisites. Chimpanzees reside in sympatry with western 

lowland gorillas (Gorilla gorilla gorilla) throughout much 

of  western equatorial Africa. Th e high degree of  dietary 

overlap reported between these apes at this site and several 

others (Morgan and Sanz 2006; Tutin and Fernandez 1985, 

1993) could prompt chimpanzees to adopt innovative for-

aging strategies, such as tool use, that give them access to 

embedded food items that are not exploited as effi  ciently 

by gorillas. Gorilla densities reported from the Goualougo 

Triangle study area are some of  the highest in this region 

(Morgan et al. 2006) and it is conceivable that the diverse 

and complex tool strategies of  the chimpanzees who also 

inhabit that area provides a means of  coping with interspe-

cifi c feeding competition. At Bossou, chimpanzees were 

shown to use tools least frequently during periods of  high 

fruit availability (Yamakoshi 1998). Th e infl uence of  feed-

ing competition on the frequency of  chimpanzees’ tool 

use at sites in central Africa could be assessed by compar-

ing tool use over periods with diff ering degrees of  dietary 

overlap between chimpanzees and gorillas.

Van Schaik and Pradhan (2003) have proposed a theo-

retical model for tool-use traditions in primates which 

suggests that the likelihood of  an individual showing a 

particular tool behavior is dependent upon the probabil-

ity of  asocial acquisition, the probability of  social learn-

ing, and the individual’s opportunities for observational 

learning. Th e probability that a task is socially learned is 

depicted as the inverse probability of  innovation, mean-

ing that the task is acquired without social input. Asocial 

learning mechanisms involve individual discovery of  novel 

information, invention of  new behaviors, or elaboration 

on existing themes (Reader and Laland 2001). Such in-

novations may occur in social contexts, but they are pro-

duced without input from other individuals. Intuitively, 

task complexity should be inversely related to the likeli-

hood of  individual invention. Preliminary analysis of  so-

cial interactions that occurred during our tool sequences 

showed that more complex tool tasks were associated with 

increased attendance and facilitation. We found that more 

individuals were in proximity and attending to the tool 

user at subterranean termite nests than in other tool set-

tings. Further, facilitation of  the task by sharing of  tools or 

targets was more common in the termite tool-use context 

than in leaf  sponging or honey gathering.

If  one is willing to accept the premise that some aspect 

of  complex tool-use behavior is facilitated by social trans-

mission of  information, then the social networks within 

and between groups are also an important factor in the 

maintenance of  these behaviors over time and space. Un-

disturbed social networks across several intact chimpanzee 

communities are likely to exist in the Congo Basin, which 

harbors some of  the largest remaining tracts of  intact for-

est in the world, in contrast to the devastating fragmenta-

tion of  chimpanzee habitats in west Africa (Kormos et al. 

2004) and the isolation of  small chimpanzee populations 

in some areas of  east Africa (Pusey et al. 2007). However, 

the conservation context of  apes in the Congo Basin is 

rapidly changing with the advance of  mechanized log-

ging, mining, conversion to farmland, and human settle-

ment (Tutin et al. 2005). Expanding human infl uence on 

wild orangutans and their behaviors prompted van Schaik 

(2001) to propose the fragile cultures hypothesis, which 

suggests that local extinction, hunting pressure, selective 

logging, and habitat loss aff ect the transmission of  tradi-

tional behaviors among wild apes. It is likely that chimpan-

zee tool traditions would be vulnerable to similar distur-

bances, which underscores the importance of  considering 

the rich behavioral diversity and social inheritance systems 

of  our closest living relations when developing long-term 

conservation strategies to ensure their survival.

Implications and Future Directions

Our comparison of  composition, structure, and hierar-

chical organization of  object relationships in the tool-

use behaviors of  chimpanzees in the Goualougo Triangle 

demonstrates that there is much to be learned from the 

intricate complexity of  these skilled behavior patterns 

(Byrne 2007). Most previous studies of  chimpanzee tool 

use have defi ned a tool by a general description of  its use, 

rather than analyzing the actual sequence of  actions that 

involve its use. Our data set included repeated observa-
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tions of  “multiple-function” tools, with single tools hav-

ing relationships with multiple targets and diff erent func-

tions in each of  many contexts. It is also likely that recent 

research to identify the putative cultural variants within 

particular species may have masked important diff er-

ences within and between populations by compiling and 

comparing general catalogues of  behaviors (Whiten et al. 

1999, 2001; Hohmann and Fruth 2003; van Schaik et al. 

2003). Fascinating diff erences have been found in more 

specifi c treatments of  some of  these behaviors, however, 

such as the careful diff erentiation of  leaf-folding from leaf-

sponging techniques to drink water (Tonooka 2001) and 

locale-specifi c grooming patterns of  wild chimpanzees 

(Nishida et al. 2004). Future research should be devoted 

to refi ning analysis methods for comparisons of  behavior 

between populations or species (see chapter 13).

Several other types of  research emerge from the ongo-

ing study of  chimpanzee tool technology in this popula-

tion and others. Recent research has reported a signifi cant 

relationship between laterality in tool manufacture and the 

design complexity of  tools used by New Caledonian crows 

(Hunt et al. 2006). Th is would be a reasonable extension 

of  the current study, which would also contribute to the 

discussion of  population-wide handedness in wild chim-

panzees (Lonsdorf  and Hopkins 2005). Although it is not 

discussed in this study, we have found that chimpanzees 

exhibit a high degree of  material selectivity for some types 

of  tools (Sanz and Morgan 2007). Detailed investigations 

should be conducted to examine the basis of  these raw ma-

terial choices in diff erent contexts, which may reveal new 

insights into the cognitive abilities of  chimpanzees in their 

natural habitats.
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