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Introduction 
 
 

The relevance of chimpanzee research 
 
 In the search to better understand ourselves and our origins, biologists have since at 
least the time of Darwin turned to non-human animals for insight. Darwin himself (1874) 
provided one of the first in-depth comparisons between the behavior of humans, non-human 
primates, and other animal species. In the past decades, primatologists have pushed particular 
primate species as models to aid in the reconstruction of the behaviors of our early human 
ancestors (reviewed in Zihlman, 1996; Strum & Mitchell, 1987; Wrangham, 1987). Early 
models based on baboons fell to the wayside, as humankinds• closest genetic relatives, i.e., 
bonobos (Pan paniscus) (Zihlman et al., 1978) and chimpanzees (Pan troglodytes) (reviewed 
in Zihlman, 1996), were offered forth as the ideal stand-ins for early hominins (human 
ancestors). Wrangham & Peterson (1996) proposed that the common ancestor which humans 
share with chimpanzees and bonobos was probably morphologically and behaviorally 
chimpanzee-like. Bonobos, despite being equally close genetic relatives to humans as are 
chimpanzees, have in this view diverged farther from the ancestral condition than 
chimpanzees. Chimpanzees (and to a lesser degree bonobos) have been proposed to share a 
number of key behavioral features with humans that were likely present in the common 
ancestor of Pan and Homo: a fission-fusion social system in which related males monopolize 
a community of often unrelated females (Ghiglieri, 1987), monkey-hunting (Stanford 1999), 
lethal inter-community violence (warfare), and elaborate tool-use traditions (Wrangham & 
Peterson, 1996). The latter three traits were proposed to have been lost or reduced in bonobos. 
Other comparisons have been even more specific than this. Moore (1996) examined the utility 
of using savanna woodland-dwelling chimpanzees as a model to understand early human 
adaptations. 
 Recent fossil discoveries have called into question the assumption that the common 
ancestor of humans and the two Pan species shared basic chimpanzee / bonobo adaptations, 
thus opening a debate on the appropriateness of using any living African ape as a model for 
early humans (Lovejoy et al., 2009). Several morphological features shared by chimpanzees 
and bonobos are now claimed by some experts to have been absent from their common 
ancestor with humans: knuckle-walking and other locomotory adaptations (the possible 
hominin Ardipithecus ramidus was not a knuckle walker: Lovejoy et al., 2009), large canines 
in males (Sahelanthropus tchadensis, another possible hominin, may have had small non-
sexually-dimorphic canines: Brunet et al. 2002), and thinly-enameled molars (A. ramidus 
molars were more thickly-enameled than those of a chimpanzee: Suwa et al., 2009). These 
morphological differences may have been tied to behavioral and ecological dissimilarities 
between the last common ancestor and modern chimpanzees and bonobos (Lovejoy et al., 
2009). To further complicate matters, the lack of elaborate tool-use traditions in bonobos 
raises the possibility that the evolution of such traditions might have occurred independently 
in the chimpanzee and human lineages, although two gains of material culture (in 
chimpanzees and in humans) may be considered less parsimonious than one loss (in bonobos). 
The same could be said of warfare and monkey-hunting, although one population of bonobos 
at Lui Kotal in DRC has recently been discovered to hunt monkeys (Surbeck & Hohmann, 
2008). It is premature to make generalizations about bonobos when they have not been 
studied as extensively as chimpanzees.  

Contrary to Lovejoy et al. (2009), Whiten et al. (2010) dispute the conclusion that this 
perceived lack of similarity in some features makes chimpanzees useless for reconstructing 
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the common ancestor. In addition, claims that A. ramidus and S. tchadensis were hominins 
post-dating the split between humans and chimpanzees have been contested (Wolpoff et al., 
2002; Sarmiento 2010), leaving open the possibility that the common ancestor of humans and 
chimpanzees was a chimpanzee-like knuckle-walker. Even if some chimpanzee 
morphological and behavioral adaptations had been independently-derived following their 
split from the hominin lineage, and were thus not directly relevant to reconstructions of the 
life-style of our mutual common ancestor, the fact that these apes show a large and complex 
repertoire of possibly cultural, or at least socially-transmitted, behaviors means that they are 
still relevant to the study of the evolution of cultural systems in hominids (including 
hominins). Even if we discover that our common ancestor with chimpanzees was not an 
accomplished culture-bearer, and that the elaborate tool and gestural traditions of 
chimpanzees evolved completely independently from those of humans in the 6-8 million years 
since we separated from them [the discovery of tool traditions in Sumatran orangutans (Pongo 
abelii) by van Schaik & Knott (2001) makes this unlikely], the species would still be relevant 
to understanding the emergence of traditions and social systems in large-brained hominids. If 
we want to understand the factors that led to the emergence of pre-human and human culture 
in our remote ancestors, then it is crucial that we understand the baseline from which these 
behavioral systems sprung, or failing that, study the independent origins of similar 
phenomena in a related lineage. For this reason we must gather as many observations as 
possible of chimpanzee traditions in their natural habitat. 

The study of chimpanzees across widely-different ecological contexts continues to 
yield fascinating surprises into what this species is capable of (Whiten et al. 2001). Until 
recently, our knowledge was limited to a few populations of chimpanzees (Pan troglodytes 
schweinfurthii) living at the extreme eastern edge of the species• range (reviewed in Goodall, 
1986); the behavior of rainforest chimpanzees was mostly unknown. Studies at Taï Forest in 
Ivory Coast and other West African sites (Pan troglodytes verus) have recently expanded the 
chimpanzee behavioral repertoire considerably: nut-cracking with hammers, cooperative-
hunting, and higher degrees of female interaction than in the east (Boesch & Boesch-
Achermann, 2000). Most recently, Boesch has documented a propensity of Taï Forest adult 
male chimpanzees to adopt apparently unrelated orphans (Boesch et al., 2010) and to actively 
defend community-members against leopard attacks (Boesch, 2009), behaviors which stand in 
apparent contrast to the rather more individualistic societies of East African chimpanzees. 
Add to this the recent discovery that chimpanzees at Fongoli, Senegal fashion •spears• to hunt 
bushbabies (Pruetz & Bertolani, 2007) and rest in caves (Pruetz, 2001), that chimpanzees of 
Ugalla, Tanzania use digging sticks to excavate underground tubers (Hernandez-Aguilar et 
al., 2007), and that Central African chimpanzees (Pan troglodytes troglodytes) of Goualougo, 
Republic of Congo (Sanz & Morgan, 2007) and Loango, Gabon (Boesch et al., 2009) use tool 
sets (in the case of Goualougo, for multiple unrelated tasks), and it is clear that a real 
understanding of what chimpanzees are capable of will require, just as it would with humans, 
a knowledge of the full scope of their behaviors across their range (Boesch, 2009).  

Ideally, of course, information on chimpanzees should come from direct behavioral 
observations of fully-habituated chimpanzees, but this is not always possible. Fortunately, 
invaluable studies following the protocol of paleoanthropologists have been carried out on un-
habituated chimpanzees [for a pioneering example, see Sept•s (1992) study of nest sites at 
Ishasa, Democratic Republic of the Congo (DRC)]. In addition, the forested habitats of some 
habituated chimpanzee communities have been excavated as archaeological sites investigating 
the •prehistory• of the local apes• material culture (Mercader et al., 2002). Researchers have 
made inferences from indirect evidence about the geographical distribution of potential great 
ape cultural behaviors both for chimpanzees (Boesch & Boesch-Achermann, 2000) and 
Sumatran orangutans (van Schaik & Knott, 2001).  
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Boesch (2007; 2008) cautioned against using results obtained from chimpanzees living 
in the extremely altered environment of research laboratories as representative of the species• 
cognitive and social capabilities. This warning should be extended to studies of free-living 
chimpanzees as well. Van Schaik (2002), in his disturbance hypothesis, postulates that great 
ape societies may suffer impoverishment when they collide with growing populations of 
human settlers. I will present some possible evidence of this phenomenon in the northern 
DRC in Chapters 3 and 5 of this thesis. If this is indeed the case, then it seems obvious that 
the more remote and isolated a chimpanzee population is from humans, the less affected its 
set of traditions should be by human incursions. This highlights the value of studying the Bili-
Uele (DRC) chimpanzees, which inhabit some of the most remote wilderness remaining in 
Africa. As will be demonstrated in Chapter 4, this population is still large and inter-connected, 
with probable opportunities for gene and meme exchange across vast areas. The forests in 
which these chimpanzees live have not yet been carved up into isolated patches; when this 
happens, as it already has across much of Africa, the apes are forced to inhabit isolated 
genetic / memetic •islands• (Goodall, 1996). As we shall see in Chapter 2, there are still areas 
in northern DRC (the Gangu Forest in particular) where the chimpanzees rarely encounter 
humans, and do not show a strong fear of them when encountered. Such places are becoming 
rare in the world, and provide us with an excellent opportunity to observe what chimpanzee 
societies and traditions must have been like across Africa before the species• recent clash with 
expanding populations of human agriculturalists. 
 
History of the research project 
 

Over the last decade, the Bili-Bondo apes of northern DRC have been the subject of 
intense speculation, both in science and in the media. CNN heralded the existence of a 
possible new species of apes, while popular science magazines weighed the likelihood of 
hybridization scenarios between chimpanzees and gorillas (Young, 2004). Crypto-zoology 
websites have hyperbolized about the •giant lion-eating Bili-Bondo apes• alongside reports on 
Bigfoot and the Florida •skunk ape•. The Bili population also attracted the attention of 
primatologists. An unknown population guaranteed discoveries of hitherto unknown 
traditions. 

The Bili apes research project was initiated in 1996 by wildlife photographer and 
conservationist Karl Ammann (Ammann, 2001). Ammann traveled into the remote forests 
near Bili, looking for evidence of the •lost• Gorilla gorilla uellensis. The mystery surrounding 
this disputed taxon had its origins in 1898, when the Belgian colonel Le Marinel collected 
four gorilla skulls in the Bondo area (Ammann, 2001; Hofreiter et al., 2003). These were later 
proposed to represent a •missing link• population bridging G. berengei in East Africa to G. 
gorilla in the west (a 600 km gap without gorillas exists to the east and west of Bondo) 
(Chapter 1, Figures 3 & 4; Hofreiter et al., 2003). During his first visit to the area, Ammann 
gathered reports from the locals of large, aggressive •lion-killing• apes, and in the town of 
Bambillo near Bili he discovered a peculiar chimpanzee skull sporting a gorilla-like sagittal 
crest (Ammann, 2001). Between 1998 and 1999, Ammann•s team established a research 
center called Camp Louis in the forest 34 km northwest of the town of Bili (Chapter 1, Figure 
5). In their search for the resident apes in the gallery forests separating the savannas, the team 
found a number of ground nests resembling those constructed elsewhere by gorillas. In 
addition, they discovered ant dip tools measuring over 2 m in length. Ammann speculated that 
perhaps two ape species might inhabit the forests of Bili: G. g. uellensis and chimpanzees. 
Using hidden robot cameras, he managed to photograph several imposingly robust-looking 
apes. In addition, a photograph of a dead chimpanzee shot near Bondo indicated that it might 
be exceptionally large for its species. In 2001, a group of renowned primatologists visited 
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Camp Louis and failed to find evidence of any ape other than chimpanzees inhabiting the 
forest (NPR Radio Expeditions, 2001). Finally, genetic tests on the purported G. g. uellensis 
skulls collected by Le Marinel revealed them to be too similar to Western lowland gorillas to 
be an intermediate form between the eastern and western species (Hofreiter et al., 2003); thus 
the more likely explanation is that the skulls had been transported from West Africa to Bondo 
by traders. 

In an attempt to attract the apes and habituate them to the presence of researchers, 
Ammann•s team planted several patches of sugar cane near Camp Louis (Young, 2004). 
Shelley Williams conducted two field expeditions between 2002 and 2003, for a total of 3.5 
months in the field (Young, 2004). Her team managed to acquire the first footage of a Bili ape 
in the forest, an adult female peering warily at the local trackers. Williams collected some 
large casts of ape feet measuring up to 34 cm (Young, 2004); the largest prints found by 
Ammann had measured 30 cm long (Ammann, pers.com., December 2003). Analysis revealed 
that mitochondrial DNA from hairs / faeces found in Bili ground nests was that of a 
chimpanzee (Young, 2004; Breeuwer et al., unpublished data), and indeed, its genotype is 
nested comfortably near the branch point from which several clades of P. t. schweinfurthii 
radiated (Gagneux, 2001). Williams, however, speculated that perhaps these apes were a form 
of hybrid between chimpanzees and gorillas (Young, 2004), a possibility if the fathers had 
been gorillas (and thus had not contributed any mitochondrial DNA). This, however, is 
unlikely, due to the different social systems of chimpanzees and gorillas (Wrangham, 1987), 
and the fact that, as described above, no solid evidence of gorillas has ever been found in the 
area. The opening section of Chapter 4 of this thesis will briefly describe what we know about 
the morphology of the Bili apes, and will make it clear that these animals are behaviorally and 
morphologically typical chimpanzees. 
 The current study began in August 2004, when I flew into Bili with Karl Ammann. I 
was assigned the task of habituating a group of chimpanzees around Camp Louis. This thesis 
presents the results of the 2.5 years of field work that followed.  
 
Outline of the thesis 
 

Before I describe the Bili chimpanzees themselves, some background is needed. 
Chapter 1 focuses on the environment in which these chimpanzees (P. t. schweinfurthii) live, 
describing climate and rainfall patterns, the local flora and fauna, human impact, and finally, 
the conservation history of the area. 

Chapter 2 compares the response of chimpanzees to humans in different areas of the 
northern DRC. We hypothesize that chimpanzees living in remote forests will be found to 
react in a more relaxed and curious manner when encountering our research team than those 
chimpanzees living in proximity to roads and villages. This is probably tied to a difference in 
human hunting pressure on the different communities in the recent past. Chapter 3 details 
differences in chimpanzee sound production between areas of low and high human 
disturbance. We predict that chimpanzees living under increased pressure from poachers will 
reduce their sound-production and restrict it to the early morning hours. 

Chapter 4 is a compendium of our basic knowledge of these chimpanzees acquired 
prior to and during this field study, beginning with a brief review of their morphology and 
genetics. We then plot their distribution across the landscape of the northern DRC and make 
rough calculations of their density. Excitingly, an area that just 10 years ago was a •blank 
spot• on maps of chimpanzee distribution has now been filled in, and we can be certain that 
tens of thousands of chimpanzees are still thriving in the woodlands and gallery forests. The 
chapter also includes a basic description of the chimpanzees• tree-nesting behavior and diet. 
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In Chapter 5, we present evidence for behavioral continuity, describing a suite of 
traditions shared by the chimpanzee population across the vast area that was surveyed, and 
which possibly extends across a much larger area. This pattern stands in contrast to other 
chimpanzee populations, whose traditions seem to be more idiosyncratically distributed. 
Different explanations for this phenomenon are explored, including the possibility that it 
represents a •Mega-Culture•. 

Chapter 6 is a •call to arms•, describing the imminent crisis that the chimpanzees of 
northern DRC are facing. This area is now one of the last remaining large, continuous 
populations of the species in Africa. With artisanal gold and diamond mining spreading 
rapidly across the landscape, the bushmeat trade is now gaining a foothold as it already has 
elsewhere. Unfortunately, chimpanzees are increasingly being targeted for their bushmeat and 
for their babies, which in some areas are now frequently offered for sale. With the inevitable 
decline and fragmentation of this chimpanzee population will vanish one of our last 
opportunities to understand the species in the context in which it evolved, and not merely as 
isolated populations of terrified fugitives clinging onto a tenuous existence, which is now the 
situation across much of tropical Africa. 
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1 
The Study Region and a Brief History of the Bili Project 

 
Thurston C. Hicks & John H. van Boxel 

 
Institute for Biodiversity and Ecosystem Dynamics, University of Amsterdam, Postbus 94248, Amsterdam 1090 

GE, The Netherlands; email: clevehicks@hotmail.com 
 
Introduction 

 
In the 30 years following the initiation by primatologists of the first long-term 

chimpanzee (Pan troglodytes) field studies in the early 1960s, research sites were heavily-
biased towards the far eastern and western edges of chimpanzees• distribution (Baldwin & 
Teleki, 1973; reviewed in McGrew, 1992). In the past 15 years, a number of additional sites 
have been established, many closer to the center of the species• range [Gashaka (Nigeria): 
Sommer et al., 2004; Goualougo (Republic of Congo): Morgan & Sanz, 2003; Loango 
(Gabon): Boesch et al., 2009]. However, as of 2004, a major gap remained in our knowledge 
about our close evolutionary cousins: the northern Democratic Republic of the Congo (DRC) 
(Figure 1). Although some data on chimpanzees have been collected in the Ituri Forest 
(Chapters 4 & 5), the majority of the Northern DRC remains terra incognita in terms of 
information about the resident apes, and even their presence or absence is unknown across 
large stretches of this remote landscape. This is an unfortunate gap, as the region is likely 
home to the largest remaining continuous population of chimpanzees (Butynski, 2001). In an 
attempt to fill in part of this lacuna in our knowledge, between 2004 and 2009 Thurston 
Hicks (TH) surveyed an area of approximately 35,000 km² encompassing two distinct eco-
regions, on both sides of a major river, the Uele (Figure 2). A 950 km gap separates the Bili 
region from the nearest long-term chimpanzee study site in the west, Goualougo, and the 
nearest study site to the east, Semliki, is 680 km distant (Figure 3). The Ituri Forest lies 440 
km to the southeast of Bili. Figure 4 gives a closer view of the study region, pinpointing 
survey areas across the Bili-Uele landscape. Figure 5 focuses on the 2004-2007 survey zone. 

 
History of conservation in the region 

The Bili-Uéré Domaine de Chasse is the largest protected area in DRC. Created in 
1974 (République Democratique du Congo Ministere des Travaux Publics et Infrastructures, 
2007), it follows the border of the Central African Republic and covers a total area of 60,000 
km² (Doumenge, 1990, cited from pers. com. with Direction Générale IZCN, Kinshasa 1988). 
The domaine de chasse is made up of seven blocks, including the Mbomu Reserve (Figure 6). 
Congolese Law 75.024 (July 22, 1975) and Law 2.002 (28 May 1982) distinguish between 
national parks and •réserves de faune• (Doumenge, 1990). Within •réserves de faune•, there 
exist two subdivisions: •les réserves de faune totales• and •les réserves de faune partielles•; 
Bili-Uéré, as a domaine de chasse, is the latter. A domaine de chasse receives a low level of 
protection, and the regulations regarding its exploitation are somewhat vague1. 
                                                 
1 The definitions are as follows: •Réserve de faune totale•:  •une aire mise à part pour la conservation, 
l•aménagement et la propagation de la vie animale sauvage, ainsi que pour la protection et l•aménagement de 
son habitat, dans laquelle la chasse, l•abbatage ou la capture sont interdits, sauf aux autorités de la reserve ou 
sous leur contrôle, et où l•habitation ou toutes autres activités humaines sont interdites• (cited from Doumenge, 
1990). •Réserve de faune partielle•: •une aire mise à part dans laquelle l•exploitation de la faune est réglementé 
et controlee d•une manière particuliereƒ•(art. 1). Article 2 continues, regarding •secteurs sauveguardés•: 
•l•ordonnance ƒ peut soumettre à un régime particulier et, le cas échéant, interdire à l•intérieur du secteur la 
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The importance of the Bili-Uéré Domaine de Chasse appears to have been overlooked by 
conservationists in the past. It is mentioned only briefly in La Conservation des Ecosystèmes 
Forestieres du Zaïre (Doumenge, 1990) and is not included in Annexe 1 of •Aires protégées 
actuelles• (in which the smaller Domaine de Chasse of Rubi-Télé is listed), Annexe 2 of 
•Sites supplémentaires prioiritaires•, or even Annexe 3, •Sites supplémentaires d•intérêt 
local•, a surprising omission given that Bili-Uéré is the largest protected area in The DRC. 
The Institut Congolais pour la Conservation de la Nature, the Congolese governmental body 
primarily responsible for the enforcement of conservation laws in protected areas, was not 
active or even present at Bili-Uéré during the entire period TH spent in the region. Attention 
was brought to the area when, in 2002, Ammann entered into a collaboration with the Dutch 
wildlife conservation non-governmental organization (NGO) The Wasmoeth Wildlife 
Foundation (http://www.wasmoethwildlife.org/1st_update.php ). The Wasmoeth Wildlife  
 

 

 
 
Figure 1. Central Africa, with the area of the current study highlighted. The Landsat ETM+ image 
files dated from 1999 and were downloaded from GLCF (Global Land Cover Facility) at 
http://glcf.umiacs.umd.edu. The CAR, Central African Republic; The DRC, The Democratic Republic 
of the Congo. 
                                                                                                                                                        
chasse et la pêche, les activités industrielles, commerciales, agricoles, pastorales ou forestières, l•exécution des 
travaux publics ou privés, l•extraction de matériaux concessibles ou non, l•utilisation des eaux, la circulation du 
public quelle que soit le moyen emprunté, toute action susceptible de nuire au développement de la faune et de 
la flore et, plus généralemet, altérer le caractère du secteur• (cited from Doumenge, 1990).  

  Bili 

The DRC

The CAR
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Figure 2. Map of the study area in the Northern DRC. Areas surveyed are highlighted in yellow. Data 
for rivers, roads, borders, and other geographical features were acquired from Le Référential 
Géographique Commun (2009) at http://www.rgc.cd. Black lines represent roads. 
 
 
Foundation (henceforth referred to as The Foundation) initiated a community conservation 
project at Bili in which they purchased the coffee of the local Azande farmers• at a higher 
price than the market value, in exchange for the locals• support protecting the wildlife. 
Unfortunately, elephants continued to be poached in the area, leading to a 1-year suspension 
of the coffee-buying during the 2004-2005 season (The Wasmoeth Wildlife Foundation, 
2006). Ammann withdrew from the project in early 2005. In June 2007, within a 2-week 
period, a large number of gold miners were witnessed by Foundation staff invading the area. 
With the collaboration of the local chiefs and the regional Minister of Mines, they opened 
two gold mines within the Bili-Uéré Domaine de Chasse, within 100 km of Bili. This was not 
only a violation of Congolese law, but also of the terms of agreement between the Foundation 
and the local authorities. In September 2007, The Foundation withdrew its field staff and 
suspended its purchase of coffee from local merchants (Hicks, 2008). The research project 
was forced to work elsewhere. Between October 2007 and March 2009, TH and his team 
conducted surveys for large mammals, and in particular chimpanzees, between the Uele and 
Itimbiri / Rubi Rivers. 
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Figure 3. Map of the distribution range of Eastern chimpanzees (Pan troglodytes schweinfurthii), 
highlighting (inside the red square) study sites and surveyed regions.  Data for rivers, roads, borders, 
and other geographical features were acquired from Le Référential Géographique Commun (2009) at 
http://www.rgc.cd. 
 
 
General research methodology 
 
Basic research procedure 
Over the course of 2.5 years in the field, we maintained a consistent methodology while 
taking data on the chimpanzees. For the first 6 months of the 2004-2005 field season, at 
Camp Louis, our primary focus was on habituating the chimpanzees; during the following 5 
months, we concentrated on transect work and exploring the remote Gangu Forest. Over the 
course of the 2006-2007 season, we established a new camp in the Gangu Forest, again 
focusing on locating the chimpanzees and making contact with them. For about half of this 
season, when we were unable to visit Gangu due to political turmoil surrounding the 
Congolese elections, we concentrated on surveying new forests, with the primary goals of 
increasing our understanding of the chimpanzees• abundance and distribution (Chapter 4), 
and comparing the apes• material culture between different forest regions (Chapter 5). During 
the 2007-2009 field season, we expanded upon the latter two strategies, conducting surveys 
over a much larger area, this time south of the Uele River. We no longer focused our efforts 
on contacting the chimpanzees themselves, although we did so when possible. 
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Figure 4. A closer view of the Northern DRC landscape, and our survey areas (inside the red square). 
Data for rivers, roads, borders, and other geographical features were acquired from Le Référential 
Géographique Commun (2009) at http://www.rgc.cd. 
 
 
 Whenever chimpanzees, their nest sites, tools, feeding remains, or other evidence 
were encountered, we would opportunistically collect as much data as possible (the full set of 
measures for each type of evidence is presented later in the thesis). We did the same for 
human evidence, and that of large mammals. Habitat-type was recorded on a regular basis 
and for all data points. Non-forested habitats included savanna (open grassland with scattered 
trees) and savanna woodland (savanna-edge low-canopy, partially-covered woodland with a 
mixed-grass understory). Human-disturbed areas included road-side oil palm forest, recently-
cleared fields, and regenerated secondary forest. Forest-types included Gilbertiodendron 
dewevrei monodominant, mixed-species Gilbertiodendron forest, stream-edge forest, swamp 
forest, mixed species dry-ground forest, hillside forest, herb patch, and vine-tangle (in some 
cases these categories could be combined, such as •hillside Gilbertiodendron• or •stream-
edge herb patch•. Forest visibility was classified as dense (clear visibility � 1 m), medium 
(clear visibility > 1 m and �5 m), and open (clear visibility >5 m). 
 
Survey methodology 

Other than on our transect work, we did not walk randomly through the forests and 
savannas, but instead actively searched for chimpanzees and their nests. Therefore, our forest 
walks were not technically recces [defined in Walsh & White, 1999 as •researchers 
follow[ing] a path of least resistance along game trails and natural features (e.g., watercourses 
and ridges), cutting only enough vegetation to maintain a general compass bearing•] (see also  
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Figure 5. Map of the 2004-2007 study region in Northern DRC. The Gangu River can be seen just 
south of Camp Gangu, and the Bo River is indicated with a white arrow. The Landsat ETM+ image 
files dated from 2002 and were downloaded from GLCF (Global Land Cover Facility) at 
http://glcf.umiacs.umd.edu. 
 
 
Hall, 1998; McNeilage et al., 1998). We will refer to them as •forest walks•, although some 
of the walks took place in savannas as well. We took regular GPS points as we progressed 
along our routes, at streams, trails, and other landmarks, and whenever we encountered 
evidence of humans or wildlife. Elevation above sea level was recorded by the GPS as well. 
 It was necessary to develop a means to compare encounter rates of chimpanzees, their 
nests, elephant dung, human sign, etc. across the different survey regions. For encounters 
with the chimpanzees themselves, we used the measure •hours in the forest•, which is 
described in Chapter 2. For all other data points (nests, tools, human sign, etc.), we use the 
measure •km walked in the region•. All waypoints taken on our forest/savanna walks were 
entered into the Garmin MapSource Program (Version 6.15.3; 1999-2008 Garmin Ltd. or its 
subsidiaries) and we used these points to reconstruct the daily routes. Daily routes were 
measured from waypoint to waypoint; this is the •route walked per day• measure. Return trips 
along the same route made on the same day were not included in this measure, as it is 
unlikely that new chimpanzee nests or tools would have appeared in the time separating our 
first pass along the route and our later return to camp. However, when we retraced the same 
route the next morning, it would be counted as part of that day•s •km walked•. Often we 
would use a regular trail, either a hunting  / fishing trail or, in the Camp Louis and Gangu 
areas, one cut by ourselves, for the first few kilometers of our day•s walk (elephant trails 
were sometimes used at Gangu). We would then usually leave these trails and •bushwhack• 

Bo River
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following chimpanzee vocalizations. Table I gives the details of all forest surveys in the 
different study regions, including transects and the number of contacts with chimpanzees (see 
Chapter 2 for details on contacts). 
 During the 2004-2005 season, Camp Director Makassi as well as field assistant 
Ligada Faustin conducted separate surveys for chimpanzees in the Camp Louis and later 
Gangu forests. Faustin also took data in September 2006 while building the base camp in the 
Gangu Forest. To avoid possible problems with inter-observer reliability, data from these 
surveys will not be included in this thesis (except for unusual finds such as chimpanzee 
leopard-eating, described in Chapter 4). Towards the end of the 2007-2008 field season, 
although the majority of the data was gathered by TH, we began to use the data of three local 
field assistants trained in basic data collection2. During the 2006-2007 season, field assistant 
Jeroen Swinkels (JS), after spending time with TH coordinating our data collection methods, 
conducted several independent surveys. This data will be included in many of the analyses, as 
well as the brief survey of the Difongo and Membulu Regions by Laura Darby (LD) in 2009. 
The expedition leaders of each survey are listed in Table I. 

 

 
Figure 6. Map of the study region, showing protected areas and habitat-types. Dark green = forests, 
purple = savannas, light green = human-disturbed regions (including plantations, roads, villages and 
towns). The Landsat ETM+ image files date from 2000 and were downloaded from GLCF (Global 
Land Cover Facility) at http://glcf.umiacs.umd.edu. The geographical data used to map the rivers, 
roads, and protected areas are courtesy of the Référentiel Géographique Comun Pour la République 
Démocratique du Congo, www.rgc.cd. Hart (2007) found that a large piece of the Rubi-Tele Domaine 
de Chasse had been removed from recent official maps. This missing area has been restored here in 
yellow. 

                                                 
2 Kisangola Polycarpe, Seba Koya, and Olivier Esokeli 
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Table I. Dates and geographical location of chimpanzee surveys, composition of survey teams, 
number of days spent in each forest region, and number of chimpanzee contacts in each; na= not 
applicable. TH = Thurston Hicks, JS = Jeroen Swinkels, LD = Laura Darby, PK = Polycarpe 
Kisangola, OE = Olivier Esokeli, SK = Seba Koya. 
 

Location GPS 
coordinates 

Survey 
period 

Surveyor No. 
days in 
forest 

No. 
contacts 

 

Avg. no. 
chimpanzee 

contacts 
per day in 

forest  
(out of 77 
contacts) 

No. 
surveys 

 

Km 
walked 

 

Camp Louis 
Forest 
2004-2007 

4°21•72ŽN, 
24°56•72ŽE 

Aug 04 
… July 

05, Aug 
06 … 

Feb 07 

TH (04-05) 
 

TH, JS (06-
07) 

262.5 
(237 
first 

season, 
25.5 

second 
season) 

38 
 

(Period 
1:  

n = 38) 
 

(Period 
2:  

n = 0) 

0.15 
 
 

(Period 1: 
0.16) 

 
(Period 2: 

0) 

174 (plus 
transects

) 

1277.9¹ 

Gangu 
Forest 

4°19•34ŽN, 
24°41•53ŽE 

March … 
June 05 
Aug 06 

… 
Feb 07 

TH (05, 06) 
 

TH, JS (07) 

85 
(37.5 
first 

season, 
47.5 

second 
season) 

28 
(Period 

1: 
 n = 6) 
(Period 

2:  
n = 22) 

0.33 
(Period 1: 

0.16) 
(Period 2: 

0.46) 

104 (plus 
transects

) 

356.8² 

Zapay Forest  4°57•01ŽN, 
25°06•31ŽE 

Dec 06 TH 8.0 1 0.13 13 49.9 

Gbangadi 4°43•40ŽN, 
24°46•60ŽE 

Dec 06 JS 6.0 0 0 6 31.7 

S Bili Forest  4°02•42ŽN, 
25°02•11ŽE  

July 06 
… 

Nov 06 

TH, JS 48.5 3 0.06 40 205.2 

Nawege and 
N Uele 
(Zaza) 
Forests 

3°37•14ŽN, 
25°22•55ŽE 
3°28•11ŽN, 
25°10•73ŽE 
(Zaza) 

Sept 06 
(Naweg

e) 
Aug 08 
(Zaza) 

TH, JS 
(Nawege) 
TH, OE 
(Zaza) 

5.0 0 0 7 16.2³ 

Monga 
Forest 

4°14•12ŽN, 
22°56•65ŽE 

Jan 09 SK, OE 3.0 1 0.33 3 6.2 

Lebo 3°24•43ŽN, 
25°20•65ŽE 

Sept 06 
Aug 08 

TH, JS (06) 
 

TH (08) 

24.0 1 0.42 17 41.3 

Lingo 3°24•83ŽN, 
23°30•11ŽE 

Nov 08 TH 9.0 1 0.11 8 38.5 

Zongia 3°35•06ŽN, 
23°45•75ŽE 

Nov 08 TH 8.0 0 0 8 35.7 

Mbange E 3°13•73ŽN, 
24°10•25ŽE 

Jan 09 TH 15.0 0 0 16 80.9 

Mbange W 3°09•30ŽN, 
24°02•88ŽE 

Jan … 
Feb 08 

TH 9.0 
 

0 0 11 45.5 
 

Leguga 3°21•38ŽN, 
24°57•84ŽE 

March 
08 

TH 14.0 2 0.14 18 48.5 
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Location GPS 
coordinates 

Survey 
period 

Surveyor No. 
days in 
forest 

No. 
contacts 

 

Avg. no. 
chimpanzee 

contacts 
per day in 

forest  
(out of 77 
contacts) 

No. 
surveys 

 

Km 
walked 

 

Bambesa 
(Bongenge) 

3°13•70ŽN, 
25°51•16ŽE 

April 08 TH 10.0 0 0 11 46.5 

Bambesa 
(Malembobi) 

3°25•72ŽN, 
25°47•91ŽE 

April … 
May 08 

TH 3.0 0 0 6 18.5 

Aketi 
(Akuma) 

2°29•36ŽN, 
23°56•93ŽE 

June 08 TH 4.0 0 0 8 23.5 

Buta 2°48•82ŽN, 
24°44•69ŽE 

Sept 08 TH 3.0 0 0 7 25.6 

Ngume 2°45•83ŽN, 
25°20•15ŽE   

Sept … 
Oct 08 

TH 8.0 0 0 8 39.4 

Aketi 
(Yoko) 

2°36•43ŽN, 
23°34•98ŽE 

Nov 08 TH 6.0 1 0.17 3 1.0 

Difongo 3°00•80ŽN, 
23°58•53ŽE 

Feb 09 LD, PK 8.0 0 
 

0 8 33.8 
 

Membulu 3°00•90ŽN, 
24°02•65ŽE 

Feb 09 LD, PK 6.0 1 0.17  6 27.5 
 

All forests 
north of the 
Uele River 

na 2005-
2009 

TH (04-05, 
08) 

TH, JS (06-
07) 

418.0 71 0.17 344 1943.3 

All forests 
south of the 
Uele River 

na 2006-
2009 

TH, JS (06) 
Hicks (07-

08) 
LD and 

others (09) 

127.0 6 0.05 130 506.2 

All non-
Gangu 
forests 

na 2004-
2009 

TH (04-08) 
TH, JS (06-

07) 
LD and 

others (09) 

459.5 49 0.11  370 2104.2 

All forests na 2004-
2008 

TH (04-08) 
TH, JS (06-

07) 
LD and 

others (09) 

544.5 77 0.14 474 2449.5 

¹ Includes 99 km of transects. 
² Includes 61 km of transects. 
³ Total = 21.7 km, including OE•s surveys. 
 
 
Transect surveys 

By March 2005, plans to habituate the chimpanzees in the forests around Camp Louis 
had been abandoned, and we embarked on a 4-month transect project. The goal was to 
explore the remote Gangu Forest while at the same time making methodical counts of all 
chimpanzee nests and other signs, as well as evidence of other large mammals such as 
humans, elephants, and carnivores.  

In order to properly estimate chimpanzee densities, it is normally advised to follow a 
large number of short transect lines. Buckland et al. (2001) recommend 10-20 lines, and 
Buckland et al. (in press) prefer 20 lines to 10. However, considering that one of our main 
goals was exploration, and that accessing the Gangu Forest was difficult, we decided to cut 3 
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approximately 55 km long parallel transects and use them to access the forest, and counting 
nests and other evidence as we traveled. We walked a total of 160 km of transects, 99 km in 
the Camp Louis Forest and 61 km in the Gangu Forest. To select the starting point for our 
first transect, we randomly selected a point 1.5 km north of Camp Louis and had our cutting 
team cut east to the road and 40 km west. From there Camp Director Makassi cut by means 
of GPS navigation two additional transects 4 and 8 km south of the first one. Nest-counting 
generally followed 1-2 weeks after cutting. The transects were separated from one another by 
approximately 4 km north to south. The transect methodology is described in detail in 
Chapter 4 of this thesis. 

 
Bushmeat Research and Surveys: Towns, Villages and Roads 
 Throughout the 5 year study, during our time in villages and towns (Table II), and 
also while traveling on the road (Table III), we recorded all bushmeat that we saw, whether it 
was smoked or fresh, the type of animal (primate, duiker, pig, etc.), and species if possible. 
Beginning in 2006, Congolese field assistants recorded all elephant parts and chimpanzee 
meat/orphans that they saw. In addition, in the towns of Buta and Aketi we conducted market 
surveys (which we had also done, but more informally, in Bili). Records were kept of all 
distances traveled along the roads, and our encounters with bushmeat as we traveled. Table 
III gives the road distances traveled, as well as means of transport and the observer. Our 
project workers kept records of chimpanzee and elephant meat seen along the roads starting 
in September 2007, during and after their departure from Bili (Chapter 6). The methodology 
of our bushmeat counts will be presented in detail along with the results in Chapter 6. 

 
Rainfall 

Between October 2004 and July 2005, daily rainfall measures were collected at the 
Camp Louis (Bili Forest) base camp. The rain was collected every morning at 7:00 hours by 
Dido Makeima (DM) or TH from a 16-cm-diameter metal rain gauge with an anti-
evaporation cover, and the quantity of rainfall was measured using a plastic syringe marked 
in milliliters. 

For the first month of the 2007-2008 field season, DM measured daily rainfall at our 
house in the town of Aketi using the same rain gauge. Unfortunately the apparatus was 
stolen, and so a new tin rain gauge (19.8 cm in diameter) was used in its place. As the new 
apparatus did not have a cover, during daylight hours, the amount of rain was measured 
immediately following each period of rainfall, in order to prevent evaporation. 
 
Temperature 

The study area is located within Central Africa•s •humid tropical• climate region 
(Doumenge 1990, Figure 3), which is characterized by a clear dry season (a period of lower 
rainfall and higher temperatures) of up to 3 or 4 months. Due to technical and logistical 
problems, little temperature data was collected in the Bili region. Between March and July 
2005, maximum and midday (but not minimum) daily temperatures were measured daily at 
Camp Louis using a station and a maximum temperature thermometer. The thermometers 
were housed in a Stevenson screen, which had been constructed following the specifications 
acquired from the Los Angeles Pierce College Weather Station website: 
http://data.piercecollege.edu/weather/. 

Between October 2007 and November 2008, a full year of climate data was recorded 
by DM in the town of Aketi. As before, the readings were taken daily at 7:00 hours. In this 
case we used a standard high-low temperature thermometer without a Stevenson screen. One 
side of the thermometer was open to the air, but the other side was within a meter of the wall 
of the house, surrounded by the corridor on three sides. Because we cannot rule out that the  
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Table II.  Days spent in cities, towns, and villages over the course of the study. TH = 
Thurston Hicks, JS = Jeroen Swinkels, LD = Laura Darby, PK = Polycarpe Kisangola, SK = 
Seba Koya, DM = Dido Makeima, MM = Michel Mokede. 
 

Name GPS 
coordinates 

Type of 
settlement 

North 
(N) or 
South 
(S) of 
Uele? 

Dates Surveyor No. days in 
settlements, TH, JS, or 
LD (in parentheses are 

days spent by other 
project workers) 

No. days in 
settlements, 

total 

Bili 2004-
2005 

4°09•06ŽN, 
25°10•57ŽE 
 

Town N Aug-04-
July-05 

TH 58.5  (0) 58.5 

 Bili 2006-
2007 

4°09•06ŽN, 
25°10•57ŽE 
 

Town N July-06-
Feb-08 

TH, JS, 
DM 

132 (91) 
 

223 
 

 Bili Post-
February 
2007 

4°09•06ŽN, 
25°10•57ŽE 
 

Town N Feb-Sept-
08 

SK, DM, 
MM, KP 

0 (217) 
 

217 
 

Bili Totals 
2004-2007 

4°09•06ŽN, 
25°10•57ŽE 

Town N Aug-04-
Sept-07 

TH, JS, 
SM, SK, 
MM, KP 

190.5 (308) 
 

498.5 
 

Zemio CAR 
2005 

4°59•98ŽN, 
25°06•43ŽE 

Town N Aug-04-
Jan-05 

TH 
 

4  (0) 
 

4 
 

Zemio CAR 
2006-2007 

4°59•98ŽN, 
25°06•43ŽE 

Town N Aug-04-
Jan-05 

TH 
 

8 (0) 
 

8 

Baday 2004-
2005 

4°21•43ŽN,  
25°02•92ŽE 

Village N Aug-04-
July-05 

TH 
 

5 (0) 5 

Baday 2006-
2007 

4°21•43ŽN,  
25°02•92ŽE 

Village N Aug-06-
Jan-07 

TH, JS 14 (0) 14 

 Bambilo 
 

3°55•12ŽN,  
24°46•17ŽE 

Village N Jan-05 
 

TH 
 

2 (0) 2 

 Api 
 

3°42•64ŽN,  
25°24•22ŽE  

City N Sep-06 
 

TH 
 

2 (0) 2 

 Malengoya 
2006 

 3°32•38Ž 
N,  
25°23•16ŽE 

Village S Sep-06 
 

TH, JS 2 (0) 2 

 Lebo 2006 
 

3°27•75ŽN,  
25°23•11ŽE 

Village S Sep-06 
 

TH, JS 2 (0) 2 

Mandu  4°05•08ŽN,  
25°00•76Ž 
E 

Village N July-Oct-
2006 

 

TH, JS 11.5 (0) 
 

11.5 
 

 Nambala 
 

4°27•56ŽN,  
24°57•66Ž 
E 

Village N Aug-06 
 

JS 
 

7 (0) 7 

 Bakalakala 
 

3°59•66ŽN,  
25°16•52ŽE 

Village N Aug-Sept-
06 
 

JS 
 

9.5 (0) 
 

9.5 
 

 Nawege 
 

3°37•14ŽN, 
25°22•55ŽE 

Village N Sep-06 
 

TH 
 

2 (0) 2 

 Ilo (Zapay) 
Village 

4°59•52ŽN,  
25°08•93ŽE 

Village N Dec-06 
 

TH, SK 1.5 (1.5) 3 

Nzalanzi 
(Zapay)  

4°55•32ŽN, 
25°15•21ŽE 

Village N Dec-06 
 

SK 
 

0 (2) 2 

Kpokpo 
 

4°42•60ŽN,  
25°10•05ŽE 

Town N Nov-06 
 

JS 
 

3.5 (0) 
 

3.5 
 

Gbangadi 
Village 

4°40•63ŽN,  
24°44•49ŽE 

Village N Dec-06 
 

JS 
 

1 (0) 1 
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Name GPS 
coordinates 

Type of 
settlement 

North 
(N) or 
South 
(S) of 
Uele? 

Dates Surveyor No. days in 
settlements, TH, JS, or 
LD (in parentheses are 

days spent by other 
project workers) 

No. days in 
settlements, 

total 

 Zapay 5°01•27ŽN, 
25°08•91Ž 

Town N Dec-06 
 

SK, TH 
 

2 (8) 10 

 Aketi 
 

2°44•24ŽN,  
23°47•27ŽE 
 

City S Sept-07-
March-09 

 

TH, LD, 
DM, KP, 

SK 

239 (309) 548 
 

 Buta 
 

2°48•82ŽN, 
24°44•69ŽE 
 

City S Sept-07-
March-09 

 

TH, LD, 
DM, KP, 

SK 

106 (71) 
 

177 
 

 Kisangani 
 

0°30•76ŽN, 
25°11•62ŽE 

City S Dec-07-
Nov-08 

TH 
 

12.5 (0) 
 

12.5 
 

Likati 
 

3°22•13ŽN, 
23°53•22ŽE 
 

Town S Nov-07 
 

TH, LD, 
AS, KP 

10.5 (7) 
 

17.5 
 

Bambesa 
 

3°26•64ŽN,  
25°41•49ŽE 

City S May-
April-08 

TH 
 

3.5 (0) 
 

3.5 

Bungide 
 

3°21•14ŽN, 
25°52•60ŽE 

Village S Apr-08 
 

TH 
 

1 (0) 1 

Bongenge 
 

3°18•52ŽN,  
25°52•43ŽE 

Village S Apr-08 
 

TH 
 

1 (0) 1 

Malembobi   
 

3°28•76ŽN,  
25°46•55ŽE 

Village S April-
May-08 

TH, KP 4 (4) 8 

Nekptolia 
 

3°33•41ŽN,  
25°50•71ŽE 

Village S Apr-08 
 

TH 
 

1 (0) 1 

Leguga 
 

3°23•74ŽN,  
25°01•92ŽE 

Town S Mar-08 
 

TH 
 

6.5 (0) 6.5 
 

Ngume 
 

2°50•32ŽN,  
25°18•09ŽE 

Village S Sept-Oct-
2008 

 

TH 
 

2 (0) 
 

2 

Lingo 
 

3°27•93ŽN,  
23°31•13ŽE 

Village S Nov-08 
 

TH 
 

3 (0) 3 

Kulu 
 

3°29•74ŽN,  
23°44•53ŽE 

Town S Nov-08 
 

TH 
 

3 (0) 3 

Zongia 
 

3°33•83ŽN, 
23°43•63ŽE 

Village S Nov-08 
 

TH 
 

1 (0) 1 

Akuma-
Bombanzo 

2°32•85ŽN,  
23°54•97ŽE 

Village S Jun-08 
 

TH 
 

1 (0) 1 

Dulia 
 

2°57•74ŽN, 
24°08•59ŽE 

Town S Jan-Feb-
2008 

 

TH 
 

2 (0) 2 

Mbange 
 

3°09•60ŽN, 
24°06•14ŽE 

Village S Jan-08 
 

TH 
 

3 (0) 3 

Titule 
 

3°16•51ŽN, 
25°31•21ŽE 

Town S April-
Aug-08 

TH 
 

7.5 (0) 7.5 

Lebo 2008 
 

3°27•75ŽN,  
25°23•11ŽE 

Village S Aug-08 
 

TH 
 

3 (0) 3 

Zaza Village 
 

3°28•11ŽN, 
25°10•73ŽE 

Village N Aug-08 
 

TH 
 

2 (0) 2 

Mongongolo 
 

3°26•67ŽN,  
25°11•48ŽE 

Village S Aug-08 
 

TH 
 

1 (0) 1 
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Table III.  Road trips made by TH, JS, LD, and trained project staff, 2004-2009. Return trips along 
the road made on the same day were not counted in the totals. a. Truck, b. motorbike, c. bicycle, d. 
foot, e. total.  
 
a. Truck voyages 
Road region Survey period No. surveys Km traveled 

by TH 
Km traveled 

by other 
project 
workers 

Total km 
traveled 

Accompanied by 
project bikers or 
foot-travelers? 
(surveys / km) 

Bili-Baday Aug 04 … Sept 07 9 283 37.4 320.4 3 / 112.2 
Baday-Zemio na 0 0 0 0 0 
Bili-Bambillo na 0 0 0 0 0 
Bili-Api Sept 06-Sept 07 2 60.4 100.4 160.8 1 / 100.4 
Buta-Bambesa Sept 07 2 0 330 330 2 / 330 
Buta-Aketi na 0 0 0 0 0 
Buta-Kisangani na 0 0 0 0 0 
Bondo-Monga na 0 0 0 0 0 
Total Aug 04-March 09 13 343.4 467.8 811.2 6 /542.6 
 
b. Motorbike voyages 
Road region Survey period No. 

surveys 
Km 

traveled 
by Hicks 

Km 
traveled 

by 
Swinkels, 

Darby 

Km 
traveled 
by other 
project  
workers 

Total km 
traveled 

Km side 
roads out 
of total 
(surveys 

/ km) 

Accompanied 
by project 

bikers or foot-
travelers? 

(surveys / km) 
Bili-Baday Aug 04-Feb 07 23 647.5 86.6 66.5 800.6 0 0 
Baday-
Zemio 

Nov-Dec 06 9 294.6 74.9 0 369.5 0 0 

Bili-
Bambillo 

Jan 05 2 109.6 0 0 109.6 0 0 

Bili-Api na 0 0 0 0 0 0 0 
Buta-
Bambesa 

Sept 07-March 09 34 977.7 0 1137.7 2115.4 10 / 
355.3 

19 / 944.6 

Buta-Aketi Nov 07-March 09 59 1642.3 535.5 2245.2 4423 10 / 
409.4 

17 / 887.4 

Buta-
Ngume 

Sept-Oct 08 4 145.6 0 0 145.6 0 4 / 145.6 

Buta-
Banalia 

Dec 07-Nov 08 13 1020.8 176 715.2 1912 0 0 

Banalia-
Kisangani 

Dec 07-Nov 08 9 360 120 659.4 1139.4 0 0 

Bondo-
Monga 

Jan 09 2 0 0 234 234 0 0 

Total August 04 -March 
09 

155 5198.1 993 5058 11249.1 20 / 
764.7 

40 / 1977.6 

 
c. Bicycle voyages 
Road region Survey period No. 

surveys 
Km traveled 

by Hicks 
Km traveled 
by Swinkels, 

Darby 

Km traveled 
by other 
project 
workers 

Total km 
traveled 

Km side roads 
out of total 

(surveys / km) 

Bili-Baday Dec 04- Oct 06 5 48.2 86.4 0 134.6 0 
Baday-Zemio Dec 04 3 109.6 0 0 109.6 0 
Bili-Bambillo na 0 0 0 0 0 0 
Bili-Api na 0 0 0 0 0 0 
Buta-Bambesa Aug-Dec 08 5 0 0 563 563 0 
Buta-Aketi June 08-Jan 09 8 0 0 481.7 481.7 0 
Buta-Ngume na 0 0 0 0 0 0 
Buta-Banalia Sept 08 1 11.1 0 0 11.1 1/11.1 
Banalia-Kisangani na 0 0 0 0 0 0 
Bondo-Monga na 0 0 0 0 0 0 
Total Dec 04- Jan 09 22 168.9 86.4 1044.7 1300 1/11.1 
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d. Foot voyages 
Road region Survey period No. 

surveys 
Km traveled 

by Hicks 
Km traveled 
by Swinkels, 

Darby 

Km traveled by 
other project 

workers 

Total km 
traveled 

Km side roads 
out of total 

(surveys and km) 
Bili-Baday Aug 06-Jan 07 24 192.2 126.47 0 318.67 2 / 9 
Baday-Zemio Nov-Dec 06 6 16.1 29.3 0 45.4 0 
Bili-Bambillo July 06-Dec 06 17 136.5 48.9 0 185.4 3 / 20.3 
Bili-Api Aug-Sept 06 12 98.6 55.33 0 153.93 0 
Buta-Bambesa Sept 07-Sept 08 13 72.94 5.67 0 78.61 3 / 20.3 
Buta-Aketi Nov 07-Jan 08 2 5 0 0 5 0 
Buta-Ngume na 0 0 0 0 0 0 
Buta-Banalia Sept 08 2 11.1 0 11.1 22.2 0 
Banalia-
Kisangani 

na 0 0 0 0 0 0 

Bondo-Monga na 0 0 0 0 0 0 
Total July 06-Sept 08 76 532.44 265.67 11.1 809.21 8 / 49.6 
 
e. Total voyages 
Road region Survey period No. 

surveys 
Km 

traveled 
by Hicks 

Km 
traveled by 
Swinkels, 

Darby 

Km 
traveled 
by other 
project  
workers 

Total km 
traveled 

Km side 
roads out 
of total 
(surveys 
and km) 

Accompanied 
by project 

foot-travelers? 
(surveys and 

km) 
Bili-Baday Aug 04-Feb 07   61 1170.9 299.47 103.9 1574.27 2/9 3 / 112.2 
Baday-Zemio Dec 04-Dec 06 18 420.3 104.2 0 524.5 0 0 
Bili-Bambillo Jan 05-Nov 06   19 246.1 48.9 0 295 3/20.3 0 
Bili-Api Aug 06-Sept 07   14 159 55.33 100.4 314.73 0 1 / 100.4 
Buta-Bambesa Sept 06-Oct 08  54 1050.64 5.67 2030.7 3087.1 18 / 

392.61 
21 / 1274.6 

Buta-Aketi Oct 07-March 09   69 1647.3 535.5 2726.9 4909.7 10 / 
409.4 

17 / 887.4 

Buta-Ngume Sept-Oct 08   4 145.6 0 0 145.6 0 4/ 145.6 
Buta-Banalia Dec 07-Nov 08   16 1043 176 726.3 1945.3 3 / 33.3 0 
Banalia-
Kisangani 

Dec 07-Nov 08      9 360   120   659.4   1139.4   0 0 

Bondo-Monga Jan 09   2  0  0     234 234   0 0 
Total Aug 04-March 09  266 6242.84  1345.07 6581.6 14169.51  29 / 

825.4 
46 / 2520.2 

 
 
cement walls of the house might have absorbed heat and affected the temperature readings, 
our temperature data at Aketi must be viewed with caution. Also, towns may be considerably 
hotter than neighboring forests, so it is not clear that the results can be compared directly with 
our climate data from Camp Louis. 
 
Flora and fauna 

Throughout the study period, we recorded evidence of all mammal species we 
encountered, including sightings, dungs, footprints, and feeding remains. Photographs and 
films were taken when possible. Animals were initially identified by their local names. Some 
species (elephants, okapis) left obvious sign allowing easy identification, but for those that 
did not, we used Jonathan Kingdom•s (2007) field guide together with local expertise to 
attempt identification. 
 Flora was identified more opportunistically, with an obvious focus on plants used as 
food or nesting materials by the chimpanzees. During the 2006-007 season, JS collected a 
herbarium of chimpanzee-related plants, which were later identified by experts in 
Wageningen. TH and JS also took a number of photographs of plants (including many not 
used by chimpanzees), many of which were identified in Wangeningen as well. 
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Results  
 
Elevation 

In Table IV we present the elevation above sea level of 10 important localities (see 
also Figure 7). Eight of these localities were climate stations. In our study area north of the 
Uele, elevations ranged from 420 to 823 meters above sea level (both points were in the 
Camp Louis Forest), although the majority of points were between 500 and 700 meters. South 
of the Uele the range was from 347 (Yoko, Aketi) to 816 (Mbange) meters above sea level, 
with again the majority of points between 500 and 700 meters. 
 
Climate: comparison with historical data 

Due to its remote location there is a paucity of historical information available on 
climate and rainfall for the northern DRC region. In addition, the climate data collected over 
this 2.5-year study was patchy and sometimes problematic (see below). However, a literature 
search did reveal several studies dating from the first half of the twentieth century, and some 
more recent data (Figure 7). Below, we present the results of our climate work, and then 
combine them with those from the literature in an attempt to elucidate the complex climactic 
patterns displayed across this region, which is transitional between the moist rainforests of 
the Congo basin and the drier and more seasonal Sahel to the north. It should be stressed that 
data was collected during this study at Bili and Aketi for only for 1 year per site, and for 
some measures not even for a full year, whereas the archival data was averaged over many 
years and thus gives a more representative picture of the climate. 
 
Rainfall 

In Table V and Figure 8, we present the average rainfall per month at Camp Louis, 
Bili (2004-2005) and Aketi (2007-2008), along with data from other climate stations (mostly 
dating from the first half of the twentieth century). Although we did not manage to collect a 
full year of rainfall data at Camp Louis, a clear seasonal pattern of rainfall was revealed, with 
not a drop of rain recorded between 23 November 2004 and 25 February 2005 (with only 5 
mm of rain measured between 22 November and 5 March). Although no rainfall data was 
collected during the 2006-2007 field season at Bili, the same pattern was noted, with heavy 
rainfall between May and November, followed by a complete absence of rainfall for 2.5 
months between 24 November and our departure on 6 February. During the dry season, the 
majority of streams in the Bili area dried up completely. The Gangu and Bo Rivers, which 
during the wet season rose to over 2 m high and were surrounded by large tracts of flooded 
forest, shrank during the dry season to knee-deep streams, eventually, in the case of the Bo, 
vanishing completely. A similar pattern of reduced rainfall between December and March, 
although less extreme, was observed 200 km to the south at Aketi (Figure 8). Figure 9 
compares mean monthly and annual precipitation between multiple climate stations. 

As can be seen in Table V, the amount and pattern of precipitation in Aketi during 
this study (2007-2008) was similar to that at Bambesa between 1922 and 1950 (Gerard, 
1960). This is not surprising, as the latitudes of both cities are similar. For Bili, the best 
comparison is Tukpwo, an older weather station found only 108 km to the east-northeast of 
Bili, where rainfall data was collected between 1930 and 1954 (Gerard 1960). Although our 
year of data for Bili was incomplete, it appears to have received as much or more rainfall as 
had Tukpwo 50 years earlier (Figure 8). The dry season, however, was more starkly 
delineated at Bili, where not a drop of rain was recorded for 3 months. Nevertheless, the 
overall pattern appears to be similar. Interestingly, although Bili had less rainfall between 
November and March, this was counter-balanced by even more rainfall during 3 months of 
the rainy season than any other site for which we have data, including the Equatorial  



 

28 

Kisangani. The only other site with no rainfall during the dry season was Fort Crampel, far to 
the north in CAR (prior to 1945), which overall is much drier than any of the other sites. Bili, 
at least during our study period and based on our limited data, appears to have had similar 
amounts of rainfall as all of the other non-Sahel sites, but was also much more extreme in its 
wet-dry patterns. As mentioned before, the complete absence of rainfall between mid-
November and mid-February at Bili was repeated during the 2006-2007 field season. It is of 
course possible that the Bili pattern would more closely resemble that of Tukpwo and the 
other stations if more than 1 year•s worth of data were collected. As a whole, we can see that 
between Kisangani and Bili, there appears to be a gradient in seasonality of rainfall, although 
all of these regions appear to receive roughly similar amounts of rain annually. 
 
 
Table IV. Elevation above sea level for the localities of key climate stations / research areas and other 
sites. Localities of climate stations are indicated with an asterisk (Bernard, 1945; Gerard, 1960 & this 
study). 
 
Locality Waypoint Elevation (m) 
Kisangani* 0°30•76ŽN,  25°11•62ŽE 436 
Buta* 2°47•00ŽN,  24°47•00ŽE 450 
Aketi * 2°44•02ŽN,  23°47• 27ŽE 380 
Bambesa* 3°26• 00ŽN, 25°41•00ŽE 600 
Bili 4°09•09ŽN,  25°10•16ŽE 569 
Camp Louis (Bili)* 4°21• 72ŽN, 24°56•72ŽE 600 
Camp Gangu (Bili) 4°19•34ŽN,  24°41•53ŽE 567 
Tukpwo* 4°22•00ŽN,  25°55•00ŽE 700 
Zapay 5°01•27ŽN,  25°08•91ŽE 586 
Fort Crampel* 6°58•00ŽN,  19°10•00ŽE 450 

 

Figure 7. Map of weather stations described in the text.  
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Table V Monthly and annual precipitation (in mm) as recorded at eight stations: Tukpwo is 108 km at 
85 degrees east of Camp Louis, and thus the closest long-term weather post to the Bili site. Fort 
Crampel is far to the north in the Central African Republic, but shares with Bili a complete lack of 
rain in the dry season. The Kisangani (0°30•N, 25°10•E) data comes from the World Climate Site: 
http://www.worldclimate.com/cgibin/data.pl?ref=N00E025+2100+64040W, derived from The Global 
Historical Climatology Network Volume 1 at http://www.worldclimate.com/sources.htm#2100. nr = 
not recorded. 
 
Weather station No. years 

of 
observation 

J F M A M J J A S O N D Annual 
total 

Aketi 2007-2008 
(this study) 

1 28 87 78 130 225 115 140 310 150 242 116 33 1652 

Bambesa 1922-
1950 (Gerard 
1960) 

28 34 76 133 197 206 154 181 209 212 212 129 36 1779 

Bili 2004-2005 
partial (this study) 

0.7 0 5 83 174 270 206 nr nr nr nr 265 0 > 1116 

Tukpwo 1930-
1954 (Gerard 
1960) 

24 30 50 95 160 180 170 186 220 215 205 115 24 1644 

Yakoma 1930-
1939 (Bernard 
1945) 

10 20 41 128 136 175 169 145 200 196 247 120 40 1617 

Buta 1935-1939 
(Bernard 1945) 

5 26 69 116 194 149 111 107 141 175 204 140 50 1482 

Kisangani 1951-
1988 (World 
Climate website) 

37 97 107 172 190 162 128 114 178 164 233 207 105 1857¹ 

Fort Crampel 
CAR Prior to 
1945 (Bernard 
1945) 

__ 0 0 10 95 105 140 135 270 140 75 25 0 995 

¹ The total reads 1841 on the website. 
 
 
Temperature 

Tables VI and VII are comparisons of the climate data gathered over the course of this 
study with data acquired from other climate stations (mostly dating from the early part of the 
twentieth century). It is possible that climate patterns have changed since then, for instance 
under the influence of global warming or natural climate patterns (as described for Congo-
Brazzaville by Samba et al., 2009). 
 Figure 10 presents minimum and maximum monthly temperatures for four long-term 
climate stations, the temperature data collected at Aketi between 2007 and 2008, and the five 
months of mean daily maximum temperature recorded at Bili. Figure 11 combines the 
temperature and rainfall data. They are presented in a progression from Kisangani (at the 
Equator) to more northerly sites. 
 The maximum daily temperatures (Figure 10) differed little across the study sites, 
except at the far northern site of Fort Crampel, which had higher overall maximum 
temperatures, because this location is dryer and less cloudy than the other sites. The readings 
for the 5 months at Bili were anomalously low compared to the other sites. A look at the site 
elevations in Table III rules out difference in elevation as a possible explanation for this. It 
could be because, unlike the other climate stations, Bili was located in the forest and not near 
a town or city, and thus was cooler. 
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Figure 8. A comparison of monthly and annual precipitation: a. Aketi (this study) vs. Buta (Bernard 
1945) and b. Bili (this study) vs. Tukpwo (Gerard 1960). As the Bili data for July and October were 
incomplete, an extrapolation was made using the mean precipitation per day and projecting that mean 
onto each of the missing days (•Bili corrected•). 
 
 

The minimum daily temperatures were roughly similar between the sites, except for 
Aketi, where they were higher. The Aketi data was taken only over a 1 year period, unlike at 
the other localities, and therefore the results may be atypical. The proximity of the Aketi 
thermometer to the cement wall may have also led to the higher minimum temperature 
readings. Fort Crampel was the only locality that showed extreme variation in minimum 
temperature between the dry season and the wet season. 

In Figure 11 can be seen the difference between the maximum and minimum 
temperatures (amplitude) over the course of the year at each site. Bambesa and Tukpwo 
showed a similar pattern as Fort Crampel, with a larger daily amplitude in the dryer months. 
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At Fort Crampel this difference was more extreme, which is probably explained by the drier 
climate at Fort Crampel and a reduced cloud cover in the dry season. Increased cloud cover in 
the wet season leads to a reduction of insolation during daytime (and thus lower maximum 
temperatures), but also less loss of long-wave radiation during the night (and thus less 
nocturnal cooling). The temperature rises between November and March due to the higher 
position of the sun in the sky. Kisangani, on the Equator, had the same amplitude throughout 
the year, which is correlated to the more uniform amount of rain across the seasons (at least 
100 mm per month). 
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Figure 9. Comparisons of mean monthly precipitation between different climate stations. 
 
 
 
Table VI. Mean daily minimum temperatures as recorded at six stations. 
 

Weather station No. years 
of 

observation

J F  M A M J J A S O N D Annual 
average 

Aketi 2007-2008 
(this study) 

1 22.3 21.0 22.8 22.7 22.6 22.4 22.9 24.0 22.8 22.5 22.0 22.1 __ 

Bambesa 1922-
1950 (Gerard 
1960) 

8 16.7 17.0 18.6 19.0 18.9 18.7 18.3 18.6 18.4 18.6 18.4 17.0 18.2 

Bili 2005 (this 
study) 

Not 
recorded 

__ __ __ __ __ __ __ __ __ __ __ __ __

Tukpwo prior to 
1960 (Gerard 
1960) 

4 19.1 19.6 19.5 19.7 19.6 19.1 18.8 18.8 18.8 18.6 19.2 18.8 19.1 

Kisangani 1937-
1939 (Bernard 
1945) 

3 20.2 20.3 20.6 21.0 20.6 20.2 19.9 19.6 20.1 20.4 20.3 20.3 20.3 

Fort Crampel 
prior to 1945 
(Bernard 1945) 

__ 13.8 17.0 19.9 22.3 21.9 21.0 21.0 20.0 20.0 20.0 18.9 15.0 19.2 
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Table VII.  Mean daily maximum temperatures as recorded at six stations. 
 

Weather station No. years 
of 

observation 

J F M A M J J A S O N D Annual 
average 

Aketi 2007-
2008 (this study) 

1 30.5 31.4 31.0 30.3 30.0 29.1 30.0 29.7 30.3 29.4 27.2 30.7 __ 

Bambesa 1922-
1950 (Gerard 
1960) 

8 31.5 32.4 30.9 30.5 29.8 29.0 28.3 28.2 29.3 29.5 30.0 30.1 30.0 

Bili 2005 (this 
study) 

0.2 __ __ 29.7 
(11 

days) 

27.5 
(27 

days) 

27.0 25.0 
(29 

days) 

26.5 
(12 

days) 

__ __ __ __ __ __ 

Tukpwo prior to 
1960 (Gerard 
1960) 

4 32.6 33.0 31.2 30.1 29.8 28.6 28.0 28.0 ?¹ 29.2 30.6 31.2 30.1 

Kisangani,  
1937-1939 
(Bernard 1945) 

3 30.8 30.9 31.4 30.8 29.7 29.8 28.7 28.5 28.6 29.1 29.5 29.6 29.8 

Fort Crampel 
prior to 1945 
(Bernard 1945) 

__ 35.7 36.5 37.3 35.3 33.3 31.5 30.0 31.2 31.6 32.3 33.1 34.9 33.6 

¹ This appears in the original table as •20•, but it is probably a misprint. 
 
Figure 10. Comparisons of monthly temperatures between different climate stations. All of the data 
sets were for multiple years except for Aketi and Bili. No minimum temperature measures were 
recorded at Bili.¹ 
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¹ For maximum temperature at Bili, three of the months had only partial data. For March, data was recorded 
from the 20-30; for April, from the 4 to the 30, and July, from the 1 to the 12. In addition, on June 17 and June 
21 data was not recorded. 



 

33 

Kisangani

0

5

10

15

20

25

30

35

40

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

T
em

pe
ra

tu
re

 (o
C

)
0

50

100

150

200

250

300

350

P
re

ci
pi

ta
tio

n 
(m

m
)

Precip T-max T-min

 
Aketi

0

5

10

15

20

25

30

35

40

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

T
em

pe
ra

tu
re

 (o
C

)

0

50

100

150

200

250

300

350

P
re

ci
pi

ta
tio

n 
(m

m
)

Precip T-max T-min

 
Fort Crampel

0

5

10

15

20

25

30

35

40

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

T
em

pe
ra

tu
re

 (o
C

)

0

50

100

150

200

250

300

350

P
re

ci
pi

ta
tio

n 
(m

m
)

Precip T-max T-min

Bambesa

0

5

10

15

20

25

30

35

40

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

T
em

pe
ra

tu
re

 (o
C

)

0

50

100

150

200

250

300

350

P
re

ci
pi

ta
tio

n 
(m

m
)

Precip T-max T-min

Tukpwo

0

5

10

15

20

25

30

35

40

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

T
em

pe
ra

tu
re

 (o
C

)

0

50

100

150

200

250

300

350

P
re

ci
pi

ta
tio

n 
(m

m
)

Precip T-max T-min

 
 
Figure 11. Monthly mean daily temperatures and precipitation, beginning at the equator (Kisangani) 
and progressing northwards to Fort Crampel. 
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Habitat 
The geo-morphological make-up of the Bili-Uele area can be divided into •floodplains 

and terraces• in the Buta-Aketi region just north of the Itimbiri / Rubi River, and •low 
plateaus• along the south bank of the Uele River and between the Uele and Mbomu Rivers to 
the north (Doumenge 1990, Figure 2, page 16). In terms of its flora, our study area can be 
divided into two basic regions: the north of the Uele River is characterized by a mosaic of 
primary forest, savanna woodland and savanna which gradually becomes more arid and 
savanna-dominant the further north one travels. The south Uele is characterized by moist 
semi-deciduous tropical forests, which for the most part lack savannas (Doumenge, 1990: 
Figures 6 and 12). The forests are interlaced with numerous small streams, which, as 
described above, often dry up completely during the dry season, most notably north of the 
Uele. The streams are fringed with gallery forest in the savanna areas of the north, and in 
both the north and south (but particularly in the south) these stream-edge forests are often 
mono-dominant stands of Gilbertiodendron dewevrei (Gerard, 1960; Hicks, pers. obs.). The 
majority of the habitat in the south is old-growth primary tropical moist forest, but in areas 
along roads and near villages these have been replaced by cultivated fields, mono-dominant 
stands of oil palms, and regenerating dense forest, such as can also be seen in the north. 
•Islands• of old-growth forest, such as the Gangu, exist to the north of the Uele, with only 
small patches of savanna woodland or savanna (see Figure 12 for images of some of the  

 

 a.  b. 
 

 c.  d. 
 
Figure 12. a. Savanna in the Camp Louis (Bili) area. b. Savanna woodland, Camp Louis. c. 
Gilbertiodendron forest with chimpanzee nests, Buta. d. Seasonally- flooded swamp forest, Gangu 
(this stream dries up completely in the dry season). 
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different forest-types). In certain areas, such as Mbange West, Buta, and Akuma (see Figure 4 
for their locations) the forest had a different structure: dense herb patches containing 
relatively few (but mostly large) trees extending over several square kilometers, the patches 
being separated from one another by strips of primary gallery forest (and Chapter 3, Figure 9, 
for images of this forest-type). 
 
The flora 

The region to the north of the Uele River is characterized by extensive areas of 
savanna and savanna woodland, mixed with islands of old-growth tropical moist forest 
(Figure 6). The savanna is interlaced with hundreds of small streams and river, many of 
which dry up in the dry season, and which harbor lush gallery forests. The savanna eco-type 
becomes progressively more predominant to the north towards the Mbomu River. 

Figure 6 in Doumenge (1990, redrawn from White, 1981) categorizes the South Uele 
Forests and the forests south of Bili as •forêt ombrophile planitaire guinéo-congolaise, type 
relativement humide•. The area surrounding Bili and north to the border with CAR is 
characterized as a •mosaïque de forêt ombrophile planitaire guinéo-congolaise et de 
formation herbeuse secondaire.• The Bili area is interspersed with some regions of •forêt 
ombrophile planitaire guinéo-congolaise, type relativement sec•. 

According to The World Wildllife Fund•s (2007) report entitled •Northern Congolian 
Forest Savanna-Mosaic•, tree species common in the savanna woodlands and grasslands of 
this region include Annona senegalensis, Burkea africana, Combretum collinum, 
Hymenocardia acida, Pariniari curatelifolia, Stereospernum kunthianum, Strychnos spp. and 
Vitex spp. We confirmed the presence of Strychnos species at Bili as well as an unknown 
Combretum species, which was extremely common in the savanna and savanna woodlands. 
According to the same report, common grasses are Andropogon spp., Hyparrhenia spp. and 
Loudetia spp (we identified Pannicum maximum, Pennisetum polystachion, and an unknown 
Hyparrhenia species from the Bili savannas). Table VIII presents plant species identified by 
us and the experts at Wageningen. 

In the lowland moist forest of the region, common tree species are listed by Burgess et 
al., 2004 (page 245) as Julbernardia seretti, Cynometra alexandri, and Gilbertiodendron 
dewevrei, which forms monodominant stands in some areas. From our own observations, the 
latter trees appeared to be much more common in forests south of the Uele than in those to 
the north. The former two species were not recorded by us. We were likely to have missed 
them if they were not used by the chimpanzees.  

 
The fauna 
 Table IX shows the occurrence of large and small mammal species across our survey 
area. This is not intended to be a comprehensive list. Some differences existed in the focuses 
of our surveys. For example, the survey team in the Difongo area was looking only for 
evidence of elephants, okapis and chimpanzees; in those areas we have put question marks 
for the other species (i.e.,•no information•). In some cases, such as for bushbuck or some of 
the duiker species, it is possible that differences in local names between regions might have 
led to uncertainties in identification. For some extremely cryptic species, such as the golden 
cat (Profelis aurata), we will not assume that •absence of evidence equals evidence of 
absence•, and therefore failing positive evidence for their occurrence, we have marked their 
presence with a question mark. 
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Table VIII.  Plant species identified in the different study regions, north and south of the Uele River, 
with local names and categorized by vegetation type and eco-type in which they were found. X = 
present, XX = abundant, - = absent, ? = unknown). Sampling was biased towards recording and 
collecting plant species used by chimpanzees, and also against savanna and savanna woodland 
species. (X = present, XX = abundant, - = absent, ? = unknown). - = indicates a conspicuous plant 
easily-recognized by TH and JS which we failed to see in a region, therefore it was likely absent. 
Plant-types: T = tree, H = herb, G = grass. Eco-types: F = forest, S= savanna, C = cultivated field, V = 
villages and roads. 
 
Latin name Family Local name Plant 

type 
Eco-
type 

N 
Uele 

S 
Uele 

Afzelia africana Fabaceae Kpai T F X - 
Aidia micrantha Rubiaceae Ngbangindi T F X ? 
Albizzia coriaria Fabaceae Ngulu T F X ?
Angylocalyx spec. Fabaceae Vugba T F X ?
Annonnidium mannii Annonaceae unknown T F - X 
Antiaris toxicaria var. weltwitschii Moraceae Nyekunye T F X ?
Aulacocalyx jasminiflora Rubiaceae Kpokpoki T F X ?
Barteria fistulosa Passifloraceae Anondi T F XX XX 
Belenophora coffeoides Rubiaceae Ngbangba T F X ?
Blighia welwitschia Sapindaceae Lindikilo T F X ?
Bridelia ferruginea Phyllanthaceae Kpotombala T F X ?
Chrysophyllum (Gambeya) lacourtiana Sapotaceae unknown T F - X 
Caloncoba glauca Flacourtiaceae Kuma T F X ?
Canarium schweinfurthii Burseraceae Bundi T F X ?
Carapa procera Meliaceae Bangala T F X ?
Ceiba pentandra Malvaceae Vwula T F X X 
Celtis philipensis Cannabaceae Banangbo T F X X 
Celtis prantlii Cannabaceae Lukuswango T F X ?
Celtis tessmannii Cannabaceae Akekeneke T F X ?
Chromolaena odorata Asteraceae Sida T C XX XX 
Cleistopholis patens Annonaceae Pongo Pongo T F X ?
Clerodendon schweinfurthii Verbenaceae Bagbuku T F X ?
Coffea canophera Rubiaceae Wild coffee T F X ?
Cola lobecitia Sterculiaceae Kukuluku T F X ?
Cola urceolata Sterculiaceae Ngbilimo T F X ?
Combretum mucronatum Combretaceae Mbicolo T F X ?
Combretum paniculatum Combretaceae Bamo T F X ?
Desplatsia dewevrei Malvaceae Akamba T F X XX 
Diospyros canaliculata Ebenaceae Dumo T F XX XX 
Diospyros iturensis Ebenaceae Mbili T F XX XX 
Dracoena camerooniana Loganiaceae Bamugbate T F X ?
Drypetes spec. Putranjivaceae unknown T F X ?
Duboscia macrocarpa Malvaceae unknown T F - X 
Elaeis guineensis Arecaceae oil palm T FCV XX XX 
Erythrophleum suaveolens Fabaceae Gelo T F XX - 
Ficus brachylepsis Moraceae Nde T F X ?
Ficus elasticoides Moraceae Nde T F X ?
Ficus louisii Moraceae Nde T F X ?
Ficus mucuso Moraceae Likuyo T F XX XX 
Ficus ovata Moraceae Nde T F X ? 
Ficus sp. unknown Moraceae unknwn T F ? XX 
Funtumia elastica Apocynaceae Mbolo T F X  
Garcinia ovalifolia Clusiaceae Mwazi T F XX XX 
Garcinia spec. Clusiaceae Batome T F X ? 
Gilbertodendron dewevrei Caesalpinoideae Angbolu T F XX XX 
Greenewaydendron spec. (probably G. 
suavoleans)  

Annonaceae Zinga T F XX X 

Hallea stipulosa Rubiaceae Kofo T F X X 
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Latin name Family Local name Plant 
type 

Eco-
type 

N 
Uele 

S 
Uele 

Hugonia platysepala Linaceae Nbatukpe T F X ? 
Hymenocardia ulmoides Phyllanthaceae Salanga T F X X 
Irvingia robur Irvingeaceae Sabongoya T F X ?
Isolona congolana Annonaceae unknown T F X ?
Khaya grandifolia /onthothera Meliaceae Gagalaga T F X ?
Klainedoxa gabonensis Irvingeaceae Vomwo T F XX X 
Laccosperma secundiflorum Arecaceae Gao T F XX XX 
Leptaspis zeylanica Gramineae Mangendu T F X ?
Leptonychia spec. Malvaceae Zelengbo T F X ?
Maesopsis eminii Rhamnaceae Ngbuka T F X ?
Mallobis opposifolius Lamiaceae Balalo T F X ?
Manniophyton felvura Euphorbiaceae Yude T F X ?
Margaritaria discoidea  Phyllanthaceae Banzele T F X X 

Meisteria parsiflora 
Icacinaceae Ngazila 

Ngbangulu 
T F X ?

Memecylon myrianthum Melastomataceae Willinzolo T F X ?
Monodora angolensis  Annonaceae Ngbelengbele T F X ?
Musanga cecropiodes Moraceae Kumbo Kumbo T FCV XX XX 
Myrianthus arboreus Cecropiaceae Ngbinzo T F XX XX 
Ochtocosmus africana Linaceae Willysango T F X ?
Ongokea gore Olacaceae unknown T F X ?
Paramacrolobium coeruleum Fabaceae Ketekele T F X ?
Parinari excelsa Chrysobalanaceae Zingi T F X ?
Parkia filicoidea Fabaceae Bimini T F X X 
Picralima spec. Aponcynaceae Golugbe T F X ?
Pycuanthus angolensis Myristicaceae Kulegboli T F X ?
Rauvolfia mannii Apocynaceae Onongalako T F X XX 

Rhabdophyllum arnoldiana 
Ochnaceae Ngbakasa 

Bakuma 
T F X X 

Ricinodendron hendelowi Euphorbiaceae Akete T F X ?
Kigelia africana Bignoniaceae Gombu T F X ?
Rinorea claessensii Violaceae Balwavulu T F X ?
Rinorea spec. Violaceae Mbalapa T F X ?
Rothmannia urcelliformis Rubiaceae Adwe T F X ?
Rothmannia whitefieldii Rubiaceae Bilikpo T F X - 
Saba comorensis Apocynaceae Linde, Ndefu T F X X 
Scaphopetalum dewevrei Malvaceae libwanga (photo) T F ? X 
Scottellia klaineana Flacourtiaceae Ngiliatune T F X ?
Spondianthus preussi Phyllanthaceae Ababu T S X ?
Strychnos camptoneura Loganiaceae Buta T F XX X 
Strychnos spec. Loganiaceae Tindu T F X ?
Strychnos spec. Loganiaceae Burlumanza T F XX ?
Tabernaemontana spec. Apocynaceae Ndakabali T F X ?
Trachyphrynium braunianum Marantaceae Pilingi T F X ?
Treculia africana Moraceae Apusa T F X ?
Trichilia rubescens Meliaceae Zala T F X ?
Uapaca hendelotii Phyllanthaceae Vula Vula T F X X 
unknown Celastraceae Celastraceae Telege T F X ? 
Afromomum spec. Zingiberaceae Nonga H F XX X 
Afromomum sp. (savanna) Zingiberaceae Savanna nonga H S XX - 
Costus afer Costaceae Ngai H F X X 
Haumania spec. Marantaceae Kombe H F - XX 
Halopegia azarea Marantaceae Gbewilidewili H F X XX 
Hypselodelphis sp. Marantaceae Ngbondo H F X ? 
Marantochloa congensis Marantaceae Gole H F X X 
Marantochloa mannii  Marantaceae Gbeshila H F X X 
Marantochloa purpurea Marantaceae Bazia H F X ? 
Megaphrynium gaboniense Marantaceae Mangungu H F X XX 
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Latin name Family Local name Plant 
type 

Eco-
type 

N 
Uele 

S 
Uele 

Palisota sp.(hirsuta?) Commelinaceaea Apropuse H F X X 
Sarcophrynium schweinfurthianum Marantaceae Biloumo H F X X 
Arundinaria alpina Poaceae Bamboo G FCV XX XX 
Hyparrhenia spec. Poaceae unknown G S/SW X ?
Pannicum maximum 
 

Poaceae unknown G S/SW X ?

Pennisetum polystachion Poaceae unknown G S/SW X ?
 
Primates 

Primates were abundant both to the north and south of the Uele River (Table IX) and 
the species assembly was broadly similar, with several important differences. Savanna-
dwelling species such as patas monkeys and baboons were common to the north of the river. 
In the Bili Forests, baboons were abundant everywhere except for the Gangu Forest, where 
they were observed only once at its eastern edge, a few meters west of the Bo River. Patas 
monkeys were observed only once in the Camp Louis savanna, but were abundant in the 
Zapay area to the north. South of the Uele, patas were absent and baboons, while abundant, 
seemed to be primarily restricted to the cultivated field / forest interface. It is possible that the 
species is colonizing these areas following human agricultural incursions. Red-tailed guenons 
and crowned guenons were abundant across the entire region we surveyed. DeBrazza•s 
monkeys were present but rare in the Camp Louis-Gangu forests, abundant in the swamp 
forests closer to Bili, and common in many of the South Uele forests, particularly in 
proximity to the Uele River. Agile mangabeys were common everywhere at a distance from 
the roads, but appeared to reach their highest abundance in the Gangu Forest. Grey-cheeked 
mangabeys were present but extremely rare north of the Uele; they were much more common 
to the south. The red colobus monkey was not present to the north of the Uele River, but was 
abundant in many of the forests to the south. We photographed a Dent•s monkey to the north 
of the Uele River beside the road between Api and Bili, but we never saw this species farther 
north. South of the Uele, this species was rare in the forest, but common as bushmeat. At 
Camp Louis, TH filmed an unidentified species of small galago (probably Galago thomasi or 
Galago demidoffi). We saw no prosimians in the southern forests, but did see two pottos 
(Periodicticus potto) for sale, as an orphan and as bushmeat respectively.  
 Mixed-species groups composed of red-tailed guenons, crowned guenons, and agile 
mangabeys were encountered frequently in the Gangu Forest. To the south, in the Mbange 
Forest, up to five monkey species, grey-cheeked mangabeys, agile mangabeys, red-tailed 
guenons, crowned guenons, and red colobus, could be found mixed together in noisy groups. 
 During our November 2008 boat trip, Dent•s monkeys and red colobus were seen in 
the Aketi forests across the Itimbiri River from the Yoko / Akuma forests, and it is likely they 
were present south of the Itimbiri as well. Considering that both of these species of monkey 
were frequently encountered along the roads as bushmeat, it is likely that they are widespread 
south of the Uele River. 

 
Large Mammalian Carnivores 

Table X shows all evidence of large mammalian carnivores recorded over the course 
of our surveys. Four species were present in the Camp Louis … Gangu forest / savanna 
mosaic: leopards (Panthera pardus), hyenas (Crocuta crocuta), golden cats (Profelis aurata) 
and lions (Panthera leo). Although we did not find evidence of golden cats on our surveys, 
this elusive species was photographed near Camp Louis by Karl Ammann using a camera 
trap. Evidence of hyenas, as well as leopards, was also found at Zapay, and in the forests near 
Bili.  
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Table IX. Distribution of mammal species across the study areas (X = present, XX = abundant, - = 
absent, ? = unknown). The data include encounters with clear tracks / dung of the animals. Bold font 
represents South Uele forests, regular font North Uele forests. It should be kept in mind that we spent 
much more time in some areas (i.e. Gangu, Camp Louis) than others (i.e. Zaza).  
 

Species Cl Ga BlS Gba Zpy Zz Zg Li Df Bu Ng MbW MbE 
Lion 
(Panthera leo) 

x x - - - - - - - - - - - 

Leopard (Panthera 
pardus) 

xx xx x xx - - x - ? - xx - x 

Hyena 
(Crocuta crocuta) 

xx xx x - x - - - - - - - - 

Golden cat 
(Profelix aurata) 

x¹ ? ? ? ? ? ? ? ? ? ? ? ? 

Elephant 
(Loxodonta spec.) 

x xx xx x - x xx x xx - - x xx 

Buffalo (Syncerus caffer 
nanus) 

xx x xx - xx x - - - - - x - 

Okapi (Okapi johnstonii) - - - - - - xx - xx - xx x xx 
Hippopotamus 
(Hippopotamus 
amphibious) 

- - - - - xx - - - - - - - 

Giant pangolin 
(Manis gigantea) 

xx xx x x x - - x ? - - x x 

Giant forest hog 
(Hyloechoerus 
meinertzhageni) 

x x - x - - - - ? - - - - 

Red river hog 
(Potamochoerus porcs) 

xx xx x x x - x x ? - - - x 

Warthog 
(Phacochoerus africanus) 

xx - - - xx - - - ? - - - - 

Bongo (Tragelaphus 
urycerus) 

x xx xx x xx x - x ? - - - x 

Bushbuck (Tragelaphus 
scriptus) 

xx - ? ? - - - - - - - - - 

Yellow-backed duiker 
(Cephalophus silvicultor) 

xx xx x x x - x - ? - xx - - 

Chimpanzee (Pan 
troglodytes) 

xx xx xx xx xx xx x xx xx xx xx xx xx 

Olive baboon (Papio 
anubis) 

xx x² x x xx - x - ? - x xx xx 

Guereza colobus (Colobus 
guereza)  

x x x x x x - x ? - - x x 

Red colobus (Piliocolobus  
foai) 

- - - - - - xx x ? - x x xx 

Agile mangabey 
(Cercocebus agilis) 

xx xx x x? - x x x ? - x xx xx 

Grey-cheeked mangabey 
(Lophocebus albigena) 

- x x ? - x x x x - x x xx 

Patas monkey 
(Erythrocebus patas) 

x - - - xx - - - ? - - - - 

Red-tailed guenon 
(Cercopithecus ascanius) 

xx xx xx x x x xx xx ? x x xx xx 

Crowned guenon 
(Cercopithecus pogonias) 

xx xx x x xx - x x ? - x - xx 

DeBrazza•s monkey 
(Cercopithecus neglectus) 

x x xx - x x x - ? - - - x 

 Putty-nosed guenon 
(Cercopithecus nictitans) 

- - - - - - x - ? - - xx x 

Dent•s monkey 
(Cercopithecus denti) 

- - - - - - - - ? x - - - 
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Table IX. Continued 
 

Species Lg Lb Bg Mb Ak Yk 
Lion 
(Panthera leo) 

- - - - - - 

Leopard (Panthera 
pardus) 

- x xx x - - 

Hyena 
(Crocuta crocuta) 

- - - - - - 

Golden cat 
(Profelix aurata) 

? ? ? ? ? ? 

Elephant 
(Loxodonta spec.) 

- - xx - -  

Buffalo (Syncerus caffer 
nanus) 

x x - - - - 

Okapi (Okapi johnstonii) xx - - - - - 
Hippopotamus 
(Hippopotamus 
amphibious) 

xx - - xx - X 

Giant pangolin 
(Manis gigantea) 

x - - - - - 

Giant forest hog 
(Hyloechoerus 
meinertzhageni) 

- - - - - - 

Red river hog 
(Potamochoerus porcs) 

x x x - x X 

Warthog 
(Phacochoerus africanus) 

- - - - - - 

Bongo (Tragelaphus 
urycerus) 

x x - - - - 

Bushbuck (Tragelaphus 
scriptus) 

- - - - - - 

Yellow-backed duiker 
(Cephalophus silvicultor) 

- - - - x - 

Chimpanzee (Pan 
troglodytes) 

xx xx xx x xx xx 

Olive baboon (Papio 
anubis) 

x xx x x - - 

Guereza colobus (Colobus 
guereza)  

- - - - - - 

Red colobus (Piliocolobus  
foai) 

- - - - x - 

Agile mangabey 
(Cercocebus agilis) 

x x x - - x 

Grey-cheeked mangabey 
(Lophocebus albigena) 

x x x - x - 

Patas monkey 
(Erythrocebus patas) 

- - - - - - 

Red-tailed guenon 
(Cercopithecus ascanius) 

x xx xx x x x 

Crowned guenon 
(Cercopithecus pogonias) 

x - x x x x 

DeBrazza•s monkey 
(Cercopithecus neglectus) 

x x x - x x 

 Putty-nosed guenon 
(Cercopithecus nictitans) 

x - - - x - 

Dent•s monkey 
(Cercopithecus denti) 

- x - - - - 

Cl = Camp Louis, Gangu = Gangu, Bl S = Bili and Bili South, Gba = Gbangadi, Zpy = Zapay, Zz = Zaza, Zg = 
Zongia, Li = Lingo, Bu = Buta, Ng = Ngume, Mb W = Mbange West, Mb E = Mbange East, Lg = Leguga, Lb = 
Lebo, Bg = Bongenge, Mb = Malembobi (Bg and Mb are two regions of Bambesa), Ak = Akuma, Yk = Yoko, 
Df = Difongo. 
¹Presence confirmed by Karl Ammann with a camera trap photograph. 
²Baboons were seen only once during our months spent in the Gangu Forest, at its very eastern edge on the west 
bank of the Bo River. 
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Table X. Encounter rate for large mammalian carnivores across the different study regions. We 
recorded evidence of lions, hyenas, and leopards in forests north of the Uele, whereas only evidence 
of leopards was found south of Uele. 
 
Location No. 

days 
in 

forest 

Kms 
walked 

 

Leopard 
traces (dung 

and 
 tracks) 
per km 

Leopards 
heard / 
 seen 

per day 

Hyena 
traces 

(dung and 
 tracks)  
per km 

Hyenas 
heard / 
seen 

per day 

Lion 
traces 

 (dung and 
tracks)  
per km 

Lions 
heard / 
seen 

per day 

Camp Louis 
Transects 2005 

na 
 

99 0.02 
 

0 (per km) 
 

0.01 
 

0 (per km) 
 

0 
 

0 (per 
km) 

Gangu Transects 
2005 

na 
 

61 0.07 
 

0.02 (per 
km) 

 

0.02 
 

0 (per km) 
 

0 
 

0 (per 
km) 

 
All Transects 
2005 

na 
 

160 
 

0.04 
 

0.006 (per 
km) 

 

0.01 
 

0 (per km) 
 

0 
 

0 (per 
km) 

 
Camp Louis 
Forest All  2004-
2007¹ 

262.5 
 

1277.9 
 

0.02 
 

0.07 
 

0.01 
 

0.16 
 

0.0008 
 

0.004 
 

Gangu Forest All 
2004-2007² 

85 
 

345.4 
 

0.03 
 

0.07 
 

0.02 
 

0.07 
 

0.01 
 

0.02 
 

Bili … Bili S 
Forests 2006 

28 
 

112.9 
 

0.02 
 

0 0 0.05 
 

0 
 

0 
 

Nambala Forest 
2006 

7 
 

9.0 
 

0.11 
 

0 
 

0 
 

0 
 

0 
 

0 
 

Bakalakala 
Forest 2006 

9.5 
 

28.9 
 

0.1 
 

0 
 

0 
 

0 
 

0 
 

0 
 

So Forest 2006 11 
 

63.4 
 

0 
 

0.1 
 

0 
 

0 
 

0 
 

0 
 

Gbangadi Forest 
2006 

6 
 

31.7 
 

0.1 
 

0 
 

0 
 

0 
 

0 
 

0 
 

Zapay Forest  
2006 

8 49.9 0 0 0.02 0.3 0 0 

Lebo Forests  / 
Mongongolo 
2006-2008 

24 41.3 
 

0 
 

0 
 

0 
 

0 
 

0 
 

0 
 

Lingo Forest 
2007 

9 
 

38.5 
 

0 
 

0 0 0 0 0 

Zongia Forest 
2007 

8 
 

35.7 
 

0.03 0 0 0 0 0 

Mbange All 
Forests 2008 

24 
 

126.4 
 

0.02 
 

0 0 0 0 0 

Leguga Forest 
2008 

14 
 

48.5 
 

0 0 0 0 0 0 

Bambesa All 
Forests 2008 

13 65.0 0.08 
 

0 0 0 0 0 

Buta Forest 2008 
 

3 
 

25.6 
 

0 0 0 0 0 0 

Ngume Forest 
2008 

8 
 

39.38 
 

0.1 
 

0 0 0 0 0 

Akuma Yoko 
Forests 2008  

10 25.55 0 0 0 0 0 0 

¹ Includes 99 km of transects. ²Includes 61km of transects. 
 

 
JS documented hyena and lion prints on the main road between Baday and Zapay near 

the town of Kpokpo. Locals report abundant lions in the savannas between Bili and Ango, 
and claim that solitary lions occasionally travel as far south as the Uele River across from 
Leguga. We encountered lion prints at Camp Louis, and also in the Gangu Forest 5 km from 
the nearest savanna (Figure 13a). Hyena prints (always solitary) were seen frequently at 
Camp Gangu, 10 km from the nearest savanna (Figure 13b), and the camp was once visited 
by a hyena. Hyenas and leopards were abundant in the Camp Louis area, where they were 
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heard almost nightly. However, on the transects, we found four times more traces of leopards 
and two times more of hyenas at Gangu than at Camp Louis. Lions appear to be relatively 
rare in the area, and, according to our Zande trackers, they follow migrating herds of buffalo 
from area to area. According to locals, neither lions nor hyenas are found to the south of the 
Uele River, and we found only evidence of leopards on our surveys of this more 
continuously-forested region. 
 

a. 
   

b. 
 
Figure 13. a. Lion footprint, Gangu Forest 2007. b. Hyena footprint, Gangu Forest, August 2006. c. 
Lion footprint near Camp Louis. 
 
Elephants 
 As can be seen in Table XI, evidence of elephants was common in the Bili area. 
Across the region there generally existed a strip of about 15 km adjacent to each major road 
in which elephant sign was rare or absent. Beyond this distance elephant signs would increase 
dramatically. This became particularly clear when we conducted our transect work in the 
Camp Louis-Gangu area. No elephant sign was found to within about 10 km west of the road, 
and then within a few kilometers it became increasingly abundant, until elephant dung was 
encountered at a high rate in the Gangu Forest (Figure 14). Our transect work showed that 
elephant dung was encountered at over ten times the rate at Gangu than in the forests closer 
to the roads. Gangu was criss-crossed with hundreds of fresh elephant trails. During the 2004-
2005 season, elephants never came further east than Dikpai-Nambala, 10.5 km southwest of 
the nearest road. However, in the 2006-2007 season, we found abundant elephant traces near 
Camp Louis, 8.4 km southwest of the road, and at one point even within 5.5 km of the road. 
In general, elephants seemed to move closer to the roads and villages during the wet season, 
when the high savanna grass offered them cover. To the south and southwest of Bili, we 
found elephants 10 -15 km from the town of Bili. On one occasion, JS observed multiple 
elephant footprints crossing the main road 15 km southwest of Bili. He also found abundant 
elephant evidence surrounding the Bili-Api road at Bakalakala. Further north the story was 
different: according to locals, elephants were eliminated from the border region with Central 
African Republic (Zapay) within the last 20 years. We found no traces of them there, despite 
an otherwise intact fauna of buffalo, red river hogs, chimpanzees, and bongo. 
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Table XI. Encounter rate for elephants across the different study regions. 
Location No. days in 

forest 
Kms walked Elephant dung 

per km 
Elephant 
traces per 

km 
Camp Louis Transects 2005 na 99.0 0.21 0.68 
Gangu Transects 2005 na 61.0 1.6 6.04 
All Transects 2005 na 160.0 0.75 2.73 
Camp Louis Forest All 2004-2007 ¹ 262.5 1277.9 0.08 0.1 
Gangu Forest All 2004-2007 ² 85 356.8 0.59 1.18 
Bili … Bili S Forests 2006 28 112.9 0.03 0.06 
Nambala Forest 2006 7 9.0 0 0 
Bakalakala Forest 2006 9.5 28.9 0.14 0.38 
So Forest 2006 11 63.4 0.03 0.17 
Gbangadi Forest 2006 6 31.7 0 0.06 
Zapay Forest 2006 8 49.9 0 0 
Lebo Forests and Mongongolo 2006-2008 24 41.3 0 0.02 
Lingo Forest 2007 9 38.5 0.05 0 
Zongia Forest 2007 8 35.7 0.08 0.14 
Mbange West Forest 2008 9 45.5 0 0.15 
Mbange East Forest 2008 15 80.9 0.26 0.26 
Mbange All Forests 2008 24 126.4 0.17 0.22 
Leguga Forest 2008 14 48.5 0 0 
Bambesa All Forests 2008 13 65.0 0.15 0.25 
Buta Forest 2008 3 25.6 0 0 
Ngume Forest 2008 8 39.4 0 0.03 
Akuma Yoko Forests 2008  10 25.6 0 0.04 
Difongo 2009 6 33.8 0.18 nr 
¹ Includes 99 km of  transects. 
² Includes 61 km of transects. 
 
 South of the Uele River, the pattern of elephant distribution was patchier and more 
complex. Elephants were present along most of the Uele River, on one or both sides. To the 
south, we found abundant traces at Lingo, Zongia, Difongo, and Bambesa; to the north we 
found their traces at Zaza just across from Leguga. Elephants were missing from Leguga 
(despite an otherwise intact fauna and very few signs of humans) and also from Lebo. 
According to the locals this absence was due to poachers from Buta targeting them in the 
mid-1990s. We found abundant traces of elephants in the Mbange East region north of Aketi, 
but at less than half of the encounter rate as at Gangu. The large quantity of elephant sign at 
Mbange East was surprising, as in the recent past there had been heavy mining activity in the 
region. Closer to Aketi, and in the forests to its south, we found no signs of elephants, except 
for dung and signs seen by one of our field assistants approximately 60 km to Aketi•s 
southeast (in the Yoko Forest); this was probably a relict population. In the Aketi Forests we 
did however find many ancient elephant pit traps (as we had at Lebo), indirect testimony to 
the former presence of the species (none of these old pit traps were seen north of the Uele). 
Finally, in the Buta and Ngume Forests we found no elephant sign, and locals told us they 
had been exterminated within the last 25 years (the only sign we found of them was one 
approximately 25-year-old carcass lacking its ivory in the Ngume Forest). 
 
Other Fauna (Table IX) 
 Okapi (Okapia johnstoni) were found only to the south of the Uele River, and were 
(judging by dung encounter rates) extremely abundant in some patches of forest, such as 
Leguga, Zongia and Mbange. They appeared to be completely absent from the forests to the 
east of the relatively small tributary of the Uele, the Bima River (shown on the map in Figure 
2), despite the fact that the forest-types seemed similar and there were still elephants and 
many chimpanzees there (thus indicating that human predation is an unlikely explanation for 
their absence). Okapi sign was also absent south of the town of Aketi and in proximity to the 
town of Buta. Locals assured us that the species had been present in those areas before, but 
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had recently been hunted out by Bangalema nomadic hunters, along with the elephants. 
Buffalo (Syncerus caffer nannus) were widespread and common in the Camp Louis … Bili 
area, but were more rare in heavily-forested areas like Gangu. They were abundant up to the 
border of the Central African Republic, at Zapay, and in most areas surveyed north of the 
Uele. South of the Uele they were much less common, occurring sporadically in some forest 
patches, such as at Mbange. Films taken of buffalo at Camp Louis revealed them to belong to 
the forest subspecies, although a possible savanna buffalo or hybrid was filmed in a large 
herd encountered on the savanna between Camp Louis and Gangu. 
 Hippopotamuses (Hippopotamus amphibious) were reported by locals to be present in 
the Bili River, although we never found their traces. They were abundant all along the Uele 
River, and we also found their dung in a tributary of the Itimbiri River within 20 km of Aketi. 
Locals told us that they were also present in the Bima River, but that in the Rubi River 
bordering Rubi-Télé the species has been completely hunted out by diamond miners. 
 A wide range of duikers occurred in all of the regions surveyed, including blue 
(Cephalophus monticola), bay (Cephalophus dorsalis), and yellow-backed (Cephalophus 
syvicultor) duikers. Three species of suid (the warthog Phacochoerus africanus, the red river  

 
Figure 14. Map showing encounter rate of elephant and human sign on our 2005 transects: a mirror 
distribution. White circles refer to elephant sign (dung, trails, prints or auditory observations), and 
blue squares refer to human encounters or signs. The Landsat ETM+ image files dated from 1999 and 
were downloaded from GLCF (http://glcf.umiacs.umd.edu). 
 
hog Potamochoerus porcus, and the giant forest hog Hyloechoerus meinertzhageni) were 
found in the Camp Louis area, but only evidence of the red river hog was found south of the 
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Uele River. Bongo (Tragelaphus uryceros) and sitatunga (Tragelaphus spekei) were found in 
most of the areas surveyed, the sitatunga being limited to swampy areas. The bushbuck 
(Tragelaphus scriptus) was abundant near the savanna … forest edges around Camp Louis, but 
not seen elsewhere (perhaps because the local trackers in other areas had a different name for 
it). The species was definitely not present in the Gangu Forest, however. Burrows dug by the 
ardvark (Orycteropus afer) were found in nearly all of the regions surveyed, in both forests 
and savannas, but were particularly common in the savanna region of Bili. Tree pangolins 
(Phataginus tricuspis) were encountered in the Camp Louis and Gangu areas, and were also 
seen at Akuma, Mbange East, Mbange West, and Ngume. Giant pangolins (Manis gigantea) 
were present across the region and their traces were fairly common. 

 
Human presence and impact 
 
Human population density 
 Table XII presents human population data taken from a variety of local and national 
sources. Buta is the largest city in the region, with 45,208 people (Monographie de la 
Province Orientale, Kinshasa, 2005). The survey region to the north of the Uele River has 
only three major settlements and a population density ranging from 3.5 to 5.2 people per km² 
(Rapport Annuel Territoire de Bondo, 2008). In contrast, South Uele has a number of major 
cities and towns, and many mining camps. The population density in the South Uele survey 
region ranges from 6.2 to 18.4 people per km² (Monographie de la Province Orientale, 
Kinshasa, 2005). 
 
Ethnicity 
 Over the course of the study, we worked with several ethnic groups. North of the 
Uele, the majority of villagers were Azande, while in towns such as Bili, immigrants from 
other Congolese ethnicities were also present. Some Azande also lived in settlements hugging 
the south bank of the Uele River, but the majority of indigenous South Uele people were 
Baboa (in Buta and Bambesa) and Babenza (in Aketi). Each of these major groupings was 
made up of a number of sub-groups. Various fisher-folk such as the Bakango and the Lokele 
 
 
Table XII.  Human population density across the study area.¹ •People per km²• was calculated from 
information in the sources listed. nl = not listed. (a) Territories²; (b) Collectivities Guamonge and 
Bossou (the primary study area from 2004-2007), and (c) Key cities³ 4  

a. 
Territory Area in 

km² 
Population 
2004 
 (Kinshasa 
report 
 2005) 

Population size 
 (local census 
estimates: 
 a = 2006, b = 2007) 

People/km² 
 (2004 
census) 

People/km² 
(calculated 
from  
local censuses 
a  = 2006,  
b = 2007) 

Bondo 38,075 196,901 216,901b 5.17 5.70b 
Ango  34,704 71,892 98,833b 2.07 2.84b 
Buta  8,098 125,428 263,913a 15.49 32.59 a 
Aketi  25, 417 157,860 121,830b 6.21 4.79b 
Bambesa  9,128 167,976 147,578a 18.40 16.17 a 
Poko  22,909 189,630 291,003b 8.28 12.70 b 
Total 148,331 909,687 1,140,058b 6.13 7.69b 
b. 
Collectivity Area in km² Population size People/km² 
Guamonge 5,334 18,452 3.46 
Bosso 4,670 25,774 5.52 
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Table XII.  Continued. 
c. 
City GPS coordinates Census 

1984 
2004 
(MONUC) 

2004 
(Kinshasa 
report 
2005) 

Population 
size from 
local 
census 
estimates: 
2007 

Calculation 
2009 

Bili 4°09•06ŽN, 25°10•57ŽE nl nl nl 6,335• nl 
Bondo 3°47•25ŽN, 23°40•03ŽE 11,000 16,292 17,618  nl 19,601 
Bambesa 3°26•64ŽN, 25°41•49ŽE nl 13,197 14,271 nl nl 
Buta 2°48•82ŽN, 24°44•69ŽE 28,133 46,642 45,208 nl 50,130 
Likati 3°22•13ŽN, 23°53•22ŽE nl nl nl nl nl 
Titule 3°16•51ŽN, 25°31•21ŽE nl nl nl nl nl 
Aketi 3°26•64ŽN, 25°41•49ŽE 21,656 35,486 34,800 28,772  38,588 
Ango 4°01•42ŽN, 25°51•70ŽE nl 7,394 7996 nl nl 
Bumba 2°12•38ŽN, 22°33•29Ž nl 89,289 nl - nl 
 
¹ Sources for Tables XIIa and XIIb, and column 4 in Table XIIc:  
Aketi: République Democratique du Congo, Province Orientale, District du Bas-Uélé, Territoire de Aketi: Rapport Annuel 
Territoire de Aketi, Exercice 2007. 28 février 2008. Census carried out from Aketi, by the Administrateur de Territoire 
Théophile Zungalani, Chef de Bureau. 
Bondo: République Democratique du Congo, Province Orientale, District du Bas-Uélé, Territoire de Bondo: Rapport Annuel 
Territoire de Bondo, Exercice 2007. 8 avril 2008. Census carried out from Bondo, by the Administrateur de Territoire 
Lufuluabo Bukoko. 
Buta: République Democratique du Congo, Province Orientale, District du Bas-Uélé, Territoire de Buta: Rapport Annuel 
Territoire de Buta, Exercice 2006. 17 decembre 2006. Census carried out from Buta, by the Administrateur de Territoire 
Emmanuel Nzambi-Wisi, Chef de Division. 
Ango: République Democratique du Congo, Province Orientale, District du Bas-Uélé, Territoire d•Ango: Annuel Territoire 
de Ango, Exercice 2007. 15 janvier  2008. Census carried out from Ango, by the Administrateur et Chef de Territoire Jean-
Paul Kuzo Kanzenya, Chef de Division. 
Poko: République Democratique du Congo, Province Orientale, District du Bas-Uélé, Territoire de Poko: Annuel Territoire 
de Poko, Exercice 2007. 12 janvier  2008. Census carried out from Poko, by the Administrateur et Chef de Territoire 
Emmanuel Nzambi-Wisi, Chef de Division. 
Bambesa: République Democratique du Congo, Province Orientale, District du Bas-Uélé, Territoire de Bambesa: Annuel 
Territoire de Bambesa, Exercice 2006. 25 octobre 2007. Census carried out from Bambesa, by the Administrateur et Chef de 
Territoire Jean-Claude Mayaminyoya M. E., Chef de Division. 
² Source for Columns 3 and 6 of Table VIc: 
Helders 2009. The World Gazetteer, an online repository of population data, at http://world-
gazetteer.com/wg.php?x=&men=gcis&lng=en&des=wg&srt=npan&col=abcdefghinoq&msz=1500&geo=-46. Stefan 
Helders, 2009. The Gazetteer presents data based on censuses conducted by the DRC officials and, when these are not 
available, makes calculations based on secondary sources. 
³ Sources for Column 2 of Table VIa:  
Aderibho, Pete (Archange). August 2008 Les districts des Uele et Les groupes armés non-controlés. Une autre face des 
crises en Republique Democratique du Congo. Report ISEAV … ARU, August 2008.  
Kyalangilwa, J. 22 January 2007. Nouvelles entités provincials (Constitution de 18 février 2006). 
4 Source for Column 4 of Table VIc: United Nations MONUC DPKO … GIS Unit Map, September 22, 2004. Urban 
Population Map. Map Number KINSUB1614. 
http://www.reliefweb.int/rw/fullMaps_Af.nsf/0/870AEB3188D5D25485257046006B924F/$File/monuc_POP_cod09
0505.pdf?OpenElement 
5 Source for Columns 2 and 3 of Table VIa, Column 2 of Table VIb and Column 5 of Table VIc: Monographie de la Province 
Orientale, Kinshasa March 2005. République Démocratique de Congo Ministère du Plan; Unité de Pilotage du Processus 
DSRP KINSHASA / GOMBE  
• The population for Bili was not listed separately in the official census. The figure here is for the 
Ngbanze Groupement of Bosso, which according to our local informants is approximately 
synonymous with the town of Bili. 
 
 
plied the Uele River in their canoes. We were told by our Babenza contacts that a nomadic 
hunting people called the Bangalema were invading their forests from the southeast. We 
rarely met these people because they tended to avoid settlements and live in the forest. In and 
around Buta and Aketi there were also a large number of recent immigrants from all over 
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DRC and elsewhere; most of them had apparently arrived in the last decade following 
expansion of informal sector mining in the region. 
 
Human influences: yearly burning of the savannas and cultivation, past and present 
 A striking feature of the landscape in the Bili area is the yearly burning of the 
savannas by the Azande. This burning generally begins during the dry season around late 
December, and gains maximum intensity around early February, when vast tracts of savanna 
between Baday and the Bo River, and elsewhere, are burned. This is carried out all the way to 
the border with the Central African Republic. Burning to the south was usually on a more 
local scale, for the purpose of clearing fields. At Bili this was also a reason for burning, but 
the locals also said that they burned savannas in order to facilitate walking through them to 
their fishing grounds in forest streams. Worryingly, in the city of Buta and to a lesser extent 
in Aketi, we observed a growing charcoal trade (Figure 15a), which has the potential of 
destroying much wildlife habitat, as it already has in the eastern DRC (Jenkins, 2008; Lawlor 
et al., 2009). Hundreds of bags of charcoal were observed being sold at markets and by the 
sides of the streets in Buta and Aketi. 
 Interviews with local Azande (Bili) and Benza (Aketi) farmers and personal 
observation indicate that the locals practice shifting cultivation and abandon their fields to the 
forest after about 3-5 years of use. Until about 50 years ago, Belgians planted cotton 
extensively throughout the Bili area, and oil palm groves, wild-growing manioc and other 
signs of past cultivation from this period can be found patchily all the way west from the 
main road to the Bo River (Figure 5), where they abruptly stop. Past and present cultivation is 
much more extensive to the south of the Uele River near Buta, Aketi and Bambesa, with  
 
 
 

 
a. b.  
Figure 15. Human exploitation of forests south of the Uele River. a. The charcoal industry is 
becoming entrenched in Buta. b. Diamond miners near Buta.  
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large-scale agricultural projects initiated by the Belgians such as at INERA, Bambesa, 
remaining active to this day (in addition to shifting cultivation frequently found bordering 
roads and towns).3 
 
Hunting 

The subject of human hunting and the bushmeat trade will be covered in detail in 
Chapters 3 and 6. In Table XIII, we present the encounter rate of human evidence across the 
different study regions, while in Table XIV, we present the encounter rate for snares, 
cartridges, and hunting camps. 
 
Gold and diamond mining 
 No evidence of industrial-scale logging was found in any of the areas surveyed, 
although we have reports that the SIFORCO logging company is approaching the Aketi 
region from the southwest (in fact, in Aketi and Buta a local •cottage industry• has developed 
of pilfering fuel from the logging company and transporting it to Buta and other towns for 
sale on the black market. We frequently encountered these thieves transporting large drums 
of oil from west to east). However, diamond and gold mining was extensive and spreading 
rapidly into the countryside from the south to the north (Figure 15b). Table XV shows our 
encounter rate of fresh / recent and old gold and diamond mines in the different forest 
regions. More than 65 times the number of new or recent mines were found in the forests to 
the south of the Uele than to the north, whereas there were only eight times as many old (>20 
years) mines in the south than in the north. In the north we found only old extinct mines, and 
we never saw anyone with mining pans and shovels (a common sight along the roads to the 
south). This situation would change rapidly in June 2007, when foundation workers 
witnessed thousands of gold miners pouring into Bili over a 2-week period. 
 
Table XIII.  Human evidence found per km walked in the forest, across study regions¹. 
Forest region Km 

walked 
No. 

hunting 
signs 

Avg 
no. / 
km 

No. 
mining 
signs 

Avg 
no. / 
km 

No. 
signs 

of 
forest 
use 

Avg 
no. / 
km 

No. 
signs of 
presence 

Avg 
no. / 
km 

Total 
no.  

signs 

Avg 
no. / 
km 

Camp Louis 1230.6 9 0.01 6² 0.01 6 0.01 63 0.05 84 0.07 
Gangu 327.4 3 0.01 11² 0.03 2 0.01 6 0.02 22³ 0.07 
Bili-Bili S  88 29 0.33 0 0 2 0.02 102 1.16 133 1.51 
Zapay  50 9 0.18 0 0 2 0.04 17 0.34 28 0.56 
Bongenge -Malembobi 65 13 0.20 0 0 6 0.09 118 1.82 137 2.11 
Leguga 49 4 0.08 1 0.02 1 0.02 12 0.25 18 0.37 
Lebo - Mongongolo 31 6 0.19 0 0 1 0.03 27 0.87 34 1.10 
Zongia - Lingo 74 39 0.53 6 0.08 5 0.07 17 0.23 67 1.72 
Mbange E 81 38 0.47 92 1.14 8 0.10 28 0.35 166 2.05 
Mbange W 46 106 2.33 33 0.73 7 0.15 32 0.70 178 1.68 
Buta - Ngume 65 46 0.71 8 0.12 5 0.08 111 1.71 170 2.62 
Akuma - Yoko 26 15 0.59 0 0 1 0.04 24 0.94 40 1.54 
All N Forests 1696 50 0.03 17 0.01 12 0.01 188 0.11 267 0.16 
All S Forests 437 267 0.61 140 0.52 34 0.08 369 0.84 810 1.85 
All Forests 2133 317 0.15 157 0.07 46 0.02 557 0.26 1077 0.51 
¹ This table includes only surveys conducted by TH. 
² Three of the mines in the Gangu Forest and all of the mines in the Camp Louis Forest were decades old.  
³ At Gangu, 15 of the 22 items of human evidence (68%), including all of the mines, were found within 5 km of the east 
 edge of the Gangu Forest,  between the west bank of the Bo River and the savanna. No human evidence was found further 
 than 10 km west of the Gangu Forest•s east boundary; thus the Gangu Forest proper can be considered virtually 
 untouched by humans. 

                                                 
3 The train system, however, is no longer functional. In addition, the roads are in a state of disrepair, and locals 
frequently complain that they are no longer able to export cash crops, and thus have no way to make a  living. 
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Table XIV.  Hunting evidence found per km walked in the forest, across study regions.¹ 
Forest region Km 

walked 
No. 

cartridges 
Avg 
no. / 
km 

No. 
snares 

Avg  
no. / 
km 

No. of 
hunting 
camps 

Avg 
no.  / 
km 

No. 
hunting 
signs 
other 

Avg 
no. / 
km 

Total  
no. 

signs 

Avg 
no. / 
km 

Camp Louis 1230.6 0 0 1 0.001 6 0.01 2 0.001 9 0.01 
Gangu 327.4 0 0 0 0 2 0.01 1 0.003 3 0.01 
Bili-Bili S  88 9 0.10 7 0.08 4 0.05 9 0.10 29 0.33 
Zapay  50 1 0.02 5 0.10 3 0.06 0 0 9 0.18 
Bongenge-Malembobi 65 0 0 2 0.03 3 0.05 8 0.12 13 0.20 
Leguga 49 0 0 2 0.04 1 0.02 1 0.02 4 0.08 
Lebo - Mongongolo 31 0 0 2 0.07 2 0.07 2 0.07 6 0.19 
Zongia - Lingo 74 24 0.32 4 0.05 7 0.09 4 0.05 39 0.53 
Mbange E 81 9 0.11 14 0.17 7 0.09 8 0.10 38 0.47 
Mbange W 46 8 0.18 70 1.54 10 0.22 18 0.40 106 2.30 
Buta - Ngume 65 3 0.05 32 0.49 5 0.08 6 0.09 46 0.71 
Akuma - Yoko 26 1 0.04 11 0.43 3 0.05 0 0 15 0.58 
All N Forests 1696 10 0.01 13 0.01 15 0.01 0 0 38 0.02 
All S Forests 437 45 0.10 150 0.34 38 0.09 47 0.11 280 0.64 
All Forests 2133 55 0.03 163 0.08 53 0.03 47 0.02 318 0.15 

¹ This table includes only surveys conducted by TH. 
 
 
Table XV. Numbers and encounter rate (the latter in parentheses) for gold and diamond mines (old or 
new) in the different forest regions. Old = more than 20 years old, new = within the last 20 years.  

  Mining evidence per km traveled 
Locality Km in Forest Gold pits(old/new) Diamond pits(old/new) All mines(old/new) 
Camp Louis 1230.94 n = 6 / 0 (0.005 / 0) n = 0 / 0 (0) n = 6 / 0 (0.005 / 0) 
Gangu¹ 326.99 n = 3 / 7 (0.01 / 0.02)² n = 0 / 0 (0) n = 3 / 7 (0.01 / 0.02²) 
Bili S 87.64 n = 0 / 0 (0) n = 0 / 0 (0) n = 0 / 0 (0) 
Zapay  49.93 n = 0 / 0 (0) n = 0 / 0 (0) n = 0 / 0 (0) 
Bongenge -Malembobi 64.99 n = 0 / 0 (0) n = 0 / 0 (0) n = 0 / 0 (0) 
Leguga 48.52 n = 0 / 0 (0) n = 0 / 1 (0 / 0.02) n = 0 / 1 (0 / 0.02) 
Lebo - Mongongolo 31.03 n = 0 / 0 (0) n = 0 / 0 (0) n = 0 / 0 (0) 
Zongia - Lingo 74.2 n = 4 / 0 (0.05 / 0) n = 0 / 2 (0 / 0.03) n = 4 / 2 (0.05 / 0.03) 
Mbange E 80.93 n = 0 / 0 (0) n = 4 / 84 (0.05 / 1.04) n = 4 / 84 (0.05 / 1.04) 
Mbange W 45.48 n = 0 / 0 (0) n = 8 / 25 (0.18 / 0.55) n = 8 / 25 (0.18 / 0.55) 
Buta - Ngume 64.98 n = 0 / 0 (0) n = 0 / 6 (0 / 0.09) n = 0 / 6 (0 / 0.09) 
Akuma - Yoko 25.55 n = 0 / 0 (0) n = 0 / 0 (0) n = 0 / 0 (0) 
All N Forests 1695.5 n = 9 / 7 (0.005 / 0.004) n = 0 / 0 (0) n = 9 / 7 (0.005 / 0.004) 
All S Forests 435.68 n = 4 / 0 (0.009 / 0) n = 12 / 118 (0.03 / 0.27) n = 16 / 118 (0.04 / 0.27) 

¹ This table includes only surveys conducted by TH. 
² These gold pits were found at the very east edge of the Gangu Forest, to the east of the Bo River. No evidence 
of mining, old or recent, was found deeper into the Gangu Forest. 
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Abstract 
 
 We compared the reactions to humans of Eastern chimpanzees (Pan 
troglodytes schweinfurthii) living in proximity to and at a distance from roads and 
settlements in the northern Democratic Republic of the Congo (DRC). We found that 
chimpanzees at a distance from the road were more likely to show curious or neutral 
reactions to us and were less likely to flee than those living closer to roads. In 
addition, contact durations with chimpanzees living in more remote forests lasted 
significantly longer. The implication is that with increasing distance from roads, 
chimpanzees have in the recent past had fewer negative encounters with humans. 
 
Introduction 
 

The chimpanzee (Pan troglodytes), one of our two closest living relatives, is 
currently disappearing across much of its range (Butynski, 2001; Walsh et al., 2003; 
Campbell et al., 2008). Over the past century, human hunting and habitat disturbance 
have, in combination with other threats such as ebola, reduced the species to perhaps 
one fifth of its former abundance. In many places where chimpanzees survive today, 
their populations have become fragmented by human activities such as logging and 
agriculture. The apes are frequently hunted by humans, both for subsistence and as a 
part of the expanding bushmeat trade (Peterson, 2003; Chapter 6); thus chimpanzees 
in proximity to villages and roads quickly learn to fear Homo sapiens. When 
researchers first made contact with chimpanzee populations at study sites such as 
Lopé (Tutin & Fernandez, 1991), Kibale (Johns, 1996), and Gombe (Goodall, 1986), 
the apes, instead of ignoring or showing curiosity towards the humans, would usually 
leave the area immediately. Such behavior is typical of free-living apes across the 
continent (Morgan and Sanz, 2003), and makes detailed scientific analysis of their 
behavior only possible after habituation: the acceptance by wild animals of a human 
observer as a neutral element in their environment (Tutin & Fernandez, 1991).  
 In areas remote from humans, researchers may encounter chimpanzees that do 
not flee, and instead remain in the area and observe them, often with curiosity (Itani & 
Suzuki, 1967). Morgan & Sanz (2003) encountered such chimpanzees, described as 
naïve by Fay (cited in Morgan & Sanz, 2003), in the Goualougo Triangle in The 
People•s Republic of Congo. This region seems to have remained completely isolated 
from humans for centuries due to its swampy, inaccessible terrain. 
 Thurston Hicks (TH) observed a similar phenomenon in chimpanzees (P. t. 
troglodytes) of the Ngotto Forest, Central African Republic (Hicks et al., 2009), 
approximately 10 km south of the village of Grima. Upon becoming aware of the 
researchers, the Ngotto chimpanzees, unlike the more timid gorillas inhabiting these 
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forests, would sometimes remain in the area for hours, in large parties, peering at and 
displaying at the observers. 

In our effort to study a population of chimpanzees (P. t. schweinfurthii) 
inhabiting the forests surrounding the town of Bili, the northern DRC, we initially 
tried to work with a group living within 15 km of the nearest human villages, Baday 
and Pangali, at the Camp Louis field station (Chapter 1; Ammann, 2001; Young, 
2004). Since 1998, local Azande trackers working for conservationist Karl Ammann 
made sporadic attempts to supply the chimpanzees with sugar cane in order to observe 
them, but the apes remained elusive. Shelly Williams and her team managed to 
observe the apes in 2002 and 2003, and a team led by TH in 2004 made contact on 
numerous occasions, but the chimpanzees consistently reacted to the appearance of 
the researchers by fleeing. The adult males in particular would react with panic, 
sometimes leaping 15 m to the ground upon seeing the observers. Local Azande 
claimed that the apes had been hunted until the advent of a community conservation 
project in 2002, thus explaining their fear of humans. After 6 months of intensive 
efforts, we abandoned attempts at habituation in January 2005.  

A near-pristine forest, called Gangu, is located to the west of Camp Louis, 
where according to local field assistant Ligada Faustin, the resident chimpanzees had 
the habit of fearlessly approaching humans, even on the ground. In order to 
investigate this population, we undertook a 5-month transect project, from March to 
July 2005, cutting and following three parallel 55-km transects west from the road 
into the Gangu Forest (Chapter 4). The chimpanzees in this forest indeed became 
progressively more naïve as we moved further from the road. Nest counts showed that 
they lived at an increased density as well. 

Eventually, during the 2006-2007 field season, the Gangu field camp was 
established in this remote area, and efforts were made to habituate the naïve 
chimpanzees. Due to Congolese political instability, we were only able to spend 2 
months with the apes. During the time that the research team was unable to work at 
Gangu, we conducted further ape surveys over an approximately 7000-km² region, 
and chimpanzees were contacted on several occasions. 

After the Bili area was overrun by illegal gold miners in June 2007, we 
conducted a 13-month survey of chimpanzee populations across a large area 
approximately 200 km S of Bili, in forests near the towns of Leguga, Aketi, Buta, and 
Bambesa. Apparently, this population of chimpanzees is distributed continuously 
across a large area, as they were found to possess more or less the same material 
culture as those at Bili (Chapter 5), implying a continuous population until recent 
times. During this 13.5-month period, we contacted chimpanzees on an four 
occasions, always within 10 km of villages. In addition, we encountered a large 
number of chimpanzees and orphans for sale, indicating a developing bushmeat trade 
for the species in these forests (Chapter 6). 

 The goal of this study was to compare the behavior of chimpanzees living 
close to human villages and roads with those living in more remote forests. Two 
hypotheses were tested: 1. chimpanzees living in remote areas show more curious and 
less fearful behaviors towards humans, and 2. contacts with humans in remote forests 
last longer than in areas closer to roads and villages. Furthermore, the behavior of the 
Bili apes is compared to other chimpanzee study sites in which habituation has been 
attempted. 
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Materials and Methods 
 
The study area 
 The main study area of the Bili ape research project encompasses an 
approximately 475 km² region of the forests and savannas west of Baday, a small 
village 25 km north-northwest of Bili (Chapter 1, Figure 5). The complex mosaic 
habitat consists of seasonally-burned savanna, savanna-woodland, regenerating forest, 
and gallery forest. In some areas, savanna and woodland are replaced by large tracts 
of undisturbed tropical moist forest.  Camp Louis is located at 4°21•72ŽN, 
24°56•72ŽE, and Camp Gangu is approximately 30 km to the west-southwest, at 
4°19•34ŽN, 24°41•53ŽE. Both of these camps are located within the Bili-Uéré 
Hunting Reserve. Bili is the largest town near these field camps, with several 
thousand people living there and in the smaller villages along the road. West of 
Baday, human use of the region, other than the yearly burning of most of the savannas 
and some shifting cultivation close to the village, is minimal. Beginning roughly at the 
confluence of the Bo and Gangu Rivers lies a very large area of near-pristine primary 
forest centered around the Gangu. West of this area there is almost no human presence 
whatsoever, but elephants and chimpanzees are numerous. Human presence at Gangu 
is limited to brief visits by small groups of Azande fisher-folk in the dry season, who 
dam up small creeks and dig aestivating fish out of their burrows.  
 In 2006, we conducted surveys of a large area, stretching from the forests of 
Lebo just south of the Uele River to Zapay in the north (Chapter 1, Table 1; Appendix 
I). Chimpanzees were found throughout the area, and even within 4 km of large towns 
such as Bili, Lebo, and Zapay. As described in Chapters 1 and 3, in the majority of 
these areas we found more traces of hunting activities such as snares and cartridges in 
the forests, and we observed a greater quantity of bushmeat than at Bili. 

From October 2007 to November 2008, we conducted a survey of the forests 
south of the Uele River, using the same methodology as at Bili (see Appendix I for 
GPS coordinates of the forest area surveyed and the number of days spent at each). 
This area was nearly devoid of savannas and more evenly-forested than to the north of 
the Uele. Chimpanzee nests were found throughout the region, even within 13 km of 
the large commercial center of Buta (Chapter 4, Figure 5). Unfortunately, so were 
chimpanzee orphans and bushmeat (Chapter 6), indicating heavy hunting of the 
species in the nearby forests. 

For the purposes of this paper, I have divided the forests into two regions: one 
within 25 km of a main road or village, and the other outside of this distance. In 
practice, this means that only the Gangu Forest falls into the >25 km category, while 
all of the other forests, including the Camp Louis region, are in the <25 km category. 
Over the first year of study, I focused on Camp Louis and its surrounding forests and 
savannas; thus we will present this region as a subset of the <25 km category. 

 
Methods 

During the two field seasons at Bili, we attempted to locate and contact 
chimpanzees, with the eventual goal of habituating them for research. A contact is 
defined as having taken place any time the chimpanzees were aware of our presence. 
For several years preceding the current study, Ammann•s team had been planting 
sugar cane in the Camp Louis area to attract the apes, but had had little success in 
achieving regular encounters (Hicks, pers. obs.; Young, 2004). From August 2004 to 
January 2005, we made intensive efforts to encounter and habituate the chimpanzees. 
We had no problem finding the chimpanzees; however, the apes continued to flee us. 
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Due to our fears for the safety of the chimpanzees in the Camp Louis area, the 
habituation efforts were abandoned in January of 2005.  

In 2005, TH conducted a line transect survey in order to estimate the density 
of chimpanzees in the area, and also to investigate the claims of naïve chimpanzees to 
the west. Three 50-55 km transects were cut and followed into the Gangu Forest (with 
sections of the 160 km of transects left uncut and marked only with flagging tape … 
that was later removed … to discourage poachers from using them). Although counting 
chimpanzee nests along the transects was our priority, we did not pass up on making 
contact with the resident apes. In 2006, we established a new base camp at Gangu, 
where over a period of 2 months we managed to make numerous contacts. 
 A potential contact day includes any day in which TH or field assistant Jeroen 
Swinkels (JS) was in chimpanzee-inhabited forests and prepared to make a contact 
(whether actively searching for chimpanzees or at camp listening for them). If both 
teams were out searching for chimpanzees, this was counted as 2 days with the 
potential for a contact.  

Upon hearing chimpanzee vocalizations, we would seek out the chimpanzees 
and attempt to make contact with them. One to three Azande trackers would 
accompany the researchers to help locate the apes. We also conducted stake-outs of 
fruiting trees favored by the chimpanzees. Including contacts made by the local field 
assistants without TH or JS, 102 contacts were made over the three field seasons, but 
this paper will only analyze those made by TH (n = 72) and JS (n = 3). Of these, 
58.5% were achieved by following chimpanzee vocalizations and tree drums to their 
source and 24.5% by staking out fruiting trees; 17% were opportunistic encounters. 

The local field assistants always wore red hats in order to help the apes 
distinguish them from potential poachers, but during contacts they were instructed to 
hide or to sit down and be inconspicuous. If possible, the researcher would position 
himself in an open spot no closer than 20 m from the chimpanzees (and usually up to 
50 m back), and then make clucking and humming sounds while pretending to eat 
leaves. The researcher would remain seated unless he needed to be upright in order to 
film the chimpanzees. Occasionally the researcher and /or trackers would move 
around the tree in order to better observe all of the chimpanzees, but an effort was 
made to remain in one place. 

We collected data on the chimpanzees• behavior in field notebooks, and were 
usually able to film the contacts as well (which later enabled us to more fully 
reconstruct the details). The data recorded included forest density (open, medium, or 
dense: i.e. visibility 0-1.9 m, 2-5 m, or >5 m), party-size, age and sex of the 
chimpanzees, contact duration for each individual present, whether the apes were on 
the ground or in trees, height in the trees, distance from the observer, and all 
individual reactions to our presence. A contact with a particular individual was 
assumed to have ended after the last visual or nearby auditory evidence of that 
individual was recorded. 

The following individual behavioral patterns were observed (categories were 
adapted  from Tutin & Fernandez, 1991). In parentheses following the definitions are 
the code numbers that we have paired with the categories. 
 

€ Curiosity: includes two or more of the following elements: staring, head-
swaying, moving to obtain a clearer view of the observer, slapping tree trunk, 
and clapping hands (1). 

€ Aggressive approach: rapid noisy approach in the trees, either direct or 
oblique, towards the observer (2). 
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€ Aggressive display: leaping about and shaking branches towards the observer 
without approaching (2.5). 

€ Soft vocalizations: hoo or whimper (3). 
€ Loud vocalizations: wraaghs, waas, or screams (4). 
€ Ignore: no discernible response shown; after glancing or staring at the 

observer, the individual continues with previous activity, or just sits and 
relaxes (5). 

€ Ambiguous  approach: approaching the observer without signs of curiosity, in 
the process of fleeing (5.5). 

€ Hide: either moving behind vegetation (sometimes hiding the whole body, but 
often only the face), or pulling vegetation in front of face or body to form a 
screen (6). 

€ Stealthy retreat: slow, cautious, and almost silent descent from tree or 
avoidance on the ground (7). 

€ Flee: rapid jumping or sliding out of a tree or running at speed along the 
ground causing much noise (8). 

 
 In addition to these individual behaviors, following Morgan & Sanz (2003), 
group contacts (i.e. contacts considering the reaction of the group as a whole) were 
classified on a scale from •naïve• to •immediate departure•. This was achieved by 
using the first reaction of the majority (> than half) of the chimpanzees during the 
contact. Again, in parentheses following the definitions below are the numbers I have 
paired with the categories. For some of the analyses, these contact types have been 
further divided into •naïve• (the first three categories) vs. •immediate departure.• 
 

€ Naïve: After initial response, the majority of the chimpanzees present show 
continued curiosity toward human observers (as indicated by exhibiting the 
curious behaviors described above). After a period of intense interest, the 
chimpanzees may return to previous activities while monitoring human 
observers (for example, chimpanzees may build a day nest and then watch 
human observers while resting) (1). 

€ Ignore: Throughout the contact, chimpanzees show no discernible interest in 
observers. After noticing arrival of observers, chimpanzees continue with 
previous activities (or sit and relax) (2). 

€ Nervous: Chimpanzees retreat from observers by moving higher in the canopy 
or hiding behind vegetation. Chimpanzees alternate attention between 
monitoring observers and other chimpanzees in the party. Other indications of 
nervousness include pilo-erection, self-scratching and loose stool (3). 

€ Immediate departure: Chimpanzees immediately depart after becoming aware 
of human presence. Same as flee and stealthy retreat category for individual 
response (4). 

 
 For seven of the 73 contacts, there was no majority reaction; in these cases, in 
order to classify the contact, the chimpanzees• reactions were split halfway between 
two categories (in four cases, for example, half of the chimpanzees fled immediately, 
and half stayed but were nervous). In such cases we awarded 0.5 representations to 
the two competing contact types: in the four cases used in the example above, 
categories 3 and 4 would each get 0.5 representations instead of one. This enabled us 
to determine the percentages of contact reaction types.  However, in order to conduct 
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statistical analyses and also to construct the map shown in Figure 3, I used a different 
approach. To simplify the problematic cases described above, I scored as the contact 
reaction-type the number halfway between the two original tied reaction-type 
numbers. In four contacts, therefore, the chimpanzees• reactions were split between 
category 4 (immediate departure) and category 3 (nervous): the resulting category for 
these contacts was thus 3.5. Contact reactions of 3.5 were counted in the •immediate 
departure• category. In the single case where the contact reaction was 1.5 (half of the 
individuals were curious and half ignored the observer) this was counted as an 
•ignore•. In the two cases where •nervous• (3) and •curious• (1) were tied, they were 
treated as •ignore• (2). 
 In addition to recording the first reaction of the individual chimpanzees during 
encounters, we continued to gather data on all of the reactions made by each 
chimpanzee for the duration of the contact. This we present in the results as •total 
reactions per contact to the observer•.  

Only a rough estimation of party sizes could be made, due to the low visibility 
in the forest and the timidity of the chimpanzees closer to the villages. Data on the 
age/sex composition of the parties we encountered is not presented in this paper, 
because for many individuals (especially in the non-Gangu forests) it was not possible 
to be sure of the age or sex. In cases where it was possible to determine the age and 
sex of individual chimpanzees, we used the age/sex classes of Goodall (1986). Infants 
still clinging to their mothers were not included in any of the analyses in this paper.  

In the forests we surveyed to the south of the Uele River, less effort was put 
into following and making contact with the chimpanzees and more into studying their 
nests and tools. However, when we were able to make contact with them (by homing 
in on their morning calls or staking out fruit trees), we continued to gather data on 
their reactions. 

 
Statistical analyses 

All statistical analyses were carried out with R (version 2.9.0; R Development 
Core Team, 2009). A Mann-Whitney U test was used to compare contact duration in 
the Gangu Forest vs. non-Gangu forests. In addition, contact reaction type in the 
different forest regions was analyzed using the Pearson•s � ² test. The same test was 
used to see if forest density or party-size affected the apes• behavior. We followed 
Morgan and Sanz (2003) in reporting individual contact durations and reactions 
without statistical analysis, due to the problem of non-independence of samples.  

Two of the 75 contacts were excluded from all statistical comparisons except 
for those of contact rates per region, and party-size. One (in the Lingo Forest) was 
excluded due to procedural errors in the contact, and the other due to its location far to 
the south in the heavily-disturbed forest of Yoko, at the epicenter of the bushmeat 
trade (Chapter 6) 
 
Results 
 
Chimpanzee reactions to human presence 

Over the 32 months spent in the northern DRC study region, there were 528.5 
days when the potential existed for a contact with chimpanzees (Appendix I). We 
spent a total of 1,538.5 min either in direct observation (386.5 min) or in contact 
(1,152 min), with the Bili-Uele chimpanzees. Of this time, 748.7 min were in the 
Gangu Forest (148 min of observation and 600.7 min of contact time), and 790 min 
were in the non-Gangu regions (238.6 and 551.4 min, respectively), the latter 
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including 40 min of contact time south of the Uele River. Of the 47 non-Gangu 
contacts, 74.5% occurred in the wet season (considered here as the period between 1 
April and 22 November), while 46.4% of the 28 Gangu Forest contacts occurred in 
the wet season. 

Three (4 %) of our contacts were ended by the researchers. In addition, in four 
contacts in the Camp Louis area and one at Gangu, the chimpanzees appeared to 
already be leaving the area when the contact was initiated. 

We achieved an average of 0.33 contacts per day in the Gangu Forest, 
compared with 0.11 in the forests closer to humans (including Camp Louis), and 0.15 
considering only Camp Louis, which is close to the road. Comparing the Gangu and 
Camp Louis Forests, and omitting the days we spent working on transects (when 
contacts were not a priority), we reached an average of  0.46 contacts per day at 
Gangu Forest (2006-2007 field season) vs. 0.25 per day at Camp Louis (� ²= 2.95, df = 
1, p = 0.09) (for Camp Louis, we are considering here only the 130.5 day period 
between August 2004 and January 2005, the period of intensive habituation efforts 
prior to the transect study). During the final 24 working-day visit to Camp Gangu in 
January 2007 (when we had achieved a better knowledge of the area), the contact rate 
increased to 0.63 contacts per day, which was 2.5 times the contact rate at Camp 
Louis, a significant difference (� ² = 4.85, df = 1, p =  0.03). 

During the 2007-2008 field season, and during a visit to Lebo in September 
2006, we spent 113 days in chimpanzee-inhabited forests to the south of the Uele 
River. During this time, we only managed to make contact with chimpanzees on five 
occasions, a contact rate of 0.04 per day spent in the forest. It should be mentioned 
that during this period our focus was not on habituation of the chimpanzees and we 
were not making as much of an effort to contact them. Nevertheless, we took 
advantage of every opportunity to do so and sometimes staked out fruit trees. 

Based on the varying composition of parties we encountered within the same 
area (from one to nine individuals) (Hicks, unpublished data), it is likely that the Bili 
apes have a fission-fusion social system, as has been described in other chimpanzee 
populations (Itani & Suzuki, 1967; Nishida, 1968; Goodall, 1986; Boesch & Boesch-
Achermann, 2000). Party-size averaged (mean ± SEM) 3.1 ± 0.21 individuals per 
contact (n = 75). There was little difference between average party-size in the Gangu 
(3.09 ± 0.4; n = 28) and non-Gangu (3.04 ± 0.24; n = 47) forests. 

 
Contact duration by forest region 
 First we consider group, not individual, contacts with chimpanzees (this 
includes •groups• made up of only one chimpanzee). The average duration of the 73 
group contacts made was (mean ± SEM) 15.24 ± 3.28 min (median = 1.8). The 
average contact duration at Gangu was 21.45 ± 6.6 min (median = 3.6; n = 28) vs. 
11.38 ± 3.28 min (median =1.6; n = 45) for the non-Gangu forests. As predicted, 
Gangu contacts lasted longer than non-Gangu contacts, but the difference was not 
significant (two-tailed Mann-Whitney U test: z = 0.97, p = 0.33). However, when only 
arboreal contacts were considered (Gangu: 26.02 ± 7.73; n = 23; non-Gangu: 12.38 ± 
3.89; n = 38) Gangu contacts lasted significantly longer (two-tailed Mann-Whitney U 
test: z = 1.964, p = 0.049). Even the Gangu contacts had a considerably shorter 
average duration than contacts at the Goualougo study (101.0 ± 6.44; n = 218) 
(Morgan & Sanz, 2003), as well as the Ngotto Forest (42.2 ± 8.45; n = 8) (Hicks et al., 
2009). 
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Individual contact duration by age/sex category 
The average duration of all contacts with individual chimpanzees was (mean ± 

SEM) 8.4 ± 1.44 min (median = 1; n = 196) (Table I). Because the data was not 
normally distributed, the medians are included as well). Contacts with adult female 
chimpanzees lasted an average of 11.5 ± 3.8 min (median = 1.5; n = 39), vs. 5.42 min 
(median = 0.6 min; n = 35) for contacts with adult males. Contacts with immature 
individuals of both sexes lasted an average of 18.1 ± 5.3 min (median = 3.5; n = 39).  
 
 
Table I. Individual chimpanzee contact duration by age/sex class and forest region (these are 
the raw data for Figures 1 & 2). n = sample size. 

 
Category n Avg. 

duration 
Median 
duration 

SEM 

All chimpanzees 196 8.42 1 1.44 
Chimpanzees Gangu 75 10.52 2 2.74 
Chimpanzees non-Gangu 121 7.11 1 1.59 
All adult males 35 5.42 0.6 2.04 
Adult males Gangu 18 9.90 4.05 3.71 
Adult males non-Gangu 17 0.67 0.5 0.26 
All adult females 39 11.52 1.5 3.82 
Adult females Gangu 16 6.00 1.37 4.23 
Adult females non-Gangu 23 15.35 2 5.71 

 
 
Contacts with individual Gangu chimpanzees lasted on average 10.52 ± 2.7 

min vs. 7.11 ± 1.59 min for non-Gangu individual contacts (medians = 2 vs. 1 min) 
(Figures 1 & 2). Interestingly, contacts with individual males lasted notably longer at 
Gangu (9.9 ± 3.71 min) than at non-Gangu locations (0.67 ± 0.26 min) (medians = 4.1 
vs. 0.5 min). Non-Gangu males almost always fled the contact site immediately. 
Unexpectedly, adult females showed the opposite pattern (6 ± 4.23 min average 
duration at Gangu vs. 15.4 min ± 5.71 at non-Gangu locations) (median = 1.37 vs. 2 
min). 

Individuals identified as juvenile females (n = 6) showed particularly long 
contact durations independent of forest region. We were unable to identify the sex of 

the remaining juveniles. 
Figure 1. Chimpanzee individual reactions by forest region. Median duration (min) of 
contacts with individual chimpanzees by age/sex class and forest region. Because the data 
does not approach a normal distribution, median duration instead of average duration was 
used to construct the figure. 
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Figure 2. Box-plots of the individual contact durations (min) by age/sex class (AF = adult 
females, AM = adult males, AU = adults unknown, JF = juvenile females, JU = juveniles 
unknown, SM = sub-adult males, SU = sub-adults unknown, UU = unknown). A box-plot 
depicts sample minimum, lower quartile (Q1), median (Q2), upper quartile (Q3), sample 
maximum, and outliers. 

 
 

Individual first reactions to observers 
The majority of first reactions of chimpanzees to observers (53.6%) were 

retreats, with the apes either fleeing immediately (within a minute) or retreating 
stealthily (Table II). The other half of first reactions (46.4%) involved chimpanzees 
remaining in the same place, and 17.9% of all first reactions were curious ones. 
The first reactions of the chimpanzees clearly differed between Gangu and non-Gangu 
chimpanzees (Table II). At Gangu, 34.7% of first reactions were of curiosity, while in non-
Gangu forests only 7.4 were. The pattern was nearly the opposite for the category of •flee•: at 
Gangu, this was the first response in 14.7% of encounters, while in non-Gangu forests, it  
 
 
 
Table II. First reactions of chimpanzees to contacts, all forests (n = 196), Gangu Forest  (n = 
75) and non-Gangu forests (n = 121). Numbers in parentheses refer to the contact category 
codes defined in the text. 
 
 % of first reactions 
Reaction type  Allforests Gangu Non-Gangu 
 Curious (1) 17.9 34.7 7.4 
 Aggressive approach (2) 0.5 0 0.8 
 Soft vocalizations (3) 0 0 0 
 Loud vocalizations (4) 4.1 2.7 5 
 Ignore (5) 5.1 6.7 4.1 
 Hide (6) 18.9 20 18.2 
 Stealthy retreat (7) 24 21.3 25.6 
 Flee (8) 29.6 14.7 38.8 
 Fearless reactions (1 - 5 combined) 27.5 44 17.3 
 Fearful reactions (7 and 8 combined) 53.6 36 64.4 
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made up 38.8% of first reactions. Fearless (i.e., non-flight and non-hide) first 
encounters in Gangu accounted for 44% of reactions, while in non-Gangu forests the 
figure was 17.3% (the •hide• category, an intermediate reaction, accounted for 20 and 
18.2 % of reactions, in Gangu and non-Gangu forests, respectively). 

The first reactions to observers by age/sex category of chimpanzee are 
presented in Appendix II. Juveniles and sub-adults were the most likely to show a 
curious response, and the least likely to flee or retreat stealthily. Adult males were 
more likely to flee than any other age/sex class (almost always their reaction in the 
non-Gangu Forests), but they were also more likely to show curiosity than adult 
females (only in the Gangu Forest). More generally, in the Gangu Forest the first 
reaction was fearful (flee or stealthy retreat) in 36% of encounters, while in non-
Gangu forests the figure was 64.4% (Table II).  
 Adult males in the Gangu Forest were more likely to show curious reactions 
(38.9%) to the observers than were adult females (25%) (Appendix II). However, they 
were also more likely to flee immediately than adult females (22.2% vs. 0). Adult 
females most often reacted with a stealthy retreat in the Gangu (43.8%). Juveniles and 
sub-adults were most likely to show curiosity (50 … 81.8%). 

In non-Gangu forests, curiosity as a first reaction was very rare in any 
category except for sub-adults (75%). A large majority (88.2%) of adult male first 
reactions involved immediate flight or stealthy retreat. For adult females, departure 
accounted for 43.5% of first reactions. 

 
Total reactions per contact to observers 

In addition to the first reactions of individual chimpanzees to observers, we 
looked at the total reactions to observers per contact (Table III). In 42.7% of Gangu 
contacts, curiosity was shown by the chimpanzees, compared to only 11.6% in non-
Gangu forest contacts.  

Fearful reactions (stealthy retreat and immediate flight) were shown to a 
nearly equal degree in the majority of contacts of Gangu and non-Gangu, but fearless 
reactions were twice as common at Gangu (70.7 %) than in non-Gangu forests 
(34.7%). 

 
 
 

Table III.  Total reactions (%) made by chimpanzees to contacts in Gangu (n = 75) and non-
Gangu (n = 121) forests. The table shows in what percentage of contacts each behavior 
category appeared, allowing multiple behaviors to be scored for each contact. Numbers in 
parentheses refer to the contact category codes defined in the text. 
 
 % contacts 
Reaction type All forests  Gangu Non-Gangu  
Curious (1) 23.5 42.7 11.6 
Aggressive approach (2) 0.5 0 0.8 
Aggressive display (2.5) 2 4 0.8 
Soft vocalizations (3) 0.5 0 0.8 
Loud vocalizations (4) 12.3 12 12.4 
Ignore (5) 8.2 12 5.8 
Ambiguous approach (5.5) 1.5 0 2.5 
Hide (6) 25.5 28 23.1 
Stealthy retreat (7) 55.1 70.7 45.5 
Flee (8) 37.8 22.7 47.1 
Fearless reactions (1 - 5.5 combined) 48.5 70.7 34.7 
Fearful reactions (7 and 8 combined) 92.9 93.4 92.6 
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Juvenile and sub-adult apes were much more likely to show curious reactions 
to the observers than adults (Appendix III). Adult males were more likely to flee 
immediately than any other age/sex category (51.4%). Most non-adult male 
chimpanzees would eventually end the contact with a stealthy retreat  

Looking only at the reactions of adult males, a clear difference exists between 
the Gangu and non-Gangu forests (Appendix III). Adult males showed curiosity in 50 
and 11.8% of encounters in Gangu and non-Gangu forests, respectively. The same 
difference (although not as extreme) can be seen in the other age/sex categories, 
except for the sub-adults. In the non-Gangu areas, chimpanzees of all age/sex 
categories, with the exception of adult females, were more likely to flee or retreat 
stealthily than in the Gangu Forest. 
 
Contact reaction types 

There was a clear dichotomy in the reactions of chimpanzees between Gangu 
and the eastern forests (Figure 3). The Gangu chimpanzees had over six times the 
number of naïve contacts as non-Gangu chimpanzees (33.9 vs. 4.4%) (Table IV; 
Figure 4). This difference was significant (Fisher's exact test: p = 0.01; n = 73). For all 
non-flight contacts (categories 1 - 3), Gangu had 53.6 vs. only 24.4% for the non-
Gangu forests, also a significant difference (� ² = 7.3594, df = 1, p = 0.01; n = 73). We 
have included Morgan & Sanz•s (2003) findings in the figure for comparison (see 
Discussion).  

We investigated whether forest type had an effect on contact reaction type. No 
significant difference was found between contact reaction types in open, mixed, or 
dense forest, either when considering naïve  vs. non-naïve reactions (Fisher•s exact 
test: p = 1; n = 71) or immediate-departure vs. non-immediate departure reactions 
(Fisher•s exact test: p = 0.49; n = 71) (16.7% of the six open-forest contacts, 13.6% of 
the 44 mixed-forest contacts, and 14.3% of the dense-forest contacts were naïve; 
50.0% of the six open-forest contacts, 65.9% of the 44 mixed-forest contacts, and 
76.2% of the 21 dense-forest contacts were immediate departure). 

We investigated party-size as a possible factor influencing contact reaction 
type. For this analysis, we separated •immediate departure• from the other three 
contact reaction types, •naïve•, •ignore• and nervous•. Sixty-four percent of the 73 
contacts were with chimpanzees in small parties (three individuals or less), and 36% 
in large parties (four individuals or more, with a maximum of nine); 23% of the  
 

 
Table IV. Chimpanzee contact types by forest region (%). Data are entire contacts 
categorized as naïve, ignore, nervous, or fearful (based on the majority of reactions shown by 
the chimpanzees). For the seven contacts in which the chimpanzees reacted in equal numbers 
with two different behaviors, the two categories of behavior each received a score of 0.5. 
Contact types are from Morgan and Sanz (2003). 
Contact type Bili - S. 

Uele, all 
forests, 
n = 73% 

Gangu 
Forest,  

n = 28% 

Non-Gangu 
forests,  
n = 45% 

Goualougo Triangle 
(adapted from Morgan 

and Sanz 2003),  
n = 218% 

Naïve (1) 15.8 33.9 4.4 69 
Ignore (2) 6.2 8.9 4.4 8 
Nervous (3) 12.3 10.7 15.6 11 
Immediate departure(<1 
minute) (4) 

64.4 46.4 75.6 11 

All non-flight contact 
types (Types 1-3) 

35.6 53.6 24.4 88 
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contacts were with only one individual. There was no significant difference in contact 
reaction type between small and large parties (n = 73; � ² = 0.322, df = 1, p = 0.57). 
The same was true for contacts with one individual vs. contacts with more than one (n 
= 73; � ² = 0.0028, df = 1, p = 0.96). 

 

 
 
Figure 3. Contact reaction types across the study area. Contact reaction types were split into 
three categories: naïve (category 1), intermediate (1.5 … 3), and immediate departure (3.5- 4). 
The categories are defined in Materials and Methods. The Landsat ETM+ image files date 
from 2000 and were downloaded from GLCF at http://glcf.umiacs.umd.edu.  
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Figure 4. Chimpanzee contact types by forest region (%).The figure refers to contact types - 
not individual chimpanzee reactions, but entire contacts categorized as naïve (1), ignore (2), 
nervous (3), or fearful (4), based on the majority of reactions shown by the chimpanzees.  See 
Appendix IV for the raw data. Contact types are from Morgan and Sanz (2003). Bili all 
forests = Gangu and non-Gangu forests. Goualougo data are from Morgan and Sanz (2003). 
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Table V. Comparison of individual reactions (%) among field sites (based on Table IV from 
Morgan and Sanz, 2003). The results from Kibale are originally from Johns (1996), those 
from Lopé are from Tutin and Fernandez (1991), and results from Goualougo are from 
Morgan and Sanz (2003). •n/a• = researchers did not separate out particular behaviors from 
broader categories in their analyses. 
 
Reaction type LopéRese

rve 
(n = 153) 

Kibale 
Forest 

(n = 436) 

Goua-lougo 
Triangle 

(n = 1131) 

Bili, all 
Forests 

(n = 196) 

Bili,Gangu 
Forest 

(n = 75 ) 

Bili, non-
Gangu 
forests 

(n = 121) 
Curiosity 1 6.7 84 17.9 34.7 7.4 
Ignore 3 25.8 4.95 5.1 6.7 4.1 
Hide 5 6.9 7.6 18.9 20 18.2 
Depart 74 35.6 3.45 53.6 36 64.4 

Flight 39 25.5 1.41 29.6 14.7 38.8 
Stealthy retreat 10 9.6 2.03 24 21.3 25.6 
Approach/Await 
another 

25 0.5 __ 0 0 0 

Charge (Aggressive 
display) 

1 13.1 __ 0.5 0 0.8 

Loud vocalizations 8 7.10 n/a 4.1 2.7 5 
Soft vocalizations 8 4.80 n/a 0 0 0 
 
 
Cross-site comparisons 

We have added our results to Morgan & Sanz•s (2003) cross-site comparison 
of first reactions of individual chimpanzees to observers between the Goualougo, 
Lopé and Kibale study sites (Table V). Overall, curious reactions were much more 
common at Bili than at Lopé or Kibale, but were not nearly as common as at 
Goualougo. Going by the curiosity measure, the Gangu Forest appears to lie about 
halfway between the •fearful• condition of Lopé and Kibale and the completely naïve 
condition of Goualougo. Gangu, along with Kibale, also shows an intermediate 
frequency of •departure• - much lower than at Lopé but much higher than at 
Goualougo. Interestingly, Kibale seems to stand out from the other populations with 
its large amount of aggression displayed at observers. The Bili chimpanzees were 
more likely to remain at the site and hide than any of the other populations. 
 
 
Discussion 
 

The purpose of this study was to test the hypothesis that chimpanzees living in 
remote forests would show less fear and more curiosity than those living closer to 
humans. Over the course of our stay at Bili we were able to compare the reactions of 
chimpanzees to observers in several neighboring forest regions. The majority of these 
regions (labeled •non-Gangu forests•, and including the region around Camp Louis) 
were less than 25 km from the nearest human roads and settlements, and were 
frequently visited by humans. The Gangu Forest, on the other hand, was much more 
isolated from humans (the nearest villages and roads were >25 km distant).  

Our 2005 transect work showed over twice the density of chimpanzee nests in 
the Gangu Forest than in the area to the east near the roads, including Camp Louis 
(Chapter 4). The difference in ape density appears to be reflected in the increased 
number of contacts, as well as auditory observations (Chapter 3), although there were 
probably additional factors in play, such as the increase in our skill at finding the apes 
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by the time we reached Gangu. Nevertheless, by January 2007 we were averaging 
0.63 contacts per day at Gangu, which is the same contact rate reported by Morgan & 
Sanz (2003) for the Goualougo study. If the Congolese political situation allows it, 
these chimpanzees would be ideal for habituation and further study.  

The Bili chimpanzees living close to humans showed more fearful reactions 
than those living in the remote Gangu Forest. Contacts at Gangu lasted longer 
(although significantly so only when ground contacts were excluded from the 
analysis), and we had significantly more •curious• reactions from the Gangu 
chimpanzees and fewer fearful ones.  

Our data confirmed that the most fearful of the Bili chimpanzees were adult 
males living <25 km from the road, particularly in the Camp Louis region. These 
males typically fled immediately upon seeing us, often plunging 15 m or more to the 
ground.  As expected, the duration of our contacts with these non-Gangu males was 
markedly shorter than contacts with adult males in the Gangu Forest. Female 
reactions, however, were more similar between the different study areas. We have no 
explanation for why the non-Gangu adult males showed such a panicked reaction; this 
pattern was not seen at Goaulougo (Morgan & Sanz, 2003). At Kibale, however, the 
reaction was quite different: adult males were less likely than adult females to hide or 
flee and more likely to charge the human observer (we were never charged by a 
chimpanzee over the course of this study) (Johns, 1996). However, in both of those 
studies the chimpanzees were apparently further along in the habituation process than 
at Bili. 

 The several contacts that we had between 35 and 45 km from the road (the 
westernmost section of our transects) approached the naïve condition even more, with 
chimpanzees surrounding us in the trees and sometimes actively approaching us (films 
of these contacts, contrasted with fearful contacts closer to the road, are available at 
www.wasmoethwildlife.org/folder2004-2005 ). These chimpanzees, like those at 
Goualougo, seemed to be completely naïve, but unfortunately the small number of 
these contacts did not allow us to separate them out for comparison. 

One factor that may have contributed to the difference in behavior between the 
Gangu and non-Gangu chimpanzees was the change in forest type between the two 
areas. In areas closer to the road, there was much seasonally-burnt savanna and 
savanna woodland, and the gallery forest in which the chimpanzees were most often 
found was very dense (this was probably due to past human disturbance: oil palm 
trees and other signs of past human cultivation were frequently observed in that area, 
but never at Gangu). In this habitat, it was harder for the researchers to get a clear 
view of the chimpanzees, and one can assume it was equally difficult for the 
chimpanzees to observe the researchers. This might have contributed to their more 
fearful reactions. However, even in dense vegetation at Gangu, the chimpanzees 
showed little fear. No significant difference was found between contact reaction types 
in the different forest types. 

One factor was the same across forest regions: even at Gangu, the apes almost 
always fled immediately when we encountered them on the ground. This resembles 
the behavior of the chimpanzees of Goualougo, who were twice as likely to depart 
immediately when contacted on the ground (Morgan and Sanz, 2003), and also at 
Kibale (Johns, 1996), although some chimpanzees at the latter site also charged 
during terrestrial encounters. We observed a few exceptions: as described below, an 
adult male from Gangu approached us terrestrially to a distance of 8 m; during 
another contact, two Gangu juveniles climbed off the ground into a low-hanging tree 
to watch us while the adults fled. Finally, an adult male we encountered on the ground 
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close to the main road peered at us for approximately half a minute before stealthily 
retreating.  

It should be pointed out that over the several years of intermittent research 
prior to TH•s arrival at Bili in 2004, Shelly Williams• team as well as trackers hired 
by Karl Ammann occasionally attempted to observe or contact chimpanzees in the 
Camp Louis area. It cannot be ruled out that these earlier contacts might have been 
responsible for •spooking• the chimpanzees in the region. Upon his arrival, TH found 
that one tracker in particular would attempt to rush to the base of the contact tree to 
point out the chimpanzees, and another tracker showed film of himself directing 
aggressive noises towards a female chimpanzee in a tree. Although we quickly put a 
stop to this and instructed the trackers in proper contact etiquette, this does raise the 
possibility that the Camp Louis chimpanzees may have been frightened in the past not 
by poachers but by the project trackers. It is unlikely, though, that this explains the 
extraordinary panic shown by the Camp Louis chimpanzees towards humans, in 
particular by the adult males.  From her accounts to the press, it appears that Williams 
made only two contacts with Camp Louis chimpanzees, and that she did nothing to 
scare them. I have been able to confirm only five contacts made by Ammann•s 
trackers. These contacts were sporadic and occurred across a large geographical area. 
In a contact filmed by Ligada Faustin in early 2004, this tracker can be seen to be 
standing at an appropriate distance from the tree and making little noise. In addition, 
the Gangu community of chimpanzees did not appear to show increasing fear as our 
contact rate with them increased, and they almost never reacted with the panic of the 
Camp Louis population. Finally, chimpanzees encountered close to roads on our 
surveys, far from the Camp Louis and Camp Gangu regions, also showed more fearful 
than naïve behaviors. The trackers asserted that people from the town of Gumbu had 
hunted chimpanzees in the Camp Louis area just prior to the arrival of Ammann and 
the conservation project; thus it is likely that the apes had been frightened by hunters, 
not researchers. 

Our findings place the reactions of the Bili chimpanzees between the 
completely naïve behavior of the chimpanzees of the Goualougo Triangle (a site 
which has apparently never been visited by humans due to its inaccessibility) and the 
fearful behavior of the chimpanzees of Lopé and Kibale (these latter two sites were 
not as remote and isolated from humans as Gangu and Goualougo). Of the study sites 
sampled, the behavior of the chimpanzees we encountered in the remote Gangu Forest 
comes the closest to matching the naïve behavior of the Goualougo chimpanzees. The 
one occasion over the course of this study in which a chimpanzee intentionally 
approached us on the ground occurred within 1 km of Camp Gangu. This chimpanzee, 
a large adult male, initiated the contact with us (the author and three trackers) by 
walking purposefully towards us from about 30 m away to within 8 m of where we 
were sitting on the ground. He then climbed above our heads into a low sapling, and 
after watching us for about a minute, descended and moved slowly off into the 
undergrowth. In the same forest, we often observed juveniles continuing to feed as 
they watched us, and in several cases, young chimpanzees approached us in the 
canopy to within 15 m). One lone juvenile followed us for over 100 m through the 
forest. Such behavior almost never occurred in the non-Gangu forests, although it was 
common at Goaulougo.  

It is unlikely that the constellation of features encountered in the Gangu Forest 
… naïve chimpanzees, abundant elephants, and an almost total lack of human presence 
… was a coincidence. Such pristine areas are becoming increasingly rare in Africa, 
however, and their protection should be considered of paramount importance. It is our 
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hope that this study can be used to mobilize the DRC government to enforce the 
protected status of the Bili area, which was invaded by gold miners in June 2007. In 
addition, it may encourage researchers to seek out, study, and protect the remaining 
areas of untouched African wilderness before they are discovered and exploited by 
less-enlightened interests. 
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Appendices 
 

Appendix I. Dates and geographical location of chimpanzee surveys and days spent in each 
forest region, and chimpanzee contact-rate per forest region. For the columns •numbers of 
surveys• and •kms walked by TH•, only surveys conducted by TH are included.  

Location Survey 
period 

Surveyor GPS 
coordinates 

No. 
days in 
forest 

No. 
contacts 

Chimpanzee 
contacts per 
day in forest 

(n = 75) 

No. 
surveys 
by TH 

Km 
walked 
by TH 

Camp Louis 
Forest 2004-
2005 

August 
2004 … 

July 2005, 
August 
2006 … 

February 
2007 

TH 
(2004-

2005) TH 
/ JS 

(2006-
2007) 

4°21•72Ž 
N, 

24°56•72ŽE 

262.5 
(237 
first 

season, 
25.5 

second 
season) 

38 
(Period 
1: n = 
38) 

(Period 
2: n = 

0) 

0.15  
(Period 1: 

0.16) 
(Period 2: 

0) 

167 (plus 
transects) 

12340.94¹ 

Gangu 
Forest 

March … 
June 2005 

August 
2006 … 

February 
2007 

TH 
(2005, 

2006) TH 
/ JS 

(2007) 

4°19•34ŽN, 
24°41•53ŽE 

85 
(37.5 
first 

season, 
47.5 

second 
season) 

28 
(Period 
1: n = 

6) 
(Period 
2: n = 
22) 

0.33 (Period 
1: 0.16) 

(Period 2: 
0.46) 

96 (plus 
transects) 

326.99² 

Zapay Forest  December 
2006 

TH 4°57•01ŽN, 
25°06•31ŽE 

9 1 0.11 13 49.43 

Gbangadi December 
2006 

JS 4°43•40ŽN, 
24°46•60ŽE 

6 0 0 na na 

S Bili Forest  July 2006 
… 

November 
2006 

TH / JS 4°02•42ŽN, 
25°02•11ŽE 

48 3 0.06 24 88 

Nawege and 
N Uele 
(Zaza) 
Forests 

September 
2006 

(Nawege) 
August 
2008 

(Zaza) 

TH /JS 
(Nawege) 

TH 
(Zaza) 

3°37•14ŽN, 
25°22•55ŽE 
3°28•11ŽN, 
25°10•73ŽE 

(Zaza) 

5 0 0 4 9.14 

Lebo September 
2006 

August 
2008 

TH / JS 
(2006) 

TH 
(2008) 

3°24•43ŽN, 
25°20•65ŽE 

24 1 0.42 12 31.03 

Lingo November 
2008 

TH 3°24•83ŽN, 
23°30•11ŽE 

9 1 0.11 8 38.5 

Zongia November 
2008 

TH 3°35•06ŽN, 
23°45•75ŽE 

8 0 0 8 35.7 

Mbange E January 
2009 

TH 3°13•73ŽN, 
24°10•25ŽE 

15 0 0 16 80.93 

Mbange W January … 
February 

2008 

TH 3°09•30ŽN, 
24°02•88ŽE 

9 0 0 11 45.48 

Leguga March 
2008 

TH 3°21•38Ž 
N, 

24°57•84ŽE 

14 2 0.14 18 48.52 

Bambesa 
(Bongenge) 

April 
2008 

TH 3°13•70ŽN, 
25°51•16ŽE 

10 0 0 11 46.5 

Bambesa 
(Malembobi) 

April … 
May 2008 

TH 3°25•72ŽN, 
25°47•91ŽE 

3 0 0 6 18.49 

Aketi 
(Akuma) 

June 2008 TH 2°29•36ŽN, 
23°56•93ŽE 

4 0 0 8 23.47 
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Appendix I … Continued 
 
Location Survey 

period 
Surveyor GPS 

coordinates 
No. 

days in 
forest 

No. 
contacts 

Chimpanzee 
contacts per 
day in forest 

(n = 75) 

No. 
surveys 
by TH 

Km 
walked 
by TH 

Buta September 
2008 

TH 2°48•82ŽN, 
24°44•69ŽE 

3 0 0 7 25.6 

Ngume September 
… October 

2008 

TH 2°45•83ŽN, 
25°20•15ŽE 

8 0 0 8 39.38 

Aketi 
(Yoko) 

November 
2008 

TH 2°36•43ŽN, 
23°34•98ŽE 

6 1 0.17 3 1.04 

All forests N 
of the Uele 
River 

2005-
2008 

TH 
(2004-
2005, 

2008) TH 
/ JS 

(2006-
2007) 

 415.5 70 0.17 304 1704.5 

All forests S 
of the Uele 
River 

2006-
2008 

TH / JS 
(2006) 

TH 
(2007-
2008) 

 113 5 0.04 116 434.64 

All non-
Gangu 
forests 

2004-
2008 

TH 
(2004- 

2008) TH 
/ JS 

(2006-
2007) 

 443.5 47 0.11 324 1823.55 

All forests 2004-
2008 

TH 
(2004- 

2008) TH 
/ JS 

(2006-
2007) 

 528.5 75 0.14 420 2139.4 

¹ Includes 99 km of  transects. 
² Includes 61 km of transects. 
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Appendix II.  First reaction to observers (%) by category of apes (n = 196). 1 = curious, 2 = 
aggressive approach, 2.5 = aggressive display, 3 = soft vocalizations, 4 = loud vocalizations, 5 
= ignore, 5.5 = ambiguous approach, 6 = hide, 7 = stealthy retreat, and 8 = flee. Plain text = 
All Bili Forests (n = 196), Bold text = Gangu Forest (n = 75), Italicized text = non-Gangu 
forests (n = 121). 
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Adult males 
n = 35 
n = 18 
n  = 17 

Adult 
females 
n  = 39 
n  = 16 
n  = 23 

Adult 
unknown 
n  = 35 
n  = 7 
n  = 28 

Juvenile 
females 
n  = 6 
n  = 4 
n  = 2 

Juveniles 
unknown 
n  = 25 
n  = 11 
n  = 14 

Sub-adults 
unknown 

n  = 8 
n  = 4 
n  = 4 

Unidentified 
n  = 48 
n  = 15 
n  = 33 

 
1 

25.7 
38.9 
11.8 
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42.9 
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17.1 
33.3 

0 

25.6 
18.8 
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8.6 
14.3 
7.1 

 
0 

16 
0 
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25 
25 
25 

25 
26.7 
24.2 
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11.4 
0 

23.5 

38.5 
43.8 
34.8 

40 
28.6 
42.9 

33.3 
25 
50 

20 
18.1 
21.4 

12.5 
25 
0 

12.5 
20 
9.1 

        
 
8 

42.9 
22.2 
64.7 

5.1 
0 

8.7 

34.3 
0 

42.9 

 
0 

12 
0 

21.4 

 
0 

54.2 
46.7 
57.6 
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Appendix III.   Total reactions per contact (%) by category of apes, n = 196. This appendix 
indicates the percentage of contacts per age/sex category in which each behavioral category 
was shown. 1 = curious, 2 = aggressive approach, 2.5 =  aggressive display, 3 = soft 
vocalizations, 4 = loud vocalizations, 5 = ignore, 5.5 = ambiguous approach, 6 = hide, 7 = 
stealthy retreat, and 8 = flee. Plain text = All Bili Forests (n = 196), Bold text = Gangu 
Forest (n = 75), Italicized text = non-Gangu forests (n = 121). 
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31.3 
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35.7 

37.5 
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50 
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26.7 
24.2 
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45.7 
55.6 
35.3 

66.7 
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57.1 
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90.9 
57.1 

100 
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Abstract 
 
 We systematically recorded all long-distance chimpanzee vocalizations and tree 
drums over an 18-month study-period to the north of The Uele River in The Democratic 
Republic of the Congo and a 13-month period to the south. We found that the frequency of 
chimpanzee vocalizations and tree-drums was greatly reduced in areas of high human hunting 
pressure, and these sounds were also mostly limited to the early morning hours. The 
chimpanzees appeared to have the behavioral flexibility necessary to modify their behavior in 
areas where humans were a major threat. However, it is also likely that the social systems of 
these gregarious apes may be negatively affected by the •enforced silence• they are obligated 
to maintain in the vicinity of humans. 
 
Introduction 
 
 Chimpanzees (Pan troglodytes) inhabiting different regions across Africa display 
remarkable flexibility in their behaviors, in the domains of nest-construction (Koops, 2008; 
Chapter 5) and tool-use (Whiten et al., 2001), as well as in the structure of their social groups 
(Boesch & Boesch-Achermann, 2000). This same flexibility extends to their vocalizations, 
even to the extent that regional or community •dialects• have been proposed (Mitani, 1992). 
 Unfortunately, just as we are beginning to document this rich behavioral diversity in 
our close evolutionary cousins, chimpanzee populations across Africa are coming under 
assault from a rapidly-proliferating commercial bushmeat industry (Walsh et al., 2003; 
Campbell et al., 2008; Chapter 6). Populations in northwest Africa and Gabon have been 
decimated by this trade along with habitat-destruction within the last 2 decades; in the 
species• Congo Basin stronghold (centered around the Democratic Republic of the Congo, 
hereafter abbreviated as DRC), the process seems to be only just gathering momentum 
(Chapter 6). Despite this recent wave of heightened persecution, chimpanzees in the DRC 
still survive in the heavily-degraded forests close to major human population centers such as 
Buta and Aketi, forests from which other large mammals such as okapis and elephants were 
extirpated decades ago (Chapter 4; Chapter 6). Little attention has been paid to the behavioral 
responses of chimpanzees to human predation. In some parts of Africa, as in the northern 
DRC, the apes• behavioral flexibility appears to have allowed them to survive in close 
proximity to Homo sapiens. Wilson et al., (2007) found that chimpanzees at Kanyawara, 
Uganda reduced their production of loud calls when crop-raiding, but not when entering 
border areas with other potentially dangerous chimpanzee communities. Similar changes in 
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behavior have been documented in other primate species: according to Van Roosmalen 
(2008: page 384), male spider monkeys (Ateles paniscus) in heavily-hunted areas of the 
Brazilian Amazon ceased making their species-typical long-calls. Likewise, Kavanagh (1980) 
showed that crop-raiding vervet monkeys (Chlorocebus aethiops) living in close proximity to 
humans in Cameroon had modified their intra-group vocalizations to include a higher 
proportion of softer •!kock• calls and a lower proportion of loud calls compared to savanna-
living vervets who had little interaction with humans. They had also eliminated a vocal 
response given by savanna vervets specifically when encountering canids. Finally, these 
vervets had adopted more irregular ranging-patterns than their savanna-living con-specifics, 
and were thus harder for the researchers to locate. 
 Chimpanzees are also capable of suppressing their natural repertoire of vocalizations 
(Goodall, 1986). They do this in order to avoid having food stolen by con-specifics, in the 
context of male-female consortships in the danger zones at borders with neighboring 
communities, and during all-male patrols into the territories of rival communities. 

The forests near Bili, DRC are characterized by low human population densities and 
are home to a large, apparently continuous population of chimpanzees (Pan troglodytes 
schweinfurthii). Although the apes are sometimes hunted, it appears that no large-scale 
commercial bushmeat trade has yet appeared in the area (Chapter 6). Between 2004 and 
2007, Thurston Hicks (TH) spent a total of 18 months studying chimpanzees in this area, 
making regular contacts with the apes and recording their vocalizations and tree drums. In 
2008, a 13.5-month survey was made of chimpanzee populations across a large area 
approximately 200 km south of Bili, in forests near the towns of Leguga, Aketi, Buta, and 
Bambesa. Interestingly, these chimpanzees were found to possess the same material culture 
as those at Bili (Chapter 5), implying that they form a continuous population, or have until 
recent times. Over the course of this survey, contact was made with the chimpanzees 
whenever possible (Chapter 2), and their vocalizations and tree drums were scored. As at 
Bili, TH also recorded all signs of human presence. The data we collected have allowed us to 
compare the behavior of chimpanzees living close to human villages and roads to that of 
those living in more remote forests. We hypothesize that the chimpanzees living in the 
pristine Gangu Forest should be more vocal than those living in other areas, particularly those 
areas with high human hunting pressure.  We also hypothesize that chimpanzee sound-
production in heavily-hunted forests should be more restricted to the early morning hours. 
 
Methodology 
 
The study area 
 The main study area of the 2004-2007 period of the Bili ape research project 
encompassed an approximately 475 km² area of the forests and savannas west of the small 
village of Baday (Chapter 1). Camp Louis was located at 4°21•72ŽN, 24°56•72ŽE, and Camp 
Gangu was located approximately 30 km to the west-southwest, at 4°19•34ŽN, 24°41•53ŽE. 
Gangu Forest remains nearly undisturbed by humans, and along with elephants, numerous 
species of non-human primates, and large carnivores, it is home to chimpanzees that show 
relatively little fear of humans (Chapters 1 and 2). The forest closer to the road (called here 
the Camp Louis Forest) also showed very little sign of human presence, but there was less 
wildlife and the chimpanzees almost always reacted to us with fear. The methodology of our 
2004-2005 transect work and forest walks is described in Chapters 1 and 4. 
 In 2006, together with field assistant Jeroen Swinkels (JS), TH conducted •path of 
least resistance•-style surveys across a large area, stretching from the forests of Lebo just 
south of the Uele River to Zapay on the border with the Central African Republic, with Bili 
lying approximately in the center, recording all evidence of chimpanzees, humans, and other 
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large mammals. Figure 4, Chapter 1 shows the survey regions we visited over the course of 
the study. From October 2007 to November 2008, TH conducted a survey of the forests south 
of the Uele River, using the same methodology as at Bili. Table I, Chapter 1 lists the GPS 
coordinates of the forest areas surveyed and the number of days spent and kilometers walked 
at each over the entire project. We divided the survey area into three main regions: the 
pristine Gangu Forest, the non-Gangu North Uele Forests, and the South Uele Forests 
(Chapter 1). The first two of these regions lie to the north of the Uele River: the pristine 
Gangu Forest lies >20 km from the nearest roads and villages, and the non-Gangu North-Uele 
forests were located <20 km from the roads. The third region surveyed, South Uele Forest, 
had a much higher human population density and all of it was within 20 km of roads and 
villages. 
 
Chimpanzee vocalizations and tree-drums 
 Throughout our study, we attempted to locate chimpanzees in the forests and make 
contact with them. A potential contact day included any day in which TH was traveling or 
camping in chimpanzee-inhabited forests and it was possible to hear the apes, whether or not 
he was actively searching for them (Table I, Chapter 1 gives details on the potential contact 
days). In forests where chimpanzees were not heard or were heard rarely, TH confirmed their 
presence by the discovery of their night nests, feeding remains, and/or dung, and only forests 
in which recent chimpanzee presence was confirmed were included in this study. While in the 
forest, TH recorded all vocalizations and tree drums made by the apes throughout the day and 
night. Vocalizations were differentiated into •pant-hoots• and •other• (Goodall, 1986) (the 
latter were subdivided into •screams•, •barks•, •rough calls• and •grunts•, but all of these 
categories were lumped together for analysis). Tree drums are staccato thumping sounds 
made by chimpanzees against buttresses. TH recorded the time and direction of all 
chimpanzee vocalizations and tree drums that he heard during the night (they frequently 
woke him up), as well as those heard by the field assistants. The latter were less-precisely 
documented; in cases where the assistants were not sure of the time of the vocalizations, they 
were omitted. It is likely that some of these nighttime vocalizations were missed due to sleep, 
but it is unlikely that there was any difference in the likelihood of missing them between the 
different study sites. Vocalizations made by chimpanzees during contacts in response to our 
presence (usually screams or alarm calls) were not included in the analysis. All recorded 
vocalizations were combined into one variable, •Auditory events per hour•.  
 Over the first 3 months of the study (August to October 2004), although the durations 
of all auditory observation bouts were recorded, during bouts characterized by multiple 
chimpanzees vocalizing and / or tree drumming over an extended period of time, each 
separate pant-hoot and tree drum was not always reliably recorded. For this time period, we 
have estimated numbers of pant-hoots and tree drums based on the written notes and films 
made of the bouts. Following October 2004, all separate vocalizations within auditory bouts 
were systematically recorded. 
 
Human presence 

Over the course TH•s 18 months at Bili and 13.5 months in the Aketi-Buta area, he 
walked a total of 2133 km through the forests (surveys conducted and data collected by JS or 
the Congolese field assistants were not considered in this analysis). Included in this total are 
repeat journeys along previously-walked routes, as long as these revisits did not occur on the 
same day. Systematic line transects made up 160 of the km walked in the Bili-Gangu region. 
In addition to documenting ape presence and signs of other large mammals, TH recorded all 
evidence of human presence (trails, fields, lean-tos, hunting camps, snares, cartridges, and 
encounters). The majority of routes that we followed in the South Uele and in some of the 
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North Uele forests were hunting or trapping trails, although occasionally we •bushwhacked• 
or followed trails left by fisher-people. The trails that we followed in the Camp Louis area, 
however, were not obvious hunting trails, although according to our trackers they had been 
used by hunters prior to the installation of the conservation project in the region. For the most 
part we did not follow human trails at all in the Gangu Forest, precisely because, with one 
exception (a fisherman•s trail that skirted the edge of the Gangu River), no such trails existed. 
Instead, we either cut transects, bushwhacked, or followed elephant trails. 

In Table I, we define the categories of human evidence recorded by TH. We have 
omitted human trails (due to unreliable recording of this evidence-type) from the analysis. 
 
Statistical analyses 

All statistics analyses were carried out using the R (version 2.9.0; R Development 
Core Team, 2009). Comparisons between groups were done using Kruskal-Wallis non-
parametric ANOVAs, and were followed when needed by post-hoc comparisons using 
kruskalmc from the pgirtmess package version 1.3.8. We ran a Principal Component Analysis 
(PCA) on the human evidence variables. The first two PCA axes summarizing the human 
evidence, which explained more than 50% of the variance, were used in a Spearman•s Rank 
Correlation test to correlate human evidence with the chimpanzee auditory rates.  

 
 
 
 

Table I. Type of human evidence, with definitions. The data is quantitative, and most items were 
counted individually, with the exception of •villages•, •hunting camps•, and •camps•, which often 
described conglomerations of dwellings. 
 
Category of human 
evidence 

Definition 

I. Hunting Evidence Direct evidence of human hunting. 
1. Cartridges - Spent red •00• cartridges. 
2. Snares - Traps set by hunter, often along snare trails. Snares came in three main forms: 
small string snares, small wire snares, and large •bomb• wire snares up to 2.5 m in height. 
3. Hunting camps - Large campsites in forest clearings made by hunters; featuring 
smokestacks for smoking bushmeat and often stocked with snares. 
4. Bushmeat - Fresh or smoked carcasses of mammals encountered in the forest.  
5. Hunting signs - Hunting or snare trails, spears.  
6. Batteries - Probably used for night-hunting. 

II. Mining 7. Mining - Evidence of mining activities: gold or diamond excavation and test pits, pans, 
shovels, and mining camps. 

III. General Forest Use Use of forest not specifically tied to mammal-hunting or mining. 
8. Fishing signs - Fishing nets, small fish smoke stacks, dams.  
9. Bird-hunting signs … Bird snares, plucked feathers. 
10. Camps … Temporary camps not specifically used for hunting, but for work in the fields 
or fishing.  
11. Lean-tos - Simple shelters built of saplings and herbs as a temporary shelter from the 
elements. 

IV. General Human 
Presence  

Refers to human presence in a forest area, usually tied to fishing or agriculture, but without 
direct use of the forest.  
12. Artifacts  - Containers, tools. 
13. Pets - Dogs, chickens. 
14. Signs - General human sign. 
15. Contacts - Encounters with people.  
16. Villages - Semi-permanent dwelling-places. 
17. Huts - Durable mud or thatch houses, often associated with fields.  
18. Fields - Land cleared for agriculture, with crops such as manioc, bananas, and rice. 
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Results 
 
Chimpanzee presence and sound frequencies in different forests 
 Chimpanzee nests were found throughout the region, in all forests that we surveyed, 
even within 13 km of the large commercial center of Buta (Figure 5, Chapter 4).  In addition, 
to the south of the Uele River, our team encountered a large number of chimpanzee orphans 
and carcasses for sale, as compared to almost none being seen during our time at Bili, 
indicating a rapidly-accelerating bushmeat crisis for the species south of Uele (Chapter 6). 
 We compared mean chimpanzee sounds per hour across the 12 forest regions 
(Figure 1; the raw data are presented in Appendix I). The five forests with the lowest rates of 
sound-production were to the south of the Uele River. Three of the four regions with the 
highest rates of sound-production were to the north of the Uele River. Figure 2 gives a 
breakdown of the different sound-types made by the chimpanzees per main forest region as 
well as for the entire region. 
 
Chimpanzee auditory frequencies between the three main survey regions 

Figure 3 shows the average number of chimpanzee sounds heard per hour for each 
hour across the three main survey regions. The average number of chimpanzee sounds 
differed significantly between these three regions (Kruskal-Wallis chi-squared = 195.9, df = 
2, p < 0.001). Subsequent post-hoc testing showed a significant difference between Gangu 
and the non-Gangu North Uele forests (critical value = 294.9, observed value = 417.8, p < 
0.001), and also between Gangu and the South Uele forests (critical value =350.5, observed 
value = 504.0, p < 0.001), but not between non-Gangu North Uele and South Uele (critical 
value = 269.0, observed value = 86.2, p = ns). 

 
Figure 1. Mean (+ SEM) number of chimpanzee sounds (including pant hoots, tree drums, and other 
sounds) per hour across the 12 survey regions. Numbers of observation hours per region are given at 
the base of the bars. North Uele sites are indicated with black dots. 

 

. 
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A.   B. 

 
C.   D. 

 
Figure 2. Mean sounds per hour made by chimpanzees combined across the three main survey 
regions: (A) All regions pooled. (B) Mean sound-types per hour, Gangu. (C) Mean sound-types per 
hour, north of the Uele excluding Gangu. (D) Mean sound-types per hour, South Uele. 
 
 
Chimpanzee sound-production across the day 
 Next, we looked at differences between chimpanzee sounds made during individual 
hours across the three main study regions (Figure 4). Gangu chimpanzees, in addition to 
producing the highest rate of vocalizations and tree drums, were also more vocal throughout 
the day. Sound production for each hour was compared across the three main regions 
(Appendix II). During the night (23:00-5:00 hours) no statistical significant differences were 
found (Kruskal-Wallis tests, p = ns for all 6 hours). However with the exception of 11:00-
12:00 and 18:00-19:00 all other hours showed a significant difference between regions at the 
p < 0.05 level. When we adjusted for multiple comparisons using a Bonferroni correction, the 
overall pattern proved to be robust, and only at 13:00, 18:00, and 21:00 hours significance 
was lost. 
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B. 

 
 
 
 
 
 
 
 
 
 
 
 
 

C. 
 
 
 

 
 
 
 
 
 
Figure 3. Mean (+ SEM) number of chimpanzee sounds recorded across the day in (A) Gangu, (B) 
north of the Uele, excluding Gangu, and (C) south of the Uele.  
 
 
Human evidence 
 Major differences existed between the surveyed regions in the amount of human evidence 
encountered (Figures 5 & 6). In Figure 5a we show the encounter rate for all recorded human 
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evidence by survey region, ordered according to the level of chimpanzee sound production from 
Figure 1; Figure 5b includes only the hunting evidence found in the same regions. See appendices III 
and IV for more detailed information on human evidence encountered in the 12 different forest 
regions. Appendix IV focuses specifically on the hunting evidence.  
 With the exception of Bili South, all North Uele study regions had low encounter rates for 
human evidence. The lowest levels were found in the Gangu and Camp Louis Forests.  We therefore 
compared the evidence of encounter rates in these regions with that in the other northern and the 
southern forests, and found a significant difference (Kruskal-Wallis chi-squared = 209.0, df = 2, p < 
0.001)  Post-hoc testing showed that all three groups differed significantly from one another at p = 
0.001 (Gangu / Camp Louis vs other North Uele forests: critical value = 107.0, observed value is 
206.2; Gangu/Camp Louis vs South Uele Forests critical value = 90.2, observed value = 341.6; Other 
North Uele forests vs South Uele Forests critical value = 72.4, observed value = 135.4). Gangu•s 
actual human presence was in reality much lower than even that of Camp Louis; human evidence was 
found only at Gangu•s eastern edge, which inflated the total (see notes, Appendix III). The sites with 
the highest levels of human presence and hunting were all to the south of the Uele. Mbange West in 
particular had high levels of human disturbance. 

 
Figure 4. Comparisons of chimpanzee sounds by time of day between (A) Gangu and the other North 
Uele forests, and (B) Gangu and the South Uele forests. For visual clarity the three groups are 
presented in two pair-wise plots, but the asterisks in the figure indicate significant differences (p< 
0.05) in the nonparametric Kruskal-Wallis ANOVA over all three groups. 

* *
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* *
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 To investigate the structure of the human evidence data, we ran a Principal 
Component Analysis (PCA). The first axis of the PCA (Figure 7; Appendix V) explained 31 
% of the variation, and appears to be related to the amount of human hunting disturbance, 
ranging from non-hunting related indicators towards the right (lean-tos,  pets, fields, huts, 
etc.) to direct indicators of hunting (snares, bushmeat, hunting camps etc.) on to the left 
(Eigen value = 2.38). The second axis explained an additional 21% of the variation and 
represents other human activities, with high positive loadings for mere human presence as 
indicated by villages, fields, and huts and high negative loadings for forest-related activities 
such as bird-hunting and mining (Eigen value = 1.97). 
 On these two axes, the Gangu Forest lies far to the right, characterized by a minimum 
level of human disturbance and hunting (PC1), and very few other signs of human presence 
(PC2). In contrast, Mbange West, Mbange East, and Buta-Ngume (all South Uele forests) lie 
towards the left and are characterized by high levels of both hunting-related evidence (PC1) 
and other indicators of human presence and forest use (PC2). 

*

* *

*

*

*

*
* *

* * * * ** *
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Figure 5. Human evidence types across the different study regions.  
 
 
 To investigate the relationship between human evidence and chimpanzee sound-
production, we performed a Spearman rank correlation test between the first two PCA axes 
and chimpanzee sound production. The scatter-plot in Figure 8 compares the human evidence 
summarized by PC1 (•human hunting disturbanceŽ) found across the different forest regions 
surveyed and the number of chimpanzee sounds recorded per hour. Mbange West, the point 
shown in the top left of Figure 6, is a severe outlier, with high levels of human evidence and 
chimpanzee sounds, and was therefore not included in the final statistical analysis.   
 When the data-point for the outlier Mbange West was kept in the dataset, no 
significant correlation could be found (S = 174, p = 0.11, rho = 0.39). However, when 
Mbange West was excluded, human hunting-disturbance as summarized by PC1 did correlate 
significantly with sound (S = 64, p = 0.009, rho = 0.71). In contrast to the effect of PC1, the 
correlation with PC2 (human presence and forest use) was not significant, even with Mbange 
West excluded (S = 254, p = 0.68, rho = -0.16). This indicates that human hunting had a 
marked influence on rates of chimpanzee sound-production, but not more neutral human 
presence. 
 The structure of the Mbange West Forest was strikingly different from nearly all of 
the other forests we surveyed, except for small sections of the Akuma-Yoko Forest and Buta 
Forests. Throughout the Mbange West region, scattered patches of old-growth riverine forest 
were separated by enormous, thickly-tangled herb patches made up of Megaphrynium, 
Haumania and other towering herb species, with very few but tall trees (Figure 9). These 
herb patches extended for several kilometers, and were completely impenetrable. The only 
way we could travel through them was by following snare trails hacked out by local trappers.  
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Figure 6. Human evidence encountered across the 12 study regions, A. total evidence, and B. only 
hunting evidence. 
 

A 
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Figure 7. A Principal Component Analysis (PCA) of human evidence across the study regions. 
Comparison between human evidence encounter rates and chimpanzee sound rate 
 
 
Clearly, however, the chimpanzees were able to follow hidden routes through them: in the early 
mornings, we would hear the apes pant-hooting from nearby; when we would rush in their direction 
to attempt a contact, we would lose them when they entered the thick wall of vines and herbs. We 
would hear the apes pant-hooting from within the herb patch throughout the day, but were never able 
to find them. We found travel signs of the apes in this forest. Despite the extremely high incidence of 
hunting and snaring at Mbange West, humans were apparently limited to traveling through the herb 
forest on pre-cut snare trails.  

Although at Mbange West we heard the chimpanzees pant-hooting from within this 
dense forest-type and found feeding remains, we encountered no nest sites. This may be 
because we were obligated to follow human trapping trails through this nearly-impenetrable 
herb forest, trails that we can assume the chimpanzees would have avoided. In the Akuma 
Forest 70 km south-southwest, we found a similar kind of dense herb forest as the one that 
predominated at Mbange West, although at Akuma it made up a much smaller proportion of 
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the total forest. Later we found small patches of this forest-type in the Buta Forest to the east 
of Akuma. At Akuma and Buta we found abundant feeding remains of the chimpanzees in 
this forest-type, as well as nest sites and even a ground nest at Akuma (Figure 10).  

Across the Likati River from Mbange West, in the Mbange East Forest, the 
chimpanzees had extremely low rates of vocalizations. This correlated well with the high 
level of human disturbance; the main difference from Mbange West was the absence of the 
herb-dominant forest-type. 

 
Figure 8. Scatter-plot of human hunting disturbance (PCI) found across the different forest regions 
surveyed (summarized by the first PCA axis largely representing hunting evidence) and the number of 
chimpanzee sounds recorded per hour.  The least-square regression line was calculated excluding the 
outlier Mbange West, visible in the upper left corner of the plot.  
 
 
Discussion 
 
 Chimpanzees across our study area in the northern DRC reacted in a consistent 
manner to human disturbance. The more human signs we encountered in a region, the fewer 
long-distance chimpanzee vocalizations or tree drums we heard throughout the day. In 
heavily-hunted areas the chimpanzees limited their sound-production to the early mornings.  

At Gombe, Tanzania, Wrangham (1975) recorded the calls of chimpanzees habituated 
to humans between the hours of 5:00 and 20:00. The apes vocalized most often in the 
morning between 7:00 and 9:00 hours. There was then a gradual decline in their rate of calls 
across the day, but with no abrupt drop-off as was seen for the chimpanzees of our study 
except for those at Gangu. Wilson et al. (2007) documented a similar pattern to that seen in 
Gombe in the Kanyawara chimpanzees (the exception being when Kanyawara chimpanzees 
visited croplands, at which time rates of morning vocalizations declined to match the low  



 

86 

  
a.      b. 
Figure 9. a. Impenetrable herb forest at Mbange West (we were forced to travel on human-cut snare 
trails). b. Massive herb patch in the Akuma Forest. It would be very difficult to sneak up on 
chimpanzees in this kind of forest, as the massive Megaphrynium herbs are noisy to walk through. 
 
 

 
 

Figure 10. A ground nest in the impenetrable herb tangle of the Akuma Forest. 
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levels typical of the rest of the day). The call-rates at Gombe and (non-cropland) Kanyawara 
resembled those at Gangu, but lacked Gangu•s early-evening peak. It is the steep decline in 
sound-production immediately following the early morning hours shown by the non-Gangu 
North Uele as well as the South Uele chimpanzees in this study that requires an explanation. 
 The reduction of sound-production rates by chimpanzees in forests heavily-hunted by 
humans, as well as the tendency of the apes to limit their sound-production to the night and 
earliest morning hours, is likely a response to hunting pressure. Local hunters told us that 
their preferred hunting technique was to home in on chimpanzees at their night nests or 
feeding trees, from where they had heard the apes pant-hooting in the early morning. The 
hunters can stealthily surround a tree-full of feeding chimpanzees and silently knock them out 
of the trees one-by-one with poison arrows (Chapter 6). It is probable that in heavily-hunted 
areas, chimpanzees have learned to vacate their night nests early in the morning to avoid 
being ambushed by humans. Throughout the day, the chimpanzees manage to suppress their 
species-typical noisy social calls and tree drums to avoid giving human hunters cues to their 
presence. This would explain why we had almost no success in finding and contacting 
chimpanzees in the South Uele Forest, even when during night hours we heard their nearby 
pant-hoots and left camp in the early morning hours to find them. Unlike in the North Uele 
forests, we would nearly always find freshly-vacated nests but no sign of the chimpanzees 
themselves. In addition, we rarely heard South Uele apes vocalizing at fruit trees.  
 In our data set, the forests of Mbange West emerged as a clear outlier. As in many 
other forests in the South Uele region, signs of human mining were present there. We 
encountered several successful monkey-hunters in this forest and in the nearby village, and 
we found more snares than in any other forest surveyed. Strangely, however, the chimpanzees 
in this forest vocalized frequently, almost as frequently as at Gangu, and did not limit their 
vocalizations to the early morning. Just 10 km east across the road, at Mbange East, the 
evidence of hunting and snaring, although higher than at most other forest regions (an agile 
mangabey was shot out of a tree above our heads, and we encountered several large traps set 
for okapis), was lower than at Mbange West. As in other South Uele forests, but unlike at 
Mbange West, we almost never heard the chimpanzees, although we found their nests and 
feeding remains all around us. How can we explain this discrepancy? 
 A likely explanation is that the chimpanzees of Mbange West are uniquely-protected 
from humans by the dense herb •seas• in which they live, and  they feel confident enough in 
this forest-type to vocalize with the same frequency and pattern as do those at Gangu. For this 
reason, for our second series of analyses we excluded Mbange West, leading to a significant 
correlation between human signs and rates of chimpanzee vocalizations.  

A potential bias in our study relates to the fact that in some forest areas, particularly to 
the south of the Uele, we were more likely to travel on human hunting trails than in other 
regions such as Gangu. This may have lead to an inflated encounter rate with human signs, 
particularly hunting signs, in the southern forests. This bias in methodology was unavoidable, 
for the obvious reason that at Gangu, there were no hunting trails, nor almost any other 
human signs, and there were very few at Camp Louis. We did use some ex-hunting / fishing 
trails at Camp Louis, but we found minimal evidence of hunting on them. The very lack of 
usable hunting trails at Camp Louis and Gangu (we usually had to cut our own) provides 
strong evidence that the higher rates of human sign in the south was not an artifact. 
Nevertheless, because we were following hunting trails in some forests but not at Gangu and 
Camp Louis, some bias in our detection of human signs can be expected. 

Two additional potential complicating factors should be considered. In many of the 
regions we surveyed south of the Uele, the forests had been heavily-disturbed by humans and 
often partially converted to plantations. Perhaps there were simply fewer desirable food 
sources for the chimpanzees to pant-hoot about (as can be seen in Appendix VI, Chapter 4, 
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the small number of fruit species observed in the chimpanzees• diet south of the Uele raises 
this possibility). However, previous research with other chimpanzee populations points away 
from pant-hooting being tied directly to richness or quality of food resources; the behavior 
instead seems to be integral part of chimpanzee social life, serving an important function in 
the spacing of individuals within the group (Mitani & Nishida, 1993). Indeed, we had a 
difficult time locating and making contact with the South Uele chimpanzees even when 
feeding remains showed that they had been feeding at large fruiting trees. Another possibility 
that cannot be ruled out is that chimpanzees in areas with heavy human hunting pressure may 
live in lower population densities or travel singly to avoid human predation, giving them less 
opportunity to communicate with other apes. This is unlikely, however, as the average 
number of nests per site was nearly identical to the north and south of the Uele, whether or 
not ground nests were included (see Table III, Chapter 4). 

A difference in chimpanzee density between the North Uele and the South Uele 
forests is also unlikely to explain our findings. As Chapter 4 makes clear, the encounter rate 
of chimpanzee nests was similar on both sides of the river. In fact, based on the amount of 
forest cover (Figure 5, Chapter 4), we might predict higher densities of chimpanzees in the 
South Uele region, and thus we would expect to hear more vocalizations. We found 
numerous chimpanzee nests, fresh traces, and artifacts in all of the South Uele forests in 
which we camped. 

In areas such as the Buta and Yoko Forests, which were near cities and crisscrossed 
with fields and human paths, chimpanzees were still abundant although very quiet. These 
forests were empty of other large fauna, such as okapis, buffalos, and elephants, which were 
still present in the less-heavily-trafficked forests nearby (Chapter 1). Near cities, in the same 
forests in which chimpanzees were still common, we found no trace of these large mammals, 
and according to the locals they had been extirpated decades ago. Chimpanzees may be, in 
certain contexts, the only medium-to-large-sized mammal able to survive frequent contact 
with human hunters and agriculturists. Unfortunately, changes in the past 15 years make it 
unlikely that even they will long survive the new poaching onslaught (Chapter 6). We found 
chimpanzee nests within 13 km of Buta, the human commercial, population, and bushmeat 
center in the area (Chapter 4), as well as near other large population centers. However, local 
Buta agriculturalists, long-term residents of the area, claimed to us that the apes had lived 
much closer to Buta only 15 years ago, until that time to within 7 km of the city. They 
explained that since then the chimpanzees had been exterminated from or chased out of the 
newly-cut mosaic of fields and forest, mostly by waves of immigrants, who often hunted the 
apes with packs of dogs. The likelihood is that this expanding radius of chimpanzee-free 
forests will increase steadily in size, at least around roads, towns, and mines. 
 Vocalizations are an important part of chimpanzee social life. Clark and Wrangham 
(1994) proposed that •arrival• pant-hoots serve to signify the status of adult chimpanzees. 
Marler and Hobbett (1975) found that they could discriminate between the calls made by 
different individual chimpanzees based on variations in frequency and temporal structure; 
undoubtedly, chimpanzees can do the same. Chimpanzees may also use pant-hoots to regulate 
spacing between group members and to express differences in rank (Mitani & Nishida, 1993), 
and also to differentiate between the members of different communities (Mitani et al., 1992). 
Boesch (1991) proposed that in a community of Taï Forest chimpanzees, tree drums 
conveyed symbolic information aiding in the coordination of travel between different parties. 
If the chimpanzees in the northern DRC are being forced by human disturbance to reduce 
their rate of vocalizations and tree drums, it would follow that this could have a disrupting 
effect on their social system. This could lead to the impoverishment of their traditions (van 
Schaik, 2002), as we will discuss in Chapter 5. 
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 Chimpanzees show human-like flexibility in a number of basic behaviors, and thus it 
is not surprising that they are capable of adapting their vocalizations and other behaviors to 
incursions by H. sapiens into their habitats. In this chapter, we have presented evidence that 
chimpanzees inhabiting areas heavily-hunted by humans have reacted by significantly 
reducing their rate of vocalizations and tree-drums, and also limiting these to the early 
morning hours. This is a fine example of behavioral adaption in our evolutionary cousins, but 
it is uncertain whether or not it will be sufficient to counter the new wave of bushmeat 
hunting by immigrants that are now invading the area (Chapter 6). 
 
Acknowledgments 

Thanks to Joost Duivenvoorden for his advice on the statistics. Thanks as well to Jan 
van Arkel for his help constructing the figures. Carel van Schaik and Ammie Kalan 
contributed a number of important suggestions that improved the manuscript. 
 
References 
 
Boesch C. 1991. Symbolic communication in wild chimpanzees? Human Evolution 6: 81-90. 
Boesch C. & Boesch-Achermann H. 2000. The Chimpanzees of the Tai Forest: Behavioral Ecology and 

Evolution. Oxford: Oxford University Press. 316 pp. 
Butynski T. M. 2001. Africa•s Great Apes. In Great Apes and Humans: The Ethics of Coexistence, Eds. Beck B. 

B., Stoinski T. S, Hutchins M, Maple T. L, Norton B, Rowan A, Stevens E, & Arluke A. Smithsonian 
Institution Press: Washington, DC. Pp. 3-56. 

Campbell G, Kuehl H, Kouamé P, & Boesch C. 2008. Alarming decline of West African Chimpanzees in Côte 
d•Ivoire. Current Biology 18: R903-R904. 

Goodall J. 1986.  The chimpanzees of Gombe: Patterns of behavior. Cambridge: Belknap Press of Harvard 
University Press. 673 pp. 

Johns B.G. 1996. Responses of chimpanzees to habituation and tourism in the Kibale Forest, Uganda. Biological 
Conservation 78: 257-262. 

Kavanaugh M. (1980). Invasion of the forest by an African savanna monkey: Behavioural adaptations. 
Behaviour 73: 238-260. 

Koops K, Humle T, Sterck E, & Matsuzawa T. 2007. Ground nesting by chimpanzees of the Nimba Mountains, 
Guinea: Environmentally or socially determined? American Journal of Primatology 69: 407-419. 

Marler P. & Hobbett L. 1975. Individuality in a long-range vocalization of wild chimpanzees. Zeitschrift für 
Tierpsychologie 38: 97-109. 

Mitani J, Hasegawa T, Gros-Louis J, Marler P, & Byrne R. 1992. Dialects in wild chimpanzees? American 
Journal of Primatology 27: 233-243. 

Mitani J. & Nishida T. 1993. Contexts and social correlates of long-distance calling by male chimpanzees. 
Animal Behaviour 45: 735-746. 

Morgan D. & Sanz C. 2003. Naïve encounters with chimpanzees in the Goualougo Triangle, Republic of Congo. 
International Journal of Primatology 24: 369-381. 

Nishida, T. 1968. The social group of wild chimpanzees in the Mahale Mountains. Primates 9: 167-224. 
Peterson D. 2003. Eating Apes.  Berkeley & Los Angeles: The University of California Press. 333 pp. 
Tutin C. E. G. & Fernandez M. 1991. Responses of wild chimpanzees and gorillas to the arrival of 

primatologists: Behaviour observed during habituation. In Primate Responses to Environmental Change, 
Ed. Box H. O. Chapman and Hall. Pp. 187…197.  

Van Roosmalen M. 2008. Blootsvoets door de Amazone: De evolutie op het spoor. Amsterdam: Uigeverij Bert 
Bakker. p. 384. 

Van Schaik C. 2002. Fragility of traditions: the disturbance hypothesis for the loss of local traditions in 
orangutans. International Journal of Primatology 23: 527-538. 

Walsh P, Abernathy K, Bermejo M et al. 2003. Catastrophic ape decline in western equatorial Africa. Nature 
422: 611-614. 

Whiten A, Goodall J, McGrew W, Nishida T, Reynolds V, Sugiyama Y, Tutin C. E. G, Wrangham R, Boesch C. 
2001. Charting cultural variation in chimpanzees. Behaviour 138: 1481…1516. 

Wilson M., Hauser M, & Wrangham R. 2007. Chimpanzees (Pan trogolodytes) modify grouping and vocal 
behaviour in response to location-specific risk. Behaviour 144: 1621-1653. 

Wrangham R.W. 1975. The behavioural ecology of chimpanzees in Gombe National Park, Tanzania. PhD 
thesis, Cambridge University, Cambridge. Pp. 5.45-5.46. 



 

90 

Appendices 
 
Appendix I. Comparison of frequencies of chimpanzee auditory traits (pant-hoots, tree drum, and 
other sounds) across the 12 forest regions. The first four forest regions were north of the Uele River, 
and the following eight were south. 
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Camp Louis 6201 827 0.13 569 0.09 50 0.01 1446 0.23 
Gangu 1754 394 0.23 362 0.21 111 0.06 867 0.49 
Bili-Bili S  299 28 0.09 3 0.01 2 0.01 33 0.11 
Zapay  120 30 0.25 7 0.06 3 0.03 40 0.33 
Bongenge - Malembobi 314 10 0.03 7 0.02 0 0 17 0.05 
Leguga 271 29 0.11 15 0.06 5 0.02 49 0.18 
Lebo - Mongongolo 264 18 0.07 15 0.06 0 0 33 0.13 
Zongia - Lingo 362 8 0.02 7 0.02 0 0 15 0.04 
Mbange E 384 20 0.05 10 0.03 0 0 30 0.08 
Mbange W 227 69 0.30 34 0.15 0 0 103 0.45 
Buta - Ngume 228 3 0.01 2 0.01 0 0 5 0.02 
Akuma - Yoko 177 4 0.02 0 0 0 0 4 0.02 
All forests north of Uele River 8374 1279 0.15 941 0.11 166 0.02 2386 0.29 
All forests south of Uele River 1956 161 0.08 90 0.05 5 0.01 256 0.13 
All forests 10330 1440 0.14 1031 0.10 171 0.02 2642 0.26 

 
 
Appendix II.  Results of Kruskal-Wallis nonparametric ANOVAs for chimpanzee sounds per hour 
made during individual hours across the three main study regions (Figure 3). Significant differences at 
the p = 0.05 (uncorrected) and p = 0.002 (after Bonferroni correction) level are indicated by bold 
print. A loss of significance from the uncorrected Kruskal-Wallis test is indicated by bold, red print. 
Hour p � 2 
0 0.1518 3.7699 
1 0.2109 3.1131 
2 0.4055 1.8055 
3 0.3165 2.3008 
4 0.4585 1.5596 
5 0.0001 18.2948 
6 0.0000 24.2343 
7 0.0016 12.9369 
8 0.0002 16.8859 
9 0.0000 37.3630 
10 0.0001 18.9643 
11 0.2400 2.8535 
12 0.0018 12.7012 
13 0.0056 10.3657 
14 0.0001 18.0797 
15 0.0000 23.7517 
16 0.0000 20.6432 
17 0.0116 8.9159 
18 0.0709 5.2923 
19 0.0000 27.5696 
20 0.0006 14.8469 
21 0.0044 10.8495 
22 0.0004 15.8436 
23 0.4000 1.8215 
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Appendix III.  Human evidence (hunting and mining signs, in addition to evidence of human use of 
forests such as fishing and clearing for fields, and neutral signs of presence) found per km walked in 
the forest, across the 12 study regions. 
Forest region Km 

walked 
No. 

hunting 
signs 

Avg. 
no. 

hunting 
signs / 

km 

No. 
mining 
signs 

Avg. no. 
mining 

signs / km 

No. signs 
of human 
forest-use 

Avg. no. 
signs of 

human forest 
use / km 

Camp Louis 1230.6 9 0.01 6¹ 0.01 6 0.01 
Gangu 327.4 3 0.01 11¹ 0.03 2 0.01 
Bili-Bili S  88 29 0.33 0 0 2 0.02 
Zapay  50 9 0.18 0 0 2 0.04 
Bongenge - Malembobi 65 13 0.20 0 0 6 0.09 
Leguga 49 4 0.08 1 0.02 1 0.02 
Lebo - Mongongolo 31 6 0.19 0 0 1 0.03 
Zongia - Lingo 74 39 0.53 6 0.08 5 0.07 
Mbange E 81 38 0.47 92 1.14 8 0.10 
Mbange W 46 106 2.33 33 0.73 7 0.15 
Buta - Ngume 65 46 0.71 8 0.12 5 0.08 
Akuma - Yoko 26 15 0.59 0 0 1 0.04 
All N Forests 1696 50 0.03 17 0.01 12 0.01 
All S Forests 437 267 0.61 140 0.52 34 0.08 
All Forests 2133 317 0.15 157 0.07 46 0.02 

 
Forest region No. signs 

of 
presence 

Avg. no.signs 
ofpresence / 

km 

Total 
no. 

signs 

Avg . no. 
signs / km 

Camp Louis 63 0.05 84 0.07 
Gangu 6 0.02 22² 0.07 
Bili-Bili S  102 1.16 133 1.51 
Zapay  17 0.34 28 0.56 
Bongenge - Malembobi 118 1.82 137 2.11 
Leguga 12 0.25 18 0.37 
Lebo - Mongongolo 27 0.87 34 1.10 
Zongia - Lingo 17 0.23 67 1.72 
Mbange E 28 0.35 166 2.05 
Mbange W 32 0.70 178 1.68 
Buta - Ngume 111 1.71 170 2.62 
Akuma - Yoko 24 0.94 40 1.54 
All N Forests 188 0.11 267 0.16 
All S Forests 369 0.84 810 1.85 
All Forests 557 0.26 1077 0.51 

¹ Three of the mines in the Gangu Forest and all of the mines in the Camp Louis Forest were decades 
old.  
² At Gangu, 15 of the 22 items of human evidence (68%), including all of the mines, were found 
within 5 km of the east edge of the Gangu Forest,  between the west bank of the Bo River and the 
savanna. No human evidence was found further than 10 km west of the Gangu Forest•s east boundary; 
thus the Gangu Forest proper can be considered virtually untouched by humans. 
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Appendix IV.  Hunting evidence found per km walked in the forest, across study regions. 
Forest region 
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Camp Louis 1230.6 0 0 1 0.001 6 0.01 2 0.001 9 0.01 
Gangu 327.4 0 0 0 0 2 0.01 1 0.003 3 0.01 
Bili-Bili S  88 9 0.10 7 0.08 4 0.05 9 0.10 29 0.33 
Zapay  50 1 0.02 5 0.10 3 0.06 0 0 9 0.18 
Bongenge-Malembobi 65 0 0 2 0.03 3 0.05 8 0.12 13 0.20 
Leguga 49 0 0 2 0.04 1 0.02 1 0.02 4 0.08 
Lebo - Mongongolo 31 0 0 2 0.07 2 0.07 2 0.07 6 0.19 
Zongia - Lingo 74 24 0.32 4 0.05 7 0.09 4 0.05 39 0.53 
Mbange E 81 9 0.11 14 0.17 7 0.09 8 0.10 38 0.47 
Mbange W 46 8 0.18 70 1.54 10 0.22 18 0.40 106 2.30 
Buta - Ngume 65 3 0.05 32 0.49 5 0.08 6 0.09 46 0.71 
Akuma - Yoko 26 1 0.04 11 0.43 3 0.05 0 0 15 0.58 
All N Forests 1696 10 0.01 13 0.01 15 0.01 0 0 38 0.02 
All S Forests 437 45 0.10 150 0.34 38 0.09 47 0.11 280 0.64 
All Forests 2133 55 0.03 163 0.08 53 0.03 47 0.02 318 0.15 

 
 
Appendix V. Factor-loadings from the PCA analysis of the 18 human evidence items across the 
different study regions. For PC1, the lower the item•s number in the series, the more likely it 
correlates with low frequencies of chimpanzee sounds. Loadings near 0 indicate that the evidence-
type does not contribute to that particular axis, negatively or positively.  
Evidence type Factor loading 

PC1 
 Evidence type Factor loading 

PC2 
Lean-to 0.11627902  Village 0.43254065 
Pet -0.02165588  Hut 0.4226454 
Artifact -0.05646834  Field 0.41044499 
Village -0.13688522  Contact 0.40611163 
Hut -0.1380519  Sign 0.24158883 
Field -0.14625452  Lean-to 0.13642942 
Cartridge -0.15489359  Pet 0.07737847 
Contact -0.17441905  Artifact 0.0765755 
Mining -0.17635752  Hunting sign 0.00053498 
Sign -0.22206161  Camp -0.0162684 
Fishing sign -0.25323691  Bushmeat -0.0202007 
Bird hunting -0.26564099  Battery -0.0422102 
Hunting sign -0.28795454  Fishing sign -0.07152 
Battery -0.31983792  Cartridge -0.1345631 
Camp -0.32182162  Snare -0.1516323 
Hunting camp -0.33834701  Hunting camp -0.1870454 
Bushmeat -0.3540457  Bird hunting -0.238409 
Snare -0.35426473  Mining -0.2675146 
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Preamble 
 
 Before investigating the proposed cultural traditions of the chimpanzees of the 
northern Democratic Republic of the Congo (The DRC), in this chapter we give a general 
overview of the distribution of these apes across the landscape, and what is currently known 
about their morphology and behavior. The chapter will be divided into four sections: 
Morphology and Genetics; Distribution and Density; Tree-Nesting Behavior; and Feeding 
Habits. 
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 As detailed in Chapter 1, the Bili apes were revealed unequivocally by genetic tests to 
be Eastern chimpanzees, Pan troglodytes schweinfurthii (Young, 2004; Institute for 
Biodiversity and Ecosystem Dynamics, University of Amsterdam, Hans Breeuwer, 
unpublished data). Their genotype is nested near the branch point from which several clades 
of P. t. schweinfurthii radiate (Gagneux, 2001). We can now rule out that a relict population 
of gorillas exists in the Bili-Uele area, at least in the area in which we surveyed. However, the 
possibility cannot be excluded that the Bili apes might be morphologically distinct from other 
populations. Groves (2005) argues for this possibility based on his measurements of 28 skulls 
of both sexes. At least one Bili skull has been found with a sagittal crest (Chapter 1). Figure 1 
shows a screen-shot of a male Bili ape in the Gangu Forest possibly bearing a sagittal crest. 
 Groves• argument centers on morphological differences in skull proportions, which he 
considers to be pronounced enough to warrant reclassifying the North Central Congolese 
chimpanzees as a different subspecies from East African chimpanzees (Groves, 2005). 
Specifically, Groves reports that chimpanzee skulls from the Oubangi, Uele, and Ituri districts 
in DRC (he refers to this as the northwest population) have larger skulls, longer faces, and 
broader braincases and zygomata than the southeast population (chimpanzee skulls from 
Maniema, Uganda, and Marungu); the latter have smaller skulls which are relatively wide 
across the orbits and muzzle, with a long palate. Groves argues that these two populations are 
as phenotypically different from one another as either population is from P. t. troglodytes. He 
thus recommends renaming the eastern population in Uganda, Rwanda, and Tanzania P. t. 
marungensis. P. Gagneux (pers. comm., 13April 2010), however, claims that from analysis of 
the mitochondrial DNA, there is no genetic basis for separating them out as a new subspecies. 
He questions as well whether the schweinfurthii / marungensis clade should not be subsumed 
into a more variable Central/Eastern sub-clade (i.e., a very recently-evolved subset of P. t. 
troglodytes) (Gagneux 1999), which would render the schweinfurthii / marungensis debate 
moot. Groves (2005) maintains that the morphological differences between the northwest and 
southeast populations are real, and that these must be indicators of substantial differences in 
nuclear DNA. If his taxonomy is correct, then the Bili population would be the first of P. t. 
schweinfurthii to be studied, as East African chimpanzees would be reclassified as P. t. 
marungensis. 
 Regarding some exaggerated claims that have put forward by the press (i.e. Young, 
2004; Walton, 2003), morphologically the Bili apes are clearly chimpanzees and not gorillas 
or gorilla-chimpanzee hybrids. The young, like other chimpanzees but unlike gorillas or 
bonobos, have large ears and white faces. The size of Bili adult males is nowhere near as large 
as gorilla males, and females, unlike gorillas, have sexual swellings. Behaviorally, they are 
also clearly chimpanzees: tree-drumming, tool-use, no chest-beating or charges by adult 
males, etc. These apes do not howl at the moon, as has been repeatedly claimed. However, it 
cannot yet be ruled out that these chimpanzees may be larger than normal, in particular the 
males, as Grove•s (2005) skull measurements seem to indicate. We have found dung samples 
up to 17 cm in circumference, along with a 30 cm footprint, although the other footprints we 
measured were smaller. 
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Section 2 
 

Distribution and density: 
How many chimpanzees exist in the Bili-Uele region? 

 
Introduction 
 
 With chimpanzee populations in decline across Africa (Walsh et al., 2003; Campbell 
et al., 2008; Chapter 6), it is crucial that we develop the means to accurately map the species• 
distribution and make precise estimates of abundance, in order to monitor their numbers and 
decide where to best allocate scant conservation resources. However, such efforts are often 
rife with error: according to Oates (2006), first estimates of chimpanzee population sizes tend 
to underestimate numbers, leading to overly-pessimistic prognoses. He concludes that 
chimpanzees, while certainly endangered, are considerably less so than gorillas and 
orangutans, and in some areas have a real chance of surviving in sizable numbers if the proper 
conservation measures are taken. Unfortunately, accurate data on population numbers are 
absent from the majority of chimpanzee populations (Oates, 2006). Nowhere is this more the 
case than in The Democratic Republic of the Congo (DRC) (Varty, 2005: page 333), where 
large stretches of potential chimpanzee habitat have never been surveyed. As this country is 
probably home to nearly half of the world•s remaining chimpanzees (Butynski 2001), 
achieving a better understanding of the distribution and density of the apes in this region 
should be a top priority.  

The perils of mapping chimpanzee distribution using insufficient information can be 
seen in maps created by Butynski (2001, 2003) and Varty (2005: p. 334). According to these 
maps, a puzzling gap exists in northern DRC between the Uele River and the Mbomu River 
bordering the Central African Republic (CAR), signifying a supposed lack of chimpanzees, 
with the exception of a small spot in the middle (apparently representing Bili). Considering 
that chimpanzees are claimed by the same authors to be present across a large expanse of 
eastern CAR to the north, in some areas without confirmed sightings, this gap is an unlikely 
one. In order to fill this gap, we undertook extensive surveys in northern DRC with the 
objectives of 1) determining the distribution of chimpanzees in this area, and 2) estimating 
their population size and density.  

 
Methodology 
 
 Surveys were divided into line transects (160 km walked in three parallel lines of 
approximately 55 km each in the Bili-Gangu region) and 2459 km of forest walks (informal 
surveys carried out in the process of searching for chimpanzees) (In Chapter 1, Table I, we 
present more details of individual survey regions). The basic methodology of the forest walks 
is described in Chapter 1 under the section •Survey methodology•. Transect methodology is 
described below. 
�
Transects 
 Between March and July 2005, during the end of the dry season and the first part of 
the rainy season, Thurston Hicks (TH) conducted an extensive line transect survey of the 
forests and savannas to the northwest of Bili, with the primary goal of achieving an estimate 
of chimpanzee (P. t. schweinfurthii) densities across the region. Line transects are commonly 
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used to determine the density of animals, by counting either individual animals or their 
indirect traces, such as dung, tracks, and, in the case of great apes, night nests (Plumptre & 
Cox, 2005). 

When using nests found on line transects to estimate the population size of great apes, 
the researcher estimates the total number of nests in an area from the number of nests 
observed from the transect (Brugière et al., 2001). A key assumption is that all nests directly 
on the transect line are detected and that the probability of detecting a nest decreases with the 
distance from the line. By measuring the perpendicular distances to nests or to the center of 
nest groups from a line transect, it is possible to derive an effective strip width, which extends 
to the point at which as many nests are missed by the observer as are detected. Density is then 
calculated by dividing the number of nests or nest groups recorded by the effective strip width 
by the transect length (Whitesides et al., 1988). Detection probabilities can vary with forest-
type, observer, season, and the species under study. Observations of nests or nest sites can be 
used in the place of observations of the nest-makers themselves as long as accurate measures 
of nest decay rate and nest production rate can be obtained (Tutin & Fernandez, 1984). 

We selected transects as randomly as possible given our logistical situation. TH 
selected a random starting point for the first transect 1.5 km north of Camp Louis; the other 
two transects were cut four and eight km to the south of this, respectively (Figure 2). A total 
of 160 km of line transects were cut over the study area by team leader Makassi and the eight 
cutters under his charge. Makassi used a compass and a GPS and was instructed to follow a 
straight line going east or west, and not to deviate around dense vegetation. In order to 
discourage elephant poachers from following our transects into the Gangu Forest, sections in 
the savanna and savanna woodland were marked with stakes which were later removed; also, 
some stretches in the forest were only lightly-cut and marked with flagging tape, also later 
removed. Transects were cut and walked from east to west between Camp Louis and Gangu, 
but west to east from Camp Louis towards the road. The eastern border of the three transects 
was the road connecting Bili to Adama through Baday. The western border of the transects 
was located approximately 55 km to the west, in deep forest. The transects cut through 
cultivated fields, savanna, savanna woodland mosaic, and swamp and primary forest. East of 
Camp Louis, much of the forest was disturbed, and we encountered a number of currently-
occupied or abandoned fields. To the west of the savanna belt, the Gangu Forest showed 
almost no signs of human presence. A separate survey team consisting of TH and four 
experienced Azande observers followed the recently-cut transects looking for chimpanzee 
nests, and also for direct or indirect signs of chimpanzees. Traces of other large mammal 
species including humans were also recorded. The survey team usually followed several days 
to a week behind the cutting team. In most cases the survey team was able to follow the 
cutting team within 1 or 2 weeks of cutting, although for an approximately 5 km stretch of the 
northernmost transect in the Gangu forest, we were unable to follow it until over a month after 
it was cut. When chimpanzee nests were spotted from the transect, the following details were 
recorded: age of nest, tree species of nest tree, perpendicular distance of the nest from the 
transect line (measured with a Topofil device), and whether it was a ground or a tree nest. 
After spotting all nests visible from the transect (and marching ahead 20 m from the last nest), 
the team controlled approximately 20 m on each side of the transect to look for nests not seen 
from the transect, for which the same data was gathered. 
 Due to the remoteness of some of the forests surveyed, all team members except for 
the first spotter started off carrying backpacks full of food and supplies, which became lighter 
the further into the forest we progressed (we brought along two porters who did not spot for 
nests to carry the heaviest loads). It cannot be ruled out that the larger loads might have made 
spotting more difficult, but it is likely that this was balanced out by the increasing degree of 
fatigue felt by the team members by the time the loads had lightened. 
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Figure 2. Map showing the routes of the three transects in relation to roads and human settlements, 
along with nest sites. Dark green = forests, purple = savannas, light green = human-disturbed regions 
(including plantations, roads, villages and towns). The •road• leading from Pangali to the Gangu Forest 
has become an overgrown footpath. During the colonial period it led to the now-extinct forest village 
of Gitambo. The vertical white slashed bar represents the eastern edge of the Gangu Forest where it 
meets the savanna. The Landsat ETM+ image files date from 2000 and were downloaded from GLCF 
(Global Land Cover Facility, http://glcf.umiacs.umd.edu). Data for rivers, roads, borders, and other 
geographical features were acquired from Le Référential Géographique Commun (2009) at 
http://www.rgc.cd. 
 
 
DISTANCE 
 We used the DISTANCE program Version 6.0 (Thomas et al., 2009), which was 
designed specifically for the estimation of population densities using line transects. 
DISTANCE calculates the effective strip width of a transect by fitting a detection function to 
the measured perpendicular distances (Buckland et al., 1993). Out of the several available 
functions, a half-normal curve with cosine series expansions was selected, and the Akaike 
Information Criterion was used to select the model that best fit the data (Buckland et al., 
1993). 

In this study, we used for the analysis only nests spotted from the transect line, and not 
those found when searching for nests off the transect. We did not include ground nests in the 
analysis, due to the obvious bias against spotting them at any distance from the transect. We 
estimated density from individual nests as opposed to nest groups. Because ape nests tend to 
be clustered into groups, using individual nests to calculate density violates the statistical 
assumption that detections on a line are independent (Buckland et al., 1993). However, the 
methods are robust to this violation (L. Thomas, pers. com., 2 March, 2010).  



 

99 

 Because one of the primary goals of the transect survey was to explore an unknown 
forest, we limited the number of transects to the three lines that gave us access to the forest. 
This small number of transects, however, leads to the problem of a sample-size bias, which 
might cause an unmanageable increase in the variance (Buckland et al., 1993). In order to 
combat this, we split our three transects into 160 segments of 1 km each, with 94 segments 
across the Camp Louis Forest / Savannas and 66 segments in the Gangu Forest. All map work 
was conducted using the Arc GIS 9.3 program (ArcGIS 9.3 2008). 

In order to calculate the total survey area, considering both transects and forest walks, 
we connected each of the outer-edge survey points with straight lines on our Arc-GIS map 
and determined the area in km² within the resulting polygon. We did this in several steps. 
First, we used only the outer points of our major surveys, separating the areas covered on each 
side of the Uele River, to create the most conservative and precise map of our •area of 
knowledge•. For the next step, we included Monga, a North Uele forest that was surveyed 
briefly for chimpanzees by our field assistants. The line connecting Monga to the Bili forests 
nearly encompassed Nabolongo Island, which has been surveyed by David Greer. Including 
Monga greatly extends the survey area to the north of the Uele River. Finally we measured the 
area of the polygon created using the outer survey points of the entire region, considering both 
sides of the Uele River together inside the over-arching region. 
 
Extrapolation from transect densities to overall densities 

Although we attempted to conduct a nest-decay rate study, due to the small sample 
size and irregular visits (see Appendix I for the raw data), we did not use these decay rates in 
the estimation of chimpanzee numbers in our study area. Instead, we used a different method 
to convert density of nest sites to density of weaned individuals (see the following paragraph). 
A look at the raw data does however suggest that ground nests decay faster than tree nests in 
the Bili Forest. 
 For the Camp Louis-Gangu area, we calculated chimpanzee nest encounter rates from 
our 160 km of line transects. In the same area, we also conducted 1475 km of forest walks. 
Because we also conducted forest walks in other forests where we did not conduct line 
transects, both to the north and south of the Uele, we can use the results of the transects as a 
baseline to extrapolate from the Camp Louis-Gangu forest walk encounter rates to other 
forests. The end goal is to come up with an overall estimate for chimpanzee numbers across 
the survey region. This can only be considered a very rough, •ballpark• estimate which will 
need to be confirmed with future line transect surveys. 
 To make our extrapolation, we simply assumed the same densities of chimpanzees in 
non-transected forests as we had calculated with DISTANCE for the transected forests of 
Camp Louis and Gangu. Because the encounter rates on forest walks in the non-transected 
forests were much higher than those found on forest walks in the Gangu and Camp Louis 
Forests, if anything we are likely underestimating the number of nests in these other forests; 
thus we are being conservative. In order to convert nest encounter rates to density of weaned 
chimpanzees, we followed the recommendation of Plumptre et al. (2010): the relationship 
between encounter rates of nests and known chimpanzee densities in Uganda (chimpanzee 
density = 0.471 X encounter rate of nests) can be used to correct encounter rates in DRC. 

The four major problems with this approach are: 1. We are using Plumptre & Cox•s 
(2005) Ugandan conversion factor from nest encounter rates to chimpanzee numbers, and this 
is likely inaccurate due to probable differences in nest production and decay rates between the 
two regions; 2. By excluding ground nests from the density calculations we are probably 
underestimating the size of the chimpanzee population; 3. It is not clear if the likelihood of 
spotting chimpanzee nests during forest walks (in particular when looking for chimpanzees) is 
comparable to spotting them on transects; and 4. The forest-type to the south of the Uele 



 

100 

differs from that to the north (there is more continuous forest, and no savanna), thus making a 
comparison between forest walk encounter rates questionable. Nevertheless, for the purposes 
of this chapter we will attempt to come up with a rough estimate of the number of 
chimpanzees in the Bili-Uele region. 
 
Results 
 

In total, we walked 2,299 km of forest walks looking for chimpanzee nests on both 
sides of the Uele, and another 160 km of transects in the Bili-Gangu area north of the Uele. 
To the north of the Uele we walked 1,793 km of forest walks and 160 km of transects. We 
walked 506 km of forest walks south of the Uele, and no transects were walked there (the 
total for North Uele forest walks given here is slightly different from the total presented in 
Table I, Chapter 1 because some of the surveys conducted by field assistants, such as the one 
at Monga, were not included here). 

The polygons in Figure 3 show the approximate size of the surveyed area. We 
connected the outermost points of our survey to give us a rough measure of the area we had 
covered. Figure 4 shows the polygon created by linking up the outermost points of our line 
transects in the Bili / Gangu Forests. 
 The area inside the polygon representing the core area of our North Uele surveys 
encompassed Bili, Zapay, and Gbangadi, and covered 10,767 km². It is represented in Figure 
3 as the easternmost division of the North Uele polygon. By including Monga, which was 
surveyed for chimpanzees briefly by field assistants Seba Koya and Olivier Esokeli, we 
increase the size of our North Uele survey area to 23,885 km². To the south of the Uele, the 
polygon created by linking our outermost survey points encompasses an area of 21,425 km². 
The entire area taken together, connecting all outer points and combining the North and South 
Uele, encompasses 55,163 km² (this latter figure takes the entire region as a unified whole and 
includes areas that were not included inside the polygons of Figure 3). This can be divided 
into continuous areas on the north side of the Uele (30,487 km²) and on the south side (24,675 
km²). We consider this to be the outer limits of our survey area. 
 A map of all of our surveys is presented in Figure 5, including forest walks and 
transects, with the nest sites that we found on them. Figure 6 focuses on the three line 
transects, and includes representations of aggregations of the individual nests that we found 
on them. As is clear from Figure 5, we found chimpanzees everywhere we searched for them. 
It was rarely necessary to explore further than one kilometer from the road to encounter 
abundant chimpanzee nests, except near big cities. In the Lebo area we found a nest 11 m 
from the heavily-traveled main road. Chimpanzee nests were found within 4 km of Bili, and 
within 13 km of major cities such as Bambesa and Buta. Tables I and II show the number of 
nests found per region and per km walked on transects and on forest walks.  
 
Habitat type 
 The North Uele region that we surveyed was composed of a mix of savanna, savanna 
woodland, gallery forest, disturbed and regenerating forest, and primary forest (Figure 5). The 
South Uele region, on the other hand, had almost no savannas or savanna woodlands, and was 
composed mostly of disturbed and regenerating forest as well as primary moist tropical forest. 
Of our 99 km of transects in the Camp Louis region, approximately 30 km (30%) passed 
through savanna and savanna woodland-dominant habitat. Only about 1 km of savanna / 
savanna woodland was walked in the Gangu Forest, out of 61 km walked (2%).  
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Figure 3. Map showing the polygon created by connecting the outer points of the surveys on the Arc-
GIS map, representing the area covered by the surveys. The North Uele polygon is further divided into 
the area in which the majority of surveys were concentrated (to the east, encompassing Bili and 
Zapay), and a larger area encompassing our brief survey at Monga. Data for rivers, roads, borders, and 
other geographical features were acquired from Le Référential Géographique Commun (2009) at 
http://www.rgc.cd. 
 
 
DISTANCE analysis  
 Table I shows the encounter rate for chimpanzee nests found on the transects in the 
Bili and Gangu Forests. The estimated density of weaned individuals was 2.45 times higher in 
the Gangu Forest than in the Camp Louis Forest. We estimated the number of weaned 
chimpanzee individuals across our total survey area by multiplying the area in km² of the 
target area by the known density (1.15 individuals per km²) of chimpanzees in the transected 
areas, assuming that the densities were equal everywhere. We feel that we are justified in 
making this assumption because, as can be seen in Table II, the nest encounter rates on forest 
walks south of the Uele were several times higher than those at Gangu or Camp Louis, where 
we conducted our transects. Although we cannot be sure that encounter rates are indeed that 
much higher to the south, we can be fairly sure that they are at least as high. Indeed, we are 
most likely seriously underestimating the number of chimpanzees in the forests to the south of 
the Uele River. 
 If we consider only the 32,192 km² region encompassing our survey points, we 
calculate that as many as 37,020 chimpanzees inhabiting these forests (Table II), based on a 
density of 1.15 chimpanzees / km². This is nearly double the estimate made by Plumptre et al. 
(2010) for the same area using our data (21,000 chimpanzees), based on the assumption of 
0.60 / km² density of chimpanzees across the entire area.  
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Figure 4. Map of the transected areas divided into two regions, the Camp Louis Forest / Savanna and 
the Gangu Forest. The dividing line is represented as a vertical bar, and follows roughly the eastern 
edge of the Gangu Forest where it meets the savanna. The Landsat ETM+ image files date from 2000 
and were downloaded from GLCF (Global Land Cover Facility, http://glcf.umiacs.umd.edu). Data for 
rivers, roads, borders, and other geographical features were acquired from Le Référential 
Géographique Commun (2009) at http://www.rgc.cd. 
 
 
 Our estimate increases to 63,436 if we assume the same densities of chimpanzees 
across our 55,162 km² •area of knowledge•. This number represents more chimpanzees than 
probably exist in all of West Africa (Butynski, 2003). Considering that we have omitted 
ground nests from the calculations, which make up a considerable proportion of total nest 
numbers (Chapter 5), it is likely that we are underestimating chimpanzee densities by as much 
as 10%. In addition, as mentioned above, encounter rates were actually much higher in the 
southern forests, so by any measure our estimate is an extremely conservative one. 
 Chimpanzees might be expected to live in higher densities to the south of the Uele 
River than to the north, due to the lack of savannas and continuous moist tropical forest in the 
south. Therefore, as we said above, it is probable that by basing our extrapolation on the 
transects conducted to the north of the Uele, we are underestimating the size of the South Uele 
chimpanzee population. However, there is also a much higher human population density to the 
south, a larger number of towns and cities, and a very active bushmeat trade (Chapter 1; 
Chapter 6). The factors may thus balance each other out. More detailed estimations of northern 
DRC chimpanzee population numbers, and a more precise division of our transects and forest 
walks into separate habitat types (i.e., savanna, savanna woodland, and forest) will be 
accomplished in a future paper. 
 Chimpanzee densities may vary across our study region due to factors such as 
percentage of savanna vs. forest, and amount of human disturbance, but they seem to be 
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considerably higher than the average chimpanzee densities reported in other areas of the 
northern DRC [Hall et al. (1998) estimated that there were 0.4 weaned chimpanzee 
individuals per km² in Kahuzi-Biega, and 0.11 in Kasese; Omari et al. (1999) estimated 
similar densities of chimpanzees in the Itombwe Massif; Thomas (1991) estimated a density 
of 0.8 weaned chimpanzees per km² in the Ituri Forest]. The existence of such a potentially 
large number of chimpanzees remaining in the northern DRC is encouraging, but as we will 
see in Chapter 6, the conservation community must move quickly to protect these apes before 
the opportunity is lost. 
 
Distribution of chimpanzees across the northern DRC 
 We have used data from our surveys and from other sources to pinpoint the areas in 
the northern DRC where chimpanzee presence has been confirmed in the past 10 years 
(Figure 7). These are also the only areas to our knowledge where chimpanzee surveys have 
been carried out in the region. Encouragingly, in northern DRC there is no place where 
chimpanzees have been searched for where they have not been found (with the exception of 
the area immediately surrounding Kisangani). 
 
 

 
 
Figure 5. Map showing all nest sites in the context of our forest walk and transect routes. In addition, 
chimpanzee nests found on the Nabolongo Island by David Greer are highlighted. Dark green = 
forests, purple = savannas, light green = human-disturbed regions (including plantations, roads, 
villages and towns). The Landsat ETM+ image files date from 2000 and were downloaded from GLCF 
(Global Land Cover Facility, http://glcf.umiacs.umd.edu). Data for rivers, roads, borders, and other 
geographical features were acquired from Le Référential Géographique Commun (2009) at 
http://www.rgc.cd. 
 
 

Nabolongo 
Island nests 
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Figure 6. Map of the Bili … Gangu study region showing the routes of the three parallel transects and 
nest sites. Dark green = forest, light green = human disturbance (roads, towns, and villages), purple = 
savannas. The transects began at the Bili … Baday road. Villages are indicated by red houses, and 
Camp Louis is indicated with a white house. White circles represent clusters of chimpanzee nests. In 
order to make the map readable, chimpanzee nest sites falling within close proximity to one another 
were aggregated into groups. The smallest white circles represent one nest; the larger the circle, the 
bigger the aggregation of nests. Although they were not used in density analysis, ground nests were 
included in this map. The transects• eastern borders are the edge of the road (the light green area 
running from Bili through Baday) and the west borders are found at the last nest sites to the west. The 
Landsat ETM+ image files used to make this map date from 1999 and were downloaded from GLCF 
(Global Land Cover Facility, http://glcf.umiacs.umd.edu). 
 
 
 

Outside of our main study area, chimpanzees and their nests were documented by field 
assistants Seba Koya and Olivier Esokeli at Monga (near Bondo), to the far west of the map in 
Figure 5, and in 2008 David Greer documented chimpanzee nests (Figure 8) on the 
Nabolongo Island in the center of the Mbomu River, which separates the DRC and the CAR 
(D. Greer, pers. com., 19 October 2009). Greer considered it likely that these chimpanzees 
originated from the DRC side, as the river channel was shallow to the south but deep and un-
crossable to the north. According to local sources interviewed by Greer in the Nabolongo area 
and by TH in Zemio, chimpanzees are present on the DRC side of the Mbomu River but 
absent on the CAR side. Greer also confirmed the apes• presence in the Zemongo region in 
the CAR, to the northeast of Zemio. 
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Table I. Density and population size estimates of chimpanzees based on sleeping nests found on the 
transect surveys of the Bili-Gangu forests. Because ground nests were less likely to be spotted from 
the transects, they were excluded from the analysis. Included are only tree nests spotted from the 
transects, not nests found controlling off it. 
 
Region Area km² Km walked No. nests No. nests with 

truncation 
AIC1 ESW2 

Overall 473.1 160 397 388 1231.49 14.54 
Camp Louis 284.7 99 162 154 474.72 13.56 
Gangu 188.4 61 235 235 1491.20 15.03 
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Overall 83.41 (61.05-
113.95) 0.16 2.43 (1.79-

3.28) 
Half-

normal 28 1.15 (0.84-1.55) 544 (397-733) 

Camp Louis 57.40 (38.76-
85.01) 0.20 1.56 (1.07-

2.26) 
Half-

normal 28 0.74 (0.50-1.07) 211 (142-305) 

Gangu 128.16 (82.75-
198.48) 0.22 3.85 (2.51-

5.87) 
Half-

normal none 1.81 (1.18-2.77) 341 (222-522) 

1Akaike•s Information Criterion. 2Effective strip-width. 3This estimate is based on the relationship 
between nest encounter rate and density found in Uganda (Chimpanzee density=0.471 x encounter rate 
of nests) (Plumptre & Cox, 2005). Because the environmental conditions at Bili differ from those in 
Uganda (drier and more seasonal), and thus the nest decay-rates may differ, this can only be 
considered a crude estimation. 4The estimates for the number of weaned individuals for Camp Louis 
and Gangu do not add up exactly to the overall total, due to differences in the parameters of the 
models used in the analyses.  

 
 
 
Jonas Eriksson (pers. com., 19 April, 2009) informed us that in his travels west of 

Bondo in 2002 surveying for chimpanzees, he found five chimpanzee ground nests in the 
Wapinda area south of the Uele River approximately 200 km west of Bondo (Wapinda•s 
waypoint is N 3°40'67Ž N, 21°59'36ŽE, and the site was approximately 30 km to the 
southwest of this). Hart (in Plumptre et al., 2010: Figure 3.4) has confirmed the presence of 
chimpanzees in forests further west of Wapinda prior to 1995. 

Turning to the heavily-forested region just south of our study region between the 
Itimbiri / Rubi River and the Aruwimi River (Figure 7), the survey team of Hart (2007) 
documented chimpanzee nests throughout the Rubi-Tele Domaine de Chasse. Whether or not 
chimpanzees still survive in the forests between the Aruwimi River and Kisangani is unknown 
and will require surveys. While stationed in Kisangani in 2008 and 2009, JS received reports 
of chimpanzees still inhabiting the forests 30 km north and 50 km southeast of this large city. 
Multiple local sources told him that, north of the Congo River, free-living chimpanzees could 
be found within 50 km in all directions of Kisangani. However, TH noticed at roadside stands 
on his trips back and forth between Kisangani and Banalia (a city on the Aruwimi River) a 
complete absence of any mammals larger than rodents being sold as bushmeat. This was in 
strong contrast to the large quantity of monkey carcasses, chimpanzee orphans, and leopard 
and okapi skins he saw on the highway between Banalia and Buta (Chapter 6). The  
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Table II.  Number of nests found on transects and recces per km walked and extrapolated 
numbers of chimpanzees across the region. 
 
Locality Km 

walked 
No. 
nests 
on 

forest 
walks 

Forest 
walk nest 
encounter 

rate 

Extrapolated 
(from Gangu 
only) density 

of 
chimpanzees 

per km² 

Extrapolated 
(from Camp 
Louis and 
Gangu) 

density of 
chimpanzees 

per km² 

Area of 
region 

surveyed 
(km²) 

Estimated no. 
chimpanzees 

(area surveyed 
x 1.15) 

North Forest walks 
Camp Louis / 
Gangu ¹ 

1475 519 0.35 - - - - 

 Forest walks 
Camp Louis 

1179 339 0.29 - - - - 

 Forest walks 
Gangu 

296 180 0.61 - - - - 

 All surveyed 
regions 

1953 - - - - 10,767 12,382 

 Total 
(extrapolation 
including non-
surveyed 
regions) 

1953 - - - - 30,487 35,060 

South Surveyed 
regions 

506 839 1.65 4.89 5.43 21,425 24,639 

 Total 
(extrapolation 
including non-
surveyed 
regions) 

506 839 1.65 4.89 5.43 24,675 28,376 

Total 
North 
& 
South 

Surveyed 
regions 

2459 1714 - - - 32,192 37,020 

Total 
(extrapolation 
including non-
surveyed 
regions) 

2459 1714 - - - 55,162 63,436 

¹ Nest encounter rate in other North Uele forests (not at Gangu or Camp Louis), including Zapay and 
Bili South, was almost twice as high as at Gangu, 1.12 nests per km walked. Extrapolating from 
Gangu•s transect densities would mean that density of chimpanzees in these other North Uele forests 
was 3.32 per km². 
 
 
implication is that larger mammals have been hunted out of these heavily-mined forests. A 
local hotel-owner in a large town just north of Banalia told TH that it would be necessary to 
travel 50 km from either side of the road to encounter even monkeys. Local sources in Aketi 
told TH that much of the forest south of Rubi-Tele was infested with mining camps and had 
been heavily-hunted by nomadic Bangalema people. 

Varty (2010, see map on page 334) provides evidence for the presence of chimpanzees 
in the savanna-dominant region near Garamba on the northeastern border of DRC. 
Considering that, in northern DRC, chimpanzees were found almost everywhere we looked 
(given the bias that we were actively searching for them), it is likely that the apes form a 
continuous population extending across northern DRC up to the border with CAR. This of 
course needs to be confirmed with further surveys. Over-flights in 2004 and numerous reports 
heard by TH from the Bili and Buta authorities in later years confirmed the presence of large 
numbers of Mbororo cattle-herders in the region east and northeast of Bili. According to 
Africa Inland Mission pilot Ron Pontier (pers. com., 10 August, 2004), these areas were  
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Figure 7. Map showing areas where chimpanzee presence has been confirmed within the past 10 
years, indicated by green circles. The red polygon encompasses our study region. Data for rivers, 
roads, borders, and other geographical features were acquired from Le Référential Géographique 
Commun (2009) at http://www.rgc.cd. 
 
 

 
 
Figure 8. A chimpanzee tree nest found by David Greer on Nabolongo Island (photograph courtesy of 
David Greer). 
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pristine until just a decade ago and full of elephants and other mega-fauna (he once witnessed 
a large chimpanzee on these savanna from the air). When in August 2004 we flew over the 
savanna region between Arua, Uganda and Zemio, CAR, we saw no wildlife but numerous 
cattle trails and hundreds of Mbororo and their cattle. The effects of the presence of so many 
of these Mbororo, as well as more recent invasions by the Lord•s Resistance Army from 
Uganda, on the chimpanzees in the region is unknown. 

Based on our results, we can be confident that … contrary to the distribution range of 
northern DRC chimpanzees shown in the maps presented in The World Atlas of Great Apes 
(Varty, 2005: map on page 334), and Butynski (2003), which claim a puzzling gap in the 
species range between the populations of eastern CAR and northern DRC … the apes can be 
found between Zemio and Bangassou in a solid population all the way north to DRC•s border 
with CAR. No gap exists in their distribution between the Uele and Mbomu Rivers (although 
they do appear to be absent from the CAR side just north of the Mbomu River). Butynski•s 
(2003) pan-African estimate of 172,700 … 299,700 chimpanzees did not apparently take into 
account this population of chimpanzees south of the CAR-DRC border between the Mbomu 
and the Uele Rivers (except for a small region around Bili); this means that we can tentatively 
add another 15,000 to 30,000 chimpanzees to his estimated tally (see Table II). This number 
should probably be doubled, given that we also confirmed the presence of chimpanzees in two 
more localities to the west along the border with CAR, giving us 30,000 to 60,000 more 
potential chimpanzees in the Bili-Uele landscape than were thought to exist before. This 
would lead to a total world population of chimpanzees of up to 360,000. Likewise, the total 
population of DRC chimpanzees might be upped to 170,000. As mentioned above, it is likely 
that there are also chimpanzees in the DRC along the CAR border east to Garamba, which 
would add an even greater number of chimpanzees to the total, and highlights the entire 
northern DRC as a crucial region for chimpanzee conservation. These results should not be 
taken to mean a recent increase in chimpanzee numbers in the area (see Oates, 2006 for a 
precaution against making such an assumption), but merely an improvement in our 
knowledge. 

The existence of an interconnected population of chimpanzees capable of exchanging 
genes across a large area is certainly good news. Fragmentation of populations can lead to 
inbreeding and lack of genetic diversity, which can have a deleterious effect on species 
survival (Brook et al., 2002; Ewers & Didham, 2006). We should keep firmly in mind, 
however, that these are all rough estimates, and much more survey work remains to be done. 
In addition, knowing that larger numbers of chimpanzees exist in the area than we had 
thought before should not make us complacent, considering the rapid spread of the bushmeat 
trade into the area (Chapter 6). 
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Section 3 
 

Tree-nesting behavior 
 

 
 

 
 
 
Figure 9. Top: A chimpanzee nest in Gilbertiodendron dewevrei trees, in the Gangu Forest. Bottom: 
A male chimpanzee next to a nest beside a fig tree, the Gangu Forest. 
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Introduction 
 
 Adults of all great ape species and sub-species construct nests in which to pass the 
night (Fruth & Hohmann, 1996). Occasionally there are exceptions: adult male gorillas 
(Gorilla gorilla gorilla ) in Central Africa sometimes fail to make night nests, and instead 
sleep on the bare ground. Great apes also sometimes make day nests in which they rest; these 
are usually of much more simple construction than night nests (Fruth & Hohmann, 1996). For 
all species except gorillas, night-nesting in trees is the norm. This makes the Bili chimpanzees 
particularly interesting: across a large geographical area, these apes habitually construct 
ground nests in addition to tree nests. Before we move in Chapter 5 to the topic of ground 
nests, as background we will present a basic description of the tree-nesting behavior of this 
population (Figure 9). 

 
Methodology 
 

During our non-systematic forest walks and also along our 160 km of line transects, 
we constantly scanned the canopy for nests, and always stopped and recorded data on any 
nests that we found. We also scanned the forest floor for ground nests. The following data 
were recorded for each tree nest: age of nest; nest tree diameter at breast height (dbh); forest 
category and forest density; estimated elevation; species and number of trees used in 
construction of the nest; and starting on July 2006, whether or not the nest was covered by 
canopy or open to the sky. Nest age categories were adapted from Tutin and Fernandez 
(1984), and classified as Fresh, Recent, Old, Rotting, and Skeleton. A nest was classified as 
Fresh if the vegetation was green and not wilted, and / or if fresh dung or urine was present. It 
was classified as Recent if the vegetation was dry and beginning to change color; Old if the 
vegetation was dead but the nest was still intact; and Rotting if the nest was beginning to 
disintegrate. We added a fifth category, •Skeleton,Ž to refer to nests where only the dead 
folded branches were still visible. Nests were counted as belonging to the same site if they 
appeared to be the same age and if they were not separated by more than 20 m. Exact 
measures of nest heights were taken when nests were below approximately 3 m elevation, but 
most nests higher than this were estimated by TH and JS. Corneille Ewango, Jan Wieringa, 
Folkert Aleva, and Marc Sosef at the Wageningen Herbareum identified the plant samples in 
the herbarium complied by JS (Chapter 1). 
 We verified that no systematic bias existed in the estimates of tree nest height made by 
TH and JS. The two observers agreed on nest heights (n = 36) to a high level (Spearman's 
rank correlation: S = 689.01, rho = 0.91, p< 0.001). The difference in measurement between 
TH and JS was tested using paired t-test and no significant difference was found (n =36; t =-
1.2859, df = 35, p =0.2069). The mean of the estimations differed on average only by about 
30 cm (10.1 m versus 10.4). 
 
Statistical analysis 

To summarize signs of human presence, a Principal Component Analysis (PCA) was 
performed on human artifact counts (see Chapter 3 for details). The data matrix was centered 
by subtracting for each column value the mean of the counts, and scaled by dividing each 
column value by the root mean square of the counts. To investigate the relationship between 
distance from roads and human evidence, we also ran a PCA including this factor. 

To test which factors influenced nest height we used a General Linear Mixed Model 
(GLMM Baayen, 2008). Since nests often occurred in groups, we included nest group as a 
random factor. The predictor variables included in the GLMM were NSUele, season, and 
landscape, and the covariates PC1, PC2 (excluding distance from road), distance from road, 
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and forest density. N S Uele refers to the side of the Uele River where a nest was found, and 
Season refers to the dry (December-March) and wet (April-November) seasons. PCA axes 
PC1 and PC2 refer to •human hunting disturbance• and •human presence• respectively (see 
Chapter 3). •Forest density• refers to open, medium-density, and closed forest. •Landscape• 
refers to normal, disturbed, savanna-associated, and wet types (Appendix 5, Chapter 5). All of 
these factors and covariates were included as fixed effects. A variable such as heights of nests 
per nest group is likely to show some spatial autocorrelation, leading to a violation of the 
assumption of independent residuals. To account for this, we explicitly incorporated spatial 
autocorrelation into the model. We achieved this by first running the model as described 
above and deriving the residuals from it. Based on the residuals we derived an autocorrelation 
term, which we then included in the model. Specifically, we determined for each nest group 
the average of the residuals of all other nest groups, whereby we weighted their contribution 
by their distance to the respective nest group. The weight followed a Gaussian function, and 
the weight of the jth residual in the calculation of the average for the ith nest group was 

determined as 
��

=
��Š

2

250 )/ij(*.

ij
e

w , where � ij  is the distance between nest groups i and j, and �  is 

the standard deviation of normal distribution. Hence, the autocorrelation term for the ith nest 
group was aci = � (residualj * wij) / � wij), with j being unequal to i. �  was chosen such that it 
minimized Akaike•s information criterion (AIC: Burnham & Anderson, 2002) for the full 
model including all predictor variables and the autocorrelation term. 

Prior to running the model, we square root transformed distance from road and PC1-
minimum of PC1 to achieve approximately symmetric distribution. After that we z-
transformed all covariates to a mean of zero and a standard deviation of one to achieve 
comparable estimates. The determination of p-values for fixed effects in a mixed model is 
currently a matter of debate (Bolker et al., 2008). Here we used a procedure based on Markov-
Chain Monte-Carlo (MCMC) sampling, which is supposedly more reliable than standard t-
tests (Baayen, 2008). From the data set we excluded nests in the landscapes •Disturbed• and 
•Savanna•, since only very few nest groups occurred in these landscapes. A check for 
colinearity revealed that this was not an issue (largest Variance Inflation Factor, VIF: 1.9; 
average VIF: 1.6; Quinn & Keough 2002; Field 2005), and visual inspection of the residuals 
plotted against fitted values did not indicate severe deviations from the assumptions of 
normally distributed and homogeneous residuals. We repeated the analysis with ground nests 
excluded to rule out that factors influencing whether a nest is built on the ground or not 
confound results for the analysis. 

We ran all of our analyses in R (version 2.9.0; R Development Core Team, 2009). We 
fitted the GLMM using the function lmer of the R package lme4 (Bates & Maechler, 2010) 
and determined the standard deviation for the weight function used for the calculation of the 
autocorrelation term using the function optimize. VIF was calculated using the function vif of 
the R-package car (Fox & Weisberg, 2010). MCMC p-values for fixed effect were derived 
using the function pvals.fnc of the R package languageR (Baayen, 2010). We determined the 
significance of the full as compared to the null model (comprising only the autocorrelation 
term) using a likelihood ratio test (Dobson, 2002) calculated with the R function anova. When 
testing the effect of the full as compared to the null model we kept the random effect and the 
autocorrelation term in the null model. 
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Results and Discussion 
 
Total nest counts and average number of nests per site 

Of a total of 2507 nests found during our study period, 2234 (89.1%) were built in the 
trees (88% of the 1584 North Uele nests, and 91% of the 923 South Uele nests)1. The 
remainder were ground nests, to be described in Chapter 5. Forest-type and density of tree 
nests will be treated in Chapter 5, along with (and in comparison to) ground nests.  

In Figure 10, we compare the average number of nests found per km walked in the 12 
survey regions, including ground nests. The low encounter rate at Camp Louis is likely due to 
the relatively large proportion of savanna in this area, an eco-type in which we never found 
nests. No significant difference was found in number of nests per site north and south of the 
Uele (Table III), either for all nest sites (Wilcoxon rank sum test with continuity correction: 
W = 138224, p = 0.65) or for only those nest sites with tree nests (W = 118020, p = 0.4546). 

 

 
Figure 10. Number of nests found per km walked in the 12 survey regions. 
 
Table III.  Average number of nests per site (with and without ground nests). For the measure •average 
nests per site without including ground nests•, ground nest sites without tree nests were excluded. 
 
Locality No. nest sites Avg. no. nests 

per site 
(including 

ground nests) 

SD No. nest sites 
(ground nest 
sites without 

tree nests 
excluded) 

Avg. no. nests 
per site (ground 
nests excluded) 

SD 

North of Uele 693 2.29 2.40 620 2.37 2.51 
South of Uele 393 2.34 2.65 371 2.37 2.66 
All forests 1086 2.31 2.49 991 2.37 2.57 

                                                 
1 We excluded from this number six tree nests four nests sites found by our field assistants in the Monga Forests 
west of Bondo. 
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Tree nest height 
We present in Table IV the mean and median heights of all chimpanzee nests for 

which height was estimated across the different study regions. We present the same data in 
Appendix II but with ground nests (all at approximately 0 m elevation) removed. In Figure 11 
we present a histogram showing the range of nest heights, including ground nests. In Figure 
12 we present a box-plot showing the variation in nest heights across the different study 
regions. 
 
 
Table IV.  Mean and median nest heights by study region, including ground nests. 
 
Locality n N / S of Uele Mean Median SD 
Bili-Bili South 100 N 11.10 11.0 5.86 
Camp Louis 656 N 7.09 6.0 5.85 
Gangu 508 N 8.52 8.0 6.07 
Gbangadi 85 N 10.31 10.0 5.68 
Zapay 124 N 10.18 8.0 6.62 
Zaza-Nawege 31 N 8.09 8.0 3.78 
Akuma-Yoko 37 S 13.20 10.0 7.75 
Bongenge-Malembobi 214 S 6.83 7.0 4.37 
Buta-Ngume 69 S 13.32 12.0 5.34 
Leguga 116 S 7.50 7.0 6.92 
Lebo-Mongongolo 162 S 10.01 9.0 5.20 
Mbange E 91 S 9.36 8.5 3.93 
Mbange W 67 S 11.26 9.5 5.47 
Zongia-Lingo 63 S 10.79 9.0 6.51 
Total N Uele 1504 N 8.30 7.0 6.08 
Total S Uele 819 S 9.34 8.0 5.83 
Total 2323 - 8.66 8.0 6.02 

 

 
 

Figure 11. A histogram showing the numbers of nests, including ground nests, separated into 
ascending bins of 2.5 m elevation. The majority of nests in the first column are ground nests (shaded). 
The unshaded nests in this column were tree nests between 0.51 and 2 m high. 
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Figure 12. Box-plot showing the heights of chimpanzee nests, including ground nests, across the 12 
study regions. A box-plot depicts: sample minimum, lower quartile (Q1), median (Q2), upper quartile 
(Q3), and sample maximum; open circles indicate outliers. 
 
 
Principal Component Analysis 

In order to determine which particular aspects of human presence might be influencing 
nest height, we performed a PCA summarizing the direct evidence of human  presence found 
in each region (artifact counts).  This analysis can be found in chapter 3. Here we extend that 
result by incorporating the mean distance from the road, since this factor is also expected to 
be associated with the presence of human evidence. The results are presented in Figure 13 and 
Appendix III. The first axis of the PCA (PC1) explained 30% of the variation, and appears to 
be related to the amount of human hunting disturbance, ranging from non-hunting related 
indicators towards the right (lean-tos,  pets, fields, huts, etc.) to evidence-types that we 
consider to be direct indicators of hunting (snares, bushmeat, hunting camps etc.) on to the 
left. The second axis (PC2) explained an additional 21% of the variation and seems to signify 
other human activities, with high positive loadings for mere human presence as indicated by 
villages, fields, and huts and high negative loadings for forest-related activities such as bird-
hunting and mining. The effect of distance from road is strongly represented in PC1, but not 
in PC2. 
 
Factors explaining nest height 
 The results of the general linear mixed model are presented in Table V. In this 
analysis, distance from road was not incorporated into the PCA but was included as a separate 
covariate. When ground nests were included in the analysis, we found that the predictor 
variables •location north or south of the Uele River• and landscape (forest-type) did not have 
significant effects on nest height. Season had a positive effect, with nest height increasing in 
the wet season. Distance from roads, PC1 (human hunting disturbance, see Figure 14), and 
PC2 (human presence) all had a negative influence on nest height, meaning that chimpanzees 
built their nests lower with increasing distance from the road, and  
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Figure 13. Principal Component Analysis (PCA) of human evidence across the study regions, 
including mean distance from the road.  
 
 
Table V. Results of the GLMM of the effects of seven predictor variables on nest height, (a) including 
and (b) excluding ground nests. HPD95lower and HPD95upper = highest posterior density interval 
lower and upper values. pMCMC = p-value, Markov-Chain Monte-Carlo (MCMC). 
 
 Effect Estimate (HPD95 lower, upper) SE pMCMC 
a. (Intercept) 2.42 (2.33, 2.57) 0.09 0.0001 
 N S Uele (S) 0.12 (-0.08, 0.22) 0.12 0.3728 
 Season (wet) 0.3 (0.13, 0.41) 0.11 0.0001 
 Landscape (wet) -0.021 (-0.13, 0.1) 0.08 0.8612 
 Forest density -0.16 (-0.13, -0.02) 0.04 0.0078 
 PC1 -0.17 (-0.19, -0.04) 0.06 0.0016 
 PC2 -0.19 (-0.03, -0.14) 0.06 0.0001 
 Distance from road -0.18 (-0.28, 0.0001) 0.06 0.0001 
 ac_term -1.4 (0.27, 0.3028) 0.06 0.3028 
     
b. (Intercept) 2.96 (2.91, 3.08) 0.06 0.0001 
 N S Uele (S) 0.19 ( 0.05, 0.26) 0.08 0.0032 
 Season (wet) -0.02 (-0.13, 0.07) 0.08 0.5952 
 Landscape (wet) -0.05 (-0.15, 0.01) 0.06 0.0964 
 Forest density 0.01 (-0.01, 0.07) 0.03 0.089 
 PC1 0.001 (-0.03, 0.07) 0.04 0.418 
 PC2 -0.03 (-0.10, 0.01) 0.04 0.063 
 Distance from road -0.04 (-0.11, -0.01) 0.04 0.0316 
 ac_term -1.32 (-0.1, 0.27) 0.06 0.3264 
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Figure 14. Scatter-plot of PC1 (human hunting disturbance) and its effects on mean nest height. 
 
 
built their nests higher when confronted with high levels of human hunting disturbance and 
human presence. Finally, nests were built at a significantly lower elevation with increasing 
forest density.  

When ground nests were removed from the analysis and only tree nests were 
evaluated, PC1 (human hunting disturbance) no longer had a significant effect on nest height, 
and PC2 (human presence) showed only a trend towards lowering nests. However, location 
north or south of the Uele River gained in explanatory power. South Uele tree nests were 
significantly higher than those to the north, and distance from road continued to be negatively 
correlated with nest height.  

The increase in nest height in the wet season is probably a reflection of the decrease in 
percentage of ground nests during this time (Chapter 5). Significance for Season was lost 
when only fresh nests were analyzed. This was possibly a result of small sample size. 

Distance from road is negatively correlated with evidence for human hunting. In 
addition, with or without ground nests included, increasing distance from road leads to a 
decrease in height of chimpanzee nests. With ground nests included in the analysis, increasing 
levels of human hunting disturbance and also human presence lead chimpanzees to build their 
nests higher, but not when tree nests are considered alone. When ground nests are excluded, 
nests are higher to the south of the Uele River, where hunting pressure on chimpanzees is 
apparently much higher (Chapter 6).  
 In conclusion, it appears that human hunting disturbance and human presence have 
more of an effect on the choice by chimpanzees to construct ground nests (to be detailed in 
Chapter 5) than on the height of their tree nests. Whether ground nests were considered or not, 
however, increasing distance from roads led to lower nest height. 
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Circumferences of nest trees 
 A comparison was made between the circumferences of nest trees north and south of 
the Uele (Table VI). Nest trees to the south had a significantly greater average circumference, 
although the difference in size was extremely small (Wilcoxon rank sum test with continuity 
correction: W = 603876, p < 0.001).  
 
Covered or uncovered by canopy 

Of the 1003 nests for which data was recorded, 805 (80%) were built beneath canopy 
cover. North of the Uele, 247 (70%) of 352 nests were covered and south of the Uele 558 
(86%) of 651 nests were covered. The difference between the two regions was significant (�² 
= 33.87, df = 1, p < 0.001). Of the 898 tree nests, 713 (79%) were covered. North of Uele, 212 
(68 %) of 311 tree nests were covered, and south of Uele 499 (85%) of 587 tree nests were 
covered, a significant difference (�² = 33.96, df = 1, p < 0.001). 

We tested to see whether nests were more likely to be covered during the wet season 
(April to November) than during the dry season (December to March) (the raw data are 
presented in Appendix IV). For the North Uele region (Figure 15), there was no significant 
difference in frequency of covered and uncovered nests used in the wet and dry seasons (�² = 
0.71, df = 1, p = 0.40). However, the same test on South Uele nests revealed a significant 
 
 
Table VI. Average circumference of trees used to construct tree nests, to the north and south of the 
Uele and overall. 
 
Locality n Average circ. (cm) SD Median circ. (cm) 
N Uele 1288 54.46 55.37 38.55 
S Uele 1027 54.77 42.24 43.90 
All forests 2315 54.60 49.96 41 
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Figure 15. Percentage of tree nests covered by overhead canopy by season for N Uele, S Uele, and all 
study regions. 
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difference (�² = 21.84, df = 1, p < 0.001). For all forests, the difference was also significant (�² 
= 34.87, df = 1, p < 0.001). For the North Uele region, there was no significant difference in 
frequency of covered and uncovered nests used in the wet and dry seasons (�² = 0.71, df = 1, p 
= 0.40). However, the same test on South Uele nests revealed a significant difference (�² = 
21.84, df = 1, p < 0.001). For all forests, the difference was also significant (�² = 34.87, df = 1, 
p < 0.001). 
 
Number of trees per nest, and species used for nest construction 
 For all tree nests both north and south of the Uele (n = 2155), the average number of 
trees used per nest was 1.36 (SD = 0.75), with a minimum of 1 and a maximum of 8. North of 
the Uele (n = 1377), these figures were 1.37 ± 0.78 and 1 and 8, South of the Uele (n = 778) 
1.34 ± 0.70 and 1 and 6. On average and on both sides of the Uele, about 25% of nests used 
two, and about 5 % used three or more (Table VII). Vines were used in 96 nests (in 13 of 
these cases no trees were used); in those 96 nests on average 1.5 (± 0.82, max = 6) vines were 
used. Looking only at nests to the north of the Uele, vines were used in 72 nests (in 11 of 
these cases no trees were used). The average number of vines used in these nests was 1.57 (± 
0.87). In 24 South Uele nests vines were used (average = 1.29 ± 0.62, min = 1, max = 3). In 
two of these cases no trees were used. 
 When looking at all woody elements used to make the nests (vines and trees 
combined, n = 2168), the average was 1.42 per nest (± 0.86). 24.6% of nests used two or more 
trees, 7.6% used three or more trees, and 2.5 % four or more (Table VIII). 
 
Tree species used in nest construction 
 In Table IX we present a list of tree and vine species used in the construction of 2096 
tree nests found to the north and south of the Uele. In Table X the most commonly-used tree 
species are listed for both sides of the Uele. For the latter, we have compared their frequency 
as nest trees to the north and south of the Uele River using a Pearson•s chi-squared test with 
Yates• continuity correction (2-tailed).  

For Gilbertiodendron dewevrei, the frequency of use south of the Uele was 
significantly higher than to the north (�² = 784.60, df = 1, p < 0.001). The opposite was the 
case with Greenewayedendron spec.: this tree was used significantly more frequently to the 
north of the Uele than to the south: (�² = 92.84, df = 1, p < 0.001). Also used significantly 
more frequently to the north than the south was Diospyros iturensis (�² = 62.00, df = 1, p < 
0.001). Two trees were used to the north but never recorded in nests to the south: Rinorea 
spec. and Carapa procera. Interestingly, Rauvolfia mannii was frequently used in nest-
construction to the south of the Uele but never to the north, despite the fact that the species 
was present there (and was once used to construct a ground nest). In the north, 23 tree nests 
incorporated Musanga cecropioides, but this species was only used in one small area near 
Baday, despite the availability of the tree in other forests near villages. The tree was used on 
only three occasions in nest-construction to the south of the Uele, despite the abundance of 
the species in zones of overlap between humans and chimpanzees. Oil palms (Elaeus 
guineaensis) were abundant in many areas to the north and south of the Uele, but in only one 
case, at a site south of the Uele, did a chimpanzee nest incorporate this tree into its body 
(using the fronds of two trees). As we spent more time identifying tree species to the north 
than to the south of the Uele, it is likely that we failed to identify some commonly-used 
species south of the Uele, as is reflected in the large number of unknown trees recorded there.  

Morgan et al. (2006) reported that the Goualougo chimpanzees in the Republic of 
Congo showed a preference for nesting in Gilbertiodendron dewevrei forest relative to its 
abundance. This may be the case to the south of the Uele River as well. It is clear, however, 
that Gilbertiodendron forest is much more common to the south of the Uele than to the north;  
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Table VII.  Numbers of trees (percentages in parentheses) used to make nests. 
 
Locality 1 tree 2 trees 3 trees 4 trees 5 trees 6 trees 8 trees 
All forests 1625 (75.4) 366 (17.0) 110 (5.1) 36 (2.2) 12 (<1) 5 (<1) 1 (<1) 
N Uele 1032 (75) 242 (17.6) 64 (4.7) 23 (1.7) 11 (<1) 4 (<1) 1 (<1) 
S Uele 593 (76.2) 124 (15.9) 46 %.9) 13 (1.7) 1 (<1) 1 (<1) 0 0 

 
 
Table VIII.  Numbers of woody items (vines and trees) used to make nests, all forests. 
 
Locality 1 

item 
% 2 

items 
% 3 

items 
% 4 

items 
% 5 

items 
6 

items 
7 

items 
8 

items 
9 

items 
All forests 1590 73.3 374 17.3 130 6.0 47 2.2 15 5 4 2 1 

 
 
Table IX. A list of the 2972 trees (T) and vines (V) (representing at least 74 species) used in the 
construction of 2096 tree nests. The most commonly-used trees are highlighted in bold print as 
percentage of total trees. 
 
Species  Local name T 

or 
V? 

All 
forests 

All 
% 

N 
Forests 

N 
% 

S 
Forests 

S 
% 

W of 
Bima 

W 
% 

E of 
Bima 

E 
% 

Afzelia Africana kpai T 16  16  0  0  0  
Albizzia coriaria ngulu T 2  2  0  0  0  
Aida micrantha bangindi V? 3  3  0  0  0  
Angylocalyx spec. vugba T 9  9  0  0  0  
Annonidium mannii uk T 4  0  4  4  0  
Aulacocalyx 
jasminiflora 

kpokpoki T 11  11  0  0  0  

Belenophora coffeoides ngbama T 46  46  0  0  0  
Calancoba glauca kuma T 7  7  0  0  0  
Carapa procera bangala T 130 4 130 7 0  0  0  
Carapa spec. bazala T 4  4  0  0  0  
Ceiba pentandra vula T 2  0  2  2  0  
Celtis philipensis banangbu T 18  16  2  2  0  
Celtis prantlii lukuswango T 1  1  0  0  0  
Celtis tessmannii akekeneke T 12  12  0  0  0  
Cleistopholis patens Pongo pongo T 3  3  0  0  0  
Cola lobecitia kukuluku T 3  3  0  0  0  
Combretum 
mucronatum 

bicolo V? 3  2  1  0  1  

Combretum 
paniculatum 

bamu T 9  9  0  0  0  

Desplatsia dewevrei akamba T 49  46  3  3  0  
Diospyros canaliculata dumo T 67  54  13  11  2  
Diospyros iturensis mbili T 280 9 241 13 39  25  14  
Elaeus guineaensis oil palm T 2  0  2  0  2  
Erythrophleum 
suaveolens 

gelo T 12  12  0  0  0  

Ficus mucoso likuyo T 3  0  3  3  0  
Ficus spec. Uk strangler fig T 2  2  0  0  0  
Funtumia elastica mbalu T 1  1  0  0  0  
Garcinia ovalifolia maji T 41  28  13  9  4  
Garcinia spec. batome T 2  2  0  0  0  
Gilbertiodendron 
dewevrei 

ambolu T 783 26 182 10 601 57 273 49 328 66 

Greenewaydendron 
(suavoleans?) 

zinga T 216 7 205 11 11  10  1  

Hallea stipulosa kofo T 4  4  0  0  0  
Hymenocardia ulmoides salanga T 2  1  1  1  0  
Irvingia robur sabongoya T 3  3  0  0  0  
Khaya 
grandifolia/onthothera 

gagalaga T 1  1  0  0  0  

Klainedoxa gabonensis vomwo T 32  31  1  1  0  
Laccospermia 
secundiflorum 

gao T 1  1  0  0  0  

Leptonychia spec. zelingbo T 1  1  0  0  0  
Maesopsis eminii dangboka T 1  1  0  0  0  
Mallobis opposifolius balalo T 1  1  0  0  0  
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Species  Local name T 
or 
V? 

All 
forests 

All 
% 

N 
Forests 

N 
% 

S 
Forests 

S 
% 

W of 
Bima 

W 
% 

E of 
Bima 

E 
% 

Maniophyton felvura ude V 11  11  0  0  0  
Margaritaria discoidea  bazele T 22  1  21  17  4  
Meisteria parsiflora gazila bungulu T 17  17  0  0  0  
Monodora angolensis  ngbelengbele T 7  7  0  0  0  
Musanga cecropiodes kumbukumbu T 24¹  24  0  0  0  
Myrianthus arboreus ngbeenzo T 5  4  1  1  0  
Ochtocosmus africana lisango T 15  15  0  0  0  
Paramacrolobium 
coeruleum 

ketekele T 4  4  0  0  0  

Parinari excelsa zingi T 16  16  0  0  0  
Parkia filicoidea bimini T 7  5  2  0  2  
Picralima spec.  golongbe T 15  15  0  0  0  
Rauvolfia mannii ngalako T 54  0  54  35  19  
Rhabdophyllum 
arnoldiana 

bakasa-
bakumba 

T 20  20  0  0  0  

Ricinodendron 
hendelowi 

aketi T 3  3  0  0  0  

Rigelia africana gombu T 5  4  1  0  1  
Rinorea claessensii baluanvulo T 2  2  0  0  0  
Rinorea spec. balapa T 112 4 112 6 0  0  0  
Rothmannia whitefieldii belikpo T 7  7  0  0  0  
Saba comorensis linde V 3  0  3  0  3  
Scaphopetalum 
dewevrei 

libwanga (B) T 12  0  12  5  7  

Scottellia klaineana giliatune T 50  50  0  0  0  
Spondianthus preussi abobu T 1  1  0  0  0  
Strychnos camptoneura buta V 5  5  0  0  0  
Strychnos spec. burlumanza V 2  2  0  0  0  
Tabernae spec.  dakabili T 3  3  0  0  0  
Treculia africana akpuso T 1  1  0  0  0  
Trichilia rubescens zala T 33  33  0  0  0  
Uapaca hendelotii vwole vwole T 25  15  10  9  1  
- acalao T 8  0  8  8  0  
- agbobo T 9  9  0  0  0  
- bamila-mbida T 17  17  0  0  0  
- bamenge T 10  10  0  0  0  
- bawa T 10  10  0  0  0  
- bokamu T 12  0  12  12  0  
- bombiso T 50  50  0  0  0  
- ikinakambaso T 10  0  10  0  10  
- kpokpo T 10  10  0  0  0  
- mongende T 15  1  14  5  9  
Unknown tree species - T 465 16 274 14 191 18 116  75 15 
Unknown vine species - V 98  73  25  11  14  
TOTAL - - 2972  1922  1060  560  497  

¹ Found only at the east edge of the Camp Louis Forest, within 5 km of the road to Bili, despite the 
occasional presence of this species in other disturbed forests inhabited by chimpanzees. 
 
 
Table X. Most commonly-used trees for tree nests to the north and south of the Uele River, and for all 
forest regions. The numbers refer to the number of nests using one or more of that tree species in its 
construction. 
 
Locality North Uele % South Uele % All forests % 
No. nests 1323  773  2096  
Carapa procera 125 9.5 0 0 125 6 
Diospyros canaliculata 46 3.5 13 1.7 59 2.8 
Diospyros iturensis 178 13.5 37 4.8 215 10.3 
Gilbertiodendron dewevrei 148 11.2 492 63.7 640 30.5 
Greenewaydendron (suavoleans?) 190 14.4 11 1.4 201 9.6 
Musanga cecropioides 23 1.7 3 0.4 26 1.2 
Rauvolfia mannii 0 0 50 6.5 50 2.4 
Rinorea spec. (balapa) 83 6.3 0 0 83 4 
Scottellia klaineana 49 3.7 0 0 49 2.3 
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it is not surprising that the South Uele chimpanzees use this species much more often for 
nesting than those to the north. We will need to gather more information on relative 
availability of this species in the northern DRC before we can test whether the South Uele 
chimpanzees actively seek out the species or whether they use it because of its abundance. We 
must do the same for the species apparently preferred by chimpanzees to the north of the 
Uele, such as Greenewayedendron spec. 
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Introduction 
 
 Due to the debate over the morphology and behavior of the Bili chimpanzees, and 
speculations that they might have diverged morphologically or genetically from other 
chimpanzees, it is important to describe in detail their diet (Figure 16). If differences in diet 
are found from other populations of chimpanzees, this would add support for the possibility 
that Bili chimpanzees are occupying a different •adaptive niche• than other populations of the 
species. Such differences might be due to behavioral divergence and / or variation in food 
availability between populations. Although our diet data from Bili is only preliminary and 
little information was gathered on phenology and vegetation, we hope in this section to draw 
in broad outlines the basic outline of the feeding behavior of this large population of 
chimpanzees. 
 Chimpanzees and bonobos (Pan paniscus) are ripe fruit specialists, supplementing 
their fruit diet with a smaller proportion of terrestrial herbaceous vegetation such as leaves 
and flowers, but also with animal proteins (Wrangham, 1977; Goodall, 1986; Kuroda et al., 
1996). During times of fruit scarcity, chimpanzees are likely to travel farther to find fruit than 
when it is abundantly available. Western gorillas (Gorilla gorilla gorilla ), on the other hand, 
although their consumption of fruits overlaps with sympatric chimpanzees during periods of 
fruit abundance (Masi et al. 2009; Doran-Sheehy et al., 2009), rely more on terrestrial and 
aquatic herbaceous vegetation (Kuroda et al., 1996) or leaves (Doran-Sheehy et al., 2009) 
during periods of fruit scarcity. Eastern lowland gorillas (Gorilla beringei graueri) tend to 
incorporate more herbs into their diet, and mountain gorillas (Gorilla beringei graueri), living 
in fruit-scarce environments, depend almost entirely on herbs (Yamagiwa et al., 1996; Watts, 
1996). Bonobos may also depend more on terrestrial herbaceous vegetation than chimpanzees 
(Badrian & Malenky, 1984; Malenky & Wrangham, 1994). How do the Bili apes fit into this 
scheme? If they are larger than other chimpanzees, as Groves (2005) suggests, might they not 
eat more herbs than other chimpanzees, possibly as fallback foods?  

It will also be interesting to see how these chimpanzees• meat-eating habits compare 
to those of other populations. Wherever free-living chimpanzees (Pan troglodytes) have been 
the subjects of long-term study, they have been observed to hunt for vertebrate prey (reviews 
in Wrangham & Bergmann Riss, 1990; Stanford, 1998; Uehara, 1997). Red colobus monkeys 
(Piliocolobus spp.) are the preferred prey of chimpanzees across Africa (Boesch et al., 2002; 
Stanford, 1998). In other respects, however, prey preference does appear to vary somewhat 
between sites [i.e., galagos are eaten at Fongoli (Pruetz and Bertolani, 2007); giant forest 
squirrels and hyraxes at Mahale (Kawanaka, 1982)], and populations can even differ in 
preferences for age classes of the same prey species (Boesch & Boesch-Achermann, 2000). 
Some of this variation in prey-selection may be explained by differences in prey-availability 
[red colobus are absent at Budongo and thus not hunted (Newton-Fisher et al., 2002)] or by 
differences in forest structure (Boesch & Boesch-Achermann, 2000), but considering the 
extraordinary variety of traditions found in chimpanzees across Africa (Whiten et al., 2001), 
there is likely a cultural component as well. 
 Here, we present evidence for four cases of inferred or observed consumption of 
vertebrates by chimpanzees living in the forests of northern DRC. The vertebrates in question 
were a pangolin, two tortoises, and a leopard. Consumption of non-insect meat by 
chimpanzees is previously unreported from this area. Considering that red colobus monkeys 
(Piliociolobus spp.) are absent from forests north of the Uele River, it is important to know 
which if any of the abundant potential vertebrate prey species the chimpanzees might 
consume there instead. 
 Of particular interest is the observation of a Bili chimpanzee consuming a leopard 
(Panthera pardus). Across Africa, chimpanzees have a complex relationship with leopards, in 
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some cases falling prey to them (Taï Forest: Boesch & Boesch-Achermann, 2000), but on 
other occasions directing aggression towards the big cats and even attacking them with 
weapons (also at Taï: Boesch, 1991; 2009). More examples of this behavior were recounted 
by Boesch (2009); in one case, a chimpanzee used a branch to repeatedly jab at a leopard 
hiding in a hole. In three cases, Taï chimpanzees were observed to kill baby leopards. Similar 
encounters have also been described at Gombe (Goodall, 1986) and Mahale (Hiraiwa-
Hasegawa et al., 1986). In one dramatic episode at Mahale, a group of 33 chimpanzees 
attacked an adult leopard and a cub inside their den, finally snatching away and killing the cub 
(but they were not seen to eat it). In Beni, DRC, Kortlandt (1967) observed and photographed 
free-living chimpanzees mobbing and throwing sticks at a stuffed leopard in a semi-
experimental setting. J. Hart (pers. com., 10 December, 2007) describes encountering two 
adult male chimpanzees in the Ituri Forest, DRC who had possibly pirated an okapi kill from a 
leopard. The two chimpanzees were observed consuming the brain of the okapi and 
aggressively defended the carcass from Hart and his colleagues. The okapi carcass showed 
signs of having been killed and partially devoured by a leopard, and leopard scratch marks 
were found on a tree at the site. 

Although researchers have recorded evidence of the consumption of pangolins at a 
small number of study sites, firm evidence of predation on tortoises has been reported only at 
Epulu in DRC. Due to the unusual species makeup of the vertebrate prey consumed at Bili 
compared to other study sites, we will present the evidence for each in considerable detail. 
 
Methodology 
 
 We recorded all items of food, plant or animal, directly observed to be eaten by 
chimpanzees. In addition, we recorded the feeding remains left behind by the apes that we 
encountered while following them / searching for them. Chimpanzee feeding remains could 
be distinguished from those left by monkeys by the larger size of the incisors reflected by 
their bite marks and / or associated chimpanzee evidence (knuckle prints, feces, etc.). 
Consumption of fruits at one tree or herb patch (separated from other sites by at least 20 m) is 
counted as one fruit feeding site. A herb feeding site is considered to be the remains of a herb 
or herbs found at least 20 m from any similar site. 

Data on meat consumption was taken in the context of following the chimpanzees and 
recording their behavior. When evidence for meat-eating was observed, efforts were made to 
collect all relevant data (GPS waypoints, age and sex of the chimpanzees involved if possible, 
duration of the incident, etc.). Photographs were taken in situ when possible. The tortoises 
were identified from photographs by Dwight Lawson at Zoo Atlanta. The remains of any 
animal carcasses thought to have been eaten by chimpanzees were photographed, collected, 
and identified using The Kingdon Field Guide to African Mammals (Kingdon, 1997). Insect-
feeding, due to its probable cultural components, will be dealt with separately in Chapter 5. 

Between 13 October 2004 and 11 July 2005, TH conducted 46 fecal analyses of fresh 
chimpanzee feces found in the forests around Camp Louis (n = 41) and Gangu (n = 5). After 
weighing the dung and washing it in a sieve, we separated it into its constituent parts with 
tweezers. Azande assistants assisted in identifying seeds, plant parts and animal tissue. Any 
possible animal tissue found in the dung (insect or otherwise) was saved for later analysis. In 
addition, five leopard scats found in the Camp Louis area were dissected (two were washed) 
and searched for remains of chimpanzees. Corneille Ewango, Jan Wieringa, Folkert Aleva, 
and Marc Sosef at the Wageningen Herbareum identified the plant samples in the herbarium 
complied by JS (Chapter 1). 
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Results 
 
Plant food 
Fecal analyses 

We present in Appendix V the results of the 46 fecal analyses carried out by TH in the 
forests of Camp Louis and Gangu between 2004 and 2005, which we used to make a rough 
estimate of the incidence of non-fig fruits, figs, herbs, and ants in the diet of the chimpanzees. 
In order to avoid the problem of pseudo-replication of samples, for days in which we 
conducted fecal analyses on more than one sample from a nest site, we used only the first 
dung sample washed for that day. This gave us 19 dung samples for the wet season, which 
runs from April through November (our samples were limited to the period between April and 
July, and October and November), and 10 for the dry season, which runs from December 
through March (Table XI). The high proportion of fruit remains in the faeces suggests that the 
diet of the Bili apes resembles that of other well-studied chimpanzee populations. 
 In Table XII we list the most common food items to appear in the fecal analyses, and 
highlight the variation in their appearance in the chimpanzees• diet between the wet and dry 
seasons. The results suggest that the chimpanzees may not be making use of the same food 
items equally across the seasons. 
 
Feeding remains 

In Appendix VI, we present a list of food items confirmed to have been eaten by the 
chimpanzees in the different surveyed regions, through either direct observation or feeding 
remains. The food items are divided into fruits and herbs. They are also separated by month to 
facilitate an understanding of seasonal dietary changes. Study sites located to the south of the  

 
 

Table XI. The average percentage of food types in the dung samples per season. Ranges are shown in 
parentheses beneath the averages. 
 
Food type Wet season % (19 samples) Dry season % (10 samples) 
Non-fig fruits 68.7 (0-100) 66.2 (0-100) 
Figs 19.7 (0-100) 19.8 (0-99.5) 
Fiber (herbs and leaves) 8 (0-58) 13.9 (0-100) 
Sap 2.5 (0-47) 0 
Ants 0.29 (0-4.5) 0 
Other / unknown 3.3 (0-13.25) 0 

 
 
Table XII.  Percentages of the dung samples in which the most common food items appear in 
the diet of the Bili chimpanzees, compared across seasons, rounded to nearest percent. 
 
Food item Wet season % (19 samples) Dry season % (10 samples) 
Figs (Ficus spp.) 47 30 
Herbs and leaves 42 40 
Afromomum spec. (fruits) 32 20 
Saba spp. (mostly S. comorensis) 26 10 
Strychnos camptoneura 26 40 
Erythrophleum suaveolens 16 0 
Celtis tessmani 16 10 
Myrianthus arboreus 11 0 
Uapaca hendeloti 5 10 
Unknown fruit (limongule) 11 0 
Unknown savanna fruit (abugba) 0 2 
Unknown fruits 15 26 
Ants 10 0 
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Uele are named in bold font. In Table XIII we list confirmed feeding observations and traces 
of chimpanzees recorded during our transects and forest walks to the North of the Uele River 
between 2004 and 2007, referring to feeding sites and not to individual food items. We list the 
same in Table XIV for our South Uele Forest surveys.  

As with our fecal analysis data, we must be cautious in our interpretation of this data, 
which was collected in the process of searching for and following the chimpanzees. In 
addition, our lack of any phenology data and systematic vegetation studies for the area means 
that we have little understanding of fruit availability across seasons and in different locations. 
However, some differences appear in food items between the north and south of the Uele, 
such as the lack of Afzelia africana, Parinari excelsa, Treculia africana, Strychnos 
comptoneura, and Klainedoxa gabonensis from the food profile in the south (the first two 
trees were never seen south of the Uele, and the latter three appeared to be rare), and a higher  
 
 
Table XIII.  Feeding remains of fruit and herbs on our forest walks in the North Uele. The numbers 
refer to feeding sites, not individual food items. Number of km surveyed is listed in parentheses.  
 
Fruits Wet 2004-

2005 (973 
km) 

Dry 
2004-
2005 

(245 km) 

Wet 
2006-
2007 

(402 km) 

Dry 2006-
2007 (256 

km) 

Total 
(1876 
km) 

Afromomum spec. 1 1 - - 2 
Afzelia africana 1 6 3 1 11 
Bridelia ferruginea 2 - - - 2 
Cannarium schweinfurthii 1 - 1 - 2 
Coffea canophera - - - 2 2 
Cola lobecitia 3 - - - 3 
Desplatsia dewevrei 1 - - 1 1 
Erythrophleum suaveolens 2 - - - 2 
Ficus mucuso 4 6 - 1 11 
Ficus spp. (stranglers), including F. louissi and 
F. brachylepis 

13 6 2 1 22 

Klainedoxa gabonensis 8 - 1 - 9 
Myrianthus arboreus 1 - 1 - 2 
Megaphrynium gaboniense 2 3 1 1 7 
Musanga cecropioides 2 - - - 2 
Parinari excelsa 6 - - - 6 
Saba spp. (mostly S. comorensis) 24 - 8 - 32 
Strychnos comptoneura 8 - 4 3 15 
Strychnos spec. - - - 6 6 
Treculia africana - - 2 - 2 
Uapaca hendelotii 2 - - - 2 
Unknown, limongoye 7 - - - 7 
Unknown 5 5 5 1 16 
Total fruits 93 26 28 17 164 
 
Herb and tree leaves (all are herbs unless otherwise mentioned) 
Afromomum spec. 2 1 1 0 4 
Arundinaria spec. 1 0 0 0 1 
Costus afer 2 0 0 1 3 
Erythrophleum suaveolens (leaves) 0 0 0 2 2 
Marantochloa congensis 3 0 0 0 3 
Megaphrynium gaboniense 4 1 2 0 7 
Marantochloa mannii 0 0 1 0 1 
Rinorea claessensii (leaves) 1 0 0 0 1 
Saccharum sp. (sugar cane) 1 0 0 0 1 
Uk, kpondo (Haumania spec.?) 3 1 0 0 4 
UK Marantaceae (dukpe) 0 0 6 0 6 
Total herbs and leaves 17 3 10 3 33 
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incidence of Desplatsia dewevrei to the south. The high incidence of herb feeding remains to 
the south of the Uele (see Figure 17 for a photograph of one of these sites) is interesting; this 
is particularly apparent in the forests containing extensive herb patches. However, due to the 
smaller number of km walked on the surveys to the south, we cannot draw any firm 
conclusions. 
 
 
Table XIV.  Feeding remains of  fruit and herbs on our forest walks in the South Uele. Number of km 
surveyed is listed in parentheses. Localities in bold print were surveyed during the dry season. *s 
represent areas characterized by extensive herb patches extending in places over >1 km². 
 
Fruits Lebo 

2006 
(50 
km) 

Lingo- 
Zongia 

(75 
km) 

Bongenge 
(65 km) 

Akuma 
(24 

km) * 

Buta-
Ngume 

(56 
km) * 

Yoko 
(1 

km)* 

Mbange 
(112 km) 

*  

Leguga 
(49 km) 

Total 
(432 
km) 

Afromomum spec. - - - - 1 - - - 1 
Desplatsia dewevrei - - 1 - -  1 3 5 
Ficus mucuso - 1 1 - - 1 - 1 4 
Gilbertiodendron dewevrei 1 - - - - - - - 1 
Myrianthus arboreus - - - - 1 - - - 1 
Megaphrynium gaboniense - 3 - - - - - - 3 
Musanga cecropioides - - - 1 - - - - 1 
Saba spec. (mostly S. 
comorensis) 

2 - - - 2 - 1 2 7 

Unknown 1 1 - 2 - - - - 4 
Total 3 4 2 3 4 1 2 6 25 

 
Herb and leaves (all are herbs unless otherwise mentioned) 
Afromomum spec. - 1 - - 3 1 - - 5 
Haumania spec. - - - 2 - 1 5 - 8 
Megaphrynium gaboniense - 2 - 8 2 6 - - 18 
Palisota spec. (P. hirsuta?) - - - - - - 1 - 1 
Total 0 3 0 10 5 8 6 0 32 

 

 
 

Figure 17. A pile of shoots and fruits of Afromomum spec. and shoots of Megaphrynium spec. 
consumed by a chimpanzee in a herb-filled forest near Buta, September 2008. 
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Caffeinated chimpanzees? 
Interestingly, in January 2007 we found two cases of wild coffee trees having been 

broken and their berries consumed, probably by chimpanzees. Later, JS found the chimpanzee 
dung sample shown in Figure 18, and the trackers claimed that the seeds inside were from the 
same •wild coffee• tree. Seeds were later identified as Coffea canophera (P. Stoffelen, 
National Herbarium Belgium, pers. com. October 2007). Whether the chimpanzees were 
eating these fruits for nutrition, taste, or the effects of caffeine is unknown. It is also unknown 
whether this coffee, which is native to sub-Saharan Africa, was an escaped cultivar or 
indigenous to the area.  
 
Crop-raiding 
 In other regions of Africa, chimpanzees sometimes engage in crop-raiding, which can 
lead to conflicts with farmers (Humle, 2003; Hockings et al., 2007). Although in the Bili-Uele 
region crop-raiding sometimes occurred, the behavior  appeared to be uncommon, despite the 
close proximity of the apes to fields and villages. Villagers from Pangali 9 km to the northeast 
of Camp Louis told us that chimpanzees would sometimes raid their fields for sugar cane. We 
received several reports of crop-raiding from the South Uele as well, particularly at Leguga 
and Lebo. The photograph in Figure 19 is of a chimpanzee nest found in the middle of a 
cultivated field in Zaza, on the north bank of the Uele River across from Lebo. Beneath the 
nest were scattered rotting papaya fruits with signs of having been fed on. Two villager 
women claimed they had recently observed a large chimpanzee sitting in this nest and eating 
papayas. For the most part, farmers only blamed chimpanzees for stealing low-value fruits 
such as bananas and papayas. The farmers were far more resentful of baboons, which they 
viewed as much more destructive due to their habit of digging up rice, beans, and other 
valuable commercial crops. Villagers sometimes used loud drums in an attempt to scare 
baboons away from their fields. 
 
Meat-eating (vertebrate prey) 
Fecal analyses 
 As mentioned in the previous section, 46 chimpanzee dung samples were washed and 
examined in 2004 and 2005 (during the dry and wet seasons). Even considering multiple dung 
samples from the same nest sites, not one contained the remains of non-insect animal prey. 
Ants, probably drivers (Dorylus spp.) were found in three (6.5%) of the 46 samples, in one 
case making up 18 % of the sample weight. No remains of termites were found, but in one 
dung sample we found what appeared to be a small quantity of termite mound dirt. 
 
The tree pangolin 
 On 30 June 2005, we were nearing the end of our third 55-km transect into the Gangu 
Forest. We had seen no sign of humans in this forest, and it was densely populated by 
elephants, chimpanzees, leopards and other large mammals. The chimpanzees in this area, 40 
km from the nearest road or village, showed •naïve• behavior towards humans (Chapter 2). 
Having heard a large group of the apes pant-hooting and tree-drumming through the night and 
into the day, TH, LF, and tracker Mbolibie left the transect at14:18 and headed in their 
direction, hoping to make contact. As we moved towards the chimpanzees, we heard more 
tree drums, screams, and pant-hoots from approximately 50 m south. We passed a large 
chimpanzee footprint and some fresh dung before arriving at a zingi (Parinari excelsa) tree, 
surrounded by freshly-eaten fruits. The tree had obviously been vacated by the chimpanzees 
minutes before. From 14:41 to 14:50 hours we heard the apes vocalize further to the south. 
We waited patiently in the area, until at 15:15 hours we heard a new eruption of pant-hoots 
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Figure 18. Chimpanzee dung from Gangu containing wild coffee seeds (photograph by 
Jeroen Swinkels). 
 

 
 

Figure 19. A chimpanzee nest in a cultivated a field along the north bank of the Uele River. Freshly-
eaten papayas (Carica papaya) were found beneath the nest. 
 
 
and tree drums closer to the south. As we moved towards the chimpanzees, we heard barks 
and screams at 15:27 hours, and then the pant-hoots of several individuals at 15:38 and 15:42 
hours. At 15:44 hours, a pandemonium of barks and pant-hoots broke out less than 50 m to 
our south, and we heard one individual galloping around in the undergrowth, pant-hooting 
(we could hear another party pant-hooting further to the south as well). This happened again a 
few minutes later. In the midst of pant-hoots from many different individuals, one large 
chimpanzee was running about on the ground, barking, screaming, and possibly attacking 
another, who screamed. It sounded as if two or more individuals were fighting. The screams 
continued, moving southward. We moved forward into the dense forest patch from which we 
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had heard the sounds of the apparent conflict. Here, at 4°16•46ŽN, 24°37•61ŽE, we found the 
fresh carcass of a tree pangolin (Phataginus tricuspis), lying a few cm away from the 
footprint of a chimpanzee (Figure 20). As we examined the site, we heard more screams, 
accompanied by the sounds of a chimpanzee being chased, along with pant-hoots, just 25 m to 
our south. We followed these sounds 150 m southwest to have a contact with four 
chimpanzees (an adult male, an adult female, and two juveniles) engaged in a bout of ant- 
dipping. Following the contact, we returned to examine the dead pangolin, and TH recorded 
the following details in his data notebook:  
 
 
 

 a 
 

 b. 
 
Figure 20. (a). The remains of a tree pangolin ((Phataginus tricuspis) apparently consumed by a 
chimpanzee. (b). The chimpanzee footprint 37 cm to the southeast has been powdered to make it stand 
out in the photograph. 
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The pangolin is on the ground in dense forest. The chimpanzee footprint is 37 cm 
southeast of the dead pangolin, and measures 17.5 cm x 13 cm, so not a big 
chimpanzee; footprint powdered and filmed. In addition to the footprint, we also find 
an abandoned ant hill dug into by the chimpanzees a few m from the pangolin. 
Regarding the pangolin itself: the head, the limbs, the intestines and the inner body 
wall have all been consumed, and the inner body wall was scraped with the teeth. Only 
the scaly carapace and the tail remain (a small piece of meat has been chewed out of 
the tip of the tail) ƒ It is very fresh, abandoned just minutes before our arrival, and 
probably was the source of all the disputes we heard as we approached. We are all sure 
that the chimpanzees ate it; the trackers say that if a big cat had been responsible it 
would have eaten the whole thing, scales and all (and indeed we have seen pangolin 
scales in hyena and leopard dung before). We save the body and smoke it back at 
camp, but first measure it: without the head, the body measures 73 cm long and 13 cm 
wide. The tail is 41.5 cm long, 8 cm wide at the base. 
 
 

 The remains of the pangolin bore a striking resemblance to the photograph of a 
pangolin consumed by chimpanzees in the forest of Bossou, Guinea (Sugiyama & Koman, 
1987: page 144). 
 Also at Gangu, we found on 14 January 2007 a pangolin that had been consumed in a 
nearly identical way. However, the age of the specimen did not allow us to determine whether 
or not chimpanzees had been responsible. 
 The abundance of the cryptic, nocturnal tree pangolin is difficult to estimate in the 
forests of Bili. None were seen on the transects, although the tracks of the more conspicuous 
giant pangolin (Smutsia gigantea) were found four times. Tree pangolins were seen on several 
occasions in the town of Bili, usually in smoked form. 
 
Tortoise smashing … The first tortoise 
 On the morning of 27 March 2007, we were moving along our first transect through 
very dense, rocky forest on a hillside emerging from a stream valley. At 10:45 hours, tracker 
Garavura spotted a smashed tortoise shell lying on the transect (Figure 21), at waypoint 
4°22•07ŽN, 24°45•71ŽE. The tortoise shell had been split in half, and only one of the halves 
remained at the site. On the top of the shell was a square-shaped hole; the shell appeared to 
have been fractured by an impact against a hard object. Many of the scales had been knocked 
off of the shell and lay on the ground around it. One rotting leg (with meat still attached) and 
a hip bone remained inside the shell. From the putrefied condition of the leg, it appeared to 
date from between one and two weeks ago. Half a meter to the north, a cracked scale from the 
shell lay on the surface of a rock, and beside the rock was tortoise dung, which appeared to 
have been flung from the tortoise when it was slammed against the rock. A specialist would 
later identify the tortoise from photographs of its shell as Kinixys belliana, Bell•s hinge-back 
tortoise. 
 There was no direct evidence of chimpanzees at the smash site, but we were 35 m 
northeast of an old chimpanzee tree nest, and on our return two days later we would find fresh 
chimpanzee dung just 300 m west of the site. In addition, nine days prior to the discovery, as 
his team passed by cutting the transect, Camp Director Makassi filmed a contact with at least 
six chimpanzees, including an adult male, only 200 m north-northwest of the smash site. 
Makassi said that they had not seen the shell on that day. Clearly chimpanzees visited this 
area frequently. The field assistants and TH were convinced that a chimpanzee had been 
responsible for smashing open this tortoise.  
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During TH•s first months at Bili, several of our trackers had claimed that the 
chimpanzees frequently smashed tortoises against rocks and ate them. These claims were 
made months before we found the smashed tortoise described above. When our survey team 
traveled to the village of Lebo over a hundred km southeast and on the other side of the Uele 
River, we asked the locals to tell us which animals were eaten by the chimpanzees. Several 
responded kobá (•tortoise• in Lingala), and mimicked how the chimpanzees would smash the 
reptiles against rocks. At Lebo, we later observed that the chimpanzees smashed open snails 
just as they did at Bili (Chapter 5), making the locals• claim more plausible. Villagers in other 
remote settlements told us, unprompted, the same story about tortoise-smashing chimpanzees, 
although a variant south of the Uele involved the chimpanzees rubbing the bottom of the 
tortoises shell to force them to emerge, at which point the chimpanzee would eat them. 

Tortoises do not appear to be common in the Bili region. Only two (including the 
smashed specimen) were found on the 160 km of transect walked, and not a single tortoise 
was seen by TH during the 2006-2007 field season, despite the fact that he was looking for 
them.  

To put this into context, we had already found abundant evidence of what we have 
termed a •smashing culture• in the Bili chimpanzees. The apes smash open hard-shelled fruits, 
African giant snails (probably Arachatina marginata), and small Cubitermes and larger  
 
 
a.  b. 

  
 

 c 
 
Figure 21. Three images of the smashed Bell•s hingeback tortoise Kinixys belliana) which was 
probably smashed open by a chimpanzee at Bili. a. Scale on a rock next to the shell, and tortoise 
faeces and innards beside the rock. b. The shell as originally found. c. The shell seen from above. 
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Thoracotermes mounds, using rocks and roots as substrates (Chapter 5). Dozens of smash 
sites have been found, sometimes in association with chimpanzee nest sites. On two 
occasions, we heard the chimpanzees smashing open termite mounds, and then found 
smashed fragments of the mounds when searching the area afterward. The evidence of 
tortoise smashing should be considered in the context of this local tradition. 
 
Tortoise smashing … The second tortoise 
 A second tortoise smash site was recorded by TH on 25 March, 2008 in the forest of 
Leguga (3°22•87ŽN, 25°02•58ŽE) (Figure 22). The species was Kinixys erosa. Unlike the case 
at Bili, this site was linked to multiple items of fresh chimpanzee evidence. There is a small 
possibility that the scene might have been faked by a local villager for monetary gain, but 
several pieces of evidence make this unlikely, as we shall see. 

On 24 March, upon our return from the forest to the village of Leguga, the project 
motorbike driver informed TH that a villager who had served as our tracker for 1 day 2 weeks 
before had approached him claiming to have seen a tortoise smashed by a chimpanzee close to 
the village. This man, Alphonse, had previously helped us to locate several chimpanzee nests 
and a tool site near fields to the east of Leguga, and was aware that we were interested in 
finding ground nests, tortoises and other cultural items. 

 

 a.  b. 

 c. 
 
Figure 22. (a)(b) The tortoise smashing scene in Leguga (Kinixys erosa). Notice the bruising on the 
buttress. (c) Flimsy day nest found 5 m above the smashed tortoise, incorporating three trees.  
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 Alphonse told us that three days before, he had been sleeping in the village and had 
heard chimpanzees pant-hoot twice to the east, around 3:00 hours and 6:00 hours. That 
morning he walked through the forest in that direction, and observed chimpanzee sign from 
the trail. He followed the tracks and they led him to a smashed tortoise, which still contained 
some meat. He also found a tree nest and some digging marks in the soil. 

On the morning of 25 March, prior to leaving Leguga, we were led by Alphonse and 
two other locals down a trail leading to fields. 800 m east of the road, we came to the site 
where a tortoise had been smashed open upon the buttress of a tree. The site was fresh, dating 
from within the last several days. We were approximately 1 km west of tree nests, a tool site, 
and a snail smash site we had visited with Alphonse two weeks before. This site was located 
approximately 25 m from the human trail leading to an active field, from which the 
chimpanzees allegedly steal pineapples. The three men accompanying us told us that they had 
heard chimpanzees pant-hoot from Liguga this morning, to the west. 

There was no meat left in the tortoise shell, and millipedes were crawling around 
inside. The upper half of the tortoise shell was found in two halves, and had been smashed 
against the 51 cm-high buttress of an ekoy tree 42 cm north. The impact area on the buttress 
measured 6 x 4.5 cm overall, but within this space were six separate smaller strike marks. 
Seven cm southwest of the struck buttress was a piece of bone that had been smashed out of 
the shell. Scales from the shell and the tortoise•s breast bone were found in between the 
buttress and the shell. The turtle shell measured 22 cm long and 12 cm wide. It was broken in 
two at 12.5 cm along its length. Under the shell was a shattered scale.  

Seventeen m from the smashed turtle, we found what appeared to be a day nest 
constructed within the past few days, 5.5 m high with three tall trees bent together to make the 
nest. Although the nest was flimsy and lacked support, it is difficult to imagine that a human 
could have faked it, as it would have required scaling three trees to a height where they were 
flexible enough to pull the crowns down together. Also at the site were two insect dip tools 
(one found by TH controlling the scene), not stripped, projecting from holes, and a dirt-
digging site as is commonly seen in the area.  

It is impossible to rule out the possibility that Alphonse faked this scene in order to 
receive a tip. However, it is unlikely considering that a day nest was found at the scene, as 
well as digging sites and tools similar to those we had found in nearby forests. If Alphonse 
had wanted to fake a nest, he could easily have constructed a ground nest using the 
Marantaceae at the scene, which he knew as well that we were looking for.  

Only one of the two tools found here showed minor signs of modification (stripping), 
and both were apparently debris picked up off the ground by the chimpanzees. One tool had 
been cut on one end by a machete, which at first aroused TH•s suspicions, but the cut mark 
was months old, and the tool was lying in the middle of an old abandoned hunting trail with 
cut saplings. Unlike in the forests north of the Uele River, the South Uele chimpanzees 
sometimes used debris sticks as tools (Chapter 5). 
 
The leopard 
 On 8 September 2006, Ligada Faustin (LF)2 led a team to the Gangu Forest to 
construct a new research camp (Camp Gangu: 4°19•34ŽN, 24°41•53ŽE). This particular forest 
                                                 
2 The fourth author, Ligada Faustin, a local Azande and the project•s most experienced tracker, had already been 
working for the chimpanzee project for several years prior to TH•s involvement, and had been trained to use a 
GPS, collect dung and hair samples from chimpanzee nests, operate a camera and record data in French. During 
the 2004-2005 field season, LF received additional extensive training in basic data collection from TH. He 
frequently led teams to contact chimpanzees, recording and writing data using a camera, notebook, GPS and a 
watch. His reports were always accurate when verified by TH (for instance, by revisiting contact sites at fruiting 
trees and finding feeding remains, and investigating the reports of •naïve• chimpanzees in the Gangu Forest), and 
his estimates of distance were precise. 
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had been chosen due to its high density of chimpanzees, as well as the relative lack of fear the 
apes displayed towards humans. While he and his assistants were constructing a satellite camp 
on a hilltop over the Langba Stream, he recorded the following series of observations 
(translated from the French by TH …comments by TH are added in italics): 
 

17 September, 2006 - We spent the sixth work day constructing shelters for the new 
camp. At 5:00 hours, we heard chimpanzees vocalizing (crient) to the SE, towards the 
Langba River. Since we had arrived here to construct the houses at 8:00 hours, the 
chimpanzees had continued to vocalize very loudly less than 300 m away. We 
continued to work. The chimpanzee vocalizations (criés) continued all day. 
18 September, 2006 - The seventh work day we spent tying the roofs on the houses. At 
5:00 hours, the chimpanzees vocalized in two groups, one to the north and one to the 
south. Upon our arrival at the new camp at 10 am, the vocalizations started again, just 
as had happened the day before. I asked the cutters, why have the chimpanzees been 
vocalizing for 2 days straight, from the same direction? I left three workers to continue 
the camp work and took Kangonyesi and Garavura towards the source of the sounds. 
When we arrived, we found a chimpanzee on the ground 10 m from us, eating 
something white in front of it. LF says that the chimpanzee was a medium-sized 
individual and had its back to the observers, and they watched it feed for about five 
min. We could not see well what it was eating. I asked Kangonyesi to cough once, and 
when he did, the chimpanzee moved off by climbing up a vine into the trees. Arriving 
at the site, we found a leopard apparently killed by the chimpanzee. The haunches and 
the two back legs had been eaten by the ape. We examined it well and searched the 
leopard•s body, and saw that it had two wounds on the neck and one on the side of the 
shoulder blade. I took a sample of the leopard (its paw). LF cut off the front paw just 
above the wrist and brought it back to Bili. It was killed by the chimpanzee itself. The 
time is 10:49 am. The two back legs were mostly missing, confirmed LF. He thought 
that the bite marks on the neck and shoulder had been made by chimpanzees, as there 
was much tearing where the meat had been ripped from the presumed fatal wounds, 
consistent with chimpanzee bites and not the puncture wounds of big cats. The 
leopard•s neck appeared to have been broken. When TH revisited the site with LF 
three weeks later, no remains of the leopard were found, although there was a 
disturbed patch of soil where LF had said the leopard had lain.  The lack of remains 
was not surprising, as we were full into the rainy season. It is also likely that the still-
intact leopard carcass would have been carried off by the chimpanzee after the 
trackers had departed. Fresh cut marks from a machete were present on the tree from 
behind which LF said he had been hiding while observing the incident. LF described 
how he had seen a pool of urine a few m away from the carcass, and he speculated 
that that was where the leopard had been killed (and lost control of its bladder). He 
acknowledged that he could not be sure whether or not the leopard had been killed by 
chimpanzees, but thought it likely. The leopard was not a cub, but was not a 
particularly large individual in LF•s estimation. The site was in very dense forest on 
the top of a hill above a river, in an area frequently visited by chimpanzees 
(4°19•52ŽN, 24°41•44ŽE).  

 
 LF returned to Bili on 28 September 2007 and presented the leopard paw to TH. It was 
still in good condition, and was only just beginning to give off an odor. The paw measured 10 
cm from the dew claw to the third claw, and was spotted black and white (Figure 23). We 
preserved it in alcohol. 
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 a.   b. 
 
Figure 23. (a. and b.) Ligada Faustin in the town of Bili with the leopard (Panthera pardus) paw 
described in the text. 
 
 

Leopards appeared to be common both at Camp Louis and in the Gangu Forest, 
frequently visiting our camps in both of these regions (Chapter 1, Table IX). We encountered 
their tracks six times on the 160 km of transects walked, and once we encountered an adult on 
the transect. 

Two other Azande trackers claim to have seen chimpanzees eating leopards in nearby 
forests. Olivier Esokeli says that when he was hunting in the forest with his father as a boy, he 
saw six adult chimpanzees pin down and kill a leopard. Benoit Imasanga describes how he 
once heard chimpanzees making a noisy commotion near his camp, and followed the sounds 
into a gallery forest. There he found the mangled carcass of a leopard surrounded by 
numerous chimpanzee prints. Both of these incidents allegedly happened decades ago, and 
were recounted to the first author after the leopard-eating incident described above, so it is 
hard to be sure of their validity. Ever since the early days of the project, locals have told 
stories about the Bili apes killing lions, leading to the origin of the Bili apes• •lion-killer• 
reputation in the international press. All of the trackers insist that leopards never hunt 
chimpanzees, even juveniles, because the chimpanzees are too large and powerful. We 
dissected five leopard scats found near Camp Louis, and found no remains of chimpanzees, 
only of duikers (hooves, bones, and small grey hairs). 
 
Other vertebrate prey? 

Throughout their range in Africa, wherever chimpanzees and red colobus 
(Piliocolobus spp.) are sympatric, the apes prey on the monkeys, preferring them to all other 
prey (Boesch et al., 2002). The red colobus is not present at Bili or any of the other forests 
surveyed north of the Uele River (Chapter 1), but was found in most of the forests surveyed 
south of the Uele River. It remains to be seen whether or not the chimpanzees hunt any of the 
nine monkey and prosimian species of the area. The trackers claim that they do not, and that 
the only mammals they have seen eaten by chimpanzees are leopards and duikers. However, 
project worker Makassi claimed that black and white colobuses are the •mortal enemies• of 
the apes, and that the two species often do battle in the trees. He even claimed to have 
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witnessed, years before, a black and white colobus kill a small chimpanzee in the canopy by 
biting its throat. These stories may be the locals• interpretations of hunting activity by the 
chimpanzees on monkeys. Locals have also, on several occasions, at Bili and also at Ngume 
near Buta, described having seen chimpanzees eating duikers.  

Finally, the trackers and members of villages both near and far frequently claimed that 
the Bili chimpanzees have the habit of digging up aestivating fish from small streams during 
the dry season. TH observed the Azande digging for fish as well (after they had dammed the 
streams), and the trackers claim that when dam-fishing they frequently find chimpanzee 
knuckle-prints, dig marks, and fish remains around muddy holes in riverbeds. So far, we have 
been unable to find evidence of this behavior, but we were rarely in the right part of the forest 
during the months during which the behavior is supposed to occur (February to April). 
 
Conclusions 
 
 Based on our first preliminary investigations, the year-round predominance of fruit 
and lower occurrence of leaves / herbs and insects in the dung of the Bili chimpanzees 
resembles the pattern seen in other populations of chimpanzees. A more extensive and 
systematic study will be required, however, to compare the diets of the Bili apes to that of 
other populations of chimpanzees, as well as gorillas and bonobos. It will be necessary to 
carry out fecal analyses over an entire year period in order to get a clearer picture of their 
dietary patterns. A particularly interesting avenue for further research is to verify our 
impression that herbs make up an elevated proportion of the diet of the chimpanzees living in 
the Marantaceae fields in some of the forests to the south of the Uele River. 

Although our data on meat-eating is limited, the Bili-Uele population so far appears to 
have an unusual profile in terms of vertebrate prey, having apparently consumed a tree 
pangolin, a leopard, and tortoises. There is to date no evidence that they hunt monkeys. The 
fact that we failed to find vertebrate remains in our fecal analyses is not surprising. The 
chimpanzees of the Taï Forest are famous for their elaborate monkey-hunting behavior, and 
yet for the first few years of the study, a negligible quantity of vertebrate remains was found 
in fecal analyses (Boesch & Boesch, 1989). It took years before the first monkey-hunt was 
directly observed at Taï. 

Chimpanzees have been observed eating a pangolin at Bossou, Guinea (Sugiyama, 
1981), and the remains of what was probably a pangolin were found in a dung sample from 
the Ndoki Forest, Republic of Congo (Kuroda et al., 1996). Apart from some preliminary 
reports from Loango, Gabon (J. Head, pers. com., 18 May, 2010), circumstantial evidence for 
predation on tortoises comes from only one other chimpanzee site, Ituri, also in the DRC (J. 
Hart, cited as a pers. com. in McGrew, 1992). According to J. Hart (pers. com., 10 December, 
2007), he and his team have found approximately ten tortoises (Kinixys, as at Bili) smashed or 
pried open, apparently with stick tools found at the sites. One of the three tortoises personally 
seen by Hart had been pried open with a stick, which was found still projecting from inside 
the shell. Some of the other tortoises had apparently been smashed open with sticks. Because 
of the use of tools, the researchers and local foragers attributed the kills to chimpanzees. 
There was no evidence that any of the tortoises had been smashed on a substrate.  

At several study sites, chimpanzees have been seen to behave aggressively towards 
leopards and even put them to flight (see Introduction). However, the consumption of the 
leopard described in this paper is the first ever observation, to our knowledge, of a free-living 
chimpanzee feeding on an adult big cat. The chimpanzees at Mahale who attacked an adult 
leopard and killed its cub (Hiraiwa-Hasegawa et al., 1986), were not then seen to eat the cub.  

Even after decades of study at several long-term field sites, chimpanzees continue to 
hold surprises. Although predation on tortoises and pangolins is not unprecedented, the 
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consumption of an adult or near-adult leopard has not been seen before in this species. 
Certainly, one observation of a chimpanzee chewing on a leopard carcass is not enough to 
claim that this is a normal behavior for the population. It is also impossible to know whether 
the leopard was scavenged or killed by the chimpanzee, although the circumstantial evidence 
favors the latter. Scavenging (or pirating kills from baboons) has been observed in 
chimpanzees (Goodall, 1986; Hasegawa et al., 1983), although it seems to be rare … in one 
field experiment, fresh meat was inspected but not eaten when left out for chimpanzees by 
researchers (Muller et al., 1995). The possibility that the Bili chimpanzees have in some sense 
turned the tables on what is, in other chimpanzee populations, a known chimpanzee predator, 
may help to explain the apes• curious habit of spending their nights in elaborate ground nests 
(Chapter 5). The building of night ground nests is ubiquitous in the Bili-Uele region, having 
been found across an area of at least 35,000 km². With the exception of Yealé in Guinea 
(Matsuzawa &Yamakoshi, 1996, but see Humle & Matsuzawa 2003), this is the highest 
incidence of such behavior yet seen, and it is puzzling that it should also occur in one of the 
most predator-rich areas in which chimpanzees have been studied. At other sites in which 
ground nesting has been observed, such as Mount Nimba (Koops, 2007) and Bwindi (C. 
Stanford, pers. com., 20 September, 2007), large predators are notably scarce or absent. 
Entering into speculation, perhaps predators at Bili give the chimpanzees a wide berth to 
avoid meeting the fate of the leopard described above, thus leaving some of the apes free to 
nest on the ground. Intriguingly, ground nesting seems to be rare in proximity to human 
settlements and roads, the same areas in which the chimpanzees show fear when they 
encounter humans (Chapter 2). Perhaps Homo sapiens is the one predator that the Bili apes 
would rather not encounter on the ground. 
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Appendices 
 
Appendix I. The raw data for our nest site decay-rate study. 
     Dung 

at 
nest? 

Decay Rate 
Nest 
no.r 

Date 
Discovered 

Nest 
Age Tree/Ground 

Est. 
elevation 

Nov. 
24/04 

Jan. 
29/05 

Apr. 
6/05 

Apr. 
17/05 

May 
20/05 

May 
21/05 

Jul. 
12/05 

1 10/20/2005 1 T 12 y nv nv nv 4 6 nv 6 
2 10/20/2004 1 T 6 y nv nv nv 4 5 nv 5 
3 10/20/2004 1 T 7 y nv nv nv 6 6 nv 6 
4 10/20/2004 1 T 8.5 y nv nv nv 6 6 nv 6 
5 10/20/2004 1 T 15 y nv nv nv 6 6 nv 6 
6 10/31/2004 2 G 0 n nv 6 6 nv nv 6 6 
7 10/31/2004 2 G 0 n nv 6 6 nv nv 6 6 
8 10/31/2004 2 G 0 n nv 6 6 nv nv 6 6 
9 11/13/2004 1 G 0 y 3 nv 6 nv 6 nv 6 
10 11/13/2004 1 T 5.5 n nv nv 4 nv 6 nv 6 
11 11/13/2004 1 T 5 n nv nv 4 nv 4 nv 4 
12 11/13/2004 1 T 6.5 y nv nv 5 nv 5 nv nv 
13 11/13/2004 1 T 4.25 y nv nv 5 nv 6 nv nv 
14 11/16/2004 1 G 0 y nv nv 4 nv 6 nv 6 
15 11/16/2004 2 T 9 n nv nv 4 nv 4 nv 5 
16 11/17/2004 2 T 6.5 n nv nv 4 nv nv nv nv 
17 11/23/2004 1 T 6 n nv nv nv nv 4 nv 6 
18 11/26/2004 1 T 5.5 n nv nv 3 nv 4 nv 4 
19 11/30/2004 1 G 0 y nv nv 5 nv 5 nv 6 
20 11/30/2004 1 T 4.25 y nv nv 4 nv 4 nv 5 
21 11/30/2004 1 T 15 y nv nv nv nv nv nv nv 
22 1/29/2005 1 G 0 y nv nv 5 nv nv 6 6 
23 1/29/2005 1 G 0 n nv nv 4 nv nv 5 6 
24 1/29/2005 1 G 0 n nv nv 4 nv nv 5 6 
25 1/29/2005 1 G 0 y nv nv 5 nv nv 6 6 
Code: 1 = fresh, 2 = recent, 3 = old, 4 = rotten, 5 = skeleton, 6 = disappeared; nv = not visited 
 
 
Appendix II .  Mean and median nest heights compared across 14 surveyed areas, excluding ground 
nests. 
Locality n N / S of Uele Mean Median SD 
Bili-Bili South 93 N 11.94 11.0 5.18 
Camp Louis 561 N 8.29 6.5 5.49 
Gangu 432 N 10.01 8.50 5.33 
Gbangadi 82 N 10.69 10.0 5.41 
Zapay 114 N 11.07 8.0 6.14 
Zaza-Nawege 31 N 8.09 8.0 3.78 
Akuma-Yoko 35 S 13.96 10.0 7.26 
Bongenge-Malembobi 180 S 8.12 7.0 3.49 
Buta-Ngume 69 S 13.32 12.0 5.34 
Leguga 83 S 10.48 8.0 5.97 
Lebo-Mongongolo 158 S 10.27 9.0 5.01 
Mbange E 90 S 9.46 8.75 3.83 
Mbange W 67 S 11.26 9.5 5.47 
Zongia-Lingo 60 S 11.33 9.0 6.19 
Total N Uele 1313 N 9.50 8.0 5.56 
Total S Uele 742 S 10.31 9.0 5.25 
Total 2055 - 9.79 8.0 5.46 
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Appendix III.  Factor-loadings from the PCA analysis of the 18 human evidence items across the 
different study regions, including the predictor •distance from road•. For PC1, the lower the item•s 
number in the series, the more likely it correlates with nest height. Loadings near 0 indicate that the 
evidence-type does not contribute to that particular axis, negatively or positively.  
Evidence type Factor loading PC1  Evidence type Factor loading PC2 
distancefromroad 0.14192194  village 0.43188629 
lean-to 0.12461399  hut 0.42342922 
pet -0.01417210  field 0.40977583 
artifact -0.04766964  contact 0.40291996 
village -0.14245529  sign 0.22986915 
hut -0.14507288  lean-to 0.12672931 
field -0.15237623  pet 0.06521409 
cartridge -0.15637346  artifact 0.06395099 
mining -0.16692632  huntingsign -0.00495387 
contact -0.17947002  camp -0.02325730 
sign -0.21748213  bushmeat -0.02854944 
fishingsign -0.246658446  battery -0.0473790 
birdhunting -0.26410676  distancefromroad -0.05391920 
huntingsign -0.28608385  fishingsign -0.08012734 
camp -0.31614365  cartridge -0.13333941 
battery -0.31742692  snare -0.15782701 
huntingcamp -0.33107225  huntingcamp -0.19647316 
bushmeat -0.34768538  birdhunting -0.23994413 
snare -0.34904976  mining -0.27360894 
 
 
Appendix IV.  Numbers and percentages (the latter in parentheses) of nests covered across different 
seasons and locations. 
Locality No. in wet 

season (April-
Nov) 

No. in dry 
Season 
(Dec-

March) 

No. in wet 
season 

(excluding 
ground nests) 

No. in dry 
Season 

(excluding 
ground nests) 

No. in wet 
Season 
(ground 

nests only) 

No. in dry 
Season 
(ground 

nests only) 
N Uele covered 76 (73.1) 172 (69.1) 63 (72.4) 150 (66.7) 13 (76.5) 22 (91.7) 
N Uele uncovered 28 (26.9) 77 (30.9) 24 (27.6) 75 (33.3) 4 (23.5) 2 (8.3) 
S Uele covered 379 (91.1) 178 (76.1) 348 (90.4) 152 (75.6) 31 (100) 26 (78.8) 
S Uele uncovered 37 (8.9) 56 (23.9) 37 (9.6) 49 (24.4) 0 (0) 7 (21.2) 
All forests covered 455 (87.5) 350 (72.5) 411 (87.1) 302 (70.9) 44 (91.7) 48 (84.2) 
All forests uncovered 65 (12.5) 133 (27.5) 61 (12.9) 124 (29.1) 4 (8.3) 9 (15.8) 

 
 
Appendix V. Results of 46 fecal analyses conducted between October 2004 and July 2005. uk = 
uknown, nr = not recorded 
Fecal 
analysis 

Site Date Where 
found? 

Pre-
wash 

weight 
g 

Post-
wash 

weight 
g 

Contents 
 

% of 
Species                                    sample        Type                 No. 

Wash 1 1 Oct 13 
2004 

contact 
site 

93 87 Saba spec. 65 seeds 52 
Erythrophleum suaveolens 30 seeds 36 
Afromomum spec. 2 seeds >50 
Ficus mucoso 2 seeds, pulp >50 
ants (Dorylus spec.) 1 body parts 4 

Wash 2 2 Oct 16 
2004 

ground 107 44 Afromomum spec. 32.5 seeds >50 
Ficus mucoso 32.5 seeds, pulp >50 
Saba spec. 18 seeds 8 
Erythrophleum suaveolens 12 seeds 5 
Greenewaydendron 
(probably suavoleans) 5 seeds, pulp 

5 (2 
pulps) 

Wash 3 3 Oct 20 
2004 

contact 
site 

53 49 Ficus mucoso 100 seeds, 
stems, skins 

>50 

Wash 4 4 Oct 20 
2004 

contact 
site 

62 62 Ficus mucoso 100 seeds, 
stems, skins 

>50 

Wash 5 5 Oct 20 
2004 

nest site 167 152 Saba spec. 100 seeds, pulp 109 
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Fecal 
analysis 

Site Date Where 
found? 

Pre-
wash 

weight 
g 

Post-
wash 

weight 
g 

Contents 
 

% of 
Species                                    sample        Type                 No. 

Wash 6 5 Oct 20 
2004 

nest site 81 70 Saba spec. 100 seeds, pulp 59 
 

Wash 7 5 Oct 20 
2004 

nest site 175 155 Saba spec. 99 seeds, pulp 119 
dirt 0.5 dirt 1 
Afromomum spec. 0.25 seeds >50 
uk plant 0.25 uk material 1 

Wash 8 5 Oct 20 
2004 

nest site 107 99 Saba spec. 99.5 seeds, pulp approx. 50 
Afromomum spec. 0.5 seeds >50 

Wash 9 6 Nov 1 
2004 

ground 35 22 uk (limongule) 100 seeds, skin nr 
 

Wash 
10 

7 Nov 
11 

2004 

nest site 186 107 uk (limongule) 99.75 seeds 10 (9 
frag-
ments  
and 
skins) 

uk leaf 0.25 leaf 2 
Wash 
11 

7 Nov 
11 

2004 

nest site 158 162 Saba comorensis 100 seeds approx. 115 
 

Wash 
12 

7 Nov 
11 

2004 

nest site 102 nr Saba comorensis 100 seeds approx. 40 
 

Wash 
13 

8 Nov 
12 

2004 

contact, 
nest site 

33 17 Saba comorensis 93 seeds 33 
uk seeds 5 seeds 3 
uk fiber 2 fiber >1 

Wash 
14 

9 Nov 
13 

2004 

nest site 
(Wash 
13 and 
14 from 

same 
nest) 

869 262 Ficus spec. (strangler) 80 seeds, pulp >50 
Afromomum spec. 4 fiber >50 
Arundinaria (bamboo)  4 fiber >1 
Marantochloa congensis 4 fiber >1 
Strychnos camptoneura 4 seeds 17 
Celtis tessmannii 4 seeds 26 

Wash 
15 

9 Nov 
13 

2004 

nest site 
(Wash 
13 and 
14 from 

same 
nest) 

416 332 Ficus spec. (strangler) 94 seeds, pulp >50 
Celtis tessmannii 2 seeds 4 
Arundinaria (bamboo)  1 fiber >1 
Marantochloa congensis 1 fiber >1 
Strychnos camptoneura 1 seeds 1 
bark 1 bark >1 

Wash 
16 

9 Nov 
13 

2004 

nest site 53 23 Ficus spec. (strangler) 95 seeds, pulp >50 
uk (abukamango) 2 seeds >1 
Saba comorensis 2 seeds 1 
uk material 1 uk material 1 

Wash 
17 

9 Nov 
13 

2004 

nest site 99 67 Ficus spec. (strangler) 75 seeds, pulp >50 
Saba comorensis 13 seeds 14 
Afromomum sp. 10 seeds, fiber >50 
uk seeds 1 seeds 3 
uk (abukamango) 0.5 seeds >5 
Musanga cecropiodes 0.5 seeds >50 

Wash 
18 

10 Nov 
16 

2004 

nest site 291 112 uk fiber 58 leaves, fiber >1 
Saba comorensis 34 seeds, skin 36 
uk (abukamango) 2.3 seeds 13 
uk material 2.3 uk material 2 
uk skin 2.3 skin 12 
Afromomum spec. 0.5 seeds >50 
Ficus sp. (strangler) 0.5 seeds >50 

Wash 
19 

11 Nov 
20 

2004 

ground 13 17 uk (holombio?) 98 seeds approx. 
30 

Afromomum sp. 1 seeds 5 
uk seeds 1 seeds 3 

Wash 
20 

12 Nov 
24 

2004 

contact 230 131 Ficus spec. (strangler) 90 seeds, pulp >50 
Strychnos camptoneura 8 seeds 16 
Afromomum sp. 2 seeds, skin >10 
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Fecal 
analysis 

Site Date Where 
found? 

Pre-
wash 

weight 
g 

Post-
wash 

weight 
g 

Contents 
 

% of 
Species                                    sample        Type                 No. 

Wash 
21 

13 Nov 
26 

2004 

nest site 40 24 uk seeds 68 seeds 33 
uk fiber 25 fiber >1 
uk seeds 5 seeds >1 
Strychnos camptoneura 1 seeds 2 
Celtis tessmannii 1 seeds 1 

Wash 
22 

13 Nov 
26 

2004 

nest site 88 60 uk seeds 60 seeds 108 
uk fiber 22.5 fiber >1 
uk seeds 7.5 seeds >1 
Celtis tessmannii 5 seeds 1 
Strychnos camptoneura 5 seeds 4 

Wash 
23 

14 Nov 
30 

2004 

nest site 102 53 Strychnos camptoneura 85 seeds 46 
uk fiber 12 fiber >1 
Celtis tessmannii 1.5 seeds 12 
Ficus sp. (strangler) 1 seeds >50 
Afromomum spec. 0.5 seeds 5 

Wash 
24 

15 Nov 
30 

2004 

ground 88 67 uk fiber 26 fiber >1 
Afromomum spec. 25 seeds >50 
ants (Dorylus spec.) 18 body parts >50 
uk (abugba savanna seeds) 10.3 seeds 9 
Strychnos camptoneura 10.3 seeds 17 
uk seeds 10.3 seeds 2 

Wash 
25 

16 Dec 7 
2004 

ground 25 28 Afromomum spec. 54 seeds >50 
Strychnos camptoneura 31 seeds 14 
uk (abugba savanna seeds) 13.8 seeds 11 
Celtis tessmannii 1.2 seeds 1 

Wash 
26 

17 Dec 
11 

2004 

contact 231 97 uk seeds (holombio?) 56 seeds >10 
Afromomum spec. 18 seeds >50 
Arundinaria (bamboo)  10 fibers >1 
uk seeds 9 seeds >50 
Strychnos camptoneura 4 seeds 12 
uk seeds 1 seeds 13 
uk seeds 1 seeds 1 
uk seeds 1 seeds >50 

Wash 
27 

17 Dec 
11 

2004 

contact 146 52 uk seeds (dondoli?) 99 seeds approx. 
50 

Ficus spec. (strangler) 1 seeds >50 
Wash 
28 

18 Dec 
14 

2004 

ground 61 77 Saba comorensis 86 seeds >10 
Palisota spec. (hirsuta?) 14 seeds >10 

 

Wash 
29 

19 Jan 26 
2005 

ground 157 202 Ficus mucoso 99.5 seeds >50 
uk Marantaceae 
(Haumania?) 

0.5 herbs >1 

Wash 
30 

20 Jan 29 
2005 

nest site 432 363 uk (abukamango) 94 seeds >50 
Strychnos camptoneura 5 seeds 23 
Marantochloa congensis 1 seeds 13 

Wash 
31 

20 Jan 29 
2005 

nest site 151 146 uk (abukamango) 96 seeds >50 
Strychnos camptoneura 2 seeds 2 
Marantochloa congensis 2 seeds 5 

Wash 
32 

21 Jan 29 
2005 

ground 221 131 uk seeds 53 seeds >50 
uk leaves 30 leaves, fiber >10 
Diospyros iturensis 6 seeds 4 
Saba spec. 6 seeds 14 
Ficus mucoso 3 seeds >50 
Afromomum spec. 1 seeds >10 
dirt 1 dirt 1 

Wash 
33 

22 Feb 5 
2005 

ground 56 31 Ficus mucoso 85 seeds >50 
Strychnos camptoneura 15 seeds >5 

Wash 
34 

23 Feb 10 
2005 

ground 52 17 Uapaca hendelotii 50 seeds 12 
uk leaves and fiber 28 leaves, fiber >1 
Belenophora coffeoides 17 seeds 9 
uk seeds 2.5 seeds >1 
uk seeds 2.5 seeds >1 
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Fecal 
analysis 

Site Date Where 
found? 

Pre-
wash 

weight 
g 

Post-
wash 

weight 
g 

Contents 
 

% of 
Species                                    sample        Type                 No. 

Wash 
35 

24 March 
8 2005 

ground 97 102 uk fiber 100 fiber >1 
 

Wash 
36 

25 March 
11 

2005 

nest site 39 24 Monodora angolensis 
Weltwitschii 

60 seeds 14 

Ficus mucoso 13 seeds >50 
uk (zikpe) 13 seeds >50 
Musanga cecropioides 13 seeds >50 
uk seed 1 seeds 1 

Wash 
37 

26 March 
20 

2005 

nest site 72 42 uk seeds 80 seeds >50 
uk seeds (abugba savanna 
seeds) 

6 seeds 1 

uk seeds 6 seeds 4 
uk seeds 6 seeds 4 
dirt 2 dirt 1 

Wash 
38 

27 April 
6 2004 

ground 84 51 Uapaca hendelotii 41 seeds 11 
Ficus mucoso 39 seeds >50 
uk fruit  10 skins >5 
Myrianthus arboreus 5 seeds 3 
uk seeds 5 seeds 1 

Wash 
39 

27 April 
6 2004 

ground 96 75 Uapaca hendelotii 85 seeds approx. 
20 

zikpe seeds and fiber 7 seeds, 
fiber 

>10 

Myrianthus arboreus 7 seeds 1 
uk seeds 1 seeds >1 
uk seeds 1 seeds 4 

Wash 
40 

27 April 
6 2004 

ground 94 69 Uapaca hendelotii 62 seeds >1 
uk leaves 15 leaves   >5 
zikpe seeds   15 seeds >50 
Myrianthus arboreus 4 seeds 1 
uk seeds 2 seeds 7 
uk seeds 2 seeds 4 

Wash 
41 

28 April 
7 2005 

ground 64 40 uk seeds 30 seeds 21 
Ficus mucoso 29 seeds >50 
uk leaves 29 leaves >5 
Strychnos camptoneura 12 seeds 5 

Wash 
42 

29 May 8 
2005 

ground 41 19 Khaya grandifolia / 
onthothera  

47 sap >10 

uk seeds 22 seeds >5 
uk leaves 13.25 leaves >1 
uk material 13.25 uk 

material 
>1 

ants (Dorylus sp.) 4.5 body parts 3 
Wash 
43 

30 May 
22 

2005 

contact 
site 

65 31 Myrianthus arboreus 55 seeds, 
skins 

23 (+ 
skins) 

Bridelia ferruginea 35 seeds 25 
Cola lobecitia 10 seeds 8 

Wash 
44 

31 June 3 
2005 

nest site 78 63 Erythrophleum suaveolens 77 seeds >50 
uk (Saba spec.?) 21 seeds and 

skins 
14 

Ficus spec. (strangler) 1 seeds >50 
uk seeds 1 seeds 5 

Wash 
45 

32 June 
30 

2005 

ground 42 27 Parinari excelsa 37 seeds 2 
uk seeds 30 seeds >10 
uk seeds 30 seeds >10 
uk seeds 3 seeds >10 

Wash 
46 

33 July 
11 

2005 

contact, 
nest site 

112 95 Saba comorensis 85 seeds 54 (+ 
skins) 

uk seeds 15 seeds 14 
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Appendix VI.  Food items eaten by chimpanzees (counted by feeding sites, not individual items). 
Figs: Ficus brachylepis, Ficus elastoides, Ficus louisii, Ficus mucuso; Fruits:  Afromomum spec., 
Afzelia africana, Bridelia ferruginea, Cannarium schweinfurthii, Carica papaya, Coffea canophera, 
Cola lobecitia, Desplatsia dewevrei, Erythrophleum suaveolens, F. brachylepis, F. louisii, Ficus 
mucuso, Gilbertiodendron dewevrei, Klainedoxa gabonensis, Megaphrynium gaboniense, Musanga 
cecropiodes, Myrianthus arboreus, Parinari excelsa, Saba comorensis, Saba sp, Strychnos 
comptoneura, Treculia africana, Uapaca hendelotii, Uk fruit, Uk (limongoye); Herbs and pith: 
Afromomum spec., Arundinaria spec., Costus afer, Marantochloa congensis, Marantochloa mannii, 
Megaphrynium gaboniense, Saccharum spec. (sugar cane), Uk herb (Haumania?), Uk Marantaceae 
spec. (dukpe), kpondo (Haumania?); Leaves: Erythrophleum suaveolens, Rinorea claessensii. 
Location Month Km 

walked 
Direct observation fruit-
eating 

Feeding remains - fruits Feeding remains - herbs, 
leaves (L) 

CL Aug 2004 28.3  S. comorensis (1) S. comorensis (1)  kpondo (Haumania?) (2)  
Saccharum spec. (1)  

CL Sept 2004 145.3 uk (limongoye) (1) 
S. comorensis (1) 

S. comorensis (13) 
Uk (limongoye) (5) 
UK (vanday) (1) 

0 

CL Oct 2004 149.6 E. suaveolens (1) 
F. mucuso (1) 
U. hendelotii (1) 
Saba spec. (1) 
 

Saba spp. (5)
S. comorensis (1) 
E. suaveolens (1) 
F. mucuso (1) 
uk (banana na ndima) (1) 
U. hendelotii (1) 
Afromomum spec. (1) 

M. congensis (1) 
M. gaboniense (1) 
 

CL Nov 2004 163.7 Ficus spp. (strangler) (6) 
S. comorensis (1)  
uk (kpandi) (1) 
 

Ficus spp. (strangler) (5) 
M. gaboniense (2) 
S. comorensis (2) 
A.  africana (2) 
Saba spec. (1) 
Uk (limongoye) (1) 

M. gaboniense (2) 
C. afer (1) 
kpondo (Haumania?) (1) 
M. congensis (1) 
 

CL Dec 2004 77.1 Ficus spp. (strangler) (3)  
uk (dondoli) (2) 
F. mucuso (1) 
 

A.  africana (5) 
F. mucuso (2) 
Ficus spp. (strangler) (3)  
M. gaboniense (2) 
Uk (dondoli) (1) 
Afromomum sp (1) 

M. gaboniense (1) 
Afromomum spec. 
(1) 

CL Jan 2005 13.9 A.  africana (1) 
uk (abukamangu) (1)  
F. mucuso (1) 

M. gaboniense (1) 
F. mucuso (1) 
 

kpondo (Haumania?) (1)  
 

CL Feb 2005 41.2 0 0 0 
CL March 

2005 
112.5 0 F. mucuso (1) 

uk (zikpe) (1) 
 

0 

CL / G April 2005 171.3 0 S. comptoneura (2) 
D. dewevrei (1) 
F. mucuso (1) 
uk (abukamanga) (1)  
uk (nyekunya) (1) 

R. claessensii (L) (1) 
C. afer (1) 
 

CL / G May 2005 122.4 B. ferruginea (1) 
A. africana (1) 

S. comptoneura (6) 
A. africana (5) 
K. gabonensis (5) 
Ficus spp. (strangler) (2)  
C. lobecitia (1) 
B. ferruginea (1) 
M. arboreus (1) 

0 

CL / G June 2005 104.7 C. lobecitia (1) 
K. gabonensis (1) 
F. mucuso (1) 
 

P. excelsa (3) 
K. gabonensis (2) 
A. africana (1) 
C. lobecitia (1) 
S. comorensis (1)  

Afromomum spec. (1)
 

CL July 2005 88.4 P. excelsa (1) 
M. cecropiodes (1) 

P. excelsa (2) 
K. gabonensis (1) 
M. cecropiodes (1) 
A. africana (1) 
C. schweinfurthii (1) 

Afromomum spec. (1) 
Arundinaria spec. (1) 
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Location Month Km 
walked 

Direct observation fruit-
eating 

Feeding remains - fruits Feeding remains - herbs, 
leaves (L) 

BILI S July 2006 69.6 T. africana (1) 
K. gabonensis (1) 

S. comorensis (3) 
uk (ongokea) (1) 
T. africana (1) 
A. africana (1) 

0 

BILI S, 
CL, & G 

August 
2006 

124.1 0 S. comorensis (5) 
S. camptoneura (1) 
M. arboreus (1) 
Uk fruit (mokese) (1) 

Uk Marantaceae spec. 
(dukpe) (6) 
M. mannii (1) 
M. gaboniense (1) 

CL / G 
(trackers) 

Sept 2006 Not 
recorded 

C. schweinfurthii (1)   

LB Sept 2006 49.7  S. comorensis (2) 
Uk fruit (1) 
G. dewevrei (1) 

 

CL / G Oct 2006 193.4 Ficus spec. (strangler) (1) 
A. africana (1) 
 

S. camptoneura (3)  
A. africana (2) 
M. gaboniense (1) 
C. schweinfurthii (1) 
F. elastoides (1) 
Uk fruit (1) 
Uk fruit (1) 
Uk (munungbu) (1) 

M. gaboniense(1) 
Afromomum spec. (1) 

BILI S Nov 2006 15.0 0 0 0 
ZP Dec 2006 50.0 uk (banana-like fruit) (1) A. africana (5) 

M. gaboniense(1) 
0 

CL / G Jan 2007 191.4 Ficus spp. (louisii?) (5)  
F. louisii (1) 
F. brachylepis (1) 

Strychnos sp. 
(burlumanza) (6) 
A. africana (5) 
S. camptoneura (3) 
C. canophera (2) 
F. mucuso (1) 
F. brachylepis (1) 
F. louissi (1) 
Ficus spec. (1) 
D. dewevrei (1) 

E. suaveolens (L) (2) 
C. afer (1) 

LI / ZO Nov 2007 74.7 0 M. gaboniense (3) 
F. mucuso (1) 
Uk fruit (1) 

M. gaboniense (2) 
Afromomum spec. (1) 
 

MB Jan 2008 111.8 0 S. comorensis (1) 
D. dewevrei (1) 

Haumania spec. (5) 
Palisota spec. (hirsuta?) (1) 

LG March 
2008 

48.5 0 D. dewevrei (3) 
S. comorensis (2) 
F. mucuso (1) 

0 

BG April 2008 65 0 F. mucuso (1) 
D. dewevrei (1) 

M. gaboniense (1) 

AK June 2008 23.5 0 Uk fruit (1) 
Uk fruit (bahukukuku) (1) 
M . cecropiodes (1) 

M. gaboniense (8) 
Haumania spec. (2) 

LB / ZA Aug 2008 19.4 0 Uk fruit (bakilamama) (2) 
Uk fruit (aganga) (2) 
S. comorensis (1) 
Carica papaya (1) 

0 

BT-NG Sept 2008 56.0 0 S. comorensis (2) 
Afromomum spec. (1) 
M. arboreus (1) 

Afromomum spec. (3) 
M. gaboniense (2) 

YK Nov 2008 1 0 F. mucuso (1) M. gaboniense (6) 
Afromomum spec. (1) 
Haumania spec. (1) 
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Below: Social learning in action. The orphan chimpanzee Kisanola observes Seba Koya repairing the 
project motorbike, then grabs a stick and has a go himself. 
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General Introduction 
 
 Recent years have seen a sharpening in the debate over the existence of culture in non-
human animals. In his review of this controversy, McGrew (2004) points to a division 
between cultural anthropologists and biologists over whether or not we should label as 
•culture• (in the sense that the word is used to describe a class of human behaviors) traditions 
that have been observed in animal species ranging from songbirds to cetaceans. Part of the 
controversy involves the very definition of •culture• itself. Older definitions excluded the 
possibility of the existence of the phenomenon in non-humans by specifying it as a uniquely 
human behavioral pattern, often tied to language-use (McGrew, 1992). McGrew and other 
researchers (van Schaik, 2004) have proposed a definition that is less circular and more 
testable. In this paper we use the definition of culture given by Whiten et al. (1999): •behavior 
that is transmitted repeatedly through social or observational learning to become a population-
level characteristic.• (An alternative definition is provided by Gruber et al., 2009: •a 
community-specific set of behaviors that an individual is exposed to and can socially learn 
from•). 

Chimpanzees (Pan troglodytes), together with bonobos (Pan paniscus), as 
humankind•s closest living relatives, stand at the center of this debate. This is partly because 
chimpanzees display the largest number of putative cultural traditions of any non-human 
studied (Whiten et al., 2001). The species has been shown to display multiple between-
population traditions, unlike as is the case with many other animals purported to possess 
traditions, for example songbirds, which show cultural variation in only one tradition, that of 
song-making (McGrew, 1992). This behavioral variation in chimpanzees includes 
subsistence-oriented material culture as well as gestural •dialects• (McGrew & Tutin, 1978; 
Nakamura, 2002). In the captive setting, chimpanzees have shown themselves capable of 
transmitting gestures of American Sign Language to their offspring (Fouts et al., 1989). In 
another study, researchers were able to seed multiple alternative traditions into different 
colonies of captive chimpanzees (for example, the use of two different techniques for opening 
the same kind of artificial fruit), which were not only faithfully transmitted by the apes to 
others within their colonies, but which they could even pass on to •naïve• neighboring 
colonies (Whiten et al, 2007). Marshall-Pescini & Whiten (2008) showed that Eastern 
chimpanzees (P. t. schweinfurthii) living at the Ngamba Island sanctuary could learn nut-
hammering from a chimpanzee model, even though nut-hammering has never been observed 
in free-living populations of this sub-species (thus weakening the argument that genetic 
factors may explain the difference between nut-hammering in the eastern and western 
subspecies). Similar studies are only just beginning to be carried out in the wild. Gruber at al. 
(2009) showed that two Ugandan chimpanzee communities used different techniques (stick 
tool vs finger / leaf sponge) to access honey provided experimentally in a novel context, and 
these techniques reflected the two communities• previously-existing tool traditions. The 
authors concluded that culture, not simpler learning methods, was the best explanation for 
these differences. 
 Putative culture in nonhuman primates was originally suggested for Japanese 
macaques (Macaca fuscata) (Kawai, 1965). Goodall (1973) first put forth the possibility of 
cultural variation between different populations of chimpanzees. Other researchers (McGrew 
et al., 1979; McGrew, 1992; Boesch & Boesch-Achermann, 2000) later elaborated on this 
idea and contributed confirming observations, but it was not until the seminal paper by 
Whiten et al. (2001) that •cultural panthropology• really came into its own. Whiten and his co-
authors, representing all of the long-term chimpanzee field sites at that time, identified 39 
behavioral patterns across nine long-term chimpanzee study sites as cultural variants. Since 
that time increasingly elaborate examples of local traditions in free-living chimpanzees have 
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been documented, such as the use of tools to dig for tubers (Hernandez-Aguilar, 2007), the 
use of multiple tool sets to acquire social insects and honey (Sanz & Morgan, 2007; Boesch et 
al., 2009), and even the manufacture and use of weapons (Pruetz & Bertolani, 2007). 
 A notable feature of chimpanzee behavioral variation seems to be the idiosyncratic 
nature of its distribution (McGrew, 1992). Very few large-scale •cultural complexes• have 
been proposed. West African chimpanzees (P. t. verus) living to the west of the Sassandra-Izo 
River were at one time proposed to be the only chimpanzees to smash open nuts with stone 
and wooden hammers against anvils (Boesch & Boesch-Achermann, 2000), although this 
behavior has been recently observed at a site in Cameroon as well (Morgan & Abwe 2006). 
Nevertheless, the presence of this behavior at several long-term and short-term study sites 
across West Africa points to the likelihood that the tradition has diffused across the region 
from an historical point of origin, with Cameroon representing a likely independent 
innovation [but see Wrangham (2006) for an alternative explanation)]. This hypothesis is 
supported by the fact that nut-hammering has not been observed in any population of 
chimpanzees east of the Sassandra-Izo River (with the exception of the aforementioned 
Cameroonian population), even in forests inhabited by the same subspecies and which have 
abundant nuts along with potential hammer-stones. Other candidates for large-scale cultural 
traditions are the use of termite-perforators among Central African chimpanzees (P. t. 
troglodytes) (Sugiyama, 1985; Sanz et al., 2004), and the use of honey-pounding clubs by the 
same subspecies (Fay & Carroll 1994; Hicks et al., 2005; Sanz & Morgan, 2007; Boesch et 
al., 2009). However, these examples all represent single basic behavioral elements and cannot 
be considered •cultural complexes• (defined here as multiple traditions that occur together 
across a large geographical area). A key question is whether any free-living chimpanzee 
populations have developed cultural complexes featuring multiple traditions of the kind that 
were artificially seeded in captive chimpanzees by Whiten et al. (2007). 
 When postulating cultural explanations of behaviors in chimpanzees and even humans, 
other, simpler explanations must be considered (McGrew, 1992). For example, it would not 
be surprising if chimpanzees did not smash open the nuts of oil palms (Elaeis guineensis) in 
an area where oil palms were absent! The fact that Mahale B group regularly uses tools to fish 
for Macrotermes termites whereas Mahale K group never does can be explained by the 
absence of the appropriate termites in K group•s range (Collins & McGrew, 1987). In such a 
way, some alleged examples of •cultural variation• can be explained more parsimoniously as 
being tied to ecological, and not cultural, factors. Other more subtle differences may exist: 
chimpanzees at Mahale, Tanzania do not dip for driver ants (Dorylus species) as do their 
nearby counterparts at Gombe, despite the abundant presence of driver ants at Mahale 
(McGrew, 1992). However, the possibility exists that other environmental influences may 
exist than the mere presence / absence of suitable prey-species. Are the Mahale chimpanzees, 
for instance, consuming some other food source that makes eating driver ants unnecessary? 
Such considerations are difficult to test but must always be taken into account (McGrew, 
2004). 
 Other alternatives are difficult to exclude as well. Langergraber et al. (2010) have 
pointed out, counter to Lycett et al. (2007) and Lycett et al. (2009), the difficulty of 
disentangling genetic influences on behavior from cultural ones, although the experiment 
described above (Marshall-Pescini & Whiten, 2008) at Ngamba Island offers a way forward 
to do so. Finally, some researchers who accept that chimpanzees are capable of maintaining 
traditions through social learning question whether it is appropriate to define such behavior as 
cultural, when the chimpanzees may be using simpler learning mechanisms for transmitting 
the behavior than those necessary for fully-fledged human culture (e.g., the latent solution 
hypothesis proposed by Tennie et al., 2009). All of these alternative explanations must be kept 
in mind when considering a certain chimpanzee behavior as a possible cultural variant.  
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 Due to the fact that very few direct observations of tool use, nest construction, and 
other subsistence behaviors were possible in our study area, the primary purpose of this paper 
is to posit a set of behaviors as probable cultural variants characterizing the Bili-Uele (and 
possibly all northern DRC) chimpanzees. Although other factors cannot yet be ruled out, we 
argue that culture is the best explanation for the suite of behaviors to be described, and that 
the •Bili-Uele Mega-Culture• represents the largest and most uniform and widespread 
chimpanzee cultural complex yet to be described. 
 A major drawback to our study is that we were not working with habituated animals. 
Because of this we were rarely able to observe the chimpanzees behaving in naturalistic ways 
unaffected by our presence. In most cases, we had to infer details of the apes• behavior from 
circumstantial evidence. In a sense, we were following the lead of paleoanthropologists and 
archaeologists, whose entire disciplines depend on reconstructing behavior from indirect 
evidence. There is a precedent for this in primatology as well. Struhsaker & Hunkeler (1971) 
first documented nut-cracking in Ivory Coast chimpanzees using such indirect evidence; the 
behavior was later confirmed with direct observation by Boesch & Boesch (1990). Several 
ground-breaking studies have recently blurred the line between paleoanthropology and 
primatology. Both Boesch & Boesch-Achermann (2000) and van Schaik & Knott (2001) 
reached conclusions about the presence or absence of certain great ape material traditions 
based on indirect data gathered during surveys of unhabituated populations of, respectively, 
western chimpanzees (P. t. verus) and Sumatran orangutans (Pongo abelii). At Taï Forest, 
researchers using archaeological methods documented the persistence of the nut-smashing 
tradition in the local chimpanzees going back several thousands of years (Mercader et al. 
2002). Sept (1992) likewise used an archaeological approach when studying the nest sites of 
unhabituated chimpanzees in the eastern DRC, comparing them to hominin home bases. 
Certainly there are limits to inferences that we can make about behaviors when we are unable 
to observe them directly. However, an advantage of our study over reconstructions of ancient 
hominin sites is that our indirect evidence was often fresh, sometimes even minutes old, and 
almost never older than a few months. On rare occasions, especially in the Gangu Forest, we 
were able to observe and even film such behaviors as termite mound smashing and ant 
dipping. In the future, we hope to return to DRC and achieve more direct observations of 
these behaviors.  
 The chapter will be divided into five major sections, including this general 
introduction. The following three sections describe the postulated traditions of the Bili-Uele 
chimpanzees. Each will include its own methodology, results and discussion, but a general, 
overarching Methodology and Discussion section will be presented as well. Finally, a 
concluding section will provide tantalizing evidence that the northern DRC •Mega-Culture• 
may be a lot bigger than we thought. 
 
General Methodology 
 
 The chimpanzees in our study area were not habituated, and in some areas were fearful 
of us (Chapters 2 and 3). We were only rarely able to observe such behaviors as ant dipping 
and termite mound smashing. Some behaviors, such as snail smashing and ground nest 
construction, were never directly observed at all. For the most part, therefore, we were 
obligated to follow the approach pioneered by Boesch & Boesch-Achermann (2000) and van 
Schaik & Knott (2001) mentioned above (see also Hernandez-Aguilar, 2007); searching for 
circumstantial evidence as opposed to direct observation of material culture.  
 Chapter 1 described our general survey methodology. During our first two field 
seasons, 2004-2005 and 2006-2007, our priority was to make contact with and observe the 
apes of Camp Louis Forest and later Gangu. However, from the start we took detailed 
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evidence on all feeding remains, nest sites, and material artifacts left behind by the apes. At 
the beginning of TH•s research, ground nests and ant dip tools were already a part of our 
•search image•, as these had been informally reported by Karl Ammann (Ammann, 2001). We 
quickly began to notice other items frequently left behind by the apes, such as smashed 
termite mounds and leaf cushions. During the 2007-2009 season, which consisted mostly of 
surveys south of the Uele River, we had a more difficult time encountering the chimpanzees 
(Chapter 1). Our primary goal shifted to locating their artifacts and nests, but of course the 
best way to do this was to follow chimpanzee vocalizations and search areas recently used by 
them.  
 When we discovered potential chimpanzee artifacts, our local trackers were instructed 
not to touch anything until after we had photographed the scene and then taken measurements. 
When trackers encountered interesting items while out cutting trails or building field camps, 
they were instructed to leave the evidence in-situ and return later to the site with TH or JS. 
For the most part, cultural items over the first 2 years were encountered by TH and team as 
they went about the business following the chimpanzees at Gangu and Camp Louis. As we 
conducted surveys farther afield, however, the cultural study began to take precedence and we 
began searching more actively for cultural evidence. Small primes were offered to the trackers 
to encourage them to find these items. In the majority of cases TH and JS were present with 
the trackers when the items were found, making the possibility of fakery unlikely. During the 
2006-2007 season and especially during the 2007-2008 season, several trustworthy trackers 
trained in data collection, Ligada Faustin, Chief Mbolibie, Olivier Esokeli, Polycarpe 
Kisangola, and Seba Koya conducted short surveys and took photographs and films of 
artifacts. We collected artifacts such as tools and smashed snails and brought them back to 
Europe for further analysis.  
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Introduction 
 
 In this section, we investigate the phenomenon of ground nesting in the Bili-Uele 
chimpanzees (Figure 1). Chimpanzees, like orangutans (Pongo spec.) (Galdikas, 1978; 
Sugardjito, 1983) and bonobos (Pan paniscus) (Fruth & Hohmann, 1996) build their night 
nests almost exclusively in trees (Goodall, 1986). In this they differ from gorillas, who show 
more flexibility in their choice of nest substrate, and build their nests in trees, on the ground, 
and even, in some western gorilla populations (Gorilla gorilla gorilla), on the bare earth 
without constructing a nest (Fruth & Hohmann, 1996; Mehlman & Doran, 2002). Some 
exceptions exist though (orangutans: Prasetyo et al., 2008; bonobos: Kano, 1983; Inogwabini 
et al., 2007; chimpanzees: see next paragraph). Given the vulnerability of chimpanzees to 
predators such as leopards (Boesch & Boesch-Achermann, 2001) and lions (Tsukahara, 
1993), it is not surprising that they would choose to sleep safely above the ground.  
 Some exceptions exist to the chimpanzee preference for nesting in trees. At Río Muni, 
Equatorial Guinea (Sabater-Pi, 1984), 4% of chimpanzee nests were built on the ground. A 
smaller proportion of ground nests was found at Kalinzu, in addition to flimsy day nests (or 
possibly leaf cushions) made of ferns (Furuichi & Hashimoto, 2000). In these cases, it is not 
clear whether or not the ground nests were day or night nests (see below for a discussion of 
the distinction). Although the behavior is rare, chimpanzees at Gombe, Tanzania sometimes 
construct flimsy ground nests, especially when they are sick (Goodall, 1968). Gombe 
chimpanzees also occasionally sleep on the ground without a nest (C. Stanford, pers. com., 
September 2008). Boesch (1995) describes chimpanzees in the Taï Forest constructing flimsy 
ground day-nests (without breaking the saplings) on cold days during the Harmattan. A small 
number (two out of 259, or 0.8%) of nests at Budongo, Uganda were night ground nests 
(Reynolds, 1965), but in Plumptre and Reynold•s later nest survey of the same forest they 
found no ground nests (Plumptre & Reynold, 1996; A. Plumptre, pers. com., 28 January, 
2010). The only night ground nest recorded at Kanyawara, Uganda was made by a seriously 
ill individual (R. Wrangham, pers. com., 18 January, 2010). At this site, however, both sexes 
occasionally constructed flimsy ground nests when resting during the day, and leaf cushions 
were also seen on occasion. No terrestrial ground night nests were reported from chimpanzee 
nest surveys at two other sites in the eastern DRC: Kahuzi-Biega (Basabose & Yamagiwa, 
2002) and Ishasha (Sept, 1992; J. Sept, pers. com., 28 January, 2010). 

Apart from Bili-Uele, in only three well-studied populations of chimpanzees have the 
apes been found to frequently construct elaborate, gorilla-style ground night nests in addition 
to tree nests. Matsuzawa & Yamakoshi (1996) reported that chimpanzees in the Yealé region 
of the Nimba Mountains, Guinea constructed up to 35.4% of their nests on the ground, 
although this proportion was found to vary over the years. Humle (2003) in a later study at the 
same site found a much lower percentage of ground nests, viz. 9% at Seringbara and 3.7% at 
Yealé, for a combined total of 5.9% of total nests. Intriguingly, chimpanzees at the nearby 
forest of Bossou, separated from Nimba by only 6 km, rarely make ground nests and never 
night ground nests (Humle, 2003). In her extensive study of the phenomenon at the 
Seringbara study site in the Nimba Mountains, Koops (2007) reported that 6.1% of 994 nests 
at Nimba were built on the ground, with about half being simple nests and half being 
elaborate ones. She was able to show that environmental factors such as tree availability, 
rainfall, elevation, and wind-strength were not responsible for the variation in the behavior, 
and that it was most likely explained by social factors, such as a male mate-guarding strategy 
(it being almost exclusively a male behavior). This of course does not rule out that the 
behavior might also be culturally transmitted. 
 Another chimpanzee research site with an elevated percentage of ground nests is 
Bwindi, Uganda (Maughan & Stanford, 2001). However, the main study community of 
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chimpanzees in the southern section of Bwindi almost never constructed ground nests; the 
behavior was only common in the northern sector of Bwindi. Even in this area, only 5.5% of 
1000 nests were ground nests (taking the study as a whole, including the southern and 
northern communities, only about 1% of nests were ground nests). The ground nests were 
constructed on hillsides using a stick at the base of the nest as a leveler (C. Stanford, pers. 
com., September 2007), and were built out of ferns and bent saplings. The researchers 
speculated that the absence of predators and other large potentially dangerous mammals in the 
northern forest had allowed this ground nesting tradition to develop. 
 Finally, Pruetz et al. (2008) report that 3% of 1665 nests found at Fongoli, a savanna 
chimpanzee site in Senegal, were ground nests (defined by her as being less than 1 meter 
above the terrestrial substrate). J. Pruetz (pers. com., 2 June, 2010) estimates that 90% of 
these ground nests were night nests, and says that they showed evidence of more complex 
construction than day nests. Half of the Fongoli ground nests were found in woodland habitat, 
although the Fongoli chimpanzees seemed to show a preference for closed gallery forest, 
despite the low availability of that habitat-type in the region. For the 2005-2006 season the 
percentage of ground nests increased to 5, and these nests were all made by males. The 
Fongoli chimpanzees frequently used elephant grass for the task; they twisted the strands of 
grass into the form of a nest (J. Pruetz, pers. com., 2 June, 2010). The behavior appeared to be 
more common in the dry season. Potential chimpanzee predators appear to be relatively rare at 
Fongoli. 
 Prior to TH•s joining the project, Karl Ammann documented elaborate ground nests in 
the forests northwest of Bili, northern DRC (Ammann, 2001). One of the primary objectives 
of the current project was to expand upon our knowledge of this behavior, and to investigate 
the extent of its occurrence across the region. In order to do so, we made a careful 
examination of all of the nest sites that we encountered on our forest surveys. 
 
Methodology 
 
 Generally, our research goal was to find and make contact with the chimpanzees, 
although this diminished in importance during the 2007-2009 season, when we were primarily 
interested in documenting the artifacts left by the chimpanzees. The methodology for our nest 
survey followed the basic research protocol described in Chapter 1. Whenever a nest was 
spotted, we explored a roughly 500 m² area around it to look for other nests. A count was 
made of all tree nests and ground nests at each site, and TH (but not JS) made maps of all nest 
sites, with paced distances measured out between each nest. Presence or absence of dung and 
hairs was recorded, and samples of each were taken for genetic analysis. Elevation of nest 
sites above sea level in meters (along with a GPS waypoint) was recorded using a Garmin 
GPS; any elevation reading with an error rate exceeding 15 meters was not used in the 
analyses. When estimating age categories of ground nests, we followed the protocol for tree 
nests given in Chapter 4. Whenever they were not too decayed, ground nests were measured 
with a tape measure along both sides. Measures were taken only of the •central body• of the 
nest, which would have born the animal•s weight, omitting projecting stems of bent herbs and 
saplings. Beginning in 2006, we measured the height to the base of the nests and also the 
height to the rim. Also from 2006, we recorded whether each ground nest was covered by 
overhead vegetation or exposed to the sky. Plant species were collected in a herbarium by JS, 
and were kindly identified by Corneille Ewango at the University of Wageningen.  

From the beginning of our project, at each ground nest found, TH counted the number 
of whole saplings or sapling fragments used in nest construction. We began to count 
individual numbers of herbs used to make ground nests starting in December 2006, and 
continued to do so during our surveys south of the Uele between 2007-2008. Prior to late 
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2006, we were unable to distinguish the different species of Marantaceae used in the 
construction of ground nests.  It was then that we realized that not just one species of 
Marantaceae was used in nest-making, but several, and were able to distinguish them. 

Forest density was recorded as follows: 
1. Open forest … Closed-canopy open-understory forest with visibility beyond 

5 m.  
2. Medium dense forest … Medium dense understory with visibility between 

approximately 2 and 5 m. 
3. Dense forest … Closed-understory and often more open-canopy forest 

with no visibility beyond 2 m. 
 

We classified the forest-type into four main categories. Chimpanzee nests were never 
found in open savanna, so that category was not included here. 

1. Normal … Mixed-species dry-ground forest with no evidence of human 
disturbance. 

2. Disturbed - Cultivated fields (abandoned or new) or regenerating forest, 
with old or recent signs of human alteration.  

3. Water … Forest associated with or around water. Includes sub-categories 
swamp, streambed, and Gilbertiodendron dewevrei monodominant and 
Gilbertiodendron dewevrei mixed forest. The latter two categories were 
also separated into distinct categories for more fine-tuned analysis. 

4. Savanna-associated … Savanna-edge or savanna woodland. 
 

In addition, the following sub-categories of the above four forest-categories are 
presented here: 

a. Hillside: Forest on the slope of a hill 
b. Light-gap: Forest with an open canopy, usually with a dense understory, 

often containing a herb-patch. 
c. Herb-patch: A dense field of terrestrial herbaceous vegetation. 

 
Leaf cushions, night ground nests, and day nests 
 Identifying ground nests at various sites, and distinguishing between night-time and 
day-time ground nests, is difficult, especially for non-habituated apes (Koops, 2007). Ground 
nests can be constructed with any degree of sophistication, from a few leaves being placed on 
the ground, to bent saplings brought together into a central space, to full bowl-shape 
constructions with elaborately interwoven ripped-off branches resembling gorilla nests. The 
former, first documented at Bossou, were termed •leaf cushions• by Hirata et al. (1998). •Day 
nests• usually refer to more flimsily-constructed nests presumably constructed during the day 
(Koops, 2007), while •night nests• refer to elaborate bowl-shaped nests presumably 
constructed for use at night. For the purposes of this paper, I will stress the separation of leaf 
cushions from ground nests, and be more cautious distinguishing flimsy day nests from 
complex night nests. Leaf cushions refer to nests made from a single or multiple saplings bent 
to the ground but without interweaving, or a single or multiple branches / leaves ripped off 
and placed on the ground with no apparent arrangement; they do not form •bodies•. Ground 
nests involve the incorporation of more than one element into the body of a nest. In rare cases 
a single large ripped-off branch was used, but in the cases considered by us to be ground 
nests, these branches showed signs of having been modified after having been ripped off, bent 
and folded around the ape•s body with twigs and leaves broken and pulled into the body of the 
nest. It was this modification and arrangement of more than one element (even if the elements 
were part of one branch) that led us to categorize a nest as a ground nest and not a leaf 
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cushion. These classifications were somewhat subjective, and there is unquestionably a •fuzzy 
line• between leaf cushions and the least elaborate ground nests, just as there is between 
•flimsy nests• and •elaborate nests•. Categorization was made more difficult when a nest was 
old. 

A nest was considered a ground nest if it was built below 50 cm above the ground. In 
one case a nest was found built on a log that was touching the ground; this was categorized as 
a ground nest. 

It is not clear that researchers at other sites always make the distinction that we are 
making: i.e., were some of the Mount Nimba or Bwindi ground nests actually leaf cushions? 
Likewise, within the category of ground nests, it is possible (although difficult) to further 
divide them into flimsily-constructed nests and more elaborate •full nests• (Koops 2007). The 
former are probably day nests and the latter probably night nests, although in many cases this 
is impossible to confirm. Although we attempt to do this for one analysis in the current 
chapter, for the most part both flimsy and elaborate •full nests• are categorized together as 
•ground nests•. 
 
Statistical analyses 

In order to investigate which factors contributed significantly to the likelihood of a 
nest being a ground nest, we ran an analysis using a general linear model specifying a logistic 
regression predicting the probability of a nest being a ground or a tree nest. To find the best 
model, both forward and backwards variable selection was used, with Akaike's information 
criterion (AIC) used to determine which factors should be included or dropped. 

Nests were often found in groups (see Chapter 4, Section 3). To test which factors 
influenced number of ground nests per nest group we used a Generalized Linear Model 
(McCullagh & Nelder, 2008) with Poisson error function and log link. Into this we included 
as the response variable the number of ground nests per nest group. To account for the 
number of nests per site we included this variable as an offset term into the model. The 
predictor variables were the factors NSUele, season, and landscape, and the covariates were 
PC1, PC2, distance from road, and forest density. NSUele refers to the side of the Uele River 
where a nest was found, and Season refers to the dry (December-March) or wet (April-
November) seasons. PCA axes PC1 and PC2 refer to •human hunting disturbance• and 
•human presence• respectively (see Chapter 3). •Forest density• refers to open, medium-
density, and closed forest. •Landscape• refers to normal, disturbed, savanna-associated, and 
wet types. 

A variable such as number of ground nests per nest group is likely to show some 
spatial autocorrelation, leading to a violation of the assumption of independent residuals. To 
account for this we explicitly incorporated spatial autocorrelation into the model. We 
achieved this by first running the model as described above and deriving the residuals from it. 
Based on the residuals we derived an autocorrelation term, which we then included into the 
model. Specifically, we determined for each nest group the average of the residuals of all 
other nest groups, whereby we weighted their contribution by their distance to the respective 
nest group. The weight followed a Gaussian function, and the weight of the jth residual in the 

calculation of the average for the ith nest group was determined as 
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is the distance between nest groups i and j, and �  is the standard deviation of normal 
distribution. Hence, the autocorrelation term for the ith nest group was aci = � (residualj * wij) / 
� wij), with j being unequal to i. �  was chosen such that it minimized Akaike•s information 
criterion (AIC, Burnham & Anderson 2002) for the full model including all predictor 
variables and the autocorrelation term. 
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Prior to running the model we square root transformed distance from road and pc1-
minimum of pc1 to achieve approximately symmetric distribution. Following this, we z-
transformed all covariates to a mean of zero and a standard deviation of one to achieve 
comparable estimates. A check for colinearity revealed this to be no issue (largest Variance 
Inflation Factor, VIF: 2.03; average VIF: 1.6; Quinn & Keough 2002; Field 2005). Also, there 
were no indications for overdispersion to be a problem (� 2=1.32, df=1009, P=1). 

Analyses were run in R (version 2.9.0; R Development Core Team 2009). We fitted 
the model using the glm and determined the standard deviation for the weight function used 
for the calculation of the autocorrelation term using the function optimize. VIF we calculated 
using the function vif of the R-package car (Fox & Weisberg 2010). We determined the 
significance of the full as compared to the null model (comprising only the autocorrelation 
term) using a likelihood ratio test (Dobson 2002) calculated with the R function anova. 

We used a G-test for comparing proportions. Comparisons between groups were made 
using Kruskal-Wallis non-parametric ANOVAs, and were followed when needed by post-hoc 
comparisons using kruskalmc from the pgirtmess package version 1.3.8. (Giraudoux 2009).  
For paired comparisons, we used the Wilcoxon rank sum test with continuity correction. We 
used Pearson•s �² test (both with and without Yate•s continuity correction) to test for observed 
vs. expected frequencies. To test for differences in elevation between sites with and without 
ground nests, we used the Shapiro test, with Bartlett•s k² test for homogeneity of variance, 
followed by a 2-tailed t-test for independent samples. To investigate the effects of the PCA of 
human disturbance indices (Chapter 3) on the proportion of ground nests to tree nests, we 
performed a Spearman•s rank correlation coefficient test. 
 
Results 
 
 Figure 1 is a typical example of a full ground nest in the Gangu Forest, which was 
found in association with another ground nest and several tree nests. To the bottom right is a 
pile of dung with hostra rings. This ground nest, like many others, was worn and full of hairs 
and had almost certainly been slept in overnight. It had been constructed using dozens of 
Marantaceae herbs and saplings, which had been pulled in and woven together into a bowl 
shape. In contrast, Figure 2 shows a typical leaf cushion found in the Mbange Forest. It 
consists of nothing but a sapling bent backwards with its leaves placed on the ground. A 
single chimpanzee hair was found on it. The cushion was not associated with tree nests and 
showed little wear. 
 Ground nests were much more common than leaf cushions (Table I). Considering only 
ground nests, the majority both north (93%) and south (93%) of the Uele River were 
classified as elaborate fully-constructed nests. A substantial percentage of the 72 fresh 
elaborate ground nests was associated either with hair (43%), dung (26%), or food (4%), 
while the seven fresh flimsy ground nests were rarely associated with dung (14.3 %) and / or 
hairs (14.3 %). For the 18 leaf cushions (all were fresh), 28% were associated with dung, 22% 
with food, and 28% with hair. It should be pointed out that if we had considered leaf cushions 
to be ground nests, then the percentage of ground nests / total nests would be higher: for 
example, the ratio would have been 30.3% at Leguga (31%, if only the western Leguga Forest 
was considered). 
 
Were they night nests or day nests? 
 Usually, nest sites we found were not fresh and therefore it was difficult to be sure 
whether or not the ground nests had been slept in overnight. Fortunately, there were enough 
exceptions to allow us to be certain that at least some of the ground nests were night nests.  
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Figure 2. A leaf cushion made by a chimpanzee in the Mbange East Forest.  
 
 
Table I. Number of leaf cushions, flimsy ground nests (probably day nests), and elaborate ground 
nests (probably night nests). 
 
Locality Leaf cushions Flimsy ground nests 

(day nests?) 
Elaborate •full• 

ground nests (night 
nests?) 

Half-ground nests 
(subset of previous 

two columns)¹ 
N of Uele 5 13 178 1 
S of Uele 13 5 78 16 
All forests 18 18 256 17 
¹ Only one of these was a •flimsy ground nest•- the remainder were built with elaborate construction. 
 
 

One particular ground nest site that we encountered on 13 November, 2004 was  
particularly informative. Leaving camp before first light, we followed chimpanzee 
vocalizations to their nest site in the Nambala Swamp, where at 7:45 hours we had a contact 
with several individuals, including an adult male, where they were feeding in a fig tree. We 
then backtracked to their nest site and found four fresh tree nests with dung on the ground 
beneath them and a large, elaborately-constructed ground nest made of interwoven 
Marantochloa congensis herbs. The herbs had been bent into a central body (Figure 3), and 
the nest was full of hairs. A large amount of dung, weighing 1285 g, was found at the nest. As 
can be seen in the figure, one dung pile (weighing 869 g) was clearly fresh and had been 
deposited in the morning. The crisp edges of the hostra rings were visible, and the color was 
light. Another 416 g of dung present at the site was decayed and reddish-colored, with no 
discernable hostra rings. This second mass of older dung had probably been deposited the 
night before, and had already decayed into mush, probably due to the action of dung beetles. 
 A similar case was documented on 30 December, 2006 in the Zapay Forest. After 
listening to chimpanzees pant-hoot and tree-drum all night at close range (at least one adult 
male was in the sleeping party), we left camp before dawn at 5:40 hours. We arrived at the 
chimpanzees• freshly-vacated nest site at 6:45 hours, having last heard the chimpanzees pant-
hoot from there prior to sunrise at 5:59 hours. We found two fresh elaborate bowl-shaped 
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ground nests next to the stream, full of shed hairs and constructed from Marantaceae and 
saplings (Figure 4). We also found three fresh tree nests across the stream within 50 m, along 
with older tree and ground nests. Beside one of the two fresh ground nests was dung from the 
previous evening, only slightly decayed. Beside the second nest was fresh dung from that 
morning with crisp hostra rings (Figure 1 shows another well-worn ground nest in association 
with large dung with hostra rings). Clearly this site had been slept in at night and vacated 
minutes before. While controlling the nest site we heard an adult male chimpanzee pant-hoot 
and tree-drum three times from within 100 m of the nest site. He had not moved off far. 
 
      Fresh dung   Older dung 

  
 

 
 
Figure 3. Nest site with clear signs of having been slept in overnight. 
 
 
Geographical distribution of the Bili-Uele ground nesting and leaf cushion behavioral 
complex 
 Locations of all ground nest sites found in our surveys across the Bili-Uele landscape 
are shown in Figure 5, and the locations of leaf cushion sites in Figure 6. We present in Table 
II the encounter rate of ground nests per 10 km walked, and in Table III the percentage of 
ground nests out of total nests per forest region. Ground nests were found in most of the 
forests which we explored. The exceptions were the Buta and Ngume Forests, and, with one 
exception, at Mbange. These three forests were typified by high levels of agricultural, mining, 
and hunting activities. Leaf cushions were also found in the majority of the forests surveyed, 
on both sides of the Uele River. 
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Figure 4. A fresh ground nest found at Zapay, in the early morning hours. 
 

 
 
Figure 5. Distribution of ground nest sites across the northern DRC. Data for rivers, roads, borders, 
and other geographical features were acquired from Le Référential Géographique Commun (2009) at 
http://www.rgc.cd. Black lines represent roads. 
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Figure 6. Distribution of leaf cushion sites across the northern DRC. Data for rivers, roads, borders, 
and other geographical features were acquired from Le Référential Géographique Commun (2009) at 
http://www.rgc.cd. Black lines represent roads.  
 
 
Table II.  Ground nests and leaf cushions encountered per km walked per region. The first six 
localities are to the north of the Uele River, and the rest are to the south. Numbers are shown in plain 
type, followed by the rate of occurrence of nests or leaf cushions per 10 km walked in parentheses. 

 
Locality Time period Km walked 

per region 
Ground nest 

sites 
Ground 
nests 

Leaf cushion 
sites 

Leaf 
cushions 

Camp Louis Aug 04-Jul 05 Aug 06-Feb 07 1277.9 58 (0.50) 84 (0.70) 2 (0.02) 2 (0.02) 
Gangu Mar 05-Jun 05, Aug 06-Feb 

07 
356.8 50 (1.40) 82 (2.30) 2 (0.10) 3 (0.10) 

Nambala Aug 05 9.03 1 (1.10) 5 (5.50 0 0 
Bili South Jul 06…Nov 06 205.2 5 (0.20) 7 (0.30) 0  0 
Zapay Dec 06 49.9 8 (1.60) 10 (2.00) 0  0  
Gbangadi Dec 06 31.7 3 (1.00) 3 (1.00) 0  0  
Nawege-Zaza Sept 06, Aug 08 21.7 0 0 0 0 
Lebo Sept 06, Aug 08 41.3 4 (1.00) 4 (1.00) 2 (0.50) 3 (0.70) 
Bambesa Apr… May 08 65.0 11 (1.70) 34 (5.20) 1 (0.20) 1 (0.20)
Leguga Mar 08 48.5 19 (3.90) 33 (6.80) 2 (0.40) 4 (0.80) 
Buta-Ngume Sept… Oct 08 65.0 0 0 0 0 
Akuma Jun 08 23.47 2 (0.90) 2 (0.90) 1 (0.40) 3 (1.30) 
Yoko Nov 08 1.04 0 0 0 0 
Mbange E Jan 08 80.93 1 (0.10) 1 (0.10) 1 (0.10) 1 (0.10)
Mbange W Jan 08-Feb 08 45.5 0 0 0 0 
Lingo Nov 07 38.5 0 0 0 0 
Zongia Nov 07 35.7 2 (0.90) 3 (0.90) 1 (0.30) 1 (0.30) 
Difongo Feb 09 33.8 3 (0.90) 3 (0.90) 0  0 
Membulu Feb 09 27.5 2 (0.70) 2 (0.70) 0  0  
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Table II.  Continued. 
Locality Time period Km walked 

per region 
Ground nest 

sites 
Ground 
nests 

Leaf cushion 
sites 

Leaf 
cushions 

N of Uele total Aug 04-Jul 05, Jul 06-Feb 07, 
Aug 08 

1943.2 125 (0.60) 191 (1.00) 4 (0.02) 5 (0.03) 

S of Uele total Sept 06, Nov 07-Feb 09 506.2 44 (0.90) 82 (1.60) 8 (0.20) 13 (0.30) 
 

Total Aug 04-Feb 09 2449.5  169 (0.70) 273 (1.10) 12 (0.05) 18 (0.07) 

 
 
 
Table III.  Number and ratios of ground nest sites and ground nests found out of total number of nest 
sites and nests.  
 
Study region Time period Km 

walked 
per 

region 

No. ground nest 
sites / total no. 

nest sites 

Ratio ground 
nest sites / 

nest sites (%) 

No. ground 
nests / total 
no. nests 

Ratio ground 
nests / nests 

Camp Louis Aug 04-Jul 05 
Aug 06-Feb 07 

1277.9 58 / 276 21.3 87 / 664 13.1 

Camp Louis 
transects only 

March-July 05 99 19 / 119 16 32 / 251 12.8 

Camp Louis 
without transects 

Aug 04-Jul 05 
Aug 06-Feb 07 

1178.9 39 / 154 25.3 55 / 413 13.3 

Gangu Mar 05-Jun 05, 
Aug 06-Feb 07 

356.8 50 / 245 20.2 79 / 540 14.6 

Gangu transects 
only 

March-July 05 61 23 / 124 18.6 41 / 341 12.0 

Gangu without 
transects 

Mar 05-Jun 05, 
Aug 06-Feb 07 

295.8 27 / 123 22 38 / 199 19.1 

Nambala Aug 05 9.03 1 / 1 100 5 / 5 100 
Bili South Jul 06…Nov 06 205.2 5 / 59 8.5 7 / 116 6 
Zapay Dec 06 49.9 8 / 68 11.8 10 / 128 7.8 
Gbangadi  Dec 06 31.7 3 / 32 9.4 3 / 98 3.1 
Nawege-Zaza Sept 06, Aug 08 21.7 0 / 13 0 0 / 34 0 
Lebo Sept 06, Aug 08 41.3 4 / 71 5.6 4 / 169 2.4 
Bongenge 
(Bambesa)  

April 08 40.7 11 / 65 16.9 34 / 205 16.6 

Bungide 
(Bambesa)  

April 08 5.8 0 / 8 0 0 / 12 0 

Malembobi 
(Bambesa)  

April-May 08 18.5 0 / 6 0 0 / 7 0 

Leguga  Mar 08 48.5 19 / 50 38 33 / 118 28 
Buta-Ngume Sept… Oct 08 65.0 0 / 37 0 0 / 71 0 
Akuma  Jun 08 23.5 2 / 16 12.5 2 / 25 8 
Yoko  Nov 08 1.0 0 / 5 0 0 /12 0 
Mbange E  Jan 08 80.9 1 / 47 21.3 1 / 92 1.1 
Mbange W Jan 08- Feb 08 45.5 0 / 33 0 0 / 70 0 
Lingo  Nov 07 38.5 0 / 24 0 0 / 40 0 
Zongia  Nov 07 35.7 2 / 18 11 3 / 31 9.7 
Difongo  Feb 09 33.8 3 / 5 60 3 / 23 13 
Membulu  Feb 09 27.5 2 / 8 25 2 / 47 4.3 
       
N of Uele Total Aug 04-Jul 05, 

Jul 06-Feb 07, 
Aug 08 

1943.2 125 / 693 18 191 / 1585 12.1 

S of Uele Total Sept 06, Nov 
07-Feb 09 

506.2 44 / 393 11.2 82 / 922 8.9 

       
Total Aug 04- Feb 09 2449.5 169 / 1086 15.6 273 / 2507 10.9 
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Generalized linear mixed model (GLMM) 
 We performed a GLMM analysis on nine predictor variables to investigate their effect 
on frequency of ground nests, for all nests (Table IVa) and for fresh nests only (Table IVb). 
There was the no significant difference in the likelihood of a nest being a ground nest north or 
south of the Uele River. When considering all nests, ground nests were more likely to be 
made in the dry season, but when looking only at fresh nests, this was only a trend. Ground 
nests were not more common in any particular forest type (landscape). PC1 (human hunting 
disturbance), PC2 (human presence), and distance from road all contributed significantly to 
probability of a nest being a ground nest, but not when the analysis was restricted to fresh 
nests. When restricting the analysis to fresh nests, only Season came close to having a 
significant effect (it was only a trend). This may be a result of the smaller sample size for 
fresh nests. 
 We will now look at some of the predictor variables in more detail. 
 
Season of the year for ground nest construction 
 As mentioned above, we were significantly more likely to find ground nests in the dry 
season (Table IV), although this tendency was only a trend when we limited our analysis to 
fresh nests. Raw data are presented for the time of year in which we found ground nests in 
proportion to total nests (Appendix I), and the same, but considering only fresh nests 
(Appendix II). Appendix I also includes leaf cushions, all of which were fresh when found. 
Appendix III limits the data to fresh nests at Camp Louis and Gangu. 
 Because it was the only area in which we had a year-long research presence, we 
conducted a separate analysis of fresh nests found at Camp Louis and Gangu. We found no 
significant difference in the proportion of ground nests to tree nests between the dry season 
(19 ground nests and 75 tree nests, respectively) and the wet season (42 ground nests and 262 
tree nests, respectively) (Pearson•s �² test with Yates• continuity correction; �² = 0.334, df = 1,  
 
 
Table IV. Results of the GLMM of the effects of nine predictor variables on probability of a nest 
being a ground nest, for (a) all nests and (b) fresh nests only. 
 
 Predictor variable Estimate Std. Error z value p-value 
a. (Intercept) -1.69 0.16 -10.30 <0.001 
 N S Uele (S) 0.25 0.17 1.49 0.1364 
 Season (wet) -0.72 0.15 -4.83 <0.001 
 Landscape (disturbed) -0.93 1.01 -0.92 0.3566 
 Landscape (savanna) -13.03 469.32 -0.03 0.9778 
 Landscape (wet) -0.15 0.13 -1.15 0.2521 
 PC1 0.61 0.16 3.78 0.0002 
 PC2 0.92 0.17 5.56 <0.001 
 Distance from road 0.48 0.10 4.90 <0.001 
 Forest density 0.25 0.06 4.04 0.0001 
 ac_term 1.37 0.46 2.97 0.0030 
b. N S Uele (S) -1.78 0.24 -7.49 <0.001 
 Season (wet) -0.39 0.36 -1.06 0.28807 
 Landscape (disturbed) -0.50 0.27 -1.88 0.0608 
 Landscape (savanna) -0.73 1.04 -0.70 0.4818 
 Landscape (wet) -13.54 773.78 -0.02 0.9860 
 PC1 0.16 0.2362 0.67 0.5011 
 PC2 0.36 0.39 0.94 0.3475 
 Distance from road 0.51 0.37 1.37 0.1716 
 Forest density 0.31 0.20 1.56 0.1179 
 N S Uele (S) 0.16 0.12 1.39 0.1654 
 ac_term 0.47 0.60 0.78 0.4349 
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p = 0.56) (Figures 7 and 8). There was also no difference when looking at all Camp Louis / 
Gangu nests, fresh and old (n = 1209; �² = 3.409, df = 1, p = 0.07). However, there was 
significant variation in the likelihood of finding fresh ground nests compared to tree nests 
across the months [n = 398; Log likelihood ratio test of independence without correction: G = 
28.5479, �² df = 10,  p = 0.002].  

 
Figure 7. Proportion of fresh tree and ground nests by dry and wet season  (Camp Louis and Gangu 
Forests only).  
 

 
Figure 8. Proportion of fresh tree and ground nests at Camp Louis and Gangu by month. 
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Habitat-type and forest density of ground nests 
 Ground nests were found in many different kinds of habitat (Figures 9 & 10), and 
were not more common in any particular forest-type (Table IV). They were, however, more 
common in dense forest. We show in Appendices IV and V the forest density and habitat-type 
in which the ground nests were found. Forest categories were also consolidated into more 
comprehensive groupings, and the proportion of ground nests found in each are shown in 
Appendix VI. 

 
Figure 9. (a). Proportions of ground (black) and tree (grey) nests by forest category, separating out 
Gilbertiodrendron dewevrei monodominant and mixed forests (GI and GM) from wet (W) forests. 
Other forest categories are D (disturbed by humans), N (n•normal• mixed species dry-ground forest), 
and S (savanna edge or savanna woodland forests). •Wet• forests include swamp, streambed, and 
stream-edge forests. On the y-axis, G= ground nests and T = tree nests. (b). The % occurrence of 
individual ground (black) and tree (grey) nests by forest category (D = disturbed, N = •normal•, or dry-
ground forest, S = savanna-associated forest, W = •wet• forest). 

I 
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In Figure 11 we compare percentages of ground nests out of total nests against the 
three categories of forest density, and in Figure 12 we make the same comparison between 
North and South Uele (the raw data are presented in Appendix VII). 

 
 
 

 
 

Figure 10. A ground nest found in savanna woodland forest, Camp Louis 2005. 
 
 
 

 
 

Figure 11. Percentages of tree and ground nests (all regions) and forest density (1= open, 2= medium 
dense, 3 = dense). 
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Figure 12. Percentages of tree and ground nests (North & South Uele) and forest density (1= open, 2= 
medium dense, 3 = dense). 

 
Effect of distance from roads and hunting pressure on ground nest construction 
 In Chapter 4 we investigated the relationship between human hunting pressure, 
distance from roads, and nest height. In the current chapter, we investigated the effects of nine 
predictor variables on the production of ground nests (Table IV), and found that (for all nests, 
fresh and old) human hunting disturbance (Figure 13) and human presence had a significantly 
negative effect on probability of a nest being a ground nest, whereas distance from road had a 
significant positive effect (Figure 14). In Appendix VIII we present the raw data on average 
distance from road for ground nests and tree nests, in all forests and north and south of the 
Uele. 
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In Appendix IX we have grouped nests into bins representing increasing distance from 
the roads. The percentage of all tree nests found within 7 km of the road was much higher 
than the percentage of total ground nests found at the same distance. However, beyond 7 km 
this pattern was reversed; it evened out beyond 15 km. If we plot the conditional probability 
of a nest being a ground nest or a tree nest given its distance from the road as a function of the 
distance from the road, we see a steep increase in probability of a nest being a ground nest at 
distances > 5 km, as well as a higher probability of ground nests at the farthest recorded 
distance from the road. 

We now turn to a more descriptive approach of additional characteristics of the ground 
nests of the Bili-Uele chimpanzees. 

 
Elevation above sea level 
 Because we surveyed for chimpanzee nests over such a large geographic area, we 
expected there to be variation in elevation above sea-level not only for nest sites within survey 
regions but between them as well. Figure 15 is a box-plot showing the average elevations 
above sea level of nest sites by region. As can be seen, some sites (Buta, Mbange East, and 
Mbange West Forests) were typified by low mean elevations for nests. These sites were all 
relatively far south into the Congo basin. 
 We compared elevations above sea level of nest sites containing ground nests and 
those without them, to the north and south of the Uele River, acquired from GPS readings 
(Appendix X; Figure 16). This variable was not included in the GLMM because a large 
number of points had been excluded due to high GPS point errors. A Kruskal-Wallis test 
shows that the difference between the four groups is significant (Kruskal-Wallis �² = 44.1642, 
df = 3, p < 0.001).  
 
 

 
Figure 13. Percent ground nests out of total nests in relation to human hunting evidence.  
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Figure 14. Proportion of ground nests to tree nests depending on distance from road.  
 

 
Figure 15. A box-plot of mean elevations of all nest sites separated by locations where nest sites were 
found. A box-plot depicts sample minimum, lower quartile (Q1), median (Q2), upper quartile (Q3), 
sample maximum, and outliers. 
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Figure 16. Mean (± SEM) nest site elevation above sea level to the north and south of the Uele. Dark 
bars: nest sites with only tree nests, light bars: nest sites with both tree and ground nests.  
 
 

A problem with the above analysis is that, in the Buta-Ngume, Lingo, Yoko, and 
Mbange West regions south of the Uele, the chimpanzees did not make ground nests, 
probably, as we will explain later in this chapter, due to human disturbance (in addition, at 
one locality to the north of the Uele, Zaza-Nawege, no ground nests were found). As can be 
seen in Figure 8, these South Uele regions, being located far to the south, were also of 
consistently lower elevation than other regions. To control for this potential confound, we 
excluded these regions from the subsequent analysis. Because the distribution of this set of 
elevation data is not significantly different from a normal distribution (Shapiro test: W = 
0.977, p = 0.31) and the distribution and the variances are homogenous over the groups 
(Bartlett•s K² = 0.9904, df = 1, p = 0.3481), we were able to conduct a t-test, and the results 
now showed no significant difference between the elevations of sites with only tree nests and 
those including ground nests (t = 0.5824, df = 5.621, p = 0.5829). 
 
Ground nest construction 
 For the 128 ground nests for which number of tree branches were counted, the average 
number was 3.95 (SD =2.61, min: 1, max: 13). For the 74 ground nests for which number of 
tree sources were counted, the avergae number was 2.22 ± 1.25 (min: 1, max: 7). For the 65 
grounds nests for which number of herbs were counted, the number was 16.85 ± 13.83 (min: 
1, max: 54). 
 We present in Table V the ground nest-types, and the elements used in their 
construction. In total we recorded the herb species of 119 herbaceous ground nests (which 
sum up to 146 choices of a particular herb species to construct a particular nest, as often more 
than one kind of herb was used to make a ground nest). For 51 additional herbaceous ground 
nests (representing 94 choices of a particular species), exact identification of the herb genus 
was not possible. For these cases (all to the north of the Uele), the herbs used were 
unidentified Marantaceae, called •mangungu• in the local language. The majority of these 
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herbs were probably Megaphrynium gaboniense and Sarcophrynium schweinfurthianum, 
although we did not in the early days distinguish between the two. The North Uele 
chimpanzees also used Afromomum (Zingiberaceae) (six nests), and Trachyphrynium 
braunianum (one nest). We present the following data in Tables VI-IX: the number of herbs 
and / or woody plants used to make each ground nest (Table VI),  all whole trees or tree 
pieces used to construct ground nests (Table VII),  the most common plants used in ground 
nest construction (Table VIII),  and a breakdown of herb species recorded during our 
systematic study between 2006 and 2008 (Table IX). The majority of the herbs used to 
construct the ground nests were Marantaceae, and only a small minority were Zingiberaceae 
(Afromomum) or Costaceae (Costus afer). Costus afer (Costaceae) was used in the 
construction of 13 ground nests (12 N Uele, 1 S Uele). Four nests used Marantochloa 
congolensis herbs (3 N Uele, 1 S Uele), 19 used Marantochloa mannii (18 N Uele, 1 S Uele), 
and in one case north of the Uele, a Marantachloa purpurea was used. Unknown 
Marantochloa species were used to make two other N Uele nests. Other unknown herb 
species were used to build a small minority of nests north and south of the Uele, including a 
large herb with a heart-shaped leaf locally known as kaimon, which was used to build two 
North Uele nests. 

 
 
Table V. Construction materials of ground nests in different regions. •S Uele West• and •S Uele East• 
are subsets of S Uele, and are divided by the Bima River. Elements counted include both whole 
saplings and also individual branches or twigs ripped from saplings. 
 
 No. 

nests all 
regions 

% No. 
nests 

N 
Uele 

% No. 
nests 

S 
Uele 

% No. 
nests 

S Uele 
West 

% No. 
nests S 
Uele 
East 

% 

Herbs only 65 25.5 49 27.2 16 21.3 15 40.5 1 2.6 
Herbs with bent-in trees 18 7.1 13 7.2 5 6.7 4 10.8 1 2.6 
Herbs with detached trees 18 7.1 10 5.6 8 10.7 7 18.9 1 2.6 
Herbs with detached & 
bent-in trees 

18 6.7 12 6.7 6 8 4 10.8 2 5.3 

Detached & bent-in trees 51 20.4 34 18.9 17 22.7 1 2.7 16 42.1 
Detached trees only 78 30.6 56 31.1 22 29.3 6 16.2 16 42.1 
Bent-in trees only 7 2.8 6 3.3 1 1.3 0 0 1 2.6 
Total 255 100 180 100 75 100 37 100 38 100 

 
 
Table VI. Number of herbs and woody plant elements (vines, trees, and ripped-off tree branches) used 
to make ground nests. nr = not recorded. 
 
 n Avg no. 

herbs 
SD Max. no. 

herbaceous 
elements 

n Avg no. 
woody 

elements 

SD Max. no. 
woody 

elements 
No. ground nests N Uele nr nr nr nr 172 2.87 2.85 16 
No. ground nests with saplings only N 
Uele 

- - - - 125 3.92 2.62 16 

No. ground nests S Uele 73 9.8 15 54 77 3.64 3.12 13 
No. ground nests with herbs only S 
Uele 

29 24.7 14.1 54 - - - - 

No. ground nests with saplings only S 
Uele 

- - - - 61 4.56 2.83 13 

Total no. ground nests nr nr nr nr 249 3.1 2.95 16 
No. ground nests with saplings only all 
forests 

- - - - 186 4.13 2.7 16 

 



 

176 

Table VII.  Tree species used to construct ground nests. Numbers are of all whole trees or tree pieces 
used to construct the ground nests we found. Percentages are rounded to the nearest whole number; 
only % >1 are given. N Forests = all forests north of the Uele River, S Forests = all forests south of the 
Uele River, W of Bima = forests south of the Uele River and west of the Bima River, E of Bima = 
forests south of the Uele River and east of the Bima River (the last two are a subset of the S Forests). 
Local names are in the Kizande language, except for those followed by a •B•, which are in the Kiboa 
language. Data comes from the following number of ground nests per region: All forests: 157, N 
Forests: 107, S Forests: 50, W of Bima: 16, E of Bima: 34. The numbers refer to elements used to 
construct the nests: in some cases entire trees were used, but in other cases the elements were twigs 
and branches, often multiple ones ripped from one or more nearby saplings. 
 
Species  Local name All 

forests 
All 
% 

N 
Forests 

N 
% 

S 
Forests 

S 
% 

W of 
Bima 

W 
% 

E of 
Bima 

E 
% 

Albizzia coriaria ngbu 1  1  0  0  0  
Angylocalyx spec. vugba 2  2  0  0  0  
Aulacocalyx 
jasminiflora 

kpokpoki 17 2 17 4 0  0  0  

Belenophora 
coffeoides 

ngbama 36 5 36 8 0  0  0  

Carapa procera bangala 6  6 1 0  0  0  
Celtis philipensis banangbu 3  3  0  0  0  
Celtis tessmannii akekeneke 1  1  0  0  0  
Clerodendron 
schweinfurthii 

babuku   17 2 17 4 0  0  0  

Coiffea canophera kafé 7  7  0  0  0  
Cola lobecitia kukuluku 1  1  0  0  0  
Cola urceolata ngbilima 2  2  0  0  0  
Combretum 
paniculatum 

bamu 2  2  0  0  0  

Desplatsia dewevrei akamba 1  1  0  0  0  
Diospyros 
canaliculata 

dumo 48 7 46 10 2  1  1  

Diospyros iturensis mbili 6  6 1 0  0  0  
Garcinia ovalifolia maji 6  6 1 0  0  0  
Gilbertiodendron 
dewevrei 

ambolu 9 1 0  9 3 2 2 7 4 

Greenewaydendron 
(suavoleans?) 

zinga 42 6 40 9 2  2 2 0  

Hymenocardia 
ulmoides 

salanga 1  1  0  0  0  

Leptonychia spec. zelingbo 7  7 2 0  0  0  
Mallobis opposifolius balalo 1  1  0  0  0  
Margaritaria 
discoidea (Baill.) 

bazele 2  1  1  1  0  

Meisteria parsiflora gazila bungulu 1  1  0  0  0  
Monodora angolensis  ngbelengbele   1  1  0  0  0  
Musanga cecropiodes kumbukumbu 1  1  0  0  0  
Myrianthus arboreus ngbeenzo 1  1  0  0  0  
Ochtocosmus 
africana 

lisango   8  8 2 0  0  0  

Paramacrolobium 
coeruleum 

ketekele 1  1  0  0  0  

Parinari excelsa zingi 5  5 1 0  0  0  
Parkia filicoidea bimini 1  1  0  0  0  
Ranvolfia mannii ngalako 5  1  4 1 3 3 1  
Rhabdophyllum 
arnoldiana 

bakasa-
bakumba 

27 4 27 6 0  0  0  

Rinorea claessensii baluanvulo 10 1 10 2 0  0  0  
Rinorea spec. balapa 3  3  0  0  0  
Rothmannia 
whitefieldii 

belikpo 14 2 14 3 0  0  0  

Scaphopetalum 
dewevrei 

libwanga (B) 157 21 0  157 56 0  157 86 

Scottellia klaineana giliatune 4  4  0  0  0  
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Species  Local name All 
forests 

All 
% 

N 
Forests 

N 
% 

S 
Forests 

S 
% 

W of 
Bima 

W 
% 

E of 
Bima 

E 
% 

Tabernae spec.  dakabili 2  2  0  0  0  
Trichilia rubescens zala 27 4 27 6 0  0  0  
Uapaca hendelotii vwole vwole 2  2  0  0  0  
- acalao 6  0  6 2 6 6 0  
- angolia (B) 3  0  3 1 0  3 2 
- azowai 2  2  0  0  0  
- bakilamama 3  0  3 1 3 3 0  
- dande (B) 3  0  3 1 3 3 0  
- gebe gebe 3  0  3 1 3 3 0  
- lokonvulo 4  4  0  0  0  
- mapete (B) 3  0  3 1 3 3 0  
- mogita (B) 12 2 0  12 4 12 12 0  
- mongende 4  1  3 1 0  3 2 
- nadele (B) 6  0  6 2 6 6 0  
- zenzelenze 3  3  0  0  0  
- zezingama 22 3 22 5 0  0  0  
Unknown species of 
trees 

unknown 178 24 115 25 53 20 53 54 10 6 

TOTAL - 740 100 460 100 280 100 98 100 182 100 

 
 
Table VIII . Listing of plants most commonly used in the construction of ground nests to the north and 
south of the Uele River. The number beneath each tree species refers to the number of nests which 
used one or more of that tree species in its construction. Herbs:  Afromomum spec., Costus afer, 
Marantochloa mannii, all Marantachloa, Megaphrynium gabonensis, Uk Marantaceae (probably 
Megaphrynium gaboniense and Sarcophrynium schweinfurthianum). Trees: Aulacocalyx jasminiflora, 
Belenophora coffeoides, Diospyros canaliculata, Uk zezingama, Gilbertiodendron dewevrei, 
Greenewaydendron (suavoleans?), Rhabdophyllum arnoldiana, Rinorea claessensii, Rothmannia 
whitefieldii, Trichilia rubescens, Scaphopetalum dewevrei 
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North Uele 186 6 3.2 12 6.5  18 9.7 24 12.9 2 1.1 51 27.4 
South Uele 77 0  0 1 1.3  1 1.3 2 2.6 29 37.7 0  0 
South Uele W of Bima 39 0 0 1 2.6  0 0 0 0 27 69.2 0  0 
South Uele E of Bima 38 0 0 0 0 1 2.6 2 5.3 2 5.3 0  0 
All forests  263 6 2.3 13 4.9 19 7.2 26 9.9 31 11.8 51 19.4 
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North Uele 186 6 3.2 26 14.0 27 14.5 10 5.4 0 0 23 12.4 
South Uele 77 0 0 0 0 2 2.6 0 0 7 9.1 2 2.6 
South Uele W of Bima 39 0 0 0 0 2 5.1 0 0 1 2.6 0 0 
South Uele E of Bima 38 0 0 0 0 0 0 0 0 6 15.8 2 5.3 
All forests 263 6 2.3 0 0 29 11.0 10 3.8 7 2.7 25 9.5 
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Table VIII. b. Trees - continued 
Locality 
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North Uele 16 8.6 6 3.2 6 3.2 14 7.5 0 0 
South Uele 0 0 0 0 0 0 0 0 31 40.3 
South Uele W of Bima 0 0 0 0 0 0 0 0 0 0 
South Uele E of Bima 0 0 0 0 0 0 0 0 31 81.6 
All forests 16 6.1 6 2.3 6 2.3 14 5.3 31 11.8 

 
 

Table IX. Herb species used to construct ground nests (for the 52 ground nests for which precise data 
was recorded, between 2006 and 2008). North of the Uele River, another 146 herb choices (unknown 
species of Marantaceae, named mangungu and dukpe in the Azande language) were used to make the 
119 ground nests north of the Uele (see last row). 
 
Species  Local name No. nests, 

all forests 
No. 

herbs 
No. nests, 
North Uele 

No. 
herbs 

No. nests, 
South Uele 

No. 
herbs 

Marantochloa mannii  peshila 11 189 10 173 1 26 
Marantochloa purpurea  peshila 1 36 1 36 0 0 
Marantochloa congolensis  ngole 2 41 1 34 1 7 
Marantochloa spec. peshila 2 42 2 42 0 0 
Costus afer ngai 9 63 8 57 1 6 
Sarcophrynium 
schweinfurthianum 

dukpe 2 13 1 4 1 9 

Halopegia azarea  kpewily-dewily 6 44 4 11 2 33 
Megaphrynium gaboniense mangungu 29 723 0 0 29 723 
Haumania spec.  unknown 1 4 0 0 1 4 
Palisota sp. (hirsuta?)  apropuse  2 7 1 2 1 5 
uk herb (malapasa) malapasa  1 2 0 0 1 2 
Uk Marantaceae herbs mangungu / 

dukpe 
119 - 119 - 0 - 

 
 
By far the most commonly-used herbs for nest construction on both sides of the Uele were 
two Marantaceae: the large-leafed Megaphrynium gaboniense and the smaller-leafed 
Sarcophrynium schweinfurthianum (this is not apparent from Table IX, due to problems we 
had distinguishing these two plants in the north). Interestingly, the former plant, called 
mangungu in the local language, was used by locals as thatching for their houses and forest 
shacks due to its waterproof properties. Sarcophrynium schweinfurthianum was used as a 
cooking container.  
 Different tree species were used in ground nest construction in different regions 
(Tables VII and VIII). To the north of the Uele River, common tree species used in ground 
nest construction were Belenophora coffeoides, Diospyros canaliculata, Aulacocalyx 
jasminiflora, Greenewaydendron (suavoleans?), Rhabdophyllum arnoldiana, Rinorea 
claessensii, Rothmannia whitefieldii, and Trichilia rubescens. These species were rarely or 
never used in ground nest construction to the south of the Uele. The opposite was true for 
Gilbertiodendron dewevrei. Interestingly, Scaphopetalum dewevrei was only recorded to be 
used in ground nest construction on the east side of the Bima River, a restricted portion of the 
South Uele forests (although it cannot be ruled out that this tree species, confirmed to be 
present in other South Uele forests, might have been lumped in with unidentified species west 
of the Bima). As 54% of ground nest tree materials in the region south of the Uele and west of 
the Bima River were unidentified, along with 25% of those to the north of the Uele (Table 
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VII), it is likely that other differences existed in tree species choice. How much of this is due 
to differences in preference or tradition and how much is due to differences in the availability 
of source trees is a question that can only be answered in future studies, although the 
strikingly different flora and climate on the two sides of the Uele (Chapter 1) makes the latter 
explanation likely in many cases. 
 
Ground nest dimensions 
 For the 55 ground nests we recorded, the average height to the nest•s rim was 18.74 
cm (SD = 13.73). In some cases the nests, particularly those using bent saplings, had partially 
sprung up after the chimpanzees had abandoned them. 

North Uele ground nests averaged about 10 cm longer along both sides than their 
South Uele counterparts (Table X). Considering whole ground nests only, the difference in 
lengths between the longer sides of the nests was significant (two-tailed un-paired t-test: t = 
3.04, df = 194, p = 0.0027; n = 196,). The difference in lengths between the shorter sides was 
significant as well (t = 3.55, df = 194, p = 0.0005; n = 196).  

 
 
Table X. Ground nest dimensions. Width 1 refers to the longer of the two sides. 
 
 n Width 1 SD Min Max Width 2 SD Min Max 
N Uele nests 144 95.71 20.31 59 170 77.89 18.77 38 150 
S Uele whole nests 52 85.97 18.33 52 120 67.57 15.47 38 107 
S Uele half nests¹ 11 88.63 15.33 68 120 71.82 10.29 53 93 
All forests whole nests 196 93.13 20.22 52 170 75.15 18.49 38 150 
¹ These •half nests• were measured by completing the circle of the nest as if it had been a circular nest. 
 
 
Covered vs. uncovered 
 Of the 105 ground nests for which the measure •covered• vs •open to the sky• was 
recorded, 92 (88%) were covered by canopy. North of the Uele, 35 (85%) of 41 ground nests 
were covered; South of the Uele, 57 (89%) of the 64 ground nests were covered (Figure 17) 
(see Appendix IV in Chapter 4 for the raw data). The difference between the two regions was 
not significant (Pearson•s 2-tailed chi-squared test with Yates• continuity correction: �² = 
0.07, df = 1, p = 0.80). 
 We tested to see whether ground nests were more likely to be covered during the wet 
season (April to November) than during the dry season (December to March) (Appendix IV, 
Chapter 4). For the North Uele region, there was no significant difference in covered and 
uncovered nests used in the wet and dry seasons (�² = 0.82, df = 1, p = 0.36; Figure 17). 
However, the South Uele nests revealed a significant difference between covered and 
uncovered tree nests between the dry and wet seasons (�² = 5.37, df = 1, p = 0.02). For all 
forests together, the difference was not significant (�² = 0.74, df = 1, p = 0.39). 
 
Bushmeat orphans spontaneously constructed day-time ground nests 
 Interestingly, in 2008, three of the five chimpanzee orphans we adopted and placed 
in a small forest sanctuary near Aketi began to spontaneously construct flimsy ground nests 
out of herbs and twigs. Two of these orphans had come from the forests in the Buta region, 
and the third was from Bambesa. The older orphan, Kathé, at about 4 years of age, made tree 
nests in addition to ground nests (see Figure 18 for the construction sequence she used to 
make one of the ground nests). When constructing a ground nest, she would pull saplings and 
herbs in towards herself, and then sit or lie on top of them. The resulting creations varied in 
complexity from simple •leaf cushions• to flimsy day nests. 
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Figure 17. Percentage of ground nests covered by overhead canopy, by season and across the different 
regions 
 
 

   
a b c 

 
d 

Figure 18 (a-c). Kathé the orphan chimpanzee form the Buta-Aketi Forests constructs a day-time 
ground nest from saplings. She also frequently constructed tree nests to sleep in at night. (d).Another 
adopted female orphan, Bolungwa, spontaneously constructed this ground nest / leaf cushion behind 
our house in Aketi. Bolungwa came from the forests south of Bambesa. 
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Half-Ground Nests: A Chimpanzee Fashion? 
 To the east of the Bima River, 40% of the 38 ground nests found were •half-circle• 
ground nests (Figure 19). They were found at the two main sites that we surveyed at this 
locality, Bongenge and Lebo, which were separated by 60 km. These were not •partial•, 
flimsily-constructed nests as were sometimes seen in these and other forests. They had been 
constructed as full ground nests, but only on one side, and resembled the backs of chairs. The 
chimpanzees had bent down and woven together shrubs and herbs to make a wall-like 
structure. This kind of nest had never been seen in the other forests we surveyed, although on 
two occasions, once at Gangu and once at Leguga, •half-ground•-type nests constructed out of 
only one bent and folded branch had been found (a •C•-shaped ground nest was seen in the 
Mbange Forest, but this was a full circular nest with only one corner missing). No obvious 
difference in forest structure existed to explain the unique pattern of nest construction east of 
the Bima River. However, at the Bongenge site, the chimpanzees predominantly used one 
type of sapling to make this kind of ground nest: Scaphopetalum dewevrei. Seventy-five out 
of 76 of the tree elements (including multiple ripped-off branches and whole trees) used to 
make 13 half ground nests at Bongenge were of this species. 158 of the 171 woody elements 
used to make the Bongenge ground nests (including both whole and half nests) were 
Scaphopetalum dewevrei (92.4%). For the 20 bowl-shaped ground nests found there the 
figures were similar: of the 95 woody elements, 83 were Scaphopetalum dewevrei (87.4%). 
These saplings were never recorded as materials for ground nest construction at other South 
Uele sites to the west of the Bima River, although Scaphopetalum dewevrei was abundant in 
these forests. It does not appear to have been used in the north either, although we are unclear 
as to the abundance or even presence of Scaphopetalum dewevrei north of the Uele. 
 
 

 
 
Figure 19. A half ground nest on a steep hillside at Lebo (22% of the half ground nests were found on 
hillsides). 
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Nine out of 13 of the woody plants used to make the four ground nests found at the 
Lebo site were definitely not Scaphopetalum dewevrei (we cannot be sure of the others), and 
yet half of the ground nests at that location were half ground nests, as was the case at 
Bongenge. This makes it unlikely that the use of this plant in nest-making is the primary 
factor explaining the construction of half ground nests. 
 
Discussion, ground-nesting 
 
 Ground nesting seems to be a ubiquitous behavior in the northern DRC region. This 
distinguishes it from sites such as Fongoli, Mount Nimba, and Bwindi, where the behavior 
seems limited to a restricted geographical range and, except for at Mount Nimba, ground nests 
make up a small proportion of night nests (see Introduction). Ground nesting in the Bili-Uele 
region is not tied to any particular forest-type. The main factors predicting the behavior 
appear to be forest density (the more dense the forest, the more ground nests are made), 
season (ground nests are found more frequently in the dry season), and human disturbance 
(the farther from roads and the lower the level of human hunting disturbance and human 
presence, the more frequently ground nests are constructed). 

Considering the differences in climate and habitat on the two sides of the Uele River 
described in Chapter 1, similarity of environment is an unlikely explanatory factor for the 
homogeneity of this behavior. One would have to posit some form of environmental 
homogenity across the entire region encouraging the construction of ground nests. However, 
given that the seasonal savanna-dominated forest north of the Uele River differs as an ecotype 
from the South Uele forests both in terms of faunal and floral composition, as well as rainfall 
(Chapter 1), it is unlikely that such a unifying, ground nest-favoring factor will be found to 
exist. 
 Even if environmental factors are unlikely to explain the behavior, factors other than 
culture, such as mate-guarding (Koops, 2007), large body size, or genetic differences (Groves, 
2005; Langergraber et al., 2010) remain as possible alternative explanations for the ubiquity 
of ground nest construction in the northern DRC. Additionally, it is possible to imagine that a 
particular social structure (i.e. a higher than normal degree of mate-guarding by males) might 
encourage ground-nesting, whether or not it is accompanied by genetic or cultural factors. 
Genetic differences from Ugandan and Tanzanian chimpanzees seems unlikely, considering 
the relative genetic uniformity of East African chimpanzees as a whole (Bradley & Vigilant, 
2002). If females sleep on the ground as well as males, then large body size may be less likely 
as an explanation of the phenomenon. In order to determine whether or not there exists a sex-
bias in ground-nesting, as was documented in the Nimba Mountains by Koops (2007), hairs 
and dung from ground and tree nests should be collected and analyzed for sex. Due to the 
large size of the dung often associated with ground nests (Figure 3), it is predicted that 
ground-nesting behavior will be heavily biased towards males. However, two large nest sites 
at Bongenge South of the Uele had 12 and nine ground nests respectively, leaving open the 
possibility that a large number of chimpanzees were nesting together on the ground. 
 The presence of three large mammalian predators in the North Uele region (see 
Chapter 1, Table X), as well as large potentially dangerous ungulates such as forest buffalo 
and elephants, differentiates the Bili ground nesting behavior from that at other sites where 
ground-nesting is common (see Introduction). Elephant tracks and dung were often 
encountered in the same stream beds in which chimpanzees were sleeping in ground nests, 
north and south of the Uele. This may indicate that the behavior is important enough to the 
apes to counterbalance the risks of predation or of accidental encounters with ungulates, or it 
may mean that they have developed some form of defense behavior that reduces the threat of 
predation (see Chapter 4). However, as our results made clear, there is one predator which 
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appears to drive the chimpanzees up off the ground to sleep exclusively in the trees: Homo 
sapiens. 
 Van Schaik (2002) put forth the •disturbance hypothesis•, which suggests that ape 
cultures are inevitably diminished when their social systems and the connectivity of their 
habitats (both crucial for transmission of cultural systems) are disturbed by the damaging 
activities of humans. The ground nesting tradition, which flourishes in remote areas with high 
densities of big predators and other potentially dangerous animals, is clearly negatively 
affected by human activities. The behavior becomes increasingly rare as one approaches the 
roads, and in areas of high human impact like Buta and Ngume, it has apparently disappeared 
altogether.  
 As was pointed out by van Schaik (pers. com., 8 February, 2010), it is difficult to 
distinguish between rapid cultural loss due to habitat fragmentation and the ensuing disruption 
of social systems, versus independent decisions made by apes to, say, avoid nesting on the 
ground in order to avoid being caught by humans. Interestingly, in areas where the 
chimpanzees were not found to make ground nests, they still possessed the other suite of 
traditions of the •Mega-Culture• (ant-dipping and the smashing of snails and termite mounds), 
indicating that their traditions have remained otherwise intact. Surely, however, the initial 
stages of cultural loss would always involve a decision not to perform a particular behavior by 
individual animals. With the passage of one or two generations, assuming that the behavior is 
strictly cultural, and also that the inhibitory conditions (in this case harassment by humans) 
remain in place, one would expect the •deletions• from the behavior set of the population to 
become permanent. This would be exacerbated by the breakdown of •cultural transmission 
systems• and the fragmentation of the apes• habitat, the primary factors put forth by van 
Schaik (2002) to explain the loss of traditions in free-living apes. We have presented evidence 
for both habitat degradation and changes in social behavior in the South Uele area (Chapters 1 
& 2). Unfortunately it thus seems that the conditions for loss of cultural diversity in the South 
Uele apes are in place, and we can predict that over the next few decades, the ground nesting 
tradition at least will disappear from the chimpanzee populations being impacted by humans. 
Indeed this may have already happened in proximity to Buta and Ngume. Taken together with 
the clear differences in rates of chimpanzee vocalizations and tree-drumming in areas heavily 
disturbed by humans (Chapter 3), it is clear that human incursions into the apes• habitat 
together with bushmeat hunting are having a marked effect on the behavioral systems of the 
Bili-Uele chimpanzees. 
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Section 2 
 

Tool Sites 
 
 
 

 
 

Figure 20. TH at Zapay holding the longest epegaiec Dorylus tools yet found in the DRC. 
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Introduction 
 
 Chimpanzees at a number of study sites have been documented to feed on ants 
(Hymenoptera: Formicidae) [see Whiten et al. (2001) for a list of sites]. Different hunting 
techniques are used for different species of ants, and generally tools are used. In this section, 
we will first give a brief description of some of the tool technologies that have been 
documented in different chimpanzee populations across Africa. This will not be an exhaustive 
list [for this, see Whiten et al. (2001) and Schöning et al. (2008)], but focuses mainly on the 
tool technologies that are relevant to the Bili apes. 
 
Dorylus ant dip tools 
 Chimpanzees prey upon driver ants of the genus Dorylus at 17 confirmed sites [see 
Schöning et al. (2008) for a recent review]. While these ants are occasionally consumed 
without the use of tools, chimpanzees usually fashion ant dip tools from sticks, stripping off 
the leaves and projecting twigs. The apes then thrust these sticks into the driver ant mound (or 
more rarely into traveling swarms of the ants), allowing the ants to swarm up the tool and 
clamp on with their mandibles (McGrew, 1974). At that point, the chimpanzees sweep the 
ants off the stick, either directly with their lips or with one hand. The length of the tool is 
determined by the technique used. The mouth-off technique produces shorter tools than the 
hand swipe tool. Generally, the longer tool / hand-swipe technique is used to dip for 
aggressive epigaeic Dorylus species, and the mouth-off is used for less-aggressive non-
epigaeic or intermediate species of Dorylus (Humle & Matsuzawa, 2002), although in the Taï 
Forest, only the short tools / mouth-off technique is used to dip for intermediate, non-surface 
swarming driver ants. Chimpanzees at the Goualogou Triangle in the People•s Republic of the 
Congo have been seen to use an extra step in the driver ant dipping process: they first use a 
long leafy wand to stir up the ants, at which point they switch to another tool to collect the 
agitated insects (Sanz et al., 2009). 
 At some sites, such as Lopé and Mahale, Dorylus ants are present but the chimpanzees 
do not eat them (Whiten et al., 2001). Mahale is located within 200 km of Gombe, where 
chimpanzees do dip for driver ants - an excellent example of the idiosyncratic nature of 
chimpanzee traditions. 
 
Non-Dorylus ant dip tools 
 Gombe chimpanzees have been seen to poke stick tools into arboreal Crematogaster 
ant nests (Goodall, 1964, 1986); they then apparently feed on the insects. Indirect evidence of 
similar behavior was documented in the Ngotto Forest (Hicks et al., 2005). At Gashaka, 
Nigeria, the chimpanzees constructed ant fishing tools from leaf mid-ribs (Fowler & Sommer, 
2007). Mahale chimpanzees, who do not dip for driver ants, use a different technique called 
ant fishing to obtain Camponotus ants from trees (Nishida, 1973).  
 
Honey tools 
 Chimpanzees at many different study sites use tools to acquire honey of stingless and 
stinging bees [reviewed in Whiten et al., (2001)]. Interestingly, in the forests of Uganda, one 
community of chimpanzees (Kanyawara of Kibale Forest) uses stick tools to harvest honey, 
while another community (Sonso) in the nearby Budongo Forest does not, but uses leaf 
sponges to access water (Gruber et al., 2009). When researchers offered the chimpanzees the 
opportunity to dip for honey in a novel set-up, the community of honey tool users readily 
adapted new stick tools for the experimental task, but the non-honey tool users instead 
adapted their leaf sponges to access the honey (something that they have not been seen to do 
with less-accessible natural honey sources). Although tool use to acquire honey appears 
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across the range of chimpanzees, central chimpanzees (Pan troglodytes troglodytes) seem to 
have developed a more elaborate set of traditions than other chimpanzee subspecies, using 
clubs to smash open the nests of Melliponine (Hymenoptera: Apidae) bees; this may be a 
widespread cultural pattern (Fay & Carroll, 1994; Hicks et al., 2005; Sanz & Morgan, 2007). 
In the Ngotto Forest, CAR, TH documented the use of clubs to pound open the hives of both 
Melliponine bees and an Apis spec. (Hicks, 2004). Recently, the use of tool sets requiring 
several different types of tools to be used in a complex behavioral sequence has been 
documented both at Goaulougo, the People•s Republic of the Congo (Sanz & Morgan, 2007), 
and at Loango, Gabon (Boesch et al., 2009). 
  
Hammer tools 
 Until recently, the use of stone or wooden hammers to smash open nuts against stone 
or wooden anvils was thought to be limited to western chimpanzees (Pan troglodytes verus), 
and indeed to only those western chimpanzees living west of the Sassandra-Izo River (Boesch 
& Boesch-Achermann, 2000). Recently a population of chimpanzees in Cameroon was also 
found to use hammers (Morgan & Abwe, 2006), leading to debate as to whether it was 
independently-invented or an indication of past cultural extinctions between Cameroon and 
the Ivory Coast (Wrangham, 2006). However, the western chimpanzee hammer tradition has 
all the appearance of having radiated out from a common point of invention, and, other than 
the Cameroonian site, the behavior has never been observed in eastern populations, even those 
living in forests with the appropriate stones and nuts (such as Panda oleosa and Elaieus 
guineensis) available. 
 
Termite fishing 
 Goodall (1963) first documented chimpanzees fishing for termites (Isoptera) at 
Gombe, Tanzania; the apes fashioned the tools out of grass stems. Since then, the behavior 
has been seen at many sites across the range of Pan troglodytes [see Whiten et al, (2001) for a 
review], although at some sites the tools are made of different plant material and have 
different dimensions (Assirik: McGrew et al., 1979; Fongoli: McGrew et al., 2005). At 
Goualougou, Sanz et al. (2004) described how chimpanzees used several different tool types 
(making up a tool set) in a sequential manner to harvest both underground Macrotermes and 
also (using a different technique) for the same termite species in free-standing mounds. This is 
particularly interesting because the same chimpanzees also use tool sets for harvesting honey 
and driver ants. 
 
This study 
 The aim of the current study was to carefully document all examples of insect- 
predation by the Bili-Uele chimpanzees, and compare them to insect-consumption in other 
populations. We relied for the most part on indirect evidence. Whenever possible, we 
attempted to verify whether insect genera fed upon by other chimpanzee populations were 
present in the survey regions, and whether or not they were exploited by the chimpanzees. In 
addition, we investigated whether insects consumed by the Bili-Uele chimpanzees were 
present at other study sites, and consumed. 
 
Methodology 
 
Tool sites 
Tools, criteria 
 Tool sites are easily recognized by the presence of one or more sticks, vines, or herbs, 
often ripped from nearby sources, usually stripped of their leaves and sometimes of their bark, 
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in association with, and often projecting out of, an insect nest. Whenever we encountered a 
potential tool site, TH mapped out the exact position of all of the tools; following this, the 
tools were removed from the site and measurements (in cm) of length and circumference were 
taken. Tools were photographed (as in Figure 20) and taken to Amsterdam for further 
analysis. The following information was gathered: 1. Number of tools at the site. 2. Estimated 
age of each tool based on freshness of sap or wood. 3. Is the stick projecting out from a hole 
or insect mound? 4. If not, is the stick associated with the mound, and at what distance. 5. 
Depth to which the stick was inserted into the hole. 6. Measure of mud stains on stick from 
being in the ground. 7. Insects present in the hole. 8. Type of insect. 9. Dimensions of the 
insect mound and holes, number of holes. 10. Depth of insect hole(s). 11. Is the stick stripped 
of bark along one or both ends? 12. Does the stick show blunting or fraying on distal 
(working) end? 13. Any additional evidence of chimpanzee presence (e.g., hairs, dung, or 
prints).  14. Presence or absence of source tree for tool within a 25-m2   radius. 15. Are 
discarded remains from tool modification present at the site, and for which tools? 16. Type of 
habitat for the tool site.  
 We accepted as a tool any stick that was found projecting out of an insect hole, which 
had been thrust into the hole, and was judged not to be forest detritus. In addition, we 
accepted as a tool any stick that had been stripped of bark along one or both ends and was 
found in association with an insect hole, and / or had been ripped from a nearby source tree. 
Other signs which led to acceptance were blunted and / or mud-caked ends of sticks in 
association with insect holes. In a few cases, sticks that were lacking some of the diagnostic 
features (i.e., were not projecting form the hole or had not been stripped of bark) were 
counted as tools provided that they were in close association with other tools and chimpanzee 
evidence. This was particularly the case to the south of the Uele River, where sticks judged to 
be tools were not in all cases stripped. 
 
Insect collection and identification 
 We collected samples of insects known to be eaten by chimpanzees, both at tool / 
smash sites and elsewhere. We became familiar with the insects through their local names, but 
we cannot rule out that some of the •local species• might have actually represented more than 
one con-generic species. On four occasions, we collected ant specimens at tool sites, for later 
identification. Samples were preserved in 70% ethanol. In addition, commonly-encountered 
ants and termites not associated with tool sites were collected. In one case, we collected a 
sample of ants from chimpanzee dung. An additional 21 ant samples were gathered from ant 
nests and swarms. Insects were collected on an opportunistic basis, and there was no attempt 
to sample a comprehensive collection of species. Ants were identified by Caspar Schöning 
(Institute of Biology, the University of Copenhagen), bees at the one honey tool site found 
were identified by David Roubik (Smithsonian Tropical Research Institute), and termites were 
identified by Johanna Darlington (Department of Zoology, the University of Cambridge) and 
Isra Deblauwe (The Prince Lopold Institute of Tropical Medicine in Antwerp, Belgium). 
 We learned to identify some insect species by the size and shape of their mounds, even 
when the insects themselves were not present. The depths of 33 epigaeic Dorylus holes and 24 
•other ant• holes were measured with a tape measure at tool sites (these ant categories are 
described in the first section of the Results section). 
 
Dung washes 

We conducted 46 dung wash samples at Camp Louis and Gangu between 2004 and 
2005 (during the dry and wet season), in which we searched for insect parts as well as plant 
remains. Insect remains were tentatively identified in the field by TH and local assistants. 
Chapter 4 provides a more detailed description of the methodology. 
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Statistical analyses 
We ran our analyses in R (version 2.9.1; R Development Core Team 2009).  In order 

to compare tool lengths between regions and between ant types (for descriptions of these 
types see Results section), and to take into account lack of independence of samples of tools 
at the same tool sites, we compared the proportion of epigaeic ants per site (one or zero) with 
average tool length per site, using a Wilcoxon rank sum test with continuity correction. The 
same test was used to compare ant hole-depth and the depths to which the tools were inserted 
into holes. For the variables season, forest density, and forest category, we used a G-test, 
although as we did not correct for non-independence of samples, these latter three analyses 
should be viewed as exploratory only. A Pearson•s product-moment correlation test was used 
to estimate correlations between tool circumferences and between circumferences and lengths. 
 
Results 
 
Epigaeic Dorylus ant tools vs. other ant tools 

The ant-prey of the Bili-Uele chimpanzees could be divided into two basic types, 
epigaeic Dorylus and non-epigaeic ants. Epigaeic Dorylus are large-bodied highly aggressive 
ants that swarm across the forest floor in groups of millions devouring invertebrates and small 
invertebrates (Figure 21; Schöning et al., 2008). Epigaeic Dorylus bivouacs were easily 
identifiable even when the ants were no longer present (Figures 22 and 23). They were always 
constructed of reddish dirt at the base of a large tree, and generally measured several meters 
across on either side with the dirt forming a large dome-shaped mound. Multiple cavernous 
holes descended deep beneath the root system of the tree. The non-epigaeic ants, the identity 
of which was not always known, shared between them the following characteristics: less-
aggressive defense or no defense of the nest by workers, smaller numbers than epigaeic 
Dorylus, and a lack of large bivouacs (Figure 24). The non-epigaeic ants can also be divided 
into three categories: intermediate (and non-epigaeic) Dorylus (in our region represented by 
Dorylus kohli), two species of Pachycondyla (Figure 25 shows Pachycondyla analis soldiers 
harvesting Macrotermes spec. soldiers), and •unidentified ants•. Ant mounds of Pachycondyla 
analis were small, inconspicuous mounds at the base of trees with one or two small openings. 
The mounds of Pachycondyla tarsata were similar but were riddled with multiple holes, 
making them visually resemble Swiss cheese. Intermediate Dorylus spp. dug small, 
inconspicuous cave-like chambers. Unidentified ants were apparently the makers of open 
tunnels with no construction or •architecture• on the inside, thus distinguishing their homes 
from those of termites.  

 

  
 

Figure 21. A swarm of epigaeic Dorylus ants in a North Uele forest. 
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Figure 22. Driver ant dip projecting from an active Dorylus wilverthii hole, in gallery forest between 
Camp Louis and the Gangu Forest. 
 

 
 

Figure 23. Driver ant dip site in the South Bili Forest (abandoned by the ants). 
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Figure 24. A typical non-epigaeic ant dip tool site, found in the Leguga Forest to the south of the 
Uele. Notice the absence of a prominent earthen mound. These ants were probably Pachycondyla 
analis. 

 
 

Figure 25. Pachycondyla analis workers attacking Macrotermes soldiers in the Gangu Forest. They 
are moving in a typical single-file line. 
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The insect species are listed in Appendix XI; some of these samples were collected at 
tool and smash sites whereas others were found at insect nests, in swarms, or elsewhere. In 
this way we provide data not only on the insects consumed by the chimpanzees, but also the 
availability of some of the insect species in the area.  

The majority of the tools we found were ant dip tools, and in the Tables XI and XII we 
have separated them into two categories: tools used to dip for epigaeic Dorylus species and 
tools used to dip for other kinds of ants. Several other tools were found whose functions were 
less certain; we also in one case found honey tools, as well as two new kinds of tools not seen 
before in any chimpanzee population. These latter three categories are presented separately. 

 
 

Table XI. Tool-types found over the course of the study, and their dimensions (means ± SEM).  
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Epigaeic 
Dorylus driver 
ant dips N Uele 

12 51 0.1 - 0.3 - 117.77 
(6.36) 

3.20 
(0.15) 

4.21 
(0.14) 

4.37 
(0.21) 

Epigaeic 
Dorylus driver 
ant dips S Uele 

1 2 - 0.02 - 0.04 68.8 
(5.70) 

2.90 
(0.60) 

3.20 
(0.70) 

1.95 
(0.55) 

Dorylus kohli 
ant dips 

3 8 0.02 0 0.04 0 55.25 
(6.32) 

2.96 
(0.29) 

3.22 
(0.37) 

2.78 
(0.40) 

Pachycondyla 
analis ant dips 

11 22 0.01 0.2 0.01 0.4 60.51 
(6.19) 

2.93 
(0.26) 

3.23 
(0.27) 

2.61 
(0.27) 

Pachycondyla 
tarsata ant dips 

3 14 0.01 0.02 0.1 0.02 50.96 
(2.24) 

3.21 
(0.25) 

3.41 
(0.14) 

3.21 
(0.16) 

Unidentified 
ant species dips 
(not epigaeic 
Dorylus) 

15 35 0.1 0 0.2 0 54.2 
(0.74) 

2.93 
(0.15) 

3.32 
(0.16) 

2.87 
(0.14) 

Pachycondyla 
analis scoop  

1 1 0 0.02 0 0.02 20.1 - 5 
(width) 

- 

Desplatsia 
dewevrei 
hammer (used 
to break open 
Cubitermes 
mound) 

1 1 0 0.02 0 0.02 29.5 cm 
circ., 8.5 
cm deep 

- - - 

Possible snail 
club (possibly 
used to smash 
open giant 
snail) 

1 1 - 0 0 0 3 
pieces: 
39.7 + 
16.1 + 
33.3 

12.7 + 
11.4 +  
11.6 

- - 

Honey tools 
Meliponula 
ferruginea  

1 4 0¹ 0 0¹ 0 39.18 
(3.99) 

2.9 
(0.48) 

2.8 
(0.24) 

2.6 
(0.58) 

Possible termite 
dips 
(Pseudacanthot
ermes spec.) 

2 3 0.01 0.01 0.01 0.04 89.43 
(40.28) 

2.7 
(0.16) 

3 
(0.41) 

2.1 
(0.33) 

Unknown 
dips/probes 

 3 0 0.04 0 0.06 56.4 
(8.23) 

4.47 
(0.19) 

4.7 
(0.17) 

4.5 
(0.52) 

¹ These honey tools were found by a tracker who later showed them to me, but were not counted in the 
official •kms walked.•  
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South of the Uele River, two possible tool sites each with two individual sticks found in 
association with insect mounds were not counted as tools because they were too old to judge 
or failed to meet any of the above criteria (one of these was a possible long driver ant dip 
found in the Mbange area south of the Uele). Three sites of four probable tools were not 
included with the ant dip data because they were found projecting from holes not clearly made 
by ants and thus might have been used only as investigatory probes (North: one site, one tiny 
tool; South: two sites, three tools). Also grouped separately from the ant dip data were 
modified tools found in association with lumps of termite-filled earth (two sites, with three 
tools, one site to the north and one to the south of the Uele). In these latter cases, the tools 
were found projecting from or lying in lumps of dirt (not free-standing mounds) containing 
small termites (Pseudacanthotermes spec.), but it was unclear that the chimpanzees had been 
dipping for the termites. Finally, the single probable honey dipping site containing three tools 
which was found in the Bili Forests was considered separately from the other evidence. 
 
Geographic distribution: Epigaeic Dorylus tools compared to •other ant• tools 
 We laid out all of the tools found over the course of our study on the floor at the 
University of Amsterdam, separated by insect prey species and by survey region, and 
photographed them next to JS (Figure 26). A map showing the distribution of tool sites across 
the surveyed region, separated by the type of insect prey the tools were used to aquire, is 
presented in Figure 27. 
 
 
Table XII.  Survey regions and tools; (a) tool sites and (b) individual tools. In parentheses are the total 
numbers including tool sites / tools found by the trackers when not on official surveys. In parentheses 
is the rate of discovery per 10 km walked. The first six sites are north of the Uele River, and the 
remainder are south.  
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Camp Louis Aug 04-July 05, 
Aug 06-Feb 07 

1277.9 8 (0.06) 0 0 0 3 (4) 
(0.02) 

0 0 0 (1) 0 

Gangu Mar 05-Jun 05, 
Aug 06-Feb 07 

356.8 1 (0.03) 3 (0.1) 0 2 (0.1) 7 (0.2) 0 0 0 0 

Bili South Jul 06…Nov 06 205.2 1 (0.1) 0 0 0 0 0 0 0 1 (0.1) 
Zapay Dec 06 49.9 2 (0.4) 0 1 (0.2) 0 0 0 0 0 0 
Gbangadi  Dec 06 31.7 0 0 0 0 1 (0.3) 0 0 0 0 
Nawege-Zaza Sept 06, Aug 08 21.7 0 0 0 0 0 0 0 0 0 
Lebo Sept 06, Aug 08 41.3 0 0 2 (0.5) 1 (0.2) 0 0 0 0 1 (0.2) 
Bambesa Apr… May 08 65.0 0 0 1 (0.2) 0 0 1 (0.2) 0 0 0 
Leguga Mar 08 48.5 1 (0.2) 0 2 (0.4) 0 0 0 1 (0.2) 0 1 (0.2) 
Buta-Ngume Sept… Oct 08 65.0 0 0 5 (0.8) 0 0 0 0 0 0 
Akuma-Yoko Jun 08-Nov 08 24.5 0 0 0 0 0 0 0 0 0 
Mbange Jan 08-Feb 08 126.4 0 0 0 0 0 0 0 0 1 (0.1) 
Zongia-Lingo Nov 08 74.2 0 0 0 0 0 0 0 0 0 
Difongo-
Membele 

Feb 09 61.3 0 0 0 0 0 0 0 0 0 

N of Uele 
Total 

Aug 04-Jul 05 
Jul 06-Feb 07, 

Aug 08 

1943.2 12 
(0.06) 

3 (0.02) 1 
(0.01) 

2 
(0.01) 

11 (15) 
(0.1) 

0 0 0 (1) 1 
(0.01) 

S of Uele 
Total 

Sept 06, Nov 
07-Feb 09 

506.2 1 (0.01) 0 10 
(0.2) 

1 
(0.02) 

0 1 (0.02) 1 
(0.02) 

0 3 (0.1) 

Total Aug 04-Feb09 2449.5 13 
(0.05) 

3 
(0.001) 

11 
(0.1) 

3 
(0.01) 

11 (15) 
(0.1) 

1 
(0.004) 

1 
(0.004) 

0 (1) 4 
(0.01) 
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Table XII.  b. Individual tools 
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Camp Louis Aug 04-Jul 
05,Aug 06-Feb 

07 

1277.9 25 (0.2) 0 0 0 12 
(15) 
(0.1) 

0 0 0 (4) 0 

Gangu Mar 05-Jun 05, 
Aug 06-Feb 07 

356.8 9 (0.3) 8 (0.2) 0 13 (0.4) 15 
(0.4) 

0 0 0 0 

Bili South Jul 06…Nov 06 205.2 3 (0.2) 0 0 0 0 0 0 0 1 
(0.05) 

Zapay Dec 06 49.9 14 (2.8) 0 2 (0.4) 0 0 0 0 0 0 
Gbangadi  Dec 06 31.7 0 0 0 0 5 

(1.6) 
0 0 0 0 

Nawege-Zaza  Sept 06, Aug 08 21.7 0 0 0 0 0 0 0 0 0 
Lebo Sept 06, Aug 08 41.3 0 0 7 (1.7) 1 (0.2) 0 0 0 0 2 (0.5) 
Bambesa Apr… May 08 65.0 0 0 1 (0.2) 0 0 1 (0.2) 0 0 0 
Leguga Mar 08 48.5 2 (0.4) 0 4 (0.8) 0 0 0 1 (0.2) 0  2 (0.4) 
Buta-Ngume Sept… Oct 08 65.0 0 0 8 (1.2) 0 0 0 0 0 0 
Akuma-Yoko  Jun 08-Nov08 24.5 0 0 0 0 0 0 0 0 0 
Mbange Jan 08-Feb 08 126.4 0 0 0 0 0 0 0 0 1 (0.1) 
Zongia-Lingo Nov 08 74.2 0 0 0 0 0 0 0 0 0 
Difongo-
Membele 

Feb 09 61.3 0 0 0 0 0 0 0 0 0 

N of Uele 
Total 

Aug 04-Jul 05, 
Jul 06-Feb 07, 

Aug 08 

1943.2 51 (0.3) 8 
(0.04) 

2 
(0.01) 

13 (0.1) 32 
(35) 
(0.2) 

0 0 0 (4) 1 
(0.01) 

S of Uele 
Total 

Sept 06, Nov 
07-Feb 09 

506.2 2 (0.04) 0 20 
(0.4) 

1 (0.02) 0 1 (0.02) 1 (0.02) 0  5 (0.1) 

Total Aug 04-Feb 09 2449.5 53 (0.2) 8 
(0.03) 

22 
(0.1) 

14 (0.1) 32 
(35) 
(0.1) 

1 
(0.004) 

1 
(0.004) 

0 (4) 6 
(0.02) 

 

 
Figure 26. Bili-Uele chimpanzee tools, arranged by study region and tool-type. Jeroen Swinkels is 1.9 
meters tall. Some of the tools labeled as D. wilverthii might belong to other species of aggressive, 
epegaiec mound-building driver ants such as D. terrificus. 
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Figure 27. Map of driver ant dip sites, non-driver ant dip sites, unknown dip sites, and the one honey 
probe site found across the study region. Data for rivers, roads, borders, and other geographical 
features were acquired from Le Référential Géographique Commun (2009) at http://www.rgc.cd. 
Black lines represent roads. 
 
 

In the south, we inspected 45 epigaeic Dorylus mounds (probably all Dorylus 
wilverthii, a species which we confirmed to be present to the south as well as the north) and 
found no dip sticks. The South Uele chimpanzees did on one occasion dip for Dorylus 
terrificus, an aggressive epigaeic species which, in this case at least, inhabited a more modest-
sized mound than was the norm for Dorylus wilverthii. The South Uele chimpanzees 
primarily dipped for two species of Pachycondyla, as they did in the north, all using short 
tools. Proportionally there were more epigaeic tools and tool sites found per total tool and tool 
site found to the north than to the south (47% of 109 total tools and 36% of 33 total sites to 
the north, vs. 9% of 23 total tools and 8% of 12 sites to the south), although problems with 
sample size did not allow us to test this for significance.  

 
A gap in the distribution of ant dip tools? 

South of the Uele River, ant dip tools were common in the forests east from Buta to 
Bambesa, but unexpectedly, over 286 survey kilometers walked in forests adjoining Aketi and 
Likati west of Buta, we encountered no definite ant dip tools (Figure 27). During a survey in 
the Mbange East forest, we found what was apparently a stick probe tool projecting up from 
the mud at the base of a tree, within 10 meters of a chimpanzee nest. The probable tool had 
not been stripped, and was not associated with any insect mound, so it is difficult to know 
how to interpret it. However, locals of these areas told us that they had often seen ant dip tools 
in the forests there. On 16 June 2010, while preparing a fresh chimpanzee dung sample for 
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DNA analysis in the Akuma Forest, TH discovered that it contained many Dorylus kohli body 
parts (an ant species the chimpanzees have been filmed dipping for with tools to the north of 
the Uele River). As C. Boesch (pers. com., 28 April, 2010) points out, it is unlikely that adult 
ants could end up in chimpanzee faeces without tools having been involved. Although 
chimpanzees in the Taï Forest sometimes prey on epigaeic Dorylus ants with their bare hands, 
in these cases they never consume adults (Boesch & Boesch 1990). 
 
Characteristics of tools compared 
Tool length and circumference 

Comparisons of mean lengths and circumferences of individual tools are presented in 
Figure 28. The raw data for tool length is presented in Appendix XII. It is likely that tools 
found at the same tool sites were not independent of one another in regards to length and other 
variables. In order to control for this problem of non-independence of samples, we ran a 
Wilcoxon rank sum test with continuity correction and found a significant difference between 
the average length of epigaeic and non-epigaeic ant dips by tool site (n = 42, W = 26, p < 
0.001) (Figure 29). In addition, ant dips north of the Uele River were significantly longer 
(again, with length averaged by site) than to the south (n = 42, W = 282.5, p = 0.005). 
Because individual tool circumference was highly correlated with length (Pearson•s product-
moment correlation data: t = 4.76, df = 130, p < 0.001), we did not run an independent 
analysis on this measure. 
 
Seasonality, forest density, and forest type 
 In Figures 30 & 31 we can see a possible difference in the distribution of epigaeic and 
non-epigaeic ant dipping across the dry and wet seasons (the data are presented in Appendix 
XIII). When considering individual tools, epigaeic ant dips were significantly more likely to 
be found in the dry season than were non-epigaeic tools, while in the wet season they 
appeared to favor other ant species (23 fresh epigaeic Dorylus tools in the dry season vs. 15 in 
the wet; four •other ant• tools during the dry season and 38 during the wet; Log likelihood 
ratio test G = 24.90, df = 1, p < 0.001). There were also significant differences between 
months in the predation on epigaeic Dorylus vs. •other ants• (Log likelihood ratio test G = 
57.18, df = 9, p < 0.001). Because we did not, however, control for non-independence of 
samples due to confounding variables, this analysis should be considered exploratory only. A 
larger sample-size will be needed in order to determine whether or not real seasonal 
differences in ant-species choice exist.  
 
Forest density and forest type 
 As was the case with seasonality, when not taking into account independence of 
samples, forest density had a significant effect on likelihood of a tool being for epigaeic vs. 
non-epigaeic ants (Log likelihood  ratio test: G = 15.35, �² df = 2, p < 0.001) (Figure 32). 
Epigaiec ant dip tools were more likely to be found in dense forest than non-epigaeic ant dip 
tools. Once again, due to our failure to control for non-independence of samples, this analysis 
should be considered as exploratory only. 
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a. b. 

 

Figure 28. (a). Mean (± SEM) dip stick length used for epigaeic Dorylus species and other ants, north 
and south of the Uele. (b). Mean (± SEM) ant dip stick circumference used for epigaeic Dorylus 
species and other ants, north and south of the Uele. 
 

   
a. b. 

 

Figure 29. Box-plot showing comparing average length of tools per tool site between (a) aggressive 
epigaeic Dorylus tool sites and other ant sites, and (b) North Uele and South Uele tool sites. A box-
plot depicts: sample minimum, lower quartile (Q1), median (Q2), upper quartile (Q3), and sample 
maximum; open circles indicate outliers. 
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Figure 32. Proportion of tools sites for the two different ant-types by forest density. Forest density: 1 
= open, 2 = medium dense, 3 = dense. 
 
 
 

We divided forest categories into •normal•, •wet•, and •savanna-associated•, and 
grouped the individual tools into the forest-types where they were found (Table XIII). A g-test 
shows that epigaeic ant dips were more likely to be found in savanna-associated forest and 
wet forest than were •other ant• dips (Log likelihood ratio test G = 25.55, df = 2, p < 0.001). 
Restricting our analysis to the northern forests (because this was the only place where savanna 
occurred, and the vast majority of epigaeic tools were found there), the same pattern was 
found (Log likelihood ratio statistic: G = 27.71, df = 2, p < 0.001). Non-epigaeic tools seem to 
be better-represented in normal dry-ground forest. As with the previous three analyses, our 
failure to take into account non-independence of samples means this analysis should be 
considered exploratory only. 
 
 
Table XIII.  The category of forest in which the different kind of tools were found, in all forests and 
separated by location north and south of the Uele. % is given in parentheses. 
 
 Forest type  
Tool type and location No. tools 

normal forest 
No. tools 

savanna- associated forest 
No. tools  
wet forest 

Total no. tools 

All tools - all forests 108 (85) 10 (9.3) 9 (7.1) 127 
All tools N  87 (83.7) 10 (9.6) 7 (6.7) 104 
All tools S  21 (91.3) 0 (0) 2 (8.7) 23 
Epig. Dorylus tools all forests 36 (67.9) 10 (18.9) 7 (13.2) 53 
Non-epigaeic ant tools all forests 72 (97.3) 0 (0) 2 (2.7) 74 
Epig. Dorylus tools North 34 (66.7) 10 (19.6) 7 (13.7) 51 
Non-epigaeic ant tools North 53 (100) 0 (0) 0 (0) 53 
Epig. Dorylus tools South 2 (100) 0 (0) 0 (0) 2 
Non-epigaeic ant tools South 19 (90.5) 0 (0) 2 (9.5) 21 
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Tree species used to make tools 
The tree species used in the construction of the different kinds of tools are listed in 

Table XIV. Belenophora coffeoides was used to make a notable proportion of •other ant• dips, 
but none of the epigaeic Dorylus tools. Leptonychia spec. was a frequent source for •other ant• 
tools, but was only used once to make epigaeic Dorylus tools. Marantaceae herbs were used to 
make tools for most of the ant categories including epigaeic Dorylus, but only rarely so. 
 
Signs of construction and use of the tools 

All but one of the 51 North Uele driver ant tools showed signs of having been 
modified, and 41 (81%) had at least one end stripped or peeled of bark. Thirty-four (67%) had 
been stripped or peeled of bark on both ends. Eleven stripped tool fragments were found at 
five of the 12 sites. North of the Uele, considering tools used to prey on non-epigaeic ants for 
which the relevant data had been recorded, 22.5% of the 49 non-herb tools had been stripped 
of their bark on one end, and 65.3% had both ends stripped of their bark. 32.7% were found in 
association with fragments discarded from the tool. South of the Uele, considering tools used 
to prey on non-epigaeic ants for which the relevant data had been recorded, 84.2% of the 19 
non-herb tools had been stripped of their bark on both ends; the remainder had not been 
stripped of bark. Two of the South Uele tools were found in association with fragments 
discarded during the tool-making process. 

Although the majority of tools north and south of the Uele were likely to be stripped, a 
difference in pattern existed. To the south of the Uele, all tools that had been stripped of bark 
had been stripped on both sides (Log likelihood ratio test: G = 10.1571, df = 2, p = 0.006). 
However, when we lumped North and South Uele tools together, we found no significant 
difference in the pattern of tool end-stripping between epigaeic Dorylus tools and those used 
for other ants (Log likelihood ratio test: G = 1.2398, df = 2, p = 0.54). 
 The two driver ant tools found south of the Uele, used for the species Dorylus 
terrificus were short and of similar dimensions to the tools used to dip for other kinds of ants. 
Both were stripped of bark on both ends, but were not found associated with fragments from 
the tool-making process. 
 Of the 53 epigaeic tools for which data were collected, we found a source tree within 
15 meters of the tool in 35 (66% of) cases. Of the 64 •other ant• tools for which data was 
collected, we found a source tree within 15 meters of the tool in 49 (77% of) cases. 
 Forty-nine % of 65 non-Dorylus tools and 44.3% of the 61 Dorylus tools showed 
blunting on their distal ends where they had been jammed into the ant mounds. Curiously, 
13.7% of 51 North Uele epigaeic Dorylus stick tools and 12.3 % of 73 •other ant• stick tools 
(for the latter, all but one were to the north of the Uele) had a curious •frayed• configuration 
on the dipping end (Figure 33). These resembled the •brush tips• described by Sanz et al. 
(2004) for Goualougo termite tools and by Fowler & Sommer (2007) for Gashaka honey 
tools. It is not known whether these frayed ends were an accidental effect of jamming the 
tools into the earth or whether they had been deliberately manufactured by the chimpanzees.  

Although it is difficult to quantify, it is possible that the non-Dorylus tools were used 
to squash ants inside their holes, or to dig them out, considering the •non-swarming• nature of 
those ant species. The film that we took of Gangu chimpanzees dipping for Dorylus kohli, on 
the other hand, revealed that the apes were using similar techniques as has been described for 
other chimpanzee populations (i.e., Möbius et al., 2008), allowing the ants to swarm up the 
tools and then mouthing them off. We do not yet know how the chimpanzees manipulated the 
longer tools to capture epigaeic Dorylus ants, but it is likely that they used them stir up the 
aggressive ants and / or sweep them off the sticks. 
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Table XIV.  Tree species used by the chimpanzees to make different kinds of tools per ant species and 
region. Decimal points are rounded to the nearest tenth. 
 

Ant species / location Tree species used for tools 
Epigaeic Dorylus  
driver ant dips (N only) 

Rinorea claessensii   6 (11.8%) 
Cola urceolata   5 (9.8%)        
Aulacocalyx jasminiflora  4 (7.8%)    
Tabernae spec.    3 (5.9%)        
Paramacrolobium coeruleum  2 (3.9%)        
Rothmannia whitefieldii  2 (3.9%)        
Trichilia rubescens   2 (3.9%)        
Uk tree (Zande Zapay: povulugo) 2 (3.9%)        
Caloncoba glauca   1 (2%)           
Celtis philipensis   1 (2%)           
Scottellia klaineana   1 (2%)           
Aidia micrantha   1 (2%)           
Leptonychia spec.   1 (2%)           
Blighia welwitschia   1 (2%)           
Uk tree (Zande: begbe)  1 (2%)           
Uk tree (Zande: bugilo)  1 (2%)           
Uk tree (Zande: ligay)  1 (2%)           
Uk tree (Zande Zapay: munungbo) 1 (2%)           
Uk tree species   14 (27.5%)     
Uk Marantaceaea   1 (2%) 

Dorylus kohli 
ant dips N 

Leptonychia sp.   3 (37.5%) 
Belenophora coffeoides  2 (25%) 
Trichilia rubescens   1 (12.5%) 
Strychnos spec.   1 (12.5%) 
Dracoena camerooniana  1 (12.5%)  

Dorylus terrificus (epigaeic spec.) 
ant dips S 

Uk tree (Kibua: lega)  1 (50%) 
Uk tree (Kibua: kpembala)  1 (50%) 

Pachycondyla analis 
ant dips N 

Uk tree species   2 (100%) 
 

Pachycondyla analis 
ant dips S 

Uk tree (Kibua: nbanda)  3 (15%) 
Megaphrynium sp.   2 (10%) 
Uk tree (Kibua: beba)  2 (10%) 
Uk tree (Zande: zawa)  2 (10%) 
Uk tree (Zande: bukungudu)  1 (5%) 
Uk tree (Kibua: alele)  1 (5%) 
Uk tree (Kibua: duambo)  1 (5%) 
Uk tree (Kibua: gebe)  1 (5%) 
Uk tree (Kibua: gobe)  1 (5%) 
Uk tree (Zande: kpopkpongo)  1 (5%) 
Uk tree (Kibua: mapete)  1 (5%) 
Uk tree species   4 (20%) 
 

Pachycondyla tarsata 
ant dips N 

Belenophora coffeoides  5 (38.5%) 
Aulacocalyx jasminiflora  4 (30.8%) 
Leptonychia  sp.   2 (15.4%) 
Diospyros canaliculata  1 (7.7%) 
Tabernae sp.   1 (7.7%) 

Pachycondyla tarsata 
ant dips S 

Uk tree species   1 (100%) 

Unknown 
ant species 
dips (unidentified, 
but not Dorylus 
wilverthii), N only 

Diospyros canaliculata  7 (20%) 
Rothmannia whitefieldii  5 (14.3%) 
Clerodendron schweinfurthii  3 (8.6%) 
Uk tree (Zande: bese)  2 (5.7%) 
Aulacocalyx jasminiflora  1 (2.9%) 
Belenophora coffeoides  1 (2.9%) 
Memecylon myrianthum  1 (2.9%) 
Trichilia rubescens   1 (2.9%) 
Uk Marantaceaea   1 (2.9%) 
Uk tree species   12 (34.3%) 
Uk vine    1 (2.9%) 

 



 

201 

 
 

Figure 33. Two epigaeic Dorylus tools on the left, from the forests of Zapay North of the Uele with 
frayed •brush-tip• ends. The brush-tips were on the ends that had been dipped into the ant mound. 
 
 
Dung washes 
 Of the 46 dung wash samples examined at Camp Louis and Gangu between 2004- 
2005 (during the dry and wet seasons), three (6.5%) contained the body parts of Dorylus 
ants, probably Dorylus wilverthii (all were at Camp Louis). Eighteen % of the weight of a 
particular dung sample collected on 30 November 2004 was made up of Dorylus body parts 
(almost certainly the epigaeic species). The other two samples contained only a few driver ant 
parts, and were found in October and May. South of the Uele, Dorylus kohli ants were found 
in a dung sample collected in the Akuma forest in July 2008. As mentioned before, this was 
our only evidence of ant-consumption by chimpanzees in the Aketi-Mbange-Lingo forests. 
 
Depth of ant holes and depth of ant dips 
 Analysis of the depths of 33 epigaeic Dorylus holes and 24 •other ant• holes showed 
that epigaeic Dorylus had significantly deeper holes (average depth ± SD = 66.40 ± 22.89 cm) 
than •other ant• holes (22.88 ± 11.83 cm) (Figure 34a) (Wilcoxon rank sum test with 
continuity correction: W = 776, p < 0.001). For tools that were found projecting from the 
holes, we measured the depth of insertion of 27 epigaeic Dorylus tools and 20 •other ant• 
tools, and the epigaeic ant tools were thrust in significantly deeper (Figure 34b) (Wilcoxon 
rank sum test with continuity correction: W = 464.5, p < 0.001) (epigaeic Dorylus ant tools: 
average depth = 52.44 cm, median depth = 50.50 cm, SD = 24.11 cm; •other ant holes•: 
average depth = 22.3 cm, median depth = 17.25 cm, SD = 13.99 cm). 
 
Observation of tool use in the Gangu Forest 
 The following description of an observation of tool use is compiled from TH•s field 
notes of June 30, 2005: 

 We have spent the past hour following a large noisy group of chimpanzees through the 
forest. They have fed on Parinari fruits and apparently on a pangolin. As we approach 
them I see saplings rustle up ahead, and a black blur of movement. I immediately 
crouch and aim my camera in the direction of the movement. Through the lens I can 
see, 20 meters south, the form of a grizzled grey adult male chimpanzee hunched over 
the ground, poking something about in a hole, frowning in concentration. He is 
dipping for ants! Sitting directly in front of him and peering down with curiosity at the 
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elder chimpanzees• actions is a pale-skinned youngster. The adult male is bringing the 
ants to his mouth as if with a single chopstick, licking them off with obvious relish and 
then chewing rapidly. He shifts position. The youngster leans a little too close, causing 
the male to emit a gruff cough and then cuff it ƒ it screams and races off to the south. 
The chimpanzees then shift their position, and behind the male I can now see an adult 
female with a baby clinging to her belly, also dipping for ants. The male returns to the 
hole and adjusts his ant dip wand. I am filming all of this on video. The adults 
eventually notice me and rush off quickly to the south, except for two juveniles who 
climb a nearby tree and observe me. After waiting for a few minutes, Ligada and I 
move forward and investigate the tool site, collecting three short stick tools. The tools 
were plucked from nearby saplings and stripped of their leaves. They are covered in 
driver ants, but I am pleasantly surprised to find that I can handle them without being 
bitten. These ants, Dorylus kohli, are far less aggressive than Dorylus wilverthii. They 
are also not as numerous, at least not on the surface. We now have definitive evidence 
(on film!) that the chimpanzees here use the •mouth-off• technique to harvest these 
less aggressive ants, with short tools (this has been seen at other study sites such as 
Bossou). However, it remains unknown why the apes here make such long tools to 
harvest the fierce Dorylus wilverthii. We can predict that they must use the alternate 
technique, •sweep through• (the chimpanzee holds the tool in one hand and sweeps the 
ants off with the other), as this is the technique used by chimpanzee elsewhere when 
dipping for aggressive drivers with long tools (Figure 35). 
 
 

 

 
a. b. 

Figure 34. Box-plots of (a) median depths of ant holes for epigaiec driver ants and other ant species at 
tool sites, and (b) median length to which tools were found thrust into different kinds of ant holes. A 
box-plot depicts groups of numerical data through five-number summaries: sample minimum, lower 
quartile (Q1), median (Q2), upper quartile (Q3), and sample maximum; it also indicates outliers in the 
data. 
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 a 
 

 b. 
 

 c. 
 
Figure 35. a. Screen capture of an adult male Gangu chimpanzee dipping for Dorylus kohli ants. With 
heightened contrast (below) it is easier to see the ant dip stick (bottom right) being lifted to the mouth 
of the chimpanzee (center). An immature individual is sitting the adult•s right peering at him as he 
works (shoulder visible to the left). b. A continuation of the ant-dipping footage. (Below) The adult 
male•s face is visible between the V of the tree. He is using his lips to pick ants off of the dip stick, 
which is being held in his left hand (the knuckles of which are visible in the bottom right corner). c. 
Adult male chimpanzee chewing ants as an immature individual peers at him. 

 

Here the adult male is 
chewing the ants; next 
to his mouth is the 
immature•s ear 

Tool (silhouetted 
against black 
background) 

Tool (white line, 
silhouetted against black 
background) 
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Although anecdotal, the observation of the immature chimpanzee peering carefully at 
the adult male as he worked with the tool demonstrates the likely manner in which the tool 
use tradition is transmitted down the generations. 
 
New tool: Ant scoop 
 On April 5, 2008, we discovered a new kind of chimpanzee tool, at 03�21•11ŽN, 
25�50•13ŽE (Figure 36). In the chimpanzee-rich Bungide Forest near Bambesa, South of the 
Uele River, TH found a scoop-shaped section of bark measuring 20.1 cm long by 5 cm wide, 
laying atop an active Pachycondyla analis mound. The bark scoop had been ripped from a log 
3 m southeast (the pieces matched perfectly when compared). A fresh chimpanzee footprint 
was imprinted into the mud of the ant mound within 10 cm of the tool, and deep mud from the 
ant mound (corresponding to an excavated section of the mound) was caked into the inner 
surface of the tool to 9.5 cm down its length. Fresh chimpanzee feeding remains and another 
fresh footprint were found within 50 m of the site. The tool had clearly been used to scoop 
mud out of the ant hole. More chimpanzee tools used at Pachycondyla analis mounds would 
be found over the following week in the nearby Bongenge and Malembobi Forests, but they 
were all standard ant dip tools. 
 
 

 a.  b. 
 
Figure 36. a. Ant scoop tool in-situ (bottom right) at an active Pachycondyla analis ant mound. A 
clear chimpanzee footprint was found embedded in the dirt of the mound. b. The ant scoop had been 
broken off of a nearby branch. 
 
 
Honey tools? 
 While cutting a trail for us in the savanna woodland in between Camp Louis and 
Gangu on September 14, 2006, experienced field assistant Chief Mbolibie found what he later 
reported was a chimpanzee honey site, at 4°21•08ŽN, 24°48•05Ž E. TH later visited the site to 
document the tools. Four tools were found lying on the ground at the base of a large tree, in 
dense savanna woodland 50 m from the edge of the savanna (Figure 37). They averaged 39.18 
cm (SEM 3.99), with a 2.9 cm average proximal circumference (SEM = 0.48), a 2.8 cm 
average midpoint circumference (SEM = 0.24), and a 2.6 cm average distal circumference. 
Two of the tools had large •tassles• dangling from their ends as has been seen on some of the 
ant dip tools. They all showed signs of modification, and three of the tools had been peeled. 
The distal ends were all blunted and discolored. The tree sources from which the tools had 
been ripped were all within 1 m of the tools. The bee hole was 1.29 m up a tree, and we could 
see the stingless bees peeking out at us. The bees (Figure 38) were Meliponula 
(Axestotrigona) ferruginea. 
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None of the local assistants said that they had ever seen chimpanzees dipping for 
honey before. Previously, two assistants had, however, told us they had seen chimpanzees 
smashing arboreal honey hives with stones (we have never been able to witness this 
behavior). 

These were fairly convincing tools. However, the fact that over our entire 3 years 
surveying the forests of the northern DRC we found no more potential honey tools, despite 
having found numerous ant dipping tools, argues against honey dipping being a major 
component of the repertoire of the Bili-Uele chimpanzees, unlike as is the case of a number of 
other chimpanzee populations, which are listed in the Discussion. 

 
 

 

 a.  b. 
 
Figure 37. (a). The probable honey site, with the four tools lying at the base of the tree. (b). The 
probable honey tools. 
 
 
 

 a.  b. 
 
Figure 38. a. Stingless bees Meliponula (Axestotrigona) ferruginea peering out from their hole at the 
honey tool site. b. The bees and their honeycomb extracted by the trackers. 
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Discussion 
 
 Dipping for ants seems to be one of the several defining traditions making up the 
northern DRC •Mega-Culture• proposed in this chapter. The behavior has been documented 
across a large area spanning both sides of a major river, the Uele, although it has yet to be 
documented in the forests west of Buta. An apparent split seems to occur in the behavior to 
the north and south of the Uele River, however. To the north, the chimpanzees use extremely 
long tools to dip for epigaeic driver ants, in addition to using shorter tools to dip for species 
such as Pachycondyla analis and Pachycondyla tarsata. The long tools used for the epigaeic 
species are significantly longer than the tools used for other ant species. To the south of the 
Uele, the chimpanzees almost never dip for epigaeic species even though these ants appear to 
be numerous; and on the one occasion when they did, the tools were short. They do, however, 
frequently dip for the two Pachycondyla species with significantly shorter sticks than to the 
north.  

Unlike ant dipping, honey dipping appears to be extremely rare in the region. 
Therefore, it is unlikely that honey makes up a major component of the diet of the 
chimpanzees of the northern DRC. 
 
Why do the Bili chimpanzees construct long tools to dip for epigaeic Dorylus? 

The fact that the mean length of the North Uele epigaeic ant dip tools was double that 
of the non-epigaeic ant tools on both sides of the Uele is striking (Figures 28a & 29 Appendix 
XIIa). This finding provides a likely explanation for the significant difference in tool length 
between North and South Uele tools: there were more epigaeic ant dips and tools sites found 
out of total sites to the north than to the south. The only two epigaeic ant tools found south of 
the Uele were in the same size range as those used in the same region to catch non-epigaeic 
ants (<100 cm), and much shorter than the average for northern epigaeic tools, although low 
sample-sizes do not allow us to make statistical comparisons. None of the 79 non-epigaeic ant 
tools were longer than 150 cm, while 13 (26%) of the 51 northern epigaeic tools were. Only 
five (6.3%) of the non-epigaeic ant tools were over 100 cm, while 32 (63%) of the northern 
epigaeic tools were. Similarly, none of the 23 tools found south of the Uele River surpassed 
75 cm. 
 The possibility exists that ant dips used for the epigaeic species are used in a different 
manner from the tools used for other species. It is likely, for instance, based on the length of 
the tools, that the chimpanzees were using the hand-swipe technique as opposed to the mouth-
off technique (Humle & Matsuzawa, 2002), the latter of which we filmed the chimpanzees 
using for intermediate Dorylus kohli (Figure 35).When D. Morgan and C. Sanz examined the 
Bili tools on 6 December, 2009, they noted that the longer North Uele driver ant dip tools 
resembled •perforators•, a unique tool-type described by these researchers at Goualougo (Sanz 
et al., 2009). The perforators at Goualougo were part of a tool set and were used to perforate 
driver ant mounds and stir up the ants, which were then often dipped for with smaller tools. 
The Goualougo perforator sticks were, like the Bili driver ant tools, very long (average length 
(± SD) = 92.3 ± 36.0 cm, range = 22 … 264 cm; n = 228) and had an average diameter of 7.3 ± 
1.8 mm (range = 1 … 14 cm; n = 226). As we never directly observed the North Uele 
chimpanzees using the long driver ant dips, we cannot rule out the possibility they were used 
in the same manner as the Goualougo perforators. However, it is unlikely that they served as 
part of a tool set as was the case as at Goualougo, as the distribution of the tool lengths was 
not bimodal. Short herbaceous tools were not found mixed with the longer tools. Unlike the 
Goaulogou perforators, which in 78% of cases had the leafy ends still attached, the driver ant 
dip tools used by the Bili apes had in all cases been stripped of their leafy ends (11 stripped 
tool fragments were found at five of the 12 sites).  
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The significantly greater depth of epigaeic Dorylus holes than those of •other ants•, 
and the significantly greater depth into which the Bili chimpanzees thrust their tools into the 
epigaeic Dorylus mounds makes it likely that the depth of the ant holes influenced the length 
of the tools, although it does not explain why the epigaeic Dorylus tools were so much longer 
at Bili than at any other study site. Certainly, the aggressive behavior and painful bites of the 
epigaeic species compared to the more timid behavior of the other ants may help explain the 
differences as well. A comparison of the micro-ecological variables of these ant species and 
the between-site variation in the structure of their nests (following the example of Möbius et 
al., 2008) may help to elucidate the reason for this difference. 

 
Comparisons with other research sites 

We present data on the distribution of the Bili ape ant prey species across different 
countries within the chimpanzee range states, and in countries with long-term study sites 
(Table XV). Next, we compare availability and consumption of insect species across different 
long-term chimpanzee study sites (Table XVI), verifying whether or not Bili insect species 
are present at the sites, and whether or not chimpanzees are known to eat them. Clearly the 
fact that the majority of ant and termite species consumed by the Bili chimpanzees are present 
across most of the species• range makes a simple environmental explanation for the failure of 
many populations to eat them (i.e., the insects are not present) untenable. Further conclusions 
must await a detailed cross-site comparison of insect availability between the different study 
populations 

 
Future research 
 Many questions concerning the ant dipping habits of the chimpanzees of the northern 
DRC must for the moment remain unanswered. The full distribution of the tradition across 
this region is unknown, and will require future surveys through areas such as Epulu, Maiko, 
and Tayna to look for tools. It is predicted that these tools will be found there due to the 
occurrence of ground nests, smashed termite mounds, and tortoise consumption at some of 
these sites. We cannot be certain yet that chimpanzees west of Buta in the Aketi and Mbange 
Forests use tools to prey on ants; until now we have found only one ambiguous tool there; 
however, the reports of locals and the finding of Dorylus kohli ants in chimpanzee dung in the 
forests near Aketi make it likely that these chimpanzees are also ant-dippers. 
 Within the Bili-Uele area, because only a few samples of insects were collected from 
tool sites, we cannot be sure that the chimpanzees are not dipping for multiple species of ants, 
including epigaeic Dorylus species. Although presence / absence data of insect species can be 
compared across study sites (Table XVI), as mentioned above we must also collect evidence 
on the relative abundance of termite mounds and ant nests in the different study regions, and 
compare them to data from other study sites. Finally, we need to observe the apes using the 
tools, in particular the long driver ant dips, to understand why this tool-type is the longest in 
terms of average length yet documented in Africa. 
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Table XV. Distribution of the Bili chimpanzee ant prey species across other African sites. The second 
to the last column lists other African countries with long-term chimpanzee study sites in which this 
species has been recorded as present (from The Ants of Africa Distribution Map, Taylor 2006: 
http://antbase.org/ants/africa/africa_map.htm). In parentheses following the country abbreviation is the 
number of localities within the country where the ant has been recorded. In the final column is relative 
abundance in these countries. Subspecies differences are not included. Country abbreviations: DRC = 
The Democratic Republic of the Congo, PRC = The People•s Republic of the Congo, TN = Tanzania, 
UG = Uganda, IC = Ivory Coast, G = Gabon, C = Cameroon, CAR = The Central African Republic, A 
= Angola G = Guinea (from The Ants of Africa Distribution Map, Summary catalogue of the 
distribution of all sub-Saharan ants. Last column (Taylor, 2006): http://antbase.org/ants/africa/ 
contents.htm Definitive name or form with available details [earlier code names] scoring system: 1 = 
known only from the holotype specimen; 2 = known from a single collection, including the holotype; 
3 = known from 2-10 records; 4 = known from many records or as widespread from survey work 

 
Insect species Type of insect Present in which other countries with 

chimpanzee study sites? 
Relative abundance of samples in 
chimpanzee range countries 

Dorylus wilverthii Ant (aggressive 
driver) 

UG (3) 
IC (1) 
C (2) 

CAR (1) 
PRC (1) 

DRC (11) 
A (1) 

2     Ivory Coast 
3     Cameroon 
3     CAR 
3     PRC 
4     DRC 
3     Uganda 
2     Angola 

Dorylus terrificus Ant (aggressive 
driver) 

DRC (2) 
G (1) 

2     Guinea 
2     Ivory Coast 
3     DRC 

Dorylus kohli Ant (non-
aggressive driver) 

NG (2) 
C (1) 

PRC (1) 
DRC (5) 

G (1) 
A (1) 

3     Guinea Bissau 
3     Nigeria 
2     Cameroon 
2     PRC 
3     DRC 
2     Angola 

Pachycondyla 
analis 

Ant (termite 
predator) 

TN (6) 
UG (3) 
SN (1) 
NG (1) 
IC (1) 
C (2) 

CAR (2) 
DRC (9) 

G (2) 

2     Senegal 
3     Guinea 
2     Sierra Leone 
3     Ivory Coast 
3    Ghana 
2    Togo 
3    Nigeria 
3    Cameroon 
3    CAR 
4    DRC 
3    Sudan 
2    Rwanda 

Pachycondyla 
tarsata 

Ant (termite 
predator) 

TN (6) 
UG (>3) 
SN (6) 
NG (2) 
IC (2) 
G (2) 
C (8) 

CAR (1) 
PRC (1) 
DRC (9) 

G (3) 

3    Senegal 
4    Guinea 
2    Guinea-Bissau 
3     Sierra Leone 
3     Ivory Coast 
3     Ghana 
2     Togo 
2     Benin 
3     Nigeria 
3     Cameroon 
4     CAR 
3     PRC 
4     DRC 
3     Equatorial Guinea 
3     Gabon 
3     Sudan 
4     Uganda 
2     Rwanda 
3     Tanzania 
3     Angola 
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Insect species Type of insect Present in which other countries with 
chimpanzee study sites? 

Relative abundance of samples in 
chimpanzee range countries 

Oecophylla 
longinoda 

Ant (weaver) TN (4) 
UG (1) 
SN (1) 
NG (1) 
IC (2) 
G (2) 
C (8) 

CAR (1) 
PRC (1) 

DRC (11) 
G (2) 
A (1) 

 

3     Senegal 
2     Gambia 
3     Guinea 
2     Ivory Coast 
4     Ghana 
4     Nigeria 
3     Cameroon 
3     CAR 
3     PRC 
4     DRC 
3     Equatorial Guinea 
3     Gabon 
3     Sudan 
2     Uganda 
3     Tanzania 
2     Angola 

 
 

Table XVI.  The availability at other chimpanzee research sites of insect species present at Bii and / or 
consumed by Bali chimpanzees.As = Assirik, F = Fongoli, Ta = Taï, Bo = Bossou, Gs = Gashaka, Dj 
= Dja, Ng = Ngotto, Gl = Goualougo, Lp = Lope, Lo = Loango, Bd = Budongo, Kb = Kibale, Kl = 
Kalinzu, Bw = Bwindi, Sm = Semliki, Gb = Gombe, Mh = Mahale.  P / + = present and consumed by 
chimpanzees, P / - = present and not known to be consumed by chimpanzees, A = absent at site.For 
Bili, we cannot be sure that a lack of evidence of consumption of a particular species means that the 
species is not eaten, only that we have failed to find evidence of it. The same applies to presence / 
absence. For the majority of the epigaeic driver ant sites, we did not identify the specific species. 
 
Sources: 
Multiple sites: Dorylus sp.: Schöning et al. 2008. 
Multiple sites: Pachycondyla analis and Pachycondyla tarsata, Caspar Schöning, pers. com., 28 
April, 2010; Pachycondyla analis (formerly Megaponera foetens) - Bolton, 1995. 
Assirik … general, and Pachycondyla analis: McGrew et al. 1988; Pseudacanthotermes sp. … McGrew 
1983.  
Bossou - honey: Sanz & Morgan 2009; Macrotermes: Humle 1999; Dorylus sp., Cubitermes sp., and 
Oecophylla sp. … Sugiyama 1995. 
Budongo - Apis: Kajobe, submitted for publication; Kajobe & Echazarreta, 2005; termites - Newton-
Fisher, N. E. 1999; ants … Schulz & Wagner 2002.. 
Bwindi … general: Stanford & Nkurunungi 1986; Craig Stanford pers. com. 27 April, 2010. 
Dja … general: Deblauwe et al. 2002; termites - Deblauwe et al. 2006; Thoracotermes sp. and 
Cubitermes sp. … Deblauwe PhD. Thesis, 2008. 
Fongoli … general: Jill Pruetz pers. com., 28 April, 2010; McGrew et al. 2005. 
Gashaka … general: Fowler & Sommer, 2007; Dorylus sp: Schöning et al. 2007; Crematogaster 
confirmed by Sandra Tranquilli, pers. com., 9 June, 2010. 

Gombe / Mahale … general: Goodall 1986, p. 249; termites: Collins & McGrew, 1987; 
Thoracotermes: McGrew et al. 2007.  
Goualougo - general: Sanz et al. 2004; Sanz & Morgan 2007; Sanz & Morgan 2009; Cubitermes, 
Thoracotermes: Cipolletta et al. 2007; Dorylus sp. … Sanz et al. 2009. 
Kibale - Cubitermes and Pseudacanthotermes: Darlington et al, 1997; Nummelin & Zilihon 2004; 
general -Watts 2008. 
Loango - honey: Christophe Boesch pers. com., 28 April, 2010. Oecophylla: Head et al., in 
preparation; Macrotermes, driver ants, other insects: Jojo Head pers. com. 5 June, 2010; Caspar 
Schöning pers. com., 16 August, 2010. 
Lope - general: Tutin et al., 1995; Tutin & Fernandez, 1992; stingless bees: Eardley C. D. 2004; 
Pseudancanthotermes: Jouquet et al 2007. 
Mahale … general: Uehara, 1986. 
Ngotto … honey, Dorylus sp, termites: Hicks et al. 2005. 
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Semliki … termites: Pomeroy 1977. 
Taï: Christophe Boesch pers. com., 28 April, 2010; Lydia Luncz pers. com., 2 February, 2010. 
Thoracotermes macrothorax: Boesch, 2003. 

 
Bili-Uele insect species (confirmed in 
region) 

Eaten at Bili- 
Uele? 

As Fo Ta Bo Gs Dj Ng Gl 

Epigaeic Dorylus (any) + P/+ P/+ P/+ P/+ P/+ P/+ P/+ P/+ 
Dorylus wilverthii (epigaeic) + ?/- A A A A P/+ ?/? P/+ 
Dorylus terrificus (epigaeic) + ?/- A A A A A ?/? A 
Intermediate Dorylus (any) + ?/- A P/+ P/+ P/- P/+ ?/- P/+ 
Dorylus kohli (intermediate) + ?/- A A A P/- P/+ ?/- P/+ 
Dorylus opacus (intermediate) - ?/- A A A A P/+ ?/- A 
Pheidole spec. - ?/- ?/- ?/- ?/- P/- P/+ ?/- ?/- 
Polyrachis spec. - ?/- ?/- ?/- ?/- P/- P/- A ?/- 
Tetraponera aethiops - ?/- ?/- A ?/- ?/- ?/- ?/- ?/- 
Camponotus spec. - P/- ?/- ?/- ?/- P/+ P/- ?/- ?/- 
Pachycondyla analis + P/+ P/+ ?/- ?/- P/+ P/- ?/- P/-4

Pachycondyla tarsata + ?/- ?/- ?/- P/-3 ?/- P/+ ?/- ?/- 
Bili-Uele insect species (confirmed in 
region) 

Eaten at Bili- 
Uele? 

As Fo Ta Bo Gs Dj Ng Gl 

Crematogaster spec. (ants not identified, 
but probably this species based on nest 
shape) 

- ?/- ?/- ?/- P/-3 P/- P/+ ?/? ?/- 

Oecophylla longinoda + P/+ P/+ P/- P/+ A P/+ ?/- P/+ 
Cubitermes spec. + P/- P/- P/-8 P/- P/- P/- ?/- P/-4

Thoracotermes macrothorax + ?/- ?/- P/+ ?/- P/- P/- ?/- P/-4 
Macrotermes spec. (at Bili: M. muelleri) - P/+ P/+ P/+10 P/+rare P/- P/+ ?/- P/+ 
Pseudacanthotermes sp.  pos A A A ?/- ?/- P/+ ?/- ?/- 
Stinging bee honey (Apis mellifera) - P/- P/+ P/+ ?/- P/+ P/- P/+ P/+ 
Stingless bee honey (any) (at Bili: 
Meliponula ferruginea) 

+ rare P/+ P/+ P/+rare P/+ P/+ P/+ P/+ P/+ 

 
Bili-Uele insect species (confirmed in region) Lp Lo Bd Kb Kl Sm Bw Gb Mh 
Epigaeic Dorylus (any) P/- P/? P/- P/- P/+ P/- P/?¹ P/+ P/- 
Dorylus wilverthii (epigaeic) A ?/- P/- P/- P/+ A P/- A A 
Dorylus terrificus (epigaeic) A ?/- P/- P/- P/+ A P/- A A/- 
Intermediate Dorylus (any) P/- P/?² P/- P/- A P/- P/?¹ P/+ P/- 
Dorylus kohli (intermediate) A ?/? P/- P/- A P/- P/- P/+ P/- 
Dorylus opacus (intermediate) P/- ?/? A/- P/- A A P/- A A 
Pheidole spec. ?/- ?/- P/- ?/- ? ? ? ?/- ?/- 
Polyrachis spec. ?/- ?/- P/- ?/- ? ? ? ?/- ?/- 
Tetraponera aethiops +/- P/? ?/- A ?/- ?/- ?/- ?/- ?/- 
Camponotus spec. P/+ P/- P/- ?/- ? ? ? P/- P/+ 
Pachycondyla analis A A ?/-5 A6 ? ? ? P/-7 P/-7 
Pachycondyla tarsata P/+ P/- ?/-5 A6 ? ? ? ?/- ?/- 
Bili-Uele insect species (confirmed in region) Lp Lo Bd Kb Kl Sm Bw Gb Mh 
Crematogaster spec. (ants not identified, but 
probably this species based on nest shape) 

P/+ P/- P/- P/- ? ? ? P/+ P/+ 

Oecophylla longinoda P/+ P/+ A ?/- ? ?/- ?/- P/+ P/+ 
Cubitermes spec. P/- A P/+ A9 ? ?/- ?/- P/- P/- 
Thoracotermes macrothorax ?/- P/- ?/- ?/- ? ?/- ?/- A A 
Macrotermes spec. (at Bili: M. muelleri) P/- P/-rare P/- A ? P/? P/- P/+ P/+ 
Pseudacanthotermes sp.  P/- A ?/- P/- ? ?/- ?/- P/+ P/+ 
Stinging bee honey (Apis mellifera) P/+ P/+ P/- P/+rare ?/- ?/- P/+ P/+ P/+ 
Stingless bee honey (any) (at Bili: Meliponula 
ferruginea) 

P/+ P/+ P/- P/+rare ?/- +/- P/+ P/- P/+ 

¹1.8% of chimpanzee dung samples at Bwindi contained the parts of Dorylus ants. It is not known 
whether they were of epegaiec or non-epegaiec species (Stanford & Nukurunungi 2003). No ant tools 
were reported. 
2 According to J. Head (pers. comm. 21 June, 2010), on one occasion her team at Loango found small, 
pale ants that were possibly an intermediate Dorylus species in a chimpanzee dung sample. 
3 We could not find a record of these ants from Bossou, but they (Pachycondyla tarsata and a member 
of the Crematogaster genus) are present at Mount Nimba less than 10 km away, so I will count it as 
present here as well 
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(http://antbase.org/ants/africa/africa_map.htm). 
4 Although these species are not listed in the literature as being present at Goualougo, they are present 
at the nearby site of Bai Hokou (Cipoletta et al., 2007) and Cubitermes is present at Mondika (Doran-
Sheehy et al., 2009); therefore they are included here. 
5 Unspecified Pachycondyla ants were documented in the Budongo Forest (Schulz & Wagner, 2002). 
6 Wrangham, pers. comm., 28 April, 2010 (he is certain about the absence of these species at 
Kanyawara, and thinks they are probably absent from Ngogo as well, although he cannot confirm 
this). 
7 In his discussion of Assirik chimpanzees eating Pachycondyla analis (formerly Megaponeura 
foetens), McGrew (1983) claims that the genus is common at Gombe and Mahale but is not eaten; 
however he does not specify the species. It is assumed here that it is Pachycondyla analis. 
8 At Taï, the chimpanzees have been seen to consume pieces of earth from Cubitermes mounds, and to 
eat fungi growing inside Cephalotermes mounds, but not to consume the termites themselves (Boesch, 
C, pers. com., 28 April, 2010; Lydia Luncz pers. com., 2 February, 2010).  
9 Cubitermes mounds were found by J. Darlington (1997) in a cleared area 25 km from the Kibale 
Field Forest Station, but apparently not in the forest. 
10 The Taï chimpanzees do not use tools to eat Macrotermes, but on rare occasions eat them by hand 
when they fly out of their nests (Lydia Luncz, pers. com., 14 June, 2010). 
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Section 3 
 

Smash Sites - Termite Mounds, Snails, Fruits, and 
Tortoises 

 
 

 
 

Figure 39. A large Thoracotermes macrothorax termite mound smashed at Leguga. 
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Introduction 
 

Although the behavior is not technically tool use, the smashing by chimpanzees of 
objects against substrates has been observed at a number of sites such as Gombe, Fongoli, and 
Assirik [see review in Whiten et al., (2001)]. Typically the behavior is categorized only as 
•food-smashing (or •food-pounding•) against a substrate•, and the identity of the food object is 
not used to differentiate behaviors (the smashing is usually limited to hard-shelled fruits). Our 
work in the Bili-Uele region, however, shows that at least one population of chimpanzees 
smashes open a variety of objects. An understanding of the range of foods smashed by 
chimpanzees with and without hammers is relevant to understanding the origins of our own 
material culture, given evidence that percussive technology seemed to be important to early 
human ancestors (Whiten et al., 2009). An interesting puzzle is why chimpanzees in West 
Africa and Cameroon use hammers to smash open food items (Boesch & Boesch-Achermann, 
2000), while those in other areas either do not use percussive technology or are limited to 
doing so without hammers, as is the case at Bili. 
 
Methodology 
 

Smash sites, like nests and tools, were encountered while searching for chimpanzees. 
On three occasions to be described below, we were drawn towards the smash sites by the 
sound of loud thumping. All potential smash sites were examined thoroughly, and the 
following data were recorded: GPS coordinates, presence or absence of a substrate within 10 
meters with a potential strike mark on it (a bruised mark on a tree with missing bark and 
sometimes fragments or mud from the smashed object), age of the site, and forest type. More 
specific information specific to the kind of object smashed was recorded and will be detailed 
in the following sections.  

The tortoise species smashed at Bili was determined by Craig Stanford of the 
University of Southern California and Dwight Lawson of Collections, Education, and 
Conservation, Zoo Atlanta. The tortoise species smashed at Leguga was also determined by 
Dwight Lawson. Termite species were identified by Johanna Darlington of the Department of 
Zoology at the University of Cambridge, and by Isra Deblauwe of the Prince Loepold Institute 
of Tropical Medicine in Antwerp, Belgium. Using shell material and photographs of smashed 
and live snails both north and south of the Uele, Bert Van Bocxlaer identified the snails as 
Achatina schweinfurthi based on the height/width ratio of the shell and the number of whorls 
in comparison to material described in Pilsbry (1919). Since other Achatina species occur in 
the area and since the taxonomy of Achatina is unresolved, this identification should be 
considered tentative. 
 
Results and discussion 
 
 We present in Figures 40… 42 the distribution of termite mound smash sites, tortoise 
smash sites, snail smash sites, and fruit smash sites across the study region. Table XVII 
compares across study regions encounter-rates for these smash sites and a few others to be 
discussed later. We present the results for each of these smashing behaviors in the following 
sections.  
 
Termite mound smash sites (Cubitermes spec. and Thoracotermes macrothorax) (Figure 39) 
 Chimpanzees were first observed to fish for termites at Gombe by Goodall (1963), and since 
then, the behavior has been documented at a number of study sites [see Whiten et al. (2001) for a 
review]. However, an alternative means of acquiring termites exists as well, and we have documented 
it at Bili: termite mound smashing, or pounding.  
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Figure 40. Map of the distribution of termite mound smash sites and tortoise smash sites across the 
study region. Data for rivers, roads, borders, and other geographical features were acquired from Le 
Référential Géographique Commun (2009) http://www.rgc.cd. Black lines represent roads. 
 

 
 

Figure 41. Map of the distribution of snail smash sites across the study region. Data for rivers, roads, 
borders, and other geographical features were acquired from Le Référential Géographique Commun 
(2009) at http://www.rgc.cd. Black lines represent roads. 
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Figure 42. Map of the distribution of fruit smash sites across the study region. Data for rivers, roads, 
borders, and other geographical features were acquired from Le Référential Géographique Commun 
(2009) at http://www.rgc.cd. Black lines represent roads. 
 
 

The chimpanzees in the Northern community of the Taï study site in Ivory Coast 
pulverize the mounds of Thoracotermes termites on the ground and against roots (Boesch 
2003; L. Luncz, pers. com., 1 February, 2010); they then consume the termites. They do not 
smash them against rocks or buttresses. This behavior begins with the rainy season (usually in 
April) and Luncz has not observed it in the dry season. Cubitermes mounds are also present in 
the Taï Forest, but the chimpanzees do not smash them; instead, they pick them apart with 
their fingers, eating only the dirt. Interestingly, the neighboring Taï communities do not 
perform either of these behaviors, despite the same termites being common there. This 
contrasts with the situation in the Bili area, where chimpanzees smash open termite mounds 
over thousands of square kilometers. Other than at Taï, and Bili, no reports of this behavior 
have emerged from any other long-term study site. Wrangham (1977) specifically states that 
the Gombe chimpanzees were never observed to consume termite dirt. 
 Possible similar behavior has been recorded in bonobos (Pan paniscus), at the Lomako 
site south of the Congo River (Badrian et al., 1981). A bonobo was observed picking termites 
out of a mound and eating them, after having carried the mound a short distance and breaking 
it over a root. Possible tools were found in association with other broken termite mounds, 
which has never been observed at Bili. On the other hand, G. Hohmann (pers. com., 22 
March, 2010), who has worked for years at Lomako and observed the bonobos there at close 
range, says that he has never seen the bonobos there smash open termite mounds; instead, he 
says, they pick off the edges with their fingers and eat only the dirt. He has also never 
observed tool-use at Lomako. 
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Table XVII.  Number of smash sites and other possible cultural artifacts per study region. In 
parentheses is the rate of discovery per 10 km walked. 
 
 

T
im

e 
pe

rio
d 

K
m

 w
al

ke
d 

pe
r 

re
gi

on
 

N
o.

 te
rm

ite
 m

ou
nd

 
sm

as
h 

si
te

s 

N
o.

 s
m

as
he

d 
te

rm
ite

 m
ou

nd
s 

(C
ub

ite
rm

es 
sp

ec
.) 

N
o.

 s
na

il 
sm

as
h 

si
te

s 

N
o.

 s
m

as
he

d 
sn

ai
ls

 
(A

ch
. s

ch
w

ei
nf

ur
th

i) 

N
o.

 s
m

as
he

d 
to

rt
oi

se
s 

(K
in

ix
ys

 
be

lli
an

a)
 

N
o.

 fr
ui

t s
m

as
h 

si
te

s 

N
o.

 s
m

as
he

d 
fr

ui
ts

 

N
o.

 s
oi

l d
ig

 s
ite

s 

N
o.

 w
ea

ve
r 

an
t (O

. 
lo

ng
in

od
a)

 n
es

t-
cr

us
h 

si
te

s 

Camp 
Louis 

Aug 04-Jul 
05, Aug 06-

Feb 07 

1277.9 11 
(0.1) 

14 
(0.1) 

1 
(0.01) 

2 
(0.02) 

1 (0.01) 1 
(0.01) 

5 
(0.04) 

1 
(0.01) 

0

Gangu Mar 05-Jun 
05, Aug 06-

Feb 07 

356.8 15 
(0.4) 

17 
(0.5) 

16 
(0.5) 

28 
(0.8) 

0 20 
(0.6) 

101 
(2.8) 

1 
(0.03) 

1 
(0.03) 

Nambala August 2006 9.03 2 
(2.2) 

2 
(2.2) 

0 0 0 0 0 0 0 

Bili South Jul 06…Nov 
06 

205.2 8 
(0.4) 

12 
(0.6) 

7 
(0.3) 

15 
(0.7) 

0 0 0 6 
(0.3) 

0 

Zapay Dec 06 49.9 0 0 3 
(0.6) 

6 
(1.2) 

0 0 0 1 
(0.2) 

0 

Gbangadi  Dec 06 31.7 6 
(1.9) 

8 
(2.5) 

2 
(0.6) 

4 
(1.3) 

0 1 
(0.3) 

4 
(1.3) 

0 0 

Nawege-
Zaza 

Sept 06, 
Aug 08 

21.7 1 
(0.5) 

1 
(0.5) 

2 
(0.9) 

8 
(3.4) 

0 0 0 0 0 

Lebo Sept 06, 
Aug 08 

41.3 2 
(0.5) 

2 
(0.5) 

7 
(1.7) 

18 
(4.4) 

0 0 0 1 
(0.2) 

0 

Bambesa Apr… May 
08 

65.0 1 
(0.2) 

1 
(0.2) 

25 
(3.9) 

42 
(6.5) 

0 0 0 2 
(0.3) 

0 

Leguga Mar 08 48.5 5 (1) 7 
(1.4) 

35 
(7.2) 

65 
(13.4) 

0 (1) 0 0 1 
(0.2) 

0 

Buta-
Ngume 

Sept… Oct 
08 

65.0 4 
(0.6) 

6 
(0.9) 

12 
(1.9) 

27 
(4.2) 

0 0 0 0 0 

Akuma-
Yoko 

Jun 08-
Nov08 

24.5 6 
(2.5) 

6 
(2.5) 

6 
(2.5) 

11 
(4.5) 

0 0 0 2 
(0.8) 

0 

Mbange Jan 08-Feb 
08 

126.4 9 
(0.7) 

10 
(0.8) 

11 
(0.9) 

25 (2) 0 0 0 1 
(0.08) 

0 

Zongia-
Lingo 

Nov 08 74.2 5 
(0.7) 

7 
(0.9) 

15 
(2.0) 

47 
(6.3) 

0 0 0 0 0 

Difongo- 
Membele 

Feb 09 61.3 0 0 1 
(0.2) 

2 
(0.3) 

0 0 0 0 0 

N of Uele 
Total 

Aug 04-Jul 
05, Jul 06-

Feb 07, Aug 
08 

1943.2 43 
(0.2) 

54 
(0.3) 

31 
(0.2) 

63 
(0.3) 

1 (0.01) 22 
(0.1) 

110 
(0.6) 

9 
(0.1) 

1 
(0.01) 

S of Uele 
Total 

Sept 06, 
Nov 07-Feb 

09 

506.2 32 
(0.6) 

39 
(0.8) 

112 
(2.2) 

237 
(4.7) 

0 (1) 0 0 7 
(0.1) 

0 

Total Aug 04- Feb 
09 

2449.5 75 
(0.03) 

93 
(0.4) 

143 
(0.6) 

300 
(1.2) 

1 (2) 
(0.004) 

22 
(0.1) 

110 
(0.5) 

16 
(0.07) 

1 
(0.004) 

 
 
Termite mound smashing in the northern DRC 
 Cubitermes and Thoracotermes are both endemic African-soil feeders belonging to the 
Cubitermes-group of the Termitinae, which occur in high biomasses in African forests 
(Eggleton 2000). Their distribution completely overlaps the range of chimpanzees. 
 More than any of the other types of smashed objects seen at Bili, we can be certain 
that chimpanzees were responsible for smashing open termite mounds. On three occasions, 
twice in the Camp Louis Forest and once in the Leguga Forest, as we approached and 
observed noisy groups of chimpanzees, we could hear the loud repetitive sound of an object 
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being thumped against a substrate, in each case beneath a tree-full of chimpanzees. At 
Leguga, after hearing one mound being broken open, we observed an adult chimpanzee male 
pulling a second large mound (probably Thoracotermes) off the side of a tree before he saw 
us and fled.  

North of the Uele, at least two of these mounds were confirmed to belong to 
Cubitermes spec., while others (based on their size and shape) probably belonged to the 
closely-related Thoracotermes. South of the Uele, at least three of the larger mounds smashed 
open were Thoracotermes macrothorax, but the smaller, mushroom-shaped mounds were 
almost certainly Cubitermes. The main noticeable differences between the mounds of the 
species were the larger size and rounder shape of Thoracotermes, together with the bumps 
spread across the surface of the latter. Cubiterrmes, whether free-standing or attached to the 
sides of trees, were generally mushroom-shaped. The chimpanzees on both sides of the Uele 
smash open the mounds of both species.  
 Overall, there were 1.3 smashed termite mounds per smash site (1.4 south of the Uele 
and 1.2 north of the Uele) (see Table XVIII for raw data). Roots were the most common 
smash substrate, but tree bases and buttresses were used frequently as well. Termite mounds 
were also smashed on rocks, but only north of the Uele River.  
 
Seasonality of mound smashing 

Of the 83 definite termite mound smash sites for which age of site was recorded,  
67 were one week or less old (Appendix XIV). A seasonal trend may exist in the occurrence 
of freshly-smashed termite mounds (Figure 43). The chimpanzees appeared to smash few 
mounds during the dry season; the behavior peaked at the end of March and the beginning of 
April with the onset of the first rains, and then declined as the rainy season progressed, 
disappearing completely at the peak of the dry season in February. This seems similar to the 
pattern documented by L. Luncz (unpublished data) in the Northern community of Taï Forest, 
Ivory Coast, where the chimpanzees begin pounding 
 open Thoracotermes mounds coinciding with the onset of the first rains of the wet season 
(usually in April); during the dry season at Taï the behavior has not been observed. During 
our 3-week visit to the Gangu Forest in January 2007, we found only one smashed termite 
mound, while we found five mounds in the same forest in a similar period of time in August 
and October 2006. The fact that we found no smashed mounds during our survey of the Zapay 
region in December 2006 may be explained by the season. 

The majority of mounds (62%) were found in medium density forest. Twenty-four % 
were found in riverine forest (the raw data are presented in Table XIX). 
 
Average distance of the smashed mounds from their sources 
 For 34 smashed termites we were able to locate the source from which they had been 
ripped. The average distance between these sources and the strike substrates was 3.77 m (SD 
= 10.1). Six of these sources were located further than 4 m from the strike site; one of these 
was 60 m distant. Four of the 93 smashed termite mounds (two to the north of the Uele and 
two to the south) were heavy and bulky enough to have required bipedalism to carry them 
(0.5, 0.9, 3, and 5.2 m distances, respectively) (Figure 44). 
 
Three case studies from TH•s field notes 

 
Case One 
 On 21 April 2005, we have an encounter with a noisy group of chimpanzees 
near Camp Louis (4°20•56ŽN, 24°58• 06ŽE). We observe an adult male dangling from 
a branch and hear several more individuals vocalizing in the trees and on the ground.  
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Table XVIII . Number of smashed mounds north and south of the Uele River, substrate-types, and 
season when discovered. 
 
Location No. 

sites 
No. 

mounds 
smashed 

No. mounds 
smashed on 

substrates and 
on ground 

Substrate type 
of each smashed 
mound 

% sites 
found in 

dry season 
(Dec … 
March) 

Tree species substrates identified 

N of 
Uele 

43 51 Substrate: 47 
Ground: 3  

Nr: 1 

29 roots  
7 tree bases  
1 buttress  
8 rocks  
1 vine  
1 stick  
3 ground  
1 nr 

16% 1 Blighia welwitschia  
2 Carapa procera  
1 Celtis tessmannii  
2 Diospyros canaliculata  
1 Erythrophleum suaveolens  
2 Gilbertiodendron dewevrei  
1 Myrianthus arboreus  
1 Ricinodendron hendelowi  
1 Strychnos camptoneura  
1 Tabernae spec.  
1 Trichilia rubescens 

S of 
Uele 

32 45 Substrate: 35 
Ground: 10 

22 roots  
8 buttresses  
1 root + buttress 
3 logs  
10 ground  
1 stick 

31% 1 Annonidium mannii  
1 bois rouge  
2 Gilbertiodendron dewevrei  
1 Hallea stipulosa  
1 Klainedoxa gabonensis 

All 75 96 Substrate: 84 
Ground: 10  

Nr: 1 

51 roots  
7 tree bases  
3 logs  
1 root + buttress  
9 buttresses  
8 rocks  
1 vine  
2 sticks  
13 ground  
1 nr 

28% 1 Annonidium mannii  
1 bois rouge  
1 Blighia welwitschia  
2 Carapa procera  
1 Celtis tessmannii  
2 Diospyros canaliculata  
1 Erythrophleum suaveolens  
4 Gilbertiodendron dewevrei  
1 Hallea stipulosa  
1 Klainedoxa gabonensis  
1 Myrianthus arboreus  
1 Ricinodendron hendelowi  
1 Strychnos camptoneura  
1 Tabernae sp.  
1 Trichilia rubescens  
46 uk 
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Figure 43. Seasonality in the termite mound-smashing behavior of the Bili-Uele chimpanzees. 
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Table XIX.  Forest density of termite mound smash sites. The last two columns are a subset of the 
data: those sites found in riverine (Gilbertiodendron dewevrei, swamp or streambed) forest, and in 
herb patches. 
 
Locality n Open forest Medium forest Dense forest (Riverine forest) (Herb patch) 
N of Uele 39 3 25 11 (10) (0) 
S of Uele 32 2 19 6 (7) (2) 
All 71 5 44 17 (17) (2) 

 
 

Directly under the tree in which the adult male is located, for three-and-a-half minutes 
we hear a steady thumping of a heavy object against a substrate, approximately thirty 
meters to our south. My assistant and I agree that it must be a chimpanzee hammering 
open a termite mound. Soon afterwards, the adult male apparently sees us and 
descends, and the chimpanzees move away. I send Ligada forward to search for the 
smashed termite mound, which he quickly locates. A mushroom-shaped termite 
mound (most likely Cubitermes) has just been smashed to pieces against the root of a 
tree, which has a patch of bruised and beaten bark. Tiny termites, some pure white and 
some white with grey heads, wiggle around inside the fragment and some are scattered 
on the ground. We trace the trail of the chimpanzee backward through dense forest: 
seven paced m northwest, we find that the chimpanzee has struck the same mound 
against the side of another tree, leaving a bare, barkless spot covered in termite mound 
dirt. Five meters west of this, the chimpanzee has struck the mound against a root, 
leaving an exposed bruise on the root, and a mass of wiggling white termites. We 
continue tracing the trail backwards and find the original source from which the 
chimpanzee broke off the termite mound, 77 paced (straight-line) meters through 
dense forest to the original strike site that we first encountered. A chimpanzee print is 
beside the source. This evidence indicates that the chimpanzee ripped off the mound 
and then walked a distance through dense forest with low visibility, carrying a large 
chunk of termite mound in its hand and periodically stopping to strike it against 
substrates. 
 
Case Two 
  25 April 2005 - As we approach a loud group of pant-hooting chimpanzees not 
far from the village of Baday, we hear several loud thumps of something being struck 
against a substrate. In a tree above the thumping noise, we see a small chimpanzee 
descending (N 4°22•67Ž, E 25°00• 12Ž). Investigating the area, we find a root and two 
buttresses against which chunks of termite mounds (probably Cubitermes) have just 
been smashed open. The substrates are bruised and covered in termite mound mud, 
and termite remains, living termites, and crumbles from the mound are scattered 
around them. Chimpanzee prints are found around the smash sites. One of the termite 
mounds has been pulled down from the side of one of the substrate trees. Tracker 
Likongo explains why we are now seeing so much termite mound pounding: the rains 
have softened up the mound.  
 
Case Three 
  Finally, a description of a chimpanzee •workshop• in Leguga, in which 
chimpanzees smashed open a number of termite mounds in a small area, is given on 
page 164 (Figures 45-46). This occurred on 19 March, 2008. This and the other two 
cases described above, when we heard the chimpanzees smashing open termite 
mounds and then found freshly-smashed mounds, took place in March and April, 
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during the early rainy season. In Figure 47 we present photographs of Cubitermes and 
Thoracotermes mounds smashed open in different forest regions. 

What exactly were the chimpanzees feeding on in these smashed termite 
mounds? No termite remains of any kind were found in our 46 dung washes between 
October 2004 and July 2005 (during which time numerous smashed termite mounds 
had been found), although in two cases what may have been dirt from a termite mound 
was found. Several possibilities present themselves: the apes may have been feeding 
on dirt from the mound, eggs, larvae, or the termites themselves, or a combination of 
the above. If it were larvae or eggs, we would not expect these to be visible in the 
faeces. It is doubtful that adult termites would be visible either, as both Thoracotermes 
and Cubitermes, unlike Macrotermes, are tiny, soft-bodied insects. Because the 
mounds were broken open to reveal the wiggling insects, it appears likely that the 
chimpanzees were feeding on them and not just the dirt, as chimpanzees have been 
observed to do in the northern community of the Taï Forest (L. Luncz, pers. comm., 14 
June, 2010). 
 
 

 
 

Figure 44. The chimpanzee who carried this termite mound (Thoracotermes, probably T. 
macrothorax) 3.6 m from its source to smash it on a root must have walked bipedally (South Bili 
Forest 2006). 
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Figure 45. Thoracotermes macrothorax workers and winged alates in a mound just smashed open by a 
chimpanzee at Leguga, south of the Uele River. 
 
 

 
 

Figure 46. A very large Thoracotermes macrothorax termite mound smashed against a log at Leguga, 
with fresh chimpanzee dung at the scene. 
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Figure 47. Two termite mound smash sites separated by 183 km and on opposite sides of the Uele 
River (Top: Lingo Forest, South Uele, probably Cubitermes; bottom: Bili South Forest, North Uele, 
probably Thoracotermes). Each was smashed against a Gilbertiodendron dewevrei root. 
 
 
Density of termite mounds in the Camp Louis / Gangu regions 
 As mentioned before, two types of forest-dwelling termites constructed similar small, 
rounded mounds: Cubitermes and Thoracotermes macrothorax. The Thoracotermes mounds 
were generally larger than Cubitermes. Cubitermes was found on both sides of the Uele River. 
Thoracotermes was only identified to the south, although from photographs taken to the north 
of the Uele (Figure 43 and Figure 46, bottom photo) we can be fairly certain the species was 
present there as well. Cubitermes, distinguished by the mushroom-like shape of its mound 
when free-standing (like Thoracotermes, it was also sometimes found attached to the sides of 
trees) appeared to be ubiquitous in the forests. We did a count of Thoracotermes / Cubitermes 
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mounds along a randomly-chosen 1 kilometer-stretch of transect 2 km south of Camp Louis 
(details on the transect methodology are described in Section 2 of Chapter 4), and found 59. 
Larger mounds presumed to be Thoractermes mounds seemed to be more rare in this area, but 
were more common in the South Bili Forests and at Leguga and Bongenge. 
 
Snail smash sites (Achatina schweinfurthi) 

As we surveyed the forests north and south of the Uele River, we found hundreds of 
giant snail shells which had clearly been smashed against substrates (almost always wood) 
(Figure 48). We will assume that they all belonged to the African giant snail Achatina 
schweinfurthi, although this has only been confirmed for a small proportion of the sites, and 
there are other Achatina species present in the region (van Bocxlaer, pers. com., 31 January, 
2010). This snail species is widely-distributed across DRC from the Ruwenzoris to Kisangani 
and south to Kasai (Pilsbry 1919). Interestingly, during the dry season the snails bury 
themselves in the soil and thus seem to disappear from the forest. The snail shells we 
encountered came in two color forms: banded brown and yellow and full brown; they also 
came in a wide range of sizes.  

Hundreds of crushed or broken shells were found in the forest, but we did not consider 
any grouping of smashed snails as a smash site without at least one of the associated snails 
being found within 5 m of an associated •smash mark• on a tree or root. A •smash mark• was 
a bruised area missing bark, often marred with gouges or cuts, and sometimes containing 
embedded fragments of snail shell. A single snail smash site was considered to be an area 
where snails were smashed against a substrate or substrates without being separated by more 
than 25 m. A total of 158 possible smash sites were recorded, but 16 of the sites were 
excluded because of a lack of a clear smash mark against a substrate within 10 m of the snail. 
Of the 142 confirmed smash sites, 30 were found to the north of the Uele River, and the 
remaining 112 were found to the south (Figure 41). Encounter rates for smashed snails and 
snail sites were highest at Leguga and lowest at Camp Louis (Table XVII), but in most areas 
reached at least one smashed snail per 10 km walked. Strangely, no smashed snails were seen 
during the entire 2004-2005 field season in the Camp Louis and Gangu Forests, although they 
were commonly encountered in the Gangu Forest during the following field season. It is 
possible that we were missing the snails because they were not yet in our •search image•, but 
this is unlikely, as we were spotting smashed termite mounds and other items during the same 
period, and a cluster of large smashed snails discarded around the base of a bruised tree is 
conspicuous. This may indicate seasonality / periodicity of the habit and / or snail availability.  
 Giant African land snails are present at many chimpanzee sites across the apes• range. 
Researchers from the following long-term research sites have sent photographs to us or 
otherwise confirmed the presence of these large snails: Goualougou in PRC (Dave Morgan 
and Crickette Sanz), Mount Nimba in Guinea (Kathelijne Koops), Taï Forest in Ivory Coast 
(Annika Hillers, Tobias Deschner), Gombe in Tanzania (Mike Wilson), and Loango, Gabon 
(Edward Wright and Martha Robbins). Ammie Kalan (pers. com., 16 May, 2010) confirmed 
the presence of giant snails in the Lac-Tele Forest in Gabon. John Mitani (pers. com., 17 May, 
2010) confirms occasionally seeing large snails up to 13 cm in length at Ngogo, in Uganda. 
At the neighboring site of Kanyawara, Richard Wrangham (pers. com., 17 May, 2010) does 
not recall seeing these snails; at both sites the chimpanzees have never been observed to eat, 
smash, or handle these snails. Giant snails appear to be absent from Bwindi (Martha Robbins, 
pers. com., 16 May, 2010). Nevertheless, these animals can be expected to be present in the 
majority of chimpanzee-inhabited forests. None of the researchers at these sites has reported 
seeing these snails smashed against trees or buttresses. On the surface, therefore, it does not 
appear that availability of the snails is an explanatory factor for their presence or absence in 
the diet of chimpanzees. Unfortunately, we know little about the density of the snails at any of  
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Figure 48. Six large smashed shells, struck against one tree in the Gangu Forest. 
 
 
these sites, and we cannot rule out the possibility that differences in snail density between 
sites may be sufficient to explain differences in the exploitation of this resource by 
chimpanzees. It is also probable that the snails at the different sites belong to different species 
and sub-species, which may differ in palatability and shell-thickness. 

 
Proximity of sites to other chimpanzee evidence 

In total, 30 of the 142 mainland snail smash sites (21%) were found within 50 m of 
clear chimpanzee evidence (nests, prints, or dung). Sixteen snail smash sites (11 %) were 
found within 10 m of chimpanzee evidence (of these, 11, or 8%, were within 10 m of nests, 
and two were within 10 m of smashed termite mounds). Of the 299 individual smashed snails, 
62 (20.7%) were found within 50 m of chimpanzee evidence. 

The majority of snails were smashed open on tree bases or buttresses (Table XX). 
Even in areas where the chimpanzees smashed open Strychnos fruits, tortoises, and termite 
mounds on rocks, snails were almost never smashed on them. Instead, woody substrates were 
used (although it is possible that some snails were smashed on stones but were missed, as 
older strike marks are less visible on stones). 

Of the 142 snail smash sites observed, there were an average of 1.16 substrates per 
site. On average there were 2.1 smashed snails per site (SD = 1.59, median = 1; n = 141 sites), 
with a maximum of seven smashed snails (Table XXI). Of the 132 sites examined, 15 (11.4%) 
showed signs of having been revisited, as evidenced by differently-aged shell fragments at the 
sites. 

 
 

Table XX. Numbers and percentages of the substrates used to smash snails. Mainland snail smash 
substrates refer to those described above. Island snail sites refer to substrates used by marsh 
mongooses on islands in the Uele River (see page 158). 
 
Locality n Tree % Rock % Root % Fallen tree % Vine % 
Mainland snail substrates 165 140 85 2 1 20 12 1 0.6 2 1 
Island snail substrates 11 6 55 4 36 1 8 0 0 0 0 
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Whenever possible, we measured un-smashed African giant snails (Achatina 
schweinfurthi) as we encountered them while exploring the South Uele forests (Figure 49; see 
Appendix XV for the range of sizes of the un-smashed snails we measured while exploring 
the South Uele forests). Although the smashed snails themselves were difficult to measure, we 
roughly categorized them into small (1-5.9 cm long), medium (6-12.9 cm) and large (13 cm 
and longer) (Appendix XVI). Of the 298 smashed snails observed, 23 were classified as small 
(8 %), 25 were classified as medium (8 %), and 39 (13 %) were classified as •large.• The 
remaining 70 % were not classified, either through omission or because the shells were too 
fragmented to tell, but they were probably small or medium-sized (large snails were generally 
noted as such). 
 
 
Table XXI.  A breakdown of the percentages of snail numbers found per site. 
 
No. snails per smash site n (sites) % of total sites 
1 74 52.5 
2 30 21.3 
3 12 8.5 
4 9 6.4 
5 8 5.7 
6 4 2.8 
7 4 2.8 

 
 

A snail hammer? 
In one case (not included in the above totals), in the So Forest to the south of Bili 

(3°56•81ŽN, 25°07•01ŽE), JS observed what may have been two snails hammered open with 
(or hammered open upon) a stout club (Figure 50). The stick was lying directly above a 
smashed snail had been broken into three fragments, possibly from the impact against the 
snail, adding up to 89.1 cm (the three fragments measure: 39.7, 16.1 and 33.3 cm) and its 
circumference ranged from 11.4 to 12.7 cm along its length. The stick was bruised, possibly 
from where it had struck the snail. 

 
 
 

 a.  b. 
 

Figure 49. a. African giant snails in the village of Aketi. They are about the size of a human fist. b. 
African giant land snail in the Leguga Forest. 
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Figure 50. Possible snail club site, South Bili Forest. 
 
 
The marsh mongoose (Atilax paludinosus) 
 In August 2008, we were exploring a large island in the middle of the Uele River near 
Lebo for the possible presence of chimpanzees on the island. Although we encountered five 
species of monkey, there was no evidence of chimpanzees. We did, however, find three smash 
sites of the African giant snail (Achatina schweinfurthi) along the banks of the Uele River. At 
first, we took this as evidence for the presence of chimpanzees on the island, but the absence 
of nests, tools, or any other sign of the apes, along with the later testimony of local hunters, 
convinced us that no apes were present. How then to explain the smashed snails? Although 
Nile monitor lizards, Varanus nilotictus, are often said to crush the snails with their jaws (and 
we have often found the apparent remains of this behavior in many forest regions), these 
animals lack the manipulative ability to smash the mollusks against trees. The locals 
described often observing an animal called the zizé smashing snails against trees and eating 
the meat (this behavior had never been described by locals on the mainland). They later 
identified the zizé from Jonathan Kingdon•s Field Guide to African Mammals (Kingdon, 
1997) as the marsh mongoose, Atilax paludinosus. Further investigations revealed that there 
were no chimpanzees on the island, and so we concluded that an animal other than 
chimpanzees was capable of smashing giant snails. 

According to Kingdon (1997), marsh mongooses are known to eat snails, and are also 
known to hurl crabs and mussels against rocks to break them open. In a study by Eisner 
(1967), African banded mongooses (Mungo mungo) (which do not occur in the Bili area) were 
experimentally offered millipedes, snails, and hazelnuts; the animals would hurl these items 
backwards between their legs against rocks to break them open … exactly the behavior of the 
mongooses as described by the river-folk (and which none of the forest people we have 
worked with have ever described). Atilax is described as spending the majority of its foraging 
time in or near the water, and is dependent on permanent or semi-permanent bodies of water, 
although it is known to forage a considerable distance from the water (Baker, 1992). It is 
described by Baker as often hurling eggs against the ground to break them open, but no 
mention is made by this author of snail-smashing. 

In Dzangha-Sangha, the Central African Republic, a marsh mongoose was tracked 
with a radio collar and found to stay within a narrow band of stream-side habitat, •and its 
easily distinguishable tracks were neither found in upland forest nor on roads• (Ray 1997), 
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although the species was found to wander further from streams in earlier studies, even into 
upland habitats (Rosevear, 1974; Stuart, 1981; Baker, 1989; Skinner & Smithers, 1990).   

We noticed, however, that none of the first three island mongoose smash sites we 
found resembled in their details the dozens of mainland snail smash sites that we had seen. At 
each of these sites, we found that the strike marks on the trees were shallow and superficial, 
and that the bark was discolored but not broken where the snails had been struck. At two of 
these sites, we found only small single fragments of snail shells between the river and the 
strike tree. The third site was exceptional: we found 16 large fractured snail shells piled 
around a tree with their tops removed. For all of these sites, the faint scuff-marks on the bark 
were unlike many strike marks that we had found on the mainland, which had been made with 
great force and sometimes had shell fragments embedded in them. Tellingly, none of these 
island sites were found further than 25 m from the steep bank of the Uele River. When we 
surveyed 1 km inland on the island, despite the presence of shallow flooded forest (potential 
mongoose habitat), we found no snails that had been smashed against a tree, despite 
encountering many intact snail shells and also snails that had been crushed (probably by a 
monitor lizard) without being smashed against an object. Our impression was that the 
mongooses were limiting their snail smashing to a narrow strip around the large Uele River.  

The following day we visited a second nearby island with a large human settlement 
where we were sure from the locals that chimpanzees did not exist, specifically to study the 
way in which marsh mongooses open snail shells. We found an extensive snail-smashing area 
which also differed from the sites we had found on the mainland. First of all, we were within 
200 m of a settlement of fisher-folk; this was a clear contrast from the mainland shells, which 
we had rarely found within a 500 m or more of human roads and settlements. The main 
difference between this site and mainland sites was that the smashed snails were scattered 
across a long, continuous area instead of being clustered around one tree. At least eight small 
shells had been smashed against three trees, four rocks and a root within a 200 m² area. The 
strike marks on all the trees were small and light and had no shell fragments embedded in 
them. Most of the shell fragments were located between the smash sites and the river-edge 25 
m away, and appeared to have been dropped as they were carried back to the water. In the 
mud within 10 m of one of the smashed shells we found the footprints of a marsh mongoose. 

Only one of the island smash sites showed any similarity to the majority of mainland 
sites, with a number of small-to-medium-sized snails piled around a tree with their tops 
knocked off (and not scattered in tiny pieces). The strike mark on the substrate tree at this site 
was faint and the bark had not been broken. This site was also quite unusual in having 16 
shells. The most ever seen on the mainland was seven. As with all of the other island smash 
sites, this one was found within 25 m of the Uele River. 

One other snail smash site was found on the mainland a few km along and across the 
river from the Uele island sites described above. This site consisted of two water snails of an 
unknown species apparently smashed on a root, within about 50 m of the Uele River, in a 
floodplain area. No chimpanzee evidence was found in the area, and the strike marks were 
faint. Because of the similarity and proximity of this site to the Uele island mongoose sites, 
and the unusual identity of the smashed snails, it has been considered a probable mongoose 
site and thus has not been included in the •mainland snail smash site• totals. 
 
Comparison of Uele islands (marsh mongoose) and mainland snail smash sites 

As stated earlier, 30 of the 142 (21%) mainland snail smash sites were found within 50 
m of clear chimpanzee evidence. Only 11 of those 30 sites were located in riverine or 
Gilbertiodendron forests, the environment probably favored by the marsh mongoose. It 
should also be repeated that at one of the Uele island smash sites, we found the clear prints of 
a marsh mongoose in association with one of the smash sites. Although early on we were not 
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looking in particular for this, we never saw mongoose prints in association with smashed 
snails on the mainland, despite the fact that TH regularly recorded the tracks and scats of 
small carnivores. 

As is demonstrated in Table XXII, strike marks on trees on mainland sites were on 
average higher up the side of the tree and also wider than those on the island sites. When all 
mainland data was used, none of the differences were significant [Mann-Whiteny U test: low 
height: U = 248, p = 0.13 (n = 114); high height: n = 114, U = 233, 0.10; height of mark: n = 
128, U = 403.5, p = 0.83; width of mark: n = 128, U = 435.5, p = 0.90]. When the subset of 
mainland smash sits found within 50 m of chimpanzee evidence was used, again no signicant 
differences were found (simultaneous permutation test: �², p = 0.128)].  

A comparison of circumferences at breast height of smash trees on the island vs. the 
mainland (restricted in the latter case to evidence within 50 m of chimpanzee sign) also 
revealed no significant difference (U = 58.5, p = 0.36; n = 32). We were thus unable to 
differentiate between the smash marks left on trees on the island and the smash sites on the 
mainland. There was, however, much more variation in the heights and widths of the strike 
marks on the mainland, with a number of higher marks, whereas those on the island were 
within a much more restricted range on trees (Figure 51). 

For mainland snail smash sites, trees were predominantly used as a substrate, and 
almost never rocks (Table XX), despite availability of appropriate rocks in many of the 
regions. The substrates used by marsh mongooses on the Uele islands were characterized as a 
mix of large stones and trees. The use of tree and non-tree substrates between the mainland 
and island sites appeared to be significantly different (Fisher•s exact test: p = 0.02), with the 
mongooses on the island using a significantly higher proportion of non-tree objects as sub-
strates. This was certainly not due to a lack of available trees on the island, and it is unlikely 
due to a higher availability of stones (although the latter possibility cannot be ruled out). 
 
Strike force against the substrate 

8.3% of snail smash sites found on the mainland (11 out of 132 sites) had fragments of 
one of the snail shells embedded in the bark of the tree, whereas not a single marsh mongoose 
snail smash site on the Uele River island had this feature (Figures 52 and 53). 12.8% of smash 
sites within 50 m of chimpanzee evidence had such fragments. 
 
 
Table XXII.  Dimensions (cm) and heights (cm) of smash marks on substrates of island sites (marsh 
mongooses) and the mainland ones (chimpanzees?). If two separate strike marks were made on one 
tree, they were counted separately. Included also is a subset of the mainland smash sites, those found 
within 50 m of chimpanzee evidence. 
 

Locality n 

Avg strike 
mark height off 

ground 
(bottom) SD 

Avg strike 
mark height 
off ground 

(top) SD n 

Avg strike 
mark height 
bottom to 

top SD 
Mainland snail sites (all)  107 11.0 12 15.0 11.9 121 4.1 3 
Mainland snail sites <50 m from 
chimp evidence 

30 9.8 6.6 13.0 6.7 33 4.1 3.7 

Island (mongoose) snail sites  7 6.7 5.8 10.0 5.9 7 3.3 1.2 
 

Locality n 
Avg strike 
mark width SD n 

Shell 
frag-

ments in 
bark? 

% shell 
frag- 

ments in 
bark n 

Circumference 
at breast height 

of substrate 
trees SD 

Mainland snail sites (all)  121 3.4 2.5 132 11 8.3 120 31.0 27.2 
Mainland snail sites <50 m from 
chimp evidence 

33 3.1 2.3 39 5 12.8 25 27.1 22.3 

Island (mongoose) snail sites  7 3.1 1.7 7 0 0 6 27.0 10.5 
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Figure 51. Box plots of four measures of strike marks at island and mainland sites. •Low height• refers 
to the measure from the ground to the bottom of the strike mark, •High height• refers to the measure 
from the ground to the top of the strike mar, •Height up• refers to the height of the strike mark from 
top to bottom, and •Width across• refers to the width of the strike mark. 
 
 

 
 

Figure 52. Smashed snail at in the forests of Bambesa (Malembobi) with shell fragments embedded in 
the bark of the tree. 
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 Marsh mongoose smash marks were uniformly weak and barely scuffed the bark of 
the trees, whereas many of the mainland smash marks were deeper and knocked off the 
surrounding bark. 
 
Forest category 

Of the 126 mainland snail smash sites for which forest type was recorded, only 24 
(19%) were found in Gilbertiodendron, streambed or swamp forests (i.e., forests adjoining 
water). The remainder was found in dry-ground forest. This contrasts strongly with the Uele 
island findings, where all of the smashed snails were found within 25 m of the Uele River, 
and none were seen further into the interior of one of the islands (despite the abundant 
presence of snails and suitable smashing trees there). 

 
 

 a.  b. 
 

 c. 
 

Figure 53. a. A typical scattered smash site left by marsh mongooses on an Uele island (Ombio) with 
weak strike mark on the tree with the bark barely disturbed. b. A typical mainland smash site (Lingo 
and Buta Forests) with deeply-gouged bark and a large-sized strike mark, out of which projects an 
embedded shell fragment. Note the nearly intact (but topless) condition of the shell fragments. c. 
Mainland smashed shells, at Buta. 
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Mainland smash site case study 
 We will now examine one particular case in detail. On 19 March, 2008 in the forests 
of Leguga, we discovered what amounted to a •chimpanzee workshop• on high dry ground 
500 m from the nearest stream (3°22•07ŽN, 24°57•98ŽE). Over the following days, we would 
repeatedly encounter large groups of chimpanzees in this small area of approximately 350 m 
by 200 m. On one occasion, after contacting three chimpanzees in a fig tree, we then heard a 
chimpanzee smashing a large termite mound against a root (this mound can be seen in the 
background of Figure 54). When we attempted to film this activity, we observed the adult 
male chimpanzee pulling down a large termite mound from the side of a tree. He saw us and 
fled, leaving fresh and wiggling winged Cubitermes in the first smashed-up mound, along 
with fresh dung. Exploring within this small area over the next two days, we found six nest 
sites with 15 tree nests and seven ground nests, together with four leaf cushions, and, 
tellingly, seven sites where giant snails had been smashed forcefully against trees (for a total 
of 17 snails, six old and 11 recent). In the same area we found a total of three termite mound 
smash sites with nine recently-smashed termite mounds. While staking out the fig tree at this 
site over a 3-day period, we neither saw nor heard any mongooses, nor saw any of their traces. 
This gives us confidence that all of the smashed objects in the area, including the snails, had 
been smashed by the chimpanzees.  

In the same extremely productive Leguga Forest, again on dry land approximately 500 
m away from the nearest stream, we found on 13 March another large aggregation of nests of 
different ages (seven nest sites with 13 tree nests and seven ground nests), all crowded into a 
125 X 100 m area. Next to one of the ground nests we found the smashed snail shown in 
Figure 55, within 20 cm of a ground nest.  

 
 

 
 

Figure 54. Snails smashed against trees such as is shown in this photograph were numerous at this 
chimpanzee •workshop• at Leguga, where we also found numerous freshly-smashed termite mounds 
(one is visible in the background). 
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Figure 55. To the left of my hand is the tree with the strike mark at its base. The smashed snail shell 
lies at its base. To the right is a ground nest. The large aggregation of nests found at this spot was on 
dry land approximately 500 m away from any water. 

 
 
Another telling indicator that chimpanzees and not marsh mongooses were responsible 

for the majority of the smash sites that we recorded on the mainland is that we never found 
snail smash sites in areas near villages and roads where chimpanzees were rare or absent (but 
presumably snails and marsh mongooses would have still been present, as they had been on 
the heavily-human hunted and occupied Uele islands).  
 We cannot rule out that the marsh mongoose may be responsible for some of the 
smashed snails we found on the mainland. However, given the differences between the ways 
in which the snails were smashed by the mongooses on the islands and the sites we found on 
the mainland, and also the close association between the mainland snail smash sites and other 
chimpanzee evidence, chimpanzees are the much more likely candidate for the majority if not 
the entirety of the snails smashed on the mainland. 
 Snail meat, including that of African giant snails, is rich in protein and an important 
source of minerals such as calcium, potassium, magnesium, iron, and phosphorus (Özogul et 
al. 2005; Adeyeye et al. 2004). If chimpanzees are indeed responsible for the majority of the 
smashed snails found throughout the north DRC area, it means that they have discovered how 
to exploit a new and possibly crucial nutritional resource.  
 
Tortoise-smashing 
 At two localities in the Bili-Uele landscape, one to the north and one to the south of 
the Uele River, TH encountered tortoises that had probably been smashed open by 
chimpanzees (Figure 40). This evidence was described in detail in Chapter 4. Although the 
evidence is provocative, the small number of observations should caution us against accepting 
the behavior as a typical component of the repertoire of the Bili-Uele chimpanzees. 
 
Fruit-smashing 
 The smashing of fruits against tree trunks, limbs, and buttresses without the use of a 
hammer has been documented at a number of long-term research sites (Gombe: Goodall, 
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1986, p. 238; Assirik: McGrew et al., 1988; Hunt & McGrew, 2002; Mahale: Nishida & 
Uehara, 1983). In addition, chimpanzees at a number of sites have been documented to use 
stone or wooden hammers to smash open fruits and nuts [reviewed in McGrew (1992)]. 
 In the forests of Camp Louis and Gangu northwest of Bili, we found abundant 
evidence of Strychnos fruits (and in one case Landolphia) having been smashed against roots, 
rocks, and vines. We saw our first fruit smash during transect work in the Gangu Forest in 
2005. All but one of the sites were found in the Gangu / Camp Louis region. The exception 
was found 40 km to the north of Gangu at Gbangadi. We present detailed information on the 
fruit smash sites (Table XXIII), along with images of several of the Gangu fruit smash sites 
(Figure 56). 
 Six out of 22 of the fruit-smashing sites (27%) were associated with chimpanzee 
evidence. Strangely, as mentioned in the previous section, no evidence was found for the  
smashing of fruit by chimpanzees to the south of the Uele River, despite the availability of 
Strychnos fruits. 
 
 
Table XXIII.  Fruit-smashing sites, north of the Uele River. 
 

Site Date Location No. 
fruits 

No. revisits Species Substrate Chimpanzee evidence <50 
m? 

1 Apr 05 Gangu 1 0 (fresh) Buta (Strychnos) Log Nest site 
2 Aug 06 Gangu 1 0 (fresh) Ndefu (Landolphia) Root  
3 Aug 06 Gangu 32 Uk (old) Buta (Strychnos) 2 rocks  
4 Aug 06 Gangu 3 Uk (old) Buta (Strychnos) Rock  
5 Aug 06 Gangu 8 Uk (old) Buta (Strychnos) Rock  
6 Oct 06 Gangu 4 Uk (old) Buta (Strychnos) Rock  
7 Oct 06 Gangu 3 Uk (old) Buta (Strychnos) Rock  
8 Oct 06 Gangu 1 0 (fresh) Buta (Strychnos) Rock  
9 Oct 06 Gangu 1 0 (fresh) Burlumanza (Strychnos) Root  
10 Dec 06 Gbangadi 4 Uk (old) Buta (Strychnos) Vine  
11 Jan 07 Gangu (Bo) � 4 Uk (old) Buta (Strychnos) 2 roots  
12 Jan 07 Gangu 1 0 (fresh) Buta (Strychnos) Root Feeding remains (kpai) 
13 Jan 07 Gangu 3 0 (fresh) Buta (Strychnos) Root  
14 Jan 07 Gangu 3 2 (1 fresh, 1 recent, 1 old) Buta (Strychnos) Rock  
15 Jan 07 Gangu � 2 1 (today, yesterday) Buta (Strychnos) 2 roots Nest site, prints 
16 Jan 07 Gangu 5 1 (3 fresh and 2 old) Burlumanza (Strychnos) Root  
17 Jan 07 Gangu 19 2 (1 of yesterday, 6 from 

1 month,12 of 1 year) 
Burlumanza (Strychnos) 4 roots  

18 Jan 07 Gangu 1 0 (fresh) Burlumanza (Strychnos) Rock  
19 Jan 07 Gangu 1 0 (fresh) Burlumanza (Strychnos) Rock Feeding remains (kpai) 
20 Jan 07 Gangu 6 0 (recent) Burlumanza (Strychnos) Root  
21 Jan 07 Gangu 2 1 (1 fresh and 1 old) Burlumanza (Strychnos) Rock Feeding remains (vomwo) 
22 Feb 07 Camp Louis 5 2 (1 yesterday, 1 recent, 3 

old) 
Buta (Strychnos) 2 roots 

1 vine 
Feeding remains (buta) 
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 a.  b. 
 

 c. 
 
Figure 56. a. Fresh smash site of Strychnos on a root. b and c. Two old Strychnos smash sites on 
rocks. All three sites were seen in the Gangu Forest. 
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Section 4 
 

Other Potential Traditions 
 

 
 

 
 
Figure 57. Desplatsia dewevrei fruit used to hammer open a Cubitermes mound at a large chimpanzee 
•workshop•.  
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Introduction 
 

This section highlights other potential new behaviors recorded in the Bili-Uele region. 
To date, the systematic study of new chimpanzee populations has never failed to uncover 
unique behaviors (for examples, see Pruetz & Bertolani, 2007; Sanz et al. 2004; Hernandez-
Aguilar et al., 2007). We have found circumstantial evidence of a number of possible new 
behaviors, which we describe here. 

 
Methodology 
 
 Data was collected to the north and south of the Uele River over the course of transect 
and forest walks. Methods follow those described in the General Methodology. From the 
second year on, all large forest termite mounds were counted and inspected carefully for 
possible termite fishing tools. 
 
Results 
 
A fruit hammer? 

Strangely, as mentioned in the previous section, no evidence was found for the 
smashing of fruit by the chimpanzees south of the Uele River, despite the availability of 
Strychnos fruits there. However, at least one of these southern chimpanzees did find an 
interesting use for a fruit: a fruit hammer (Figure 57). On 19 March, 2008, at the same 
•chimpanzee workshop• described on page 109, within 7 cm of one of the many smashed 
Cubitermes mounds at the site, we found a Desplatsia dewevrei fruit which had apparently 
been used to pulverize the termite mound. There was a circle of dirt crumbles where the 
termite mound had been pounded a day or so before, with finer crumbles in the center and 
larger, coarser crumbles around the edge. The fruit was deeply bruised and had termite mound 
dirt embedded in the bruise; it had clearly been struck against the termite mound and not the 
other way around. Fresh chimpanzee dung, feeding remains, leaf cushions, and ground nests 
were found at the site, and the chimpanzees had been contacted there as well. Chimpanzees 
commonly left Desplatsia dewevrei fruits behind as feeding remains at this and other study 
sites both north and south of the Uele (Chapter 4). 
 
Tree drums and a rain dance 
 Chimpanzees at all of our study areas drummed regularly against tree buttresses 
(Chapter 3). This behavior can be considered a chimpanzee universal, and thus is not a 
candidate for cultural variation (Whiten et al., 2001; but see Boesch & Boesch-Achermann, 
2000). In addition, on 16 November 2004, in the Camp Louis forest, TH observed an adult 
male chimpanzee perform an energetic rain dance in the canopy. Other chimpanzees were 
sitting in the same tree hunched over in the heavy rain, but the adult male leaped about and 
shook branches for 1.5 minutes. The rain dance has also been recorded at four east African 
long-term study sites, but with the exception of the Taï Forest, this behavior has not been seen 
in the west (McGrew, 2004).  
 
Weaver ants 
 On 29 January, 2007, in the Gangu Forest, while following a fresh chimpanzee trail (a 
series of fruits smashed against rocks and feeding evidence), TH observed the remains of a 
weaver ant (Oecophylla longinoda) nest that had just been pulled from a tree still swarming 
with the ants; the nest had been crushed and picked apart, almost certainly by the chimpanzee 
we were following (Figure 58). On the crumpled leaves, we found the remains of crushed ants 
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along with swarming ants. This behavior has been recorded at the majority of long-term 
chimpanzee study sites (Goodall, 1986; McGrew, 1992). 
 
 

 
 

Figure 58. Weaver ant (Oecophylla longinoda) nest crushed by a chimpanzee in the Gangu Forest.  
 
 
Dirt digging 
 Across the range of the Bili-Uele apes, we found evidence that the chimpanzees dig in 
the soil with their hands for what we presume are insects, probably termites. We found three 
of these sites in the Bili South forest in July 2006. Chimpanzee knuckle prints and footprints 
were associated with dirt dug up with the hands, apparently excavated in order to uncover tiny 
white termites belonging to the genera Nasutitermes (Nasutitermitinae) and possibly 
Allodontermes (Macrotermitinae); the insects were still wriggling in the soil. Table XXIV lists 
all of the sites where we found chimpanzee dig marks. The local field assistants in each case 
told us that the chimpanzees were digging for •little insects.• In one case at Bili the local field 
assistant claimed it was at an ant hole. 
 
Ground thumping as a departure signal? 
 Finally, on multiple occasions at Camp Louis, while observing chimpanzees feeding in 
the trees, we heard a terrestrially-positioned chimpanzee thump several times repeatedly 
against the ground. This would always be followed by several chimpanzees in the trees 
departing immediately. Eventually, hearing this sound served as a signal to us that the 
chimpanzees would be departing. The noise may serve as a departure signal, but more 
observations of habituated animals would be required to be sure. 
 
Absence of Macrotermes fishing across the surveyed regions (lack of a tradition) 
 During our transect work in the Bili area between 2004 and 2005 (Chapter 4), we 
carried out a survey of Macrotermes termite mounds. We counted mounds starting at the 
Vukpe Saline 15 km west through the Gangu Forest to the west end of Transect 1(see Figure 2 
of Chapter 4), along the whole length of Transect 2 (54 km), and along one km on Transect 3 
just south of Camp Louis. Mounds were counted in the survey if they were seen on the 
transect or were visible from the transect. 
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Table XXIV . Soil-digging sites across the survey region. 
 
Locality N or S 

of Uele 
No. dig 

sites 
Species Chimpanzee evidence 

Camp Louis N 1 Ants? Prints 
South Bili N 6 3 unknown, 2 kakolo 

termites, 1 kakolo 
termites? 

Prints at the 3 of the kakolo sites 

Gangu N 1 Ants? Knuckle and footprints 
Zapay  N 1 Termites? Knuckle prints 
Leguga S 1 Unknown insects Smashed tortoise, tool site, day nest 
Bungide (Bambesa) S 1 Unknown insects Knuckle and footprints 
Malembobi (Bambesa) S 1 Unknown ants? Footprints, tool site 
Akuma S 1 Unknown insects Feeding remains, termite mound smash 
Mongongolo (Lebo) S 1 Termites? None 

 
 
 In the forests to the north and south of the Uele, we frequently encountered large 
conical termite mounds such as that shown in Figure 59, made by termites called awaya by 
the local Azande (see Figure 60 for a photograph of the termite soldiers). We will assume that 
these were all made by species of Macrotermes. We observed that the termites possessed huge 
mandibles and frequently traveled across the forest floor in large swarms; when disturbed they 
would shake their heads against vegetation creating a distinctive rattling noise. Isra Deblauwe 
identified awaya samples collected to the north and south of the Uele as Macrotermes 
muelleri. The M. muelleri at Camp Louis were certainly edible, as our local field assistants 
frequently ate them raw from swarms. They also appeared to be relatively numerous in the  
 
 

 
 

Figure 59. An awaya mound (presumed to be made by Macrotermes termites) in the forests of 
Bambesa. 
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Figure 60. Macrotermes soldiers at Gangu being attacked by Pachycondyla analis ants. 
 
 
Bili area. Over the 70 km of transects along which we were checking for them, we found and 
examined 109 mounds of what we assumed were M.  muelleri, large conical mounds with a 
softer surface than those found in the savanna (it cannot be ruled out that some of these 
mounds might have been made by Pseudacanthotermes, which were verified to be present at 
Lebo south of the Uele River, although there they were not found in large mounds). For 
approximately 7 km of this survey we walked through savanna (along Transect 2), where we 
never observed these particular Macrotermes mounds. This means that in the 63 forest km we 
surveyed, we saw 1.7 mounds per km walked. Several other mound-building termite species, 
which tended to build hard, impenetrable walls, were also numerous on the Bili savannas 
(Figure 61). They were given separate names by the local Azande, but were never identified. 
No evidence was found that any of the chimpanzees in any of the study regions, north or 
south of the Uele, used tools to fish for M. muelleri, despite abundant mounds of this species 
being available. We systematically checked 169 Macrotermes mounds (109 to the north of the 
Uele and 60 to the south) for associated tools / evidence of termite fishing, during the wet and 
dry seasons, and found nothing. In addition, early in the study we non-systematically checked 
dozens of more mounds at Bili for tools. No termite remains were found in any of the 46 dung 
washes we conducted at Camp Louis and Gangu. No evidence for termite fishing was 
recorded for any other type of termites either, with the possible exception of 
Pseudacanthotermes (see Section 2), but these tiny termites did not build free-standing 
mounds and it was not certain that they had been the target of the chimpanzees• predation. 

Finally, in our 46 fecal analyses at camp Louis / Gangu, carried out during both the 
wet and dry seasons (see Chapter 4), we found no termite body parts in any of the dung 
samples, despite finding ant remains on three occasions. M. muelleri soldiers are large enough 
that it is doubtful that we would have missed them. 
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Figure 61. Unidentified termite mounds on the Bili savannas. 
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Section 5 
 

How far does the northern DRC behavioral  
complex extend? 

 
 
 

 
 
Figure 62. Photograph of a local woman lying in a chimpanzee ground nest, Beni, eastern DRC 
(Kortlandt, 1961; courtesy of the late Adriaan Kortlandt and the Artis Newsletter).  
 
 
 
A Mega-Culture? 
 

While discussing the results of this thesis with fellow chimpanzee researchers who had 
conducted surveys in northern and eastern DRC, TH began to suspect that the cultural 
continuity that he had documented might be much more wide-spread than he had imagined. In 
particular, the photograph in Figure 62, presented to him by Adriaan Kortlandt, would lead to 
the construction of the map in Figure 63. One by one we will now consider the behavioral 
elements that may make up the largest chimpanzee cultural complex known in Africa. This 
section provides a discussion of the results of the previous sections and ends comparing the 
traditions of the Bili-Uele chimpanzees with those of other well-studied chimpanzee 
populations. 
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Figure 63. Map of the distribution of the postulated cultural elements of the northern DRC 
Chimpanzee Mega-Culture. Cultural elements not found in the survey regions of the current study (i.e. 
water-sponging at Tongo) are not shown on the map. Large green circles = ground nests >1% of total 
nests; medium green circles = ground nests present but unknown % of total nests; small green circles = 
ground nests <1% of total nests. Red print for locality names indicates that insufficient data exists for 
the site to know whether a cultural element is absent. Data for rivers, roads, borders, and other 
geographical features were acquired from Le Référential Géographique Commun (2009) at the website 
http://www.rgc.cd. 
 
 
Introduction 
 
 We will here review each of the proposed traditions of the Bili chimpanzees and 
summarize what is known about the geographical extent of their occurrence. 
 
Ground nests and leaf cushions 

Jonas Eriksson (pers. com., 19 April, 2009) informed us that in his chimpanzee 
surveys through the DRC west of Bondo in 2002, he found a nest site of five ground nests in 
the Wapinda area south of the Uele River, approximately 200 km west of Bondo (Wapinda•s 
waypoint is N 3° 40' 67Ž, E 21° 59' 36Ž, and Eriksson says that the site was approximately 30 
km to the southwest of this). The nests were found in dry ground forest and not in association 
with any stream. Eriksson noted that the nests were not as elaborately-constructed as had been 
the ground nests that he had seen at Bili. This observation, nevertheless, extends the •ground 
nest culture• considerably to the west of Bondo. Evidence has been found that the behavior 
may extend much further geographically than this. 
 The photograph in Figure 62 was taken around 1960 by Adriaan Kortlandt near Beni, 
in the eastern DRC (Kortlandt, 1961 & 1962). It shows a local woman reclining in a ground 
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nest made by a chimpanzee. This was one of the 15 ground nests that Kortlandt reported 
seeing on the Boikene sacred hill (Kortlandt, pers. com., 17 September, 2007; Kortlandt, 
1992); this totaled half of the chimpanzee nests he saw on that hill. SN surveyed the Beni 
forest area in 2008, walking 216 km of reconnaissance surveys through lowland and highland 
forests looking for ape nests and signs of other large mammals (Nixon & Lusenge, 2008). Out 
of 137 chimpanzee nests, two (1.5% of total nests) were elaborately-constructed ground nests, 
one in the Watalinga lowland area and one in the Ruwenzoris. He found no evidence of 
gorillas in these forests, only chimpanzees, and the ground nests were associated with 
chimpanzee evidence (Nixon & Lusenge 2008; S. Nixon, personal observation). 
 Kortlandt also cites de Medina as a personal communication; the explorer claimed that 
30% of all chimpanzee nests at Angumu, DRC were ground nests (Kortlandt, 1992; Kortlandt, 
pers. com., 17 September, 2007) (it should be noted that gorillas were present in Angumu as 
well, raising the possibility of misidentification of species). 
 In the Ituri Forest, which is roughly midway in distance between Bili and Beni, Hart 
and colleagues conducted a series of nest surveys in 2005 (Grossman et al., 2006). Hart (pers. 
com., 7 November, 2007) reports that his team found eight terrestrial nests out of 713 total 
(1.1%).  
 SN and colleagues surveyed the Maiko and surrounding forests in 2005 (Nixon et al., 
2005), which is inhabited by gorillas and chimpanzees. They found 47 chimpanzee nests but 
no ground nests. However, Fidele Amsini (pers. com., 22 October, 2009) reports seeing three 
chimpanzee ground nests during his 2006 survey of the southern (Osso) block of the Maiko 
Forest (Amsini, et al., 2006). He did not provide information on how many tree nests he saw, 
although the team recorded 32 nest groups.  
 In SN•s 12 months of work in the Tayna Forest between 2004-2007 (Nixon, 
unpublished data), he and his survey team encountered a large number of chimpanzee ground 
nests (Table XXV; Figure 64). This high percentage of ground nests was also found in the 
Kabwekadga sector, where gorillas were not present, in that case ruling out the possibility of 
species misidentification. 

Kahuzi Biega is the DRC site farthest to the south for which we have data (Figure 62). 
In nest site surveys either no ground nests were mentioned (Basabose & Yamagiwa, 2002), or 
none were found, only tree nests (Hall et al., 1998). 
 Ground nests were also been found at Kalinzu, Uganda (Furuichi & Hashimoto 2000), 
but they made up only a very small percentage of total nests (0.1%). In addition, the authors 
described the following:  
 

When we followed chimpanzees, we sometimes found cushions made on the ground 
that were used for resting in daytime. They were all simple ones made of ferns (Fig. 
3). Furthermore, when resting in the daytime, not many individuals made beds in the 
vicinity. Thus the ground beds described above seemed to be used for sleeping at 
night. 

 
 It is unclear from this description whether these fern •leaf cushions• were what we 
described as •flimsy ground nests• or •leaf cushions• (we were unable to locate Figure 3). 
Without further information, we shall consider them all ground nests and not leaf cushions, 
but this could be revised with additional information. 

 
Smash sites 
 The •smashing culture• of the North and South Uele study regions is one of its most 
distinctive features. Therefore the documentation of smashing open fruits, termite mounds, 
snails, or tortoises in other far-flung areas in east DRC would provide strong evidence for the  
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Table XXV. SN•s 2004-2005 nest data from surveys of the forests of Tayna in the eastern DRC 
(courtesy of the Dian Fossey Gorilla Fund International). 

 
Sector Total fresh nests Total terrestrial nests % terrestrial Gorillas present? Altitude range 

(approximate) 
Kabwekadga 1438 80 5.6 N 1800-2100 
Bunyuki 120 10 8.3 Y 1000-1650 
Mutenda 506 6 1.2 Y 1300-2200 
Ngumba 592 60 10.1 Y 1000-1700 
Total 2656 156 6.3 Y / N 1000-2200 

 
 

 
 

Figure 64. Screenshot of Stuart Nixon standing in a chimpanzee ground nest at Ndiva (Bunyuki 
sector) in the Tayna Forest, 2007. 
 
 
existence of the large Mega-Culture we are proposing. However, while ground nests and 
chimpanzee tools are often salient enough for survey teams to record, the leaders of these 
teams (SN, John Hart, and Fidele Amsini) have said that they would probably not have 
recorded smashed items if they had seen them, and would not have known that they had been 
made by chimpanzees. However, one exception exists: in the Maiko National Park, Braum & 
Mufabule (2008) photographed a termite mound (probably Cubitermes) which had been 
smashed across the buttress of a tree, in a manner identical to the Uele chimpanzees (Figure 
64). The authors claimed that the termite mound has been smashed open by a chimpanzee. In 
the same area, SN observed a tortoise that had been smashed open on a rock, probably by a 
chimpanzee (see following section). For the other surveyed areas in the DRC shown in the 
map in Figure 63, we can only conclude that data is insufficient to determine whether or not 
chimpanzees smash open objects. The behavior has never been reported from long-term study 
sites in Uganda, such as Kibale, Budongo, and Bwindi. We expect that when future survey 
teams add smash sites to their survey agenda, smash sites will be found to be present in 
forests throughout eastern DRC between Bili and Maiko, and possibly beyond. 
 
Tortoise predation 
 As described in Chapter 4, evidence for tortoise predation by chimpanzees was only 
observed twice in the Bili-Uele area; in both cases they were smashed open, once on a stone 
and once on a buttress. In the Epulu Forest, however, Hart and his team have over the course 
of three decades of field work observed indirect evidence of hinge-backed tortoise (Kinnyxis 
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erosa) handling and consumption by chimpanzees (Hart, pers. com., 5 September, 2009; Hart, 
pers. com. to McGrew 1992, page 218) (Figure 66). John Hart•s words follow (in italics): 
 

I have also seen a number of cases of hinge-backed tortoises apparently killed, opened 
and eaten by chimpanzees. Unfortunately I did not take care to document all of these 
cases, or to note the associated tools. But I can recall specifically at least five cases, and 
there are more. I did not consider the behavior to be exceptional. In a number of cases, 
there were sticks apparently used to probe and pry the animal that were left at the site. I 
never saw the use of stones for this. In most cases it looked like the chimps had eaten the 
tortoise flesh and organs, once opened. I never saw the chimps actually doing the killing 
and prying, I only saw the artifacts and the remains of the tortoise. I collected the remains 
of several of these specimens, and have been able to relocate one specimen (photos 
below). The specimen has clearly lost its original condition in the drying and the 
remaining parts of the carapace and plastron have become disassociated. This was 
collected fresh, in 2006.  [There is] evidence of biting on part of the exposed bones. 
 
SN observed a tortoise which had been smashed open on a stone in the Maiko Forest 

in an area frequented by chimpanzees. SN•s head tracker said that the smasher was a 
chimpanzee and not a gorilla, and that he had seen chimpanzees do this before. Braum & 
Mufabule (2008) also documented another chimpanzee-eaten tortoise at Maiko, although they 
provided no details on how the tortoise was killed or how they knew that chimpanzees had 
eaten it. 
 
 
 

 
 
Figure 65. A termite mound smashed against a buttress in the Maiko National Park, the eastern DRC 
(Braum & Mufabule 2008). The researchers concluded that chimpanzees were responsible (courtesy of 
The Diane Fossey Gorilla Fund International). 
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Figure 66. A hinge-backed tortoise (Kinixys erosa) pried open by chimpanzees in the Ituri Forest, 
eastern DRC (photograph courtesy of John Hart). 
 
 
Ant tools 
 Kalinzu (0�17'00ŽS, 30�07'00ŽE) is the only Ugandan site where ant-dipping has been 
recorded, and is the closest ant-dipping site to Bili. The Kalinzu chimpanzees dip for driver 
ants (Dorylus molestus). This behavior is absent from other Ugandan study sites and appears 
only to the south in Tanzania. It has yet to be recorded from any other DRC site between 
Uganda and the Bili-Uele region, and was not recorded at Epulu or Kahuzi-Biega, despite the 
discovery of honey-acquisition tools at these sites. However, remains of two species of 
Crematogaster ants and one species of driver ant were found in the feces of Kahuzi-Biega 
chimpanzees, along with bees and a large amount of beeswax (Basabose 2002), making it 
probable that tool use behavior to acquire ants will in the future be documented in this 
population. Although the South Uele chimpanzees do dip for ants, they apparently do not 
frequently dip for aggressive epigaeic driver ants. Because we are fairly certain that whatever 
tools the chimpanzees in Epulu and Tayna / Beni were using were not recorded (S. Nixon, 
pers. obs.; J. Hart, pers.com.; F. Amsini, pers. com., 20 August, 2010), we must remain for the 
time being ignorant as to whether the Kalinzu ant-dipping tradition is at the east end of the 
DR Congo Mega-Culture, or is discontinuous with it.  

 
Honey tools 
 Despite finding dozens of ant dip tools and other items of chimpanzee material 
culture, we found only one apparent honey dip tool site in our one and a half years of work in 
the North Uele forests. No honey tools were seen in the forests to the south of the Uele River. 
Honey-consumption appeared to be a minor component of the Bili-Uele chimpanzee culture 
at best. In the Epulu Forest approximately 350 km southeast of our study area, Hart (McGrew, 
1992; Hart, J. pers. com., 17 February, 2009) on one occasion observed a group of 
chimpanzees opening a hive of meliponine bees in a hollow tree using sticks; he also on at 
least three occasions observed the remains of bee hives that had been pried and beaten open 
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with sticks. Honey-harvesting with tools was also observed at Kahuzi-Biega far to the 
southeast, and, in Uganda, at Bwindi. Given that the behavior was only documented on a few 
occasions at Epulu and once at Bili (compared to dozens of ant dips at Bili), it seems unlikely 
that it is a widespread and common behavior of chimpanzees in the northern DRC, as it is in 
other areas such as Tanzania (Goodall 1986), the People•s Republic of Congo (Sanz & 
Morgan 2007), and Gabon (Boesch et al 2009). It has not been recorded at Maiko, Tayna, or 
Beni, although it is quite likely that whatever tools the chimpanzees might have been using in 
these forests were not recorded (Nixon, pers. com., October 2009; Amsini, pers. com., 
October 2009). 
 
The extent of the northern DRC chimpanzee Mega-Culture 
 The proposed chimpanzee Mega-Culture of northern DRC may very well stretch along 
the border of the CAR all the way east to Uganda, and then as far southeast as Maiko and 
Tayna (Figure 62). The traditions of the chimpanzees in Uganda, Tanzania, and even Kahuzi-
Biega and Tongo farther south in the DRC, seem to be unrelated. This division seems to 
match Grove•s (2005) proposed taxonomic division between Pan troglodytes schweinfurthii 
and Pan troglodytes marungensis. This separation of cultures and possibly of sub-species is 
difficult to understand, however, as no obvious barrier separates the Ugandan and 
southeastern DRC chimpanzees from those of northern DRC. Future surveys as well as 
genetic comparisons will hopefully help us understand the reason for these discontinuities. 

Only one Ugandan site shows behavioral similarity with the Mega-Culture: the fact 
that ground nests and ant-dipping (and possibly leaf cushions) are found together at Kalinzu 
raises the possibility that the set of traditions in this forest is connected to the Mega-Culture. 
The site•s geographical proximity to some of the eastern DRC sites such as Beni and Tayna 
(Figure 62) does not make this implausible.  

Kahuzi-Bega is far to the south of the other DRC sites surveyed (Figure 40), and may 
lie outside of the range of the •Mega-Culture•: the only tools recorded there were used for 
honey extraction (Yamagiwa, Yumoto, Mwanza & Maruhashi 1988), and in nest site studies 
either no ground nests were mentioned (Basabose & Yamagiwa 2002), or none were found 
(Hall et al. 1998). 
 
A prediction 
 When we became aware of the homogeneity of traditions shared by the chimpanzees 
to the north and south of the Uele River, we wondered if perhaps the chimpanzees were 
capable of crossing this large body of water, which would perhaps explain how they could 
share this set of behaviors. The Uele River is several hundred meters wide, making any kind 
of arboreal crossing impossible. Locals have told us that nowhere along this section of the 
Uele does the river ever dry up sufficiently to permit humans to walk across it, and they were 
emphatic that chimpanzees, unlike baboons and elephants, could never cross it. We surveyed 
several large islands in the middle of the Uele River near Leguga and Lebo and found no 
evidence for the presence of chimpanzees, despite hearing the apes pant-hooting on both 
banks of the Uele. A large number of chimpanzee-prefered fruit species and at least five 
species of monkey inhabited the island, making it unlikely that chimpanzees would be unfit to 
survive there if they had ever made it (and as we have seen in Chapter 4, they have colonized 
an island in the Mbomu River to the north). It is therefore extremely unlikely that 
chimpanzees are able to cross the Uele River in the Bili-Uele region frequently enough to 
maintain behavioral homogeneity on both sides. We thus predict that the •Mega-Culture• will 
be found to form a circle around the Uele River, extending several hundred kilometers to the 
northeast in an unbroken chain, and then back down the other side (the Uele apparently peters 
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out in the vicinity of Isiro). As we have seen in the last section, this area probably represents a 
bare minimum of the Mega-Culture•s true size. 
 Although it seems likely that the uniformity of the chimpanzee behaviors found across 
the Bili-Uele regions stems from a common origin, we cannot rule out that one or all of the 
behaviors may have developed independently multiple times. The odds of not one but at least 
five dissimilar behaviors (ground-nesting, leaf cushions, ant dipping, the smashing of multiple 
food items, and a lack of termite-fishing) converging in such a way across such a large area 
seems unlikely. Next we will compare the material culture of chimpanzees from 22 study 
populations across Africa, in order to look for patterns of invention. How often do innovations 
originate? And how often can we convoke convergence to explain the coincidence of a single 
behavior in more than one population? In order to get a better handle on that question, we will 
look for clustering of certain behavioral traits by geography. 
 
Methodology  
 

The data presented in Table XXVI allow us to make a cross-site comparison between 
a number of study sites for which we have partial or more complete information on 
chimpanzee foraging behavior. Due to the fact that we are using data from both habituated 
and non-habituated populations, we included in the analysis only behaviors that would leave 
obvious evidence (•artifacts•). For example, hand-clasp grooming and other gestural 
behaviors can be documented only when observing habituated chimpanzees, and thus have 
been omitted from the analysis. Less obviously, behaviors such as the use of •leaf napkins•, 
•fly whisks•, and •bone marrow picks• have been omitted as well. Although they are left 
behind as physical evidence, such traces would almost certainly be missed by a researcher 
using our methodology. Ground nests, smashed termite mounds, and ant dip sticks, on the 
other hand, are more easily noticed. 
 Using Table XXVI, behaviors were coded as absent (-), rare (1), present (2), common 
(3), or missing data (NA). The latter category included all cells marked with a question mark, 
as well as those where absence of a behavior was explained by environmental factors (e). 
However, when environmental explanations were only a possibility (e?), the behavior was 
counted as absent. For ground nests, >10% of all nests signified that they were common, 1-
9.9% signified their presence, and rare was considered <1% but not zero. We measured 
behavioral distance between a pair of 2 communities as the square root of the mean of the 
squared differences of the scores per behavior, considering only behaviors for which data 
were available for both sites. We then correlated behavioral distance with geographical 
distance using a Mantel-like permutation procedure (Sokal & Rohlf, 1995) with the 
Spearman•s rank correlation coefficient as the test statistic and 100,000 permutations into 
which we included the original data as one permutation. The p-value was estimated as the 
number of permutations revealing an absolute correlation coefficient at least as large as that of 
the original data. Behavioral distances and the Mantel test were derived by using scripts 
written for R by Roger Mundry. 
 In order to conduct a cluster analysis on the behaviors, the data matrix was converted 
into a matrix of dissimilarities between sites, using Euclidean distance (norm = 2). With this 
dissimilarity matrix a hierarchical cluster analysis was performed using Ward•s linkage 
(Ward, 1963) to identify clusters of behaviorally similar sites. Because all of our variables 
were on the same scale of 0 to 3, no scaling of the data matrix was needed. Approximately 
unbiased p-values for the confidence in the observed clusters were calculated using multi-
step-multi-scale bootstrap resampling (Shimodaira 2004). We ran the analysis in R (version 
2.9.1; R Development Core Team 2009), and performed the cluster analysis and the 
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calculation of approximately unbiased p-values with the package pvclust (Suzuki & 
Shimodaira 2006). 
 

 
Results 
 
 A significant correlation was found between geographical distance and behavioral 
dissimilarity (Mantel test: n = 23, rho = 0.174, Spearman correlation coefficient, p = 0.05, 
number of permutations = 100,000, approximate method; see Figure 67). The further apart 
geographically were two communities or populations, the more divergent were their 
behaviors. 
 In the cluster analysis of chimpanzee behavioral traits shown in Figure 68, the 
dendrogram divides into two main branches, with a mix of predominantly Eastern and Central 
African populations to the left and Western and Eastern populations to the right. The main left 
branch subdivides into a predominantly East African branch and an exclusively Central 
African one (containing the two subspecies P. t. ellioti and P. t. troglodytes). The main right 
branch subdivides into an exclusive northern DRC branch and a nearly-exclusive West 
African branch. Except for the second cluster to the right, all branch points have high 
confidence intervals. 

As predicted from our hypothesis of northern DRC behavioral continuity, all four 
northern DRC sites cluster tightly together. Also as expected, in the two cases in which two P. 
t. schweinfurthii communities inhabit the same forest within a few km of one another (Kibale 
and Mahale), those communities group closely together, although they are not each others• 
closest neighbors in the dendrogram. 
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Figure 67. Scatter-plot of behavioral elements against geographical distance. 
 
 



 

250 

Table XXVI.  Behavioral data across sites from Sanz & Morgan•s (2007) Table III, but including only 
those behaviors likely to leave durable material evidence that would probably be found using our 
methodology. Additional behaviors have been added as well from more recent studies. Italics = Pan 
troglodytes verus; underlined = Pan troglodytes ellioti, bold = Pan troglodytes troglodytes; regular = 
Pan troglodytes schweinfurthii. 3 = common, 2 = present, 1 = present but rare, - = absent, ? = 
unknown, e = absence explained by environmental factors, e? = absent, but possibly explained by 
environmental factors. 
Localities: WEST AFRICA: Taï = Taï, Bos = Bossou, Nimb = Nimba, Fong = Fongoli, As = Assirik. 
CENTRAL WEST AFRICA: Gash = Gashaka, Loa = Loango, Gou = Goualougo, Ngo = Ngotto, Lop 
= Lopé. CENTRAL EAST AFRICA: BU-N = Bili-Uele North (this study), BU-S = Bili-Uele South 
(this study), Epu = Epulu, Mai = Maiko, Kah = Kahuzi-Biega. EAST AFRICA: Kli = Kalinzu, Gom = 
Gombe, MhM = Mahale M group, MhK = Mahale K group, KibK = Kibale Kanyawara group, KibN = 

Kibale Ngogo group, Bwi = Bwindi, Bud = Budongo.  
Information on behaviors fitting into the •e• category (absence explained by environmental factors) 
was acquired from Whiten et al. 2001. Definitions of the categories above (mostly from Whiten et al. 
2001 and Sanz & Morgan 2007) can be found in Appendix XVII. Presence or absence of the behaviors 
are taken form those sources as well as Plumptre et al., 2010 for East African sites. In some cases it is 
possible that we have missed environmental explanations for absence of behavior. 
 
Behavior Taï Bos Nimb Fong As Gash Loa Gou Ngo Lop BU-N BU-S 
Ant dip all 3 3 3 3 3 3 ? 3 3 - 3 3 
Ant dip, single 3 3 ? ? - ? ? 3 ? - 2 ? 
Ant dip, wipe - 2 ? ? 3 ? ? 3 ? - ? ? 
Ant fish - 2 ? ? 3 3 ? ? ? 3 ? ? 
Termite fish e 2 - 3 3 - e? 3 e? e? - - 
Puncture termite nest (dig) e - - - ? - ? 3 e? e? - - 
Perforate termite nest e - - - ? - - 3 e? e? - - 
Brush stick perforator (subset 
of perforate) - termites 

e - - - - - ? 3 e? e? ? ? 

Brush stick perforator (subset 
of perforate) - honey 

e - - - - 3 3 - e? e? - - 

Expel /stir 3 - ? ? - ? ? ? ? - ? ? 
Fluid dip (honey or water) 3 - ? - 3 3 3 3 3 3 1 - 
Excavate honey (dig) - - - - - 3 3 3 2 ? - - 
Insect pound - 2 ? ? ? ? ? ? - ? - - 
Lever open 3 - ? ? ? ? 3 3 - 3 ? ? 
Nut hammer 3 3 3 ¹ - e - - - - - - ? 
Anvil prop - 3 -  e -  - - - - - 
Fruit as hammer (termite 
mound) 

- - - - - - - - - - - 1 

Pound beehive - - ? - - - 3 3 2 - - - 
Investigatory probe 3 3 ? ² ? ? ? ? ² 2 ? ? ? 2 
Cleave fruit - - 2 - - - - - - - - - 
Smash fruit 3 3 3 3 3 ? 3 3 - - 3 - 
Smash termite mound 3 - - - - - - - - - 3 3 
Smash snail 0 - ? - - - ? - - - 3 3 
Smash tortoise 0 - - - - - 2 - -  1 1 
Tortoise predation other 0 - - - - - ? - - - - - 
Tortoise predation all 0 - - - - - 2 - - - 1 1 
Leaf cushion (seat 
vegetation) 

3 2 2 ? - ? ? 2 - - 3 3 

Ground night nest  1 - 2 2 - - - - - - 3 2 
Half ground nest - - - - - - - - - - - 2 
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Table XXVI.  Continued. 
Behavior Epu Mai Kah Kli Gom MhM MhK KbK KbN Bwi Bud 
Ant dip all ? ? ? 3 3 - - - - ? - 
Ant dip, single ? ? ? 3 2 - - - - ? - 
Ant dip, wipe ? ? ? 3 3 - - - - ? - 
Ant fish ? ? ? ? 2 3 3 - + ? - 
Termite fish ? ? - e 3 - 3 e - - e? 
Puncture termite nest (dig) ? ? ? e - - - e? - - e? 
Perforate termite nest ? ? ? e - - - e? - - e? 
Brush stick perforator (subset of perforate) - 
termites 

? ? ? e - - - e? e? - - 

Brush stick perforator (subset of perforate) - 
honey 

? ? ? - - - - - - - e? 

Expel /stir ? ? ? 2 3 3 3 e? ? ? - 
Fluid dip (honey or water) 2 ? 2 2 3 3 3 3 2 3 - 
Excavate honey (dig) ? ? ? - - - - - - - - 
Insect pound ? ? ? 3 - - - ? ? ? - 
Lever open ? ? ? 2 3 - - - - ? - 
Nut hammer ? ? ? e - - - e? e - e 
Anvil prop ? ? ? e - - - e? e - e 
Fruit as hammer (termite mound) ? ? ? - - - - - - - - 
Pound beehive ? ? ? - - - - - - - - 
Investigatory probe ? ? ? ? 3 3 3 2 ? ? ? 
Cleave fruit ? ? ? ? - - - - - - - 
Smash fruit ? ? ? ? 3 e? e? - - ? - 
Smash termite mound ? 2 ? e - - - - - ? - 
Smash snail ? ? ? ? - - - - - ? - 
Smash tortoise - 2 ? ? - - - - - ? - 
Tortoise predation other 2 - ? ? - - - - - ? - 
Tortoise predation all 2 2 ? ? - - - - - ? - 
Leaf cushion (seat vegetation) ? ? ? ? - - - 2 2 ? - 
Ground night nest  2 2 - 1 1 - - - - 1 1 
Half ground nest ? ? - - - - - - - - - 
¹ According to K. Koops (pers. com., 13 July, 2010) nut-cracking is present at theYealé site at Nimba 
but not at her study site of Seringbara. 
² Chimpanzees at Seringbara, Nimba, and Loango have been filmed tapping hidden cameras with 
sticks, but this was not included as it was behavior associated with humans. 
 
 
General Discussion 
 
 In our cluster analysis, the four regions in northern DRC (Bili-Uele north of the Uele 
River, Bili-Uele South of the Uele River, Epulu, and Maiko) formed a solid cluster. This 
makes it unlikely that their shared suite of behaviors (ground nesting and the use of leaf 
cushions, tortoise predation, and, for all sites except Epulu, termite mound smashing) evolved 
independently. Considering that ground nests occur as well in other northeastern DRC 
chimpanzee sites (see the Introduction of this section), the •Mega-Culture• hypothesis 
becomes a good degree more plausible. The finding fits in well with the results of our analysis 
of the relationship between geographical proximity and behavioral dissimilarity: neighboring 
populations share more similar suites of behaviors. 

As a whole, there is no evidence that the chimpanzees of northern DRC have a 
particularly •complex• culture, involving tool sets or ratchet effects. Some of the proposed 
traditions do not even involve tool-use, but smashing on a substrate. What appears to be 
unique about this set of behaviors is its uniformity across a wide geographical region. It will 
be interesting in the future to contrast this large-scale behavioral uniformity with the high 
degree of behavioral diversity documented within and between some other well-studied 
populations of chimpanzees. The Taï Forest chimpanzees, for example, show notable 
differences in traditions even between neighboring communities, e.g., termite mound  



 

252 

Figure 68. Cluster analysis on artifacts of chimpanzee material culture based on the data in Table 
XXVI. Chimpanzee subspecies: ver = P. t. verus, el = P. t. ellioti, tr = P. t. troglodytes, sch = P. t. 
schweinfurthii. Site abbreviations follow those in the table. East(NDRC) refers to the northern DRC. 
Numbers above the branch-points refer to appropriate unbiased p-values. 
 
 
smashing and preferences for different types of hammers for nut-hammering (Boesch, 2003; 
L. Luncz, in prep.). 
 Even in well-habituated populations of chimpanzees, disagreement persists on whether 
•culture• is the correct term to describe the apes• material traditions, or whether they can be 
considered traditions at all (Tennie et al., 2009). In many cases, it cannot be ruled out that 
differences in environment might explain purported •cultural• differences (i.e. chimpanzees in 
one area may not smash open nuts with stone hammers because their forests lack the 
appropriate nuts, hammers, or both) (McGrew, 1992). A recent study by Langergraber et al. 
(2010) highlights the difficulty in ruling out genetics as a potential factor to explain shared 
behaviors that have been proposed as cultural. If the chimpanzees of northern DRC turn out to 
be genetically uniform relative to other chimpanzee populations, we cannot rule out that genes 
may partially determine the prevalence of certain behaviors. From our own study, if it does 
turn out that Bili chimpanzees have a larger body size than those of other populations 
(Groves, 2005), perhaps ground-nesting can be explained by larger body mass instead of 
culture. Differences in social structure may also present a confounding effect. 

Finally, Tennie et al. (2009) caution against assuming that chimpanzee •cultures• are 
homologous to human cultures; chimpanzees may be incompetent at imitation and much of 
their social learning may consist of emulation [but see Whiten, et al. (2007) for a counter-
argument)]. These latter authors argue that chimpanzee traditions, unlike those of humans, are 
generally not characterized by high fidelity with the possibility of cumulative improvement 
through a •ratchet effect• [but see Lycett, et al. (2009)] for a review of possible examples of 
ratchet effects in several free-living chimpanzee populations).  

More research is needed to determine whether all or some of these postulated cultural 
variants are indeed cultural, or at least socially-learned phenomena. As discussed before, other 
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explanations must be considered. Regarding the ground nests, there may be genetic or 
morphological factors that encourage these chimpanzees to sleep on the ground, particularly if 
it is confirmed that these really are larger-than-normal chimpanzees, as was hypothesized by 
Groves (2005). Explanations centered on social structure which may or may not be tied to 
social learning, such as mate-guarding (Koops, 2007), must be considered as well. 

It is possible, of course, despite the fact that they clustered together in our analysis, 
that the supposed •Mega-Cultural• distribution of behaviors is a coincidence, or is an artifact 
of some unknown factor. Considerable diversity exists, however, between the environments in 
which the chimpanzees of the northern DRC live (Chapter 1), making a naïve ecological 
explanation (•the chimpanzees inhabit the same kind of forest with the same kinds of food 
sources, so the environment alone is sufficient to explain the behavioral uniformity•) unlikely. 
One might expect, as we did when we first explored the region, that a continuous moist 
tropical forest such as is found south of the Uele River should offer different foraging and tool 
using opportunities than the savanna / forest mosaic typical to the north. We have seen that 
these areas differ substantially in rainfall, temperature, flora, and fauna. Discovering that the 
chimpanzees were doing very similar things on both sides surprised us. Despite the 
inadequacy of a naïve ecological model to explain the phenomenon, we cannot rule out the 
possibility that certain aspects of the environment across northern DRC (i.e., relative 
abundance of giant land snails, tortoises, or termite species, compared to other regions in 
Africa) are relatively uniform, and this might have pushed a number of chimpanzee 
populations to independently exploit the same kind of prey using similar behaviors. If this 
were the case then it would not be necessary to invoke culture as an explanation. Although we 
have no particular reason to think that African giant snails, termites, etc. are more abundant in 
the region than elsewhere, we must conduct the relevant surveys. If the •Mega-Culture• is 
confirmed to be a real phenomenon (whether •cultural• or not), and not an illusion created by 
convergence, then we must come up with an explanation for such behavioral uniformity 
across such a large area. For the moment we have no option but to speculate, with the aim of 
stimulating discussion and eventually producing testable hypotheses. Several possibilities 
should be considered, with none of them mutually exclusive: 

 
1. The Mega-Culture is the equivalent to a •historical• phenomenon; in other words, it 

teaches us more about the history of chimpanzee population movements across the 
landscape than principles of cultural evolution. Eastern chimpanzees are the least 
genetically diverse of the three chimpanzee subspecies (Gagneux et al., 2001), 
allowing for the possibility that the cultural uniformity of the northern DRC 
population is a reflection of a relatively recent expansion of chimpanzees into 
uninhabited (by chimpanzees) forests, perhaps as the forests themselves re-colonized 
savannas. The founding population of this wave of chimpanzee emigrants would have 
been ground nesters, snail and termite mound smashers, ant dip makers, and would not 
have dipped for termites (might the East African chimpanzees of Uganda, Tanzania, 
Rwanda and Burundi represent an earlier population of chimpanzees which was never 
replaced by ground-nesting •Bili apes•?). Presumably too little time has passed since 
this dispersal for local chimpanzee populations to diverge culturally from the ancestral 
state, to better match differing environments and habitats (i.e., savanna / gallery forest 
vs. moist tropical forest). Further genetic analyses and studies of paleo-landscape 
ecology will help us to test this possibility. 

2. The Mega-Culture is a cultural phenomenon. The set of traditions was not spread 
across the area by a wave of dispersing chimpanzees, but rather it flowed between 
neighboring chimpanzee communities in the •normal• way, with the memes 
presumably carried by transferring females. This will more likely be the case if little or 
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no genetic discontinuity is discovered between northern Congolese chimpanzees and 
those living in Tanzania, Uganda, Burundi, and Rwanda. This would give us more 
insight about the evolution and spread of chimpanzee traditions across a large, stable 
population of the apes. To speculate: is it possible that a large, interconnected 
population might actually be resistant to cultural innovation? Any innovation in a 
particular locality might be •swamped out• by the arrival of migrating females coming 
in from multiple communities and bringing with them the •standard cultural variants•. 
The opposite may be also true: Van Schaik (2002) argues that fragmentation of great 
ape populations may decrease the number and richness of their traditions. Both 
possibilities need to be tested to see which better fits the data, and the Bili-Uele region 
presents us with one of the best areas to do so. 

3. The third possibility would be a combination of the first two. •Historical• 
processes did play a part, but cultures also diffused from place to place without 
wholesale replacement of chimpanzee populations. 

4. The phenomenon is a genetic one. We know that East African chimpanzees are 
genetically the most uniform of the subspecies, and possibly they can even be 
subsumed into Pan troglodytes troglodytes (Gagneux et al. 2001). Can we rule out, 
then, that this genetic uniformity might also lead to behavioral uniformity, in which 
culture might play a reduced role or none at all? 

 
In order to test these different hypotheses, we will need to gather more genetic data as 

well as data on traditions, and see how closely they map onto one another. We might predict, 
for example, that chimpanzees in Uganda, Tanzania, and Kahuzi-Biega, who are not known to 
make frequent ground nests or smash objects, might in addition show genetic discontinuity 
with the chimpanzees of northern DRC. If this were the case, it would indicate that genetic 
similarity and traditions correlate with one another, but it would by no means imply causality.  

In addition, to exclude that environmental factors are driving the similarity of 
traditions across northern DRC, we need to acquire more precise data on availability of 
potential food items such as giant snails, Cubitermes and Thoracotermes mounds, honey, ants, 
and also plant material such as herbs used to make ground nests. It is not enough to know that 
Cubitermes is present at two sites, for example. We also need to obtain information on termite 
density, and to rule out that differences in thickness of insect mounds might explain why one 
population of chimpanzees smashes them while another ignores them. More subtle 
possibilities need to be addressed at well: i.e. perhaps chimpanzees in a particular area feed on 
Cubitermes only because Macrotermes are absent or occur at low densities? Until these 
questions can be answered, the data collected over the course of our study can be considered 
consistent with and even suggestive of culture, but alternative hypotheses cannot easily be 
ruled out. 

Regardless of the conclusions we arrive at concerning the above questions, the 
conservation implications of this behavioral continuity are exciting. It would mean that a large 
and continuous population of our close relatives still remains intact across a large area, or has 
remained so until quite recently. Now is the time to protect these chimpanzees and their 
traditions, before it is too late. However, as the next chapter will elucidate, we may be 
witnessing the disappearance of these chimpanzees just as we are meeting them. 
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Appendices 
 
Appendix I. Number and percentage ground nests, as a percentage of all nests, north and south of the 
Uele Rver, by month.  Dry-season months are indicated with bold font. Leaf cushions are included as 
well. 
Month No. ground 

nests / total 
no. nests 

% No. ground 
nests total no. 
nests N Uele 

% No. ground 
nests total no. 
nests S Uele 

% No. leaf 
cushions 

No. leaf 
cushions 
N Uele 

No. leaf 
cushions 
S Uele 

Jan  30 / 249 12.1 29 / 115 25.2 1 / 134 0.8 1  1 
Feb 5 / 65 7.7 1 /4 25 4 / 61 6.6    
March 53 / 300 17.7 19 / 144 13.2 34 / 156 21.8 4  4 
April 39 / 271 14.4 5 / 48 10.4 34 / 223 15.2   1 
May 12 / 135 8.9 12 / 134 8.9 0 / 1 -    
June 44 / 309 14.2 42 / 284 14.8 2 /25 8 5 2 3 
July 7 / 112 6.3 7 / 112 6.3 0 -    
Aug 25 / 149 16.8 25 / 144 17.4 0 / 5 -    
Sept 13 / 392 3.3 9 / 164 5.5 4 / 228 1.8 3  3 
Oct 17 / 124 13.7 17 / 117 14.5 0 / 5 - 2 2  
Nov 13 / 163 8.0 10 / 80 12.5 3 / 83 3.6 2 1 1 
Dec 15 / 238 6.3 15 / 238 6.3 0 -    
Total 273 / 2507 10.9 191 / 1584 12.1 82 /  921 8.9    

 
 
Appendix II.  Fresh ground nests as a percentage of all fresh nests, by month. Dry-season months are 
indicated with bold font. Na = not applicable. Sample sizes were low for fresh nests south of the Uele.  
Month No. fresh ground nests / 

total nests 
N & S Uele 

% No. fresh ground nests / 
total nests 

N Uele 

% No. fresh ground nests / 
total nests 

S Uele 

% 

Jan  18 / 63 28.6 18 / 59 30.5 0 / 4 - 
Feb 2 / 24 8.3 0 / 0 - 2 / 24 8.3 
March 7 / 73 9.6 0 / 28 0 7 / 45 15.6 
April 3 / 54 5.5 0 / 2 - 3 / 52 5.8 
May 8 / 72 11.1 8 / 71 11.3 0 / 1 - 
June 8 / 115 7.0 8 / 112 7.1 0 / 3 - 
July 0 / 0 - 0 / 0 - 0 / 0 - 
Aug 9 / 51 17.7 9 /  48 18.8 0 / 3 - 
Sept 7 / 102 6.9 5 / 57 8.8 2 / 45 4.4 
Oct 11 / 47 23.4 11 / 47 23.4 0 - 
Nov 4 / 63 6.4 4 / 40 10.0 0 / 23 0 
Dec 5 / 60 8.3 5 / 60 8.3 0 / 0 - 
Total 82 / 724 11.3 68 / 524 13.0 14 / 200 7.0 

 
 
Appendix III.  Fresh ground nests as a percentage of all fresh nests, by month, Camp Louis and Gangu 
Forests only. Dry-season months are indicated with bold font. Data is lacking for fresh nests from 
February and April. 
Month Fresh ground nests / total nests 

Camp Louis and Gangu 
% 

Jan  18 / 59 30.5 
Feb 0 / 0 - 
March 0 / 28 0 
April 0 / 2 - 
May 8 / 71 11.3 
June 3 / 59 5.1 
July 3 / 33 9.1 
Aug 8 / 36 22.2 
Sept 5 / 32 15.6 
Oct 11 / 45 24.4 
Nov 4 / 40 10 
Dec 1 / 7 14.3 
Total 61 / 398 15.3 
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Appendix IV.  Number and percentage of ground nests by density of forest (open, medium, or dense) 
across the different survey regions. 
Forest type No. nests 

all regions 
% No. nests 

N Uele 
% No. nests 

S Uele 
% 

Open 33 12.5 32 17.1 1 1.3 
Medium 150 56.8 106 56.7 44 57.1 
Dense 81 30.7 49 26.2 32 41.6 
Total 264 100 187 100 77 100 

 
 
 
Appendix V. Forest category, a. tree nests and b. ground nests. The first four categories are mutually 
exclusive, and the remainder are subsets of the first four.  
a. Tree nests 
Forest type No. nests all regions % No. nests N Uele % No. nests S Uele % 
Dry-ground (normal) 906 41.9 665 47.8 241 31.2 
Disturbed 38 1.8 27 1.9 11 1.4 
Savanna-associated 6 0.3 6 0.4 0 0 
Wet (swamp or  
 stream-edge) 

1212 56.1 692 49.8 520 67.4 

Gilbertiodendron 
(subset of •wet•) 

637 29.5 207 14.9 430 55.7 

Gilbertiodendron mixed 
(subset of •wet•) 

72 3.3 17 1.2 55 7.1 

Hillside 
(subset of categories) 

134 6.2 26 1.9 108 14.0 

Herb patch 
(subset of categories) 

61 2.8 12 0.9 49 6.3 

Total nests 2162 100 1390 100 772 100 
b. Ground nests 
Forest type No. nests all regions % No. nests N Uele % No. nests S Uele % 
Dry-ground (normal) 146 54.7 96 50.5 50 64.9 
Disturbed 1 0.4 1 0.5 0 0 
Savanna-associated 2 0.8 2 1.0 0 0 
Wet (swamp or 
 stream-edge) 

118 44.2 91 47.9 27 35.1 

Gilbertiodendron 
(subset of •wet•) 

22 8.2 1 0.5 21 27.3 

Gilbertiodendron mixed 
(subset of •wet•) 

6 2.2 1 0.5 5 6.5 

Hillside 
(subset of categories) 

10 3.8 1 0.5 9 11.7 

Herb patch 
(subset of categories) 

31 11.6 11 5.8 20 26.0 

Total nests 267 100 190 100 77 100 

 
 
 
Appendix VI.  Number and percentage of ground nests and tree nests by aggregated forest-type. 
Forest type No. tree nests % No. ground nests % 
Disturbed (D) 38 97.4 1 2.6 
•Normal• (N) 906 86.1 146 13.9 
Savanna-associated (S) 6 75 2 25 
•Wet• (W) 1212 91.1 118 8.9 

 
 
 
Appendix VII.  Raw data for nest-type by forest density. 
Nest-Type 1 (Open) % 2 (Medium-dense) % 3 (closed) % Total 
Tree 339 15.9 1371 64.2 424 19.9 2134 
Ground 33 12.4 150 56.4 81 30.5 266 
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Appendix VIII.  Distance from nearest roads, ground nests vs. tree nests. 
 n Average distance from road (km) SD Median distance from road (km) 
All nests 2437 13.7 11.9 8.6 
Tree nests only 2169 13.3 11.7 8.6 
Ground nests only 268 17.2 12.4 10.7 
Northern nests  1584 17.7 13.0 12 
Tree nests only north 1393 17.2 12.9 11.9 
Ground nests only north 191 21.0 12.9 18.5 
Southern nests 853 6.3 2.6 6.9 
Tree nests only south 776 6.2 2.7 6.4 
Ground nests only south 77 7.6 1.0 8 

 
 
 
Appendix IX.  Likelihood of encountering ground nests vs. tree nests as we walked farther from the 
main roads. We did not survey further than 16 km from the nearest road south of the Uele. Percentages 
are given beneath the raw numbers (distance in meters from the nearest road) in parentheses. 
 n 0-

1.99 
2-

4.99 
5-

6.99 
7- 

9.99 
10-

14.99 
15-

19.99 
20-

24.99 
25-

29.99 
30-

34.99 
35-

39.99 
40-

44.99 
All nests 2437 164 

(6.7) 
413 
(17) 

284 
(11.7) 

502 
(20.6) 

395 
(16.2) 

105 
(4.3) 

25 
(1) 

91 
(3.7) 

244 
(10) 

141 
(5.8) 

73 
(3) 

All tree nests 2169 159 
(7.3) 

401 
(18.5) 

264 
(12.2) 

425 
(19.6) 

339 
(15.6) 

93 
(4.3) 

20 
(0.9) 

78 
(3.6) 

212 
(9.8) 

124 
(5.7) 

54 
(2.5) 

All ground 
nests 

268 5 
(1.9) 

12 
(4.5) 

20 
(7.5) 

77 
(28.7) 

56 
(20.9) 

12 
(4.5) 

5 
(1.9) 

13 
(4.9) 

32 
(11.9) 

17 
(6.3) 

19 
(7.1) 

North Uele 
nests 

1584 106 
(6.7) 

146 
(9.2) 

181 
(11.4) 

95 
(6) 

381 
(24.1) 

101 
(6.4) 

25 
(1.6) 

91 
(5.8) 

244 
(15.4) 

141 
(8.9) 

73 
(4.6) 

North Uele 
tree nests 

1393 101 
(7.3) 

138 
(9.9) 

171 
(12.3) 

81 
(5.8) 

325 
(23.3) 

89 
(6.4) 

20 
(1.4) 

78 
(5.6) 

212 
(15.2) 

124 
(8.9) 

54 
(28.3) 

North Uele 
ground nests 

191 5 
(2.6) 

8 
(4.2) 

10 
(5.2) 

14 
(7.3) 

56 
(29.3) 

12 
(6.3) 

5 
(2.6) 

13 
(6.8) 

32 
(16.8) 

17 
(8.9) 

19 
(10) 

South Uele 
nests 

853 58 
(6.8) 

267 
(31.3) 

103 
(12.1) 

407 
(47.8) 

14 
(1.6) 

4 
(0.5) 

- - - - - 

South Uele 
tree nests 

776 58 
(7.5) 

263 
(33.9) 

93 
(12) 

344 
(44.3) 

14 
(1.8) 

4 
(0.5) 

- - - - - 

South Uele 
ground nests 

77 0 
(0) 

4 
(5.2) 

10 
(13) 

63 
(81.8) 

- - - - - - - 

 
 
 
Appendix X. The mean elevations above sea-level of tree and ground nest sites compared within and 
between regions. 
Locality n Mean 

elevation 
SD SEM 

North Uele sites with tree nests only  231 581.5 30.5 2.2 
North Uele sites with ground nests 61 582.7 32.4 4.1 
North Uele sites with tree nests only, excluding areas with no ground nests 225 582.9 32.7 2.2 
North Uele sites with ground nests, excluding areas with no ground nests 61 581.54 30.5 4.1 
South Uele sites with tree nests only  92 499.5 92.1 11.4 
South Uele ground nest sites 8 571.5 41.0 16.8 
South Uele sites with tree nests only, excluding areas with no ground nests 46 557.8 69.9 11.2 
South Uele sites with ground nests, excluding areas with no ground nests 8 571.5 41.0 16.8 
All forests nest sites with tree nests only 323 564.2 62.4 3.7 
All forests sites with ground nests 69 580.6 31.5 4.0 

 
 
 
 
 
 
 



 

264 

Appendix XI.  Insect identifications. 
Insect 
sample  
name 

Type Local name Date 
Collected 

Locality Waypoint N / S 
of 

Uele 

Chimps 
eat? 

Context Identification 

A1 Ant (little 
driver) 

Lukuta 
ngbaka 

Jun 30 
2005 

Gangu 4�16•40ŽN, 
24�37•56ŽE 

N yes Tool site 
(filmed 
tool use) 

Dorylus kohli 

A2 Ant (Uk) •Bukunjio• June 21 
2005 

Camp 
Louis 

4�18•15ŽN, 
24�54•13ŽE 

N probably Ant nest Camponotus sp. 

A3 Ant 
(bonvulubu) 

Bonvulubu June 30, 
2005 

Gangu 4�16•76ŽN, 
24�37•62ŽE 

N yes Ant nest Pachycondyla 
tarsata (African 

stink ant) 
A4 Ant (Uk) •Bukunjio• June 21, 

2005 
Camp 
Louis 

4�18•15ŽN, 
24�54•13ŽE 

N probably Ant nest Camponotus sp. 

A7 Ant 
(aggressive 

driver) 

Angbaka April 16, 
2005 

Camp 
Louis 

4�21•72ŽN, 
24�56•72ŽE 

N yes Ant 
swarm 

Dorylus wilverthii 

A8 Ant (tiny red 
unaggressive 

driver) 

Unknown June 7, 
2005 

Camp 
Louis 

4�21•72ŽN, 
24�56•72ŽE 

N unknown Ant 
swarm 

Pheidole sp. 

A9 Ant (Uk) •Bukunjio• May 30, 
2005 

Gangu 4�19•44ŽN, 
24�42•03ŽE 

N unknown Ant nest 
(tool 
site?) 

Unknown Ponerinae 

A10 Ant (Uk) •Bukunjio• April 15, 
2005 

Camp 
Louis 

4�21•72ŽN, 
24�56•72ŽE 

N probably Ant nest Camponotus spec. 

2 Ant (termite-
eating single-

filers) 

Pupe July 15, 
2006 

Bili South 4�07•31ŽN, 
25�01•92ŽE 

N yes Chimp 
hand dig 

site 

Pachycondyla analis 

4 Uk 
(angbamolo) 

Angbamolo Aug 24, 
2006 

Bakalakala 3�59•66ŽN, 
25�16•52ŽE 

N unknown Ant nest probably 
Camponotus 
maculatus 

6 Ant 
(aggressive 

driver) 

Angbaka Aug 25, 
2006 

Camp 
Louis 

4�20•30ŽN, 
24�49•73ŽE 

N yes Tool site Dorylus wilverthii 

11 Ant (termite-
eating single-

filers) 

Pupe Sept 15, 
2006 

Lebo 3�25•33ŽN, 
25�20•96ŽE 

S yes Tool site Pachycondyla analis 

12 Ant 
(bonvulubu) 

Bonvulubu Sept 12, 
2006 

Lebo 3�27•08ŽN, 
25�22•32ŽE 

S yes Ant nest Pachycondyla 
tarsata (African 

stink ant) 
14 Uk (ant with 

shiny gold 
abdomen) 

Uk Jan 16, 
2006 

Gangu 4�20•52ŽN, 
24�43•93ŽE 

N unknown Forest Polyrachis spec. 

15, 16 Ant 
(aggressive 
driver ant 

sausage fly) 

Angbaka Feb 3, 2006 Camp 
Louis 

4�21•72ŽN, 
24�56•72ŽE 

N unknown Forest Dorylus spec. 

17 Weaver ants Anzike Jan 29, 
2006 

Gangu 4�19•97ŽN, 
24�42•46ŽE 

N yes Chimp 
predatio

n site 

Oecophylla 
longinoda 

2610 Ant (driver 
ant sausage 

fly) 

Uk Oct 26, 
2006 

Bili 4�09•06ŽN, 
25�10•57ŽE 

N unknown Bili 
Town 

Dorylus 
(Typhlopone) spec. 

1a Ant (small 
driver) 

Akusubele Dec 11, 
2006 

Baday 4�22•76ŽN, 
25�01•94ŽE 

N unknown Road Dorylus opacus 

2a Ant 
(aggressive 

driver) 

Angbaka Dec 11, 
2006 

Baday 4�22•89•N, 
25�01•95ŽE 

N yes Road Dorylus wilverthii 

B-D2 Ant (termite-
eating single-

filers) 

Pupe Jan 15, 
2008 

Mbange E 3�13•86ŽN, 
24�10•77ŽE 

S yes Forest Pachycondyla analis 

B-I Ant 
(aggressive 

driver) 

Fumba March 13, 
2008 

Leguga 3�21•03ŽN, 
24�58•50ŽE 

S yes Tool site Dorylus terrificus 

B-D1 Ant 
(aggressive 

driver) 

Fumba April 28, 
2008 

Bambesa 3�31•33ŽN, 
25�49•54ŽE 

S yes Road Dorylus wilverthii 

B-F Ant (little 
driver) 

Fumba June 16, 
2008 

Akuma 2�28•41ŽN, 
23�56•40ŽE 

S yes Chimp 
dung 

Dorylus kohli 

B-AS, 
B-AS2 

Ant (driver 
sausage fly) 

Fumba 2008 Aketi 2�44•02ŽN, 
23�47•27ŽE 

S no City Dorylus 
niarembensis? 

B-DA,  
B-
DA2 

Ant 
(aggressive 

driver) 

Fumba Jan 16, 
2008 

Mbange E 3�13•92ŽN, 
24�10•88ŽE 

S yes Ant 
swarm 

Dorylus wilverthii 
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Insect 
sample  
name 

Type Local name Date 
Collected 

Locality Waypoint N / S 
of 

Uele 

Chimps 
eat? 

Context Identification 

A5 Termites 
(mushroom 

mound 
builder) 

Amulende April 19, 
2005 

Camp 
Louis 

4�20•75ŽN, 
24�57•13ŽE 

N yes Termite 
mound 
smash 

site 

Uk soil-feeding 
termites 

A6 Termites 
(head-

bangers, large 
mound-
builders) 

Awaya May 6, 
2005 

Gangu 4�21•69ŽN, 
24�37•71ŽE 

N unknown Termite 
swarm 
near 

mound 

Macrotermes 
muelleri 

3 Termites 
(small soil-

feeders) 

Kakalu July 14, 
2006 

Bili S 4�07•21ŽN, 
25�01•21ŽE 

N yes Chimp 
dig site 

Nasutitermes spec. 
(Nasutitermitinae) 3 

soldiers and 7 
workers. 

Allodontermes? 
(Macrotermitinae) 1 

soldier and 3 
workers 

8 Termites 
(mushroom 

mound 
builder) 

Amulende Aug 30, 
2006 

Gangu 4�19•48ŽN, 
24�42•15ŽE 

N yes Termite 
mound 
smash 

site 

Cubitermes spec. 
(Termitinae) 

9 Termites 
(mushroom 

mound 
builder) 

Amulende Aug 30, 
2006 

Gangu 4�19•48ŽN, 
24�42•15ŽE 

N yes Termite 
mound 
smash 

site 

possibly 
Cubitermes? 

10 Termites 
(small, in 

dirt) 

Bangufu Sept 15, 
2006 

Lebo 3�24•84ŽN, 
25�21•26ŽE 

S possibly Termite 
mound 

Pseudacanthotermes 
spec. 

(Macrotermitinae) 
13 Termites 

(mushroom 
mound 
builder) 

Andete or 
amulende 

Oct 15, 
2006 

So 3�58•16ŽN, 
25�07•16ŽE 

N yes Termite 
mound 
smash 

site 

Cubitermes spec. 
(Termitinae) 

B-AM Termites 
(head-

bangers, large 
mound-
builders) 

Awaya Jan 17, 
2008 

Mbange E 3�14•80ŽN, 
24�08•69ŽE 

S unknown Termite 
swarm 

Macrotermes 
muelleri (Sjostedt) 

B-A Termites 
(large 

rounded 
mound-
builders) 

Amulende Jan 16, 
2008 

Mbange E 3�12•70ŽN, 
24�11•34ŽE 

S yes Termite 
mound 

Thoracotermes 
macrothorax 

(Sjostedt) 

B-M1 Termites 
(large 

rounded 
mound 

Amulende March 13, 
2008 

Leguga 3�21•09ŽN, 
24�58• 61ŽE 

S yes Termite 
mound 
smash 

site 

Thoracotermes 
macrothorax 

(Sjostedt) 

B-M2 Termites 
(large 

rounded 
mound) 

Amulende March 17, 
2008 

Leguga 3�22•10ŽN, 
24�57•92ŽE 

S yes Termite 
mound 
smash 

site 

Thoracotermes 
macrothorax 

(Sjostedt) 

B-B1 Termites Amulende April 20, 
2008 

Bongenge 3�15•05ŽN, 
25�51•24ŽE 

 yes Termite 
mound 

Uk Termitinae 

I1-I3 Stingless bees Ambuga Oct 8, 2006 Camp 
Louis 

4�21•08ŽN, 
24� 48•05ŽE 

N yes Tool site Meliponula 
(Axestotrigona) 

ferruginea 
(Lepeletier) 
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Appendix XII . Ant dip tool (a) lengths and (b) circumferences across the study area. •Distal• refers to 
the end of the tool used to dip for ants; •proximal• is the opposite end. 
a. 
Ant species and locality n Average 

length (cm) 
SEM Min. length 

(cm) 
Max. length 

(cm) 
All ant tools, N and S of Uele 132 79.56 3.96 9.9 244.5 
All ant tools, N of Uele 109 84.86 4.57 9.9 244.5 
All ant tools, S of Uele 23 54.43 3.62 22.3 88.6 
Epigaeic Dorylus tools, N of Uele 51 117.77 6.36 43.5 244.5 
Epigaeic Dorylus tools, S of Uele 2 68.8 5.70 63.1 74.5 
Other ant tools, N of Uele 58 55.90 3.44 9.9 146 
Other ant tools, S of Uele 21 53.06 3.80 22.3 88.6 
Other ant tools,  N and S of Uele 79 55.15 2.71 9.9 146 

b. 
Tool category n Prox. circ. SEM Midpoint circ. SEM Distal circ. SEM 
All ant tools, N and S of Uele 127 3.07 0.09 3.66 0.1 3.46 0.13 
All ant tools, N of Uele 104 3.09 0.1 3.76 0.1 3.67 0.14 
Epigaeic Dorylus tools, N of Uele 51 3.20 0.15 4.21 0.14 4.37 0.21 
Epigaeic Dorylus tools, S of Uele 2 2.90 0.60 3.20 0.70 1.95 0.55 
Other ant tools, N of Uele 53 2.97 0.94 3.34 0.88 3.00 0.85 
Other ant tools, S of Uele 21 3.03 0.25 3.21 0.28 2.54 0.28 
Other ant tools,  N and S of Uele 74 3.07 0.09 3.66 0.10 3.46 0.13 

 
 
 
Appendix XIII.  The number of epigaeic Dorylus and •other ant• tools found in the Camp Louis / 
Gangu Forests per month (2004-2005 and 2006-2007 field seasons). February and July were excluded 
due to lack of survey time. NA = data not available. 
Month Epigaeic Dorylus Other ants 
January 0 2 
February NA NA 
March 0 0 
April 1 13 
May 5 13 
June 0 8 
July NA NA 
August 3 0 
September  0 1 
October 6 3 
November 2 0 
December 21 2 

 
 
 
Appendix XIV.  Smashed termite mounds found per km walked across the different months of the 
year. Dry season months are highlighted in bold print, although the first rains begin towards the end of 
March. 
Month Km walked per 

month 
All termite sites Encounter rate 

per km 
Fresh termite sites 

only 
Encounter rate 

per km 
January 323.4 11 0.03 3 0.01 
February 134.0 0 0 0 0 
March 161.4 9 0.06 5 0.03 
April 226.7 10 0.04 8 0.04 
May 132.0 7 0.05 3 0.02 
June 128.1 10 0.08 4 0.03 
July 158.0 5 0.03 2 0.01 
August 171.8 11 0.06 1 0.01 
September 293.6 3 0.01 1 0.003 
October  352.9 6 0.02 3 0.01 
November 254.4 5 0.02 1 0.01 
December 168.3 6 0.04 0 0 
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Appendix XV. Average (± SD) lengths and widths of shells of live Achatina schweinfurthi snails 
measured in the South Uele forests, and minimum and maximum lengths and widths. 
 n Average 

Length 
SD Average 

Width 
SD Min. 

length 
Max. 
length 

Min. 
width 

Max. 
width 

All snails 71 9.34 2.85 4.56 1.31 2.5 16.3 1.2 7.5 
Dead snails 49 9.9 2.94 4.83 1.32 2.5 16.3 1.2 7.5 
Live snails 22 8.18 2.28 3.96 1.12 3 14.8 2 7.5 

 
 
 
Appendix XVI.  Measures of snails (Achatina schweinfurthi) collected in South Uele. (%s are rounded 
to the nearest whole number). 
Length all 
(cm) 

n % total Width all 
(cm) 

n % total Length dead 
(cm) 

n % total Width dead 
(cm) 

n % total 

0-2.9 1 1 1-2.9 6 8 0-2.9 1 2 1-2.9 4 8 
3-5.9 4 6 3-4.9 39 55 3-5.9 3 6 3-4.9 23 47 
6-8.9 27 38 5-6.9 21 30 6-8.9 13 27 5-6.9 18 37 
9-11.9 24 34 7-8.9 5 7 9-11.9 18 37 7-8.9 4 8 
12-14.9 13 18 - - - 12-14.9 12 25 - -  
15-17.9 2 2 - - - 15-17.9 2 4 - -  

 
Length alive (cm) n % total Width alive (cm) n % total 
0-2.9 0 0 1-2.9 2 9 
3-5.9 1 5 3-4.9 16 73 
6-8.9 14 64 5-6.9 3 13 
9-11.9 6 27 7-8.9 1 5 
12-14.9 1 5 - 0 0 
15-17.9 0 0 - 0 0 

 
 
 
Appendix XVII.  Definitions of chimpanzee behaviors in Table XXVI. Adapted from Whiten et al. 
(2001) and Sanz & Morgan (2007) (see those papers for the original sources). 
 
Ant-dip - The general behavior of placing sticks into ant mounds, and then eating the ants withdrawn from the 

mound. This behavior often refers to predation on Dorylus species, but at Bili-Uele we also use this term 
to refer to predation on other terrestrial ants using sticks. Ant-dip can be performed in two different ways, 
as follows (Whiten et al., 2001). 

Ant-dip single - Use of stick to collect safari ants that swarm up it, ants then picked off with lips and eaten 
(Whiten et al., 2001). 

Ant-dip-wipe: Use of wand to collect safari ants that swarm up it. Ants are then manually wiped off in a cluster 
and eaten (Whiten et al., 2001). 

Ant-fish - Probes used to extract arboreal ants from tunnels (Whiten et al., 2001). 
Termite-fish - The chimpanzee fashions a long slender fishing tool from vegetation, inserts it into a termite 

mound, and when the termite soldiers clamp on to the tool defensively, the probe is withdrawn from the 
nest in one swift motion, sometimes with the tool stalk resting on the opposite arm for support. Termites 
are gathered into the chimpanzee•s mouth using either the pull-through or direct-mouthing technique 
(Sanz & Morgan 2007). This behavior can be divided into sub-categories: Termite-fish using leaf midrib: 
leaf midrib used to extract termites from tunnels, and termite-fish using non-leaf materials: probing 
instrument, sometimes modified, used to extract termites from tunnels. We have not included the latter as 
a sub-category in this table. 

Puncture termite nest (also known as •dig• or •perforate•) - After locating a suitable digging trench, the 
chimpanzee rakes away the surface debris with one hand. The chimpanzee then points the end of the 
digging stick at the location that has been cleared of leaves and begins to push the stick tool into the 
ground with both hands grasping the midsection of the tool. They often use one foot to grasp the base of 
the tool while their body weight is shifted over the tool to press it further into the ground. The 
chimpanzee then removes the tool and smells the tip of the stick, which may have pierced a termite-nest 
cavity. If a termite nest was hit by the puncturing stick, then the chimpanzee begins to fish by inserting a 
fishing probe into the canal that was created by the puncturing stick. If not, the puncturing process is 
repeated.  (Perforate: Stout stick used to make probing holes in termite nests (termites then extracted with 
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smaller probes). Dig: Use of a stick as spade to dig away part of a (termite) nest mound (cf perforate) 
(Sanz & Morgan, 2007; Whiten et al. 2001). 

Perforate termite mound … •Chimpanzees used a perforating twig to open the exit holes on the surface of a nest 
and then inserted a fishing probe to extract termites. Often after unsuccessfully attempting to open termite 
exit holes manually, chimpanzees manufactured a perforating tool to open these holes. Tools were held 
between the thumb and lateral side of the index finger, or between the index and middle fingers. The tip 
of the tool was pressed into the surface of the nest and sometimes moved in a circular motion until the 
exit hole had been cleared. The chimpanzee then inserted a fishing probe into the cavities of the nest to 
extract termites. The form of these tools varied from small, straight twig segments only a few centimeters 
long to large, unwieldy branches with several leafy twigs attached. Some chimpanzees pre-modified the 
tool by clipping the length and removing leafy material, while others left the tool unmodified. The ends of 
these tools were often slightly frayed (up to 2 cm) from the motions of pressing the stick into the exit hole 
and removing soil from the canal• (Sanz & Morgan, 2007).  

Brush-stick end insect hive perforator … The chimpanzee frays the end of the termite or bee hive-perforating tool 
with the teeth before inserting it into the hive (Sanz & Morgan 2007; Fowler & Sommer, 2007). 

Expel/stir - Vigorous insertion, probing, and removal of stick used in attempt to expel or stir up insects or other 
animals in hole (Whiten et al., 2001). 

Fluid-dip - Twigs may be used to dip honey from beehives or water from tree hollows Chimpanzees insert a stick 
into a nest cavity or tree hollow, extract the probe, and then lick or suck the fluid from the stick (Sanz & 
Morgan, 2007). 

Insect-pound - Probe used to retrieve insect by prodding it (Whiten et al., 2001). 
Lever open - Chimpanzees use lever-open tools to widen hive entrances to access honey, or to open other insect 

and bird nests. The chimpanzee inserts the end of the stick into the hole and rapidly move it side to side to 
widen the nest entrance. After the entrance is widened, the chimpanzee either reaches into the hive /hole 
with its hand or uses a dip stick to extract honey or other food (Sanz & Morgan, 2007). 

Nut-hammer on anvil - Use of a hammer to crack nuts an anvil (hammers can be wood or stone, anvils can be 
wood, stone, or hard ground) (Whiten et al., 2001). 

Anvil-prop - Putting a small stone under one end of an anvil stone to keep it more level (Whiten et al., 2001). 
Fruit as hammer (termite mound) … A Desplatsia dewevrei fruit is used to hammer open a termite mound (this 

study). 
Pound beehive - Individuals use stout branches to break open the entrance of beehives (African honey bee, Apis 

sp.; Stingless bees, Meliponula spp.) to gain access to honey (Sanz & Morgan, 2007).  
Investigatory probe - Probe used to examine location (usually a hole / recess), then sniffed (Whiten et al., 2001). 
Food-pound (onto wood, onto other) - Food item smashed open by beating it on a hard wooden surface, like the 

base of a tree (or onto stone or hard earth). In Table XXVI, we divide the behavior into •smash fruit•, 
•smash termite mound•, •smash snail•, and •smash tortoise• (Whiten et al. 2001). •Smash termite mound• 
has also been termed •termite mound pound• for the Taï Forest (Boesch, 2003). 

Leaf cushion (also known as •seat vegetation•) - A few large, detached leaves placed on the ground for sitting on. 
e.g. as apparent protection from wet ground (Whiten et al. 2001). Or •chimpanzees pick large leaves, 
detached twigs, or bend down twigs to cover a substrate and then sit on the vegetation• (Sanz & Morgan, 
2007). 

Ground night nest - Night-nesting on ground (Whiten et al., 2001). 
Half ground night nest … Construction of a nest with only one side (this thesis). 
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Abstract: Following the invasion of the Bili…Uéré Domaine de Chasse by illegal gold miners in June 2007 and the subsequent 
abandonment of a long-term community conservation and research project there, the �rst author conducted a survey of 
chimpanzees and other large mammals on the south side of the Uele River, in the forests around the cities of Buta, Aketi, 
and Bambesa. �is survey con�rmed the presence of a large population of chimpanzees (Pan troglodytes schweinfurthii) 
in these forests, consistent with �ndings from surveys north of the Uele between 2004 and 2007.  We also documented an 
expansion of the bushmeat trade to the south of the Uele River, linked to the artisanal diamond and gold mining industries 
and centered on Buta. Over an 18-month period from September 2007 to March 2009, we observed 42 chimpanzee orphans 
and 34 chimpanzee carcasses in markets, houses, and by the roadsides. �is encounter rate of orphans and carcasses to the 
south of the Uele River was 20-30 times higher than that of the Bili area to the north. Interviews with local villagers and 
hunters indicate that there has been a major increase in bushmeat hunting, and the hunting of chimpanzees in particular, over 
the past 15 years. �is wave of killing is currently expanding rapidly across the region. Given that the northern Democratic 
Republic of the Congo is home to one of the largest continuous populations of chimpanzees remaining in Africa, it is crucial 
that this region be accorded the highest conservation priority. We recommend four lines of intervention to respond to this 
major and urgent threat:  1) Bring an end to the slaughter, 2) Establish formal protection for key chimpanzee populations 
and their habitats, 3) Begin educational campaigns via �lms and radio, and 4) Ensure the care of existing orphans.

Key words:  Pan troglodytes schweinfurthii, orphans, bushmeat crisis, �e Democratic Republic of the Congo, artisanal 
mining, Bili-Uéré Domaine de Chasse

Résumé: Après l•invasion du domaine de chasse Bili-Uéré par les exploitants illegaux d•or en juin 2007, le premier auteur a mené un 
recensement de chimpanzés (Pan troglodytes schweinfurthii) et autre grands mammifères au sud de la Rivière Uele, où nous avons 
trouvé une grande population des chimpanzés, comme existe aussi au nord.  D•après notre documentation, nous assistons à une 
recrudescence  enorme de commerce de la viande de brousse, liée à l•expansion recente d•exploitation artisanale de l•or et diamants 
dans la region de Buta. Pendant une période de 18 mois, de septembre 2007 jusqu• à mars 2009, nous avons denombré 42 orphelins 
chimpanzés et 34 cadavres des chimpanzés mise en vente comme bush meat.  Le  taux de rencontre des orphelins et carcasses est 
de 20-30 fois plus elevé que le taux de rencontre constanté à Bili, au nord de la Rivière Uele . D•après les informants locaux cette 
phénomène date des dernières 15 années. Etant donné que la région abrite une des  plus grande populations de chimpanzés Afrique, 
il est urgent  que l•on accordera une plus grande priorité à la conservation. Nous recommandons quatre lignes d•intervention comme 
réponse a cette menace: 1) Mettre �n à ce massacre, 2) Établir la protection formelle pour les populations clés des chimpanzés et pour 
leurs habitats, 3) Commencer des campagnes d•éducation utilisant des �lms et la radio, et 4) Assurer le soin des orphelins existants.
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INTRODUCTION 

History of the project

     It has been estimated that the forests of the northern 
Democratic Republic of the Congo (DRC) are home to 
about half of the remaining free-living chimpanzees (Pan 
troglodytes) in Africa (Butynski, 2001). With chimpanzee 
populations declining across the continent (Walsh et al., 
2003; Campbell et al., 2008), the protection of DRC•s large 
population is of vital importance for the survival of the 
species.

     In 2004, Hicks (TH) began a �ve-year chimpanzee 
study, based initially in the Bili Forest but then moving 
west into the Gangu Forest. �e Bili-Gangu region is 
located to the northwest of the town of Bili and is included 
in the forest-savanna ecotone of the Bili-Uéré Domaine 
de Chasse (Figure 1). Notable fauna in the Bili-Gangu 
Forest includes forest elephants (Loxodonta cyclotis), lions 
(Panthera leo), eight species of monkey (see Hicks, in 
prep.), as well as a major population of chimpanzees (Pan 
troglodytes schweinfurthii).

2  /  Hicks et al.

Figure 1.  �e study area in the northern DR Congo showing the localities where we encountered chimpanzee bushmeat and orphans.  
�e map includes both con�rmed and uncon�rmed cases of orphans and bushmeat (see text for the distinction between these cases).
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When �rst encountered in 2005, the Gangu 
chimpanzees showed surprisingly little fear of humans, 
correlated with a near complete absence of human use 
of the area, which is an indication of negligible hunting 
pressure in the past (Hicks in prep). Over the following �ve 
years, TH was joined by Swinkels (JS) and later by Darby 
(LD). �e research was tied closely to a community-based 
co�ee-buying project, initiated in 2002 by the Wasmoeth 
Wildlife Foundation and conservationist Karl Ammann to 
encourage support for the conservation of the Bili-Gangu 
Forest by communities living around its periphery.

In June 2007, the local Azande chiefs broke their 
agreement with Wasmoeth by opening illegal gold mining 
sites within the Domaine de Chasse. Within a few months, 
an estimated 3,000 artisanal miners had installed themselves 
inside the Reserve near Ngbabo and Mapomboli, within 
approximately 60 km of Camp Gangu. In September 2007, 
Wasmoeth Wildlife Foundation �eld sta� le� Bili, and 
access to the site became di�cult for researchers. Local 
informants reported an upsurge in bushmeat in the nearby 
mining town of Adama, and in 2008 we received reports of 
chimpanzee orphans being kept at Bili.

Unable to continue our collaboration with the Bili 
chiefs, we moved south of the Uele River to conduct 
surveys for chimpanzees and other large mammals, based 
around the cities of Aketi, Buta, and Bambesa (Figure 1). 
Between September 2007 and March 2009, in addition to 
these forest surveys, we counted chimpanzee orphans and 
bushmeat as we encountered them in South Uele cities, 
towns, and villages. 

�e survey regions

�e study regions to the north and south of the Uele 
River di�ered in many factors: climate, habitat, �ora, fauna, 
and human population density (Hicks, in prep.). �e North 
Uele landscape is a mosaic habitat of primary forest, gallery 
forest, savanna, and savanna woodland, with a markedly 
seasonal pattern of rainfall. �e human population density 
is low. South of the Uele the forest is more continuous, there 
is no savanna, the pattern of rainfall is less seasonal, and the 
human population density is much higher. �e mammalian 
fauna is roughly similar, with elephants (Loxodonta 
africana) and forest bu�alo (Syncerus ca�er nanus) found 
on both sides of the Uele River, and hippopotamuses 
(Hippopotamus amphibius) living in most of the big rivers. 
�ere are, however, notable di�erences: lions (Panthera leo) 
and spotted hyenas (Crocuta crocuta) are common in the 
north, but not present in the south; whereas the opposite 
is the case for okapis (Okapia johnstoni) and red colobus 
monkeys (Piliocolobus foai) (Hicks,  in prep).

Over the course of our study, we worked with several 
di�erent ethnic groups (Hicks, in prep.). North of the Uele, 
the majority of villagers were Azande, while in towns such 
as Bili, immigrants of other Congolese ethnicities were also 
present. Some Azande also lived in settlements adjacent 

to the south bank of the Uele River, but the majority of 
indigenous South Uele people were Baboa (in Buta and 
Bambesa) and Babenza (in Aketi). Each of these major 
groupings was then divided into a number of sub-groups. 
Various �sher-folk, such as the Bakango and the Lokele, 
plied the Uele River in their canoes. We were told by our 
Babenza contacts that a nomadic hunting people called the 
Bangalema were invading their forests from the southeast. 
We rarely met these people and were told that they tended 
to avoid settlements and live in the forest. In and around 
Buta and Aketi there were also a large number of recent 
immigrants from all over DRC and elsewhere; most of 
them had apparently arrived in the last decade, following 
expansion of informal sector mining in the region.

Survey goals

�e goal of our study was to gain better knowledge of 
the presence and distribution of chimpanzees in Northern 
DRC, and to gauge the degree of threat they face from 
humans. Our survey data revealed a developing crisis facing 
chimpanzees in the Buta-Aketi region south of the Uele 
River. �e data also allowed us to compare the occurrence of 
chimpanzee orphans and bushmeat in several major areas 
undergoing di�erent levels of settlement and development. 
�is knowledge leaves us better-placed to identify the 
factors contributing to the hunting of chimpanzees, to 
identify the localities where action is most needed and 
most likely to succeed, and to slow or stop the killing.

Invasion of artisanal-scale miners into the Rubi-Tele 
Domaine de Chasse, 200 km south of the Bili region, 
during the period preceding this study was associated 
with devastating bushmeat hunting (Hart, 2007). Our 
results indicate a similar trend in the Bili-Buta region.  �e 
problem is larger and more widespread than anticipated, 
and expanding.  Without immediate intervention, one of 
DRC•s most important populations of chimpanzees will be 
at high risk of depletion or extirpation.  

METHODS

Chimpanzee surveys, 2004-2009

�e primary goal of our long-term research in 
northern DRC was to determine the distribution and 
abundance of chimpanzees in selected areas within this 
large landscape.  Inventories and behavioral research 
were the focus of the �rst �eld season at Bili (August 
2004 … July 2005). In 2005, we conducted 160 km of line 
transects through the Bili and Gangu Forests northwest 
of Bili, to make direct encounters with chimpanzees and 
to count chimpanzee nests and other indirect sign, as well 
as evidence of other large mammals. For all chimpanzee 
nests encountered on the transects, we measured the 
perpendicular distance from the nest to the transect line 
to permit estimation of nest density using DISTANCE 
so�ware (Buckland et al., 1993). For our analysis, only 

Illegal Trade �reatens DRC•s P. t. schweinfurthii  /  3
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