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Cover photo: A pruned Khaya senegalensis tree stands, surrounded by its cut branches. Also known as 

African mahogany, the tree is prized not only for the fodder it provides, but also as a strong wood, often 

used to craft farming tools. Khaya senegalensis is considered a vulnerable species by the IUCN and is 

protected by several West African governments.  
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Abstract 

 

The western chimpanzee (Pan troglodytes verus) is considered the most endangered subspecies of 

chimpanzee.  The populations living at the furthest extent of its range, in southern Senegal – a country 

situated directly south of the Sahara Desert - are considered to be nearly extinct. These ‘savanna 

chimpanzees’ have adapted to living in an arid environment and are now facing more threats to their 

survival as climate change and deforestation have forced nomadic pastoralists further into their habitat 

in search of fodder and water. Combining field-collected data on both chimpanzee and pastoralist 

habitat use with GIS and remote sensing data, I spatially predicted areas of potential habitat conflict 

among chimpanzees and pastoralists.  Using species distribution modeling, I found that large swaths of 

forested habitat in Bandafassi are predicted to be used by nomadic pastoralists. Their presence is 

expected in 86 percent of the land which is predicted to be used by chimpanzees. Statistical modeling 

using the Dirichlet distribution predicted overuse of gallery forests by herders. Since herders remove 

most of the crowns of 9 species of trees, 7 of which provide important resources for chimpanzees, the 

impact of herders on chimpanzee resources is likely detrimental. Strategies to protect chimpanzee 

habitat and increase resources for herders should be considered in community-based conservation 

projects.   
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Introduction 

 

The environmental movement has been propelled, in part, by the stories of certain favored 

endangered species. Charismatic animals, many of African origin, are marketed by international 

conservation organizations to motivate people to support projects which conserve biodiversity. The 

great apes are one group of threatened animals which have had a profound positive impact on the 

success of the conservation movement; yet, these animals are still threatened with endangerment 

and/or extinction. This paper explores conservation of the western chimpanzee (Pan troglodytes verus) 

at the furthest northern extent of its range, in southern Senegal – a country situated directly south of 

the Sahara Desert. These ‘savanna chimpanzees’ are considered to be nearly extinct and are facing 

increasing threats to their existence.  

Importance and History of Chimpanzee Conservation 

Chimpanzees (Pan troglodytes) have often taken center stage of conservation efforts in Africa. 

Like many non-human primates, they are linked to tropical forests and serve as a ‘flagship species’ for 

tropical rainforest conservation (Lovett & Marshall, 2006). Western societies have been moved to 

protect chimpanzees and the other great apes because of their behavioral resemblance and biological 

closeness to humans (Garland, 2008; Goodall, 1986; Kormos & Boesch, 2003; Lovett & Marshall, 2006; 

Pusey et al., 2007); many non-western cultures also respect non-human primates for these similarities 

(Hill, 2002). Some groups have even championed the idea of extending human rights to other primates 

(Great Ape Project, 2010; Lovett & Marshall, 2006; McNeil, 2008; Stinson, 2008). The view that non-

human primates, especially the great apes, deserve special protection from endangerment has helped 
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drive many major conservation initiatives in Africa (UNEP, 2005; Plumptre et al., 2010; Year of the 

Gorilla, 2009). 

In addition to the ethical dimension of protecting humankind’s ‘kin,’ chimpanzees play an 

important role in the ecosystem. The relatively vast home ranges, daily movement, and large bodies of 

chimpanzees make them a critical vector for tree and liana seed dispersal (Hill, 2002; Kaplan et al., 2009; 

Lovett & Marshall, 2006; Wrangham et al., 1994). These wide-ranging seed-dispersers help contribute to 

the genetic diversity of a forest which is required for the long-term survival of tree species. 

Chimpanzees’ and other non-human primates’ seed-dispersal abilities help shape forest structure and 

composition which, in turn, contributes to the overall biodiversity of the forest (Hill, 2002; Lovett & 

Marshall, 2006).  

These seed-dispersing non-human primates indirectly benefit human forest users. Chimpanzees 

and humans often use the same tree species for fruit (Pruetz et al., 2002; Pruetz, 2006), thus, 

chimpanzees can aid humans by dispersing and propagating the seeds of trees which both species prefer 

(Hill, 2002). For example, chimpanzees are likely an important seed disperser for the large-seeded Saba 

senegalensis, which is also a tree highly valued by humans for its fruit (Pruetz, 2003, 2006). Other trees 

that provide fruit for chimpanzees have economic value for humans as timber, fodder, or for their 

medicinal properties (Hill, 2002). Chimpanzees can also play a more direct role in the economy. In some 

parts of Africa the trade in chimpanzee meat is an important source of rural and urban household 

income (Hill, 2002; Peterson, 2003). Ecotourism focused on chimpanzees has brought in revenue to 

communities and governments in Rwanda, Tanzania, Senegal, Ghana, and Uganda (Hartter & Goldman, 

2009). For example, at Kibale National Park in Uganda visitors pay $90 to go on a chimpanzee tracking 

walk; they pay $220 to spend the day with habituated chimpanzees (Uganda Wildlife Authority, 2009). 

Chimpanzee protection not only bolsters the local economies, it also provides good opportunities for 

scientific research. 



11 

 

The scientific community has made profound discoveries from studying wild chimpanzees in 

protected areas. Studies focused on chimpanzee behavior and genetics have helped anthropologists 

understand human biology, behavior, and origins. Studies on chimpanzee communication and tool use 

have blurred the boundaries between humans and non-human animals (Boesch & Boesch-Achermann, 

2000; Boesch & Tomasello, 1998; Goodall, 1986; McGrew, 1992; Mitani, et al., 2002; Pruetz & Bertolani, 

2007; Sanz & Morgan, 2007; Yamakoshi, 2001). Documentaries and articles in well-known magazines on 

chimpanzees have popularized primatology, evolutionary anthropology, and wildlife conservation. This 

has increased support for the improvement in care for captive animals and for conservation of land on 

which animals can maintain viable wild populations (Garland, 2008).    

Despite the variety of stakeholders which value chimpanzees and gain from their conservation, 

chimpanzee populations have declined from an estimated 600,000 in the 1960s to an estimated 150,000 

– 250,000 in 2000 (Kormos & Boesch, 2003). They are commonly threatened by habitat destruction, 

degradation, and fragmentation caused by agricultural expansion and logging (Hill, 2002; Pruetz et al., 

2002; Pusey et al., 2007; UNEP, 2005; Plumptre et al., 2010). Forest fragmentation degrades chimpanzee 

habitat, making it more vulnerable to edge effects and populations which are at more risk of genetic 

isolation. Increased edge in chimpanzee habitat is especially detrimental to chimpanzee survival when it 

is surrounded by human settlements. More disease transmission (both from humans and their 

domesticated animals), poaching, and killing to prevent crop raiding, occurs when chimpanzees live in 

close proximity to humans. The trade in bushmeat is also an important contributor to their declining 

population rates. The bushmeat trade facilitates the spread of disease between chimpanzees and 

humans. In many places, hunting of chimpanzees is taboo, but chimpanzees can be accidentally trapped 

and/or shot by hunters. Also, armed conflicts in the Congo basin have threatened chimpanzee survival in 

central Africa. These factors, in combination with the slow rate of maturation and reproduction in 

chimpanzees, increase the probability of mortality before reproducing (Bushmeat Crisis Taskforce, 2002; 
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Hill, 2002; Kormos & Boesch, 2003; Pruetz et al., 2002; UNEP, 2005; Peterson, 2003; Pusey et al., 2007; 

Plumptre et al., 2010).   

Formalized efforts to protect chimpanzees and other wildlife in many African countries began 

during the colonial era (1878-1980). Colonial powers used top-down decision-making processes to 

create reserve systems. In 1900, the Convention for the Preservation of Animals, Birds, and Fish in Africa 

was signed by Britain, Germany, France, Italy, Portugal, Spain, and Belgium. This document demarcated 

game reserves without consent from local people or consideration for their land use systems (Honey, 

2008). These reserves were often established in order to harvest resources to supply the colonial power 

(Hartter & Goldman, 2009). Colonialists are infamous for ignoring the needs of local people; in this case, 

they ignored these needs in favor of the support of wildlife, usually game species. Local people were 

often forcibly relocated to create these reserves (Ece, 2008; Hartter & Goldman, 2009; Hill, 2002; 

Newmark & Hough, 2000; Pusey et al., 2007). The reserves often restricted the harvesting and hunting 

of plant and animal species by local people but allowed such harvest to continue for those who could 

afford permits (Hackel, 1999; Hill, 2002; Honey, 2008); thus, turning African hunters into ‘poachers.’  

Chimpanzees and gorillas were some of the few species which were protected even from permitted 

hunters (Honey, 2008).  The premise behind these reserve systems was that Africans could not manage 

wildlife and would otherwise wipe it out; Europeans were needed to protect the animals from Africans.  

This mentality existed even after the colonialists left.  African conservationists continued to use top-

down conservation strategies which ignored the needs of local communities, relocated people to 

establish national parks, and kept park profits in the central governments (Ece, 2008; Hartter & 

Goldman, 2009; Honey, 2008). 

Even today the colonial mentality exists with current reserve projects in Africa. Parks are often 

financed in large part by developed countries who feel compelled to protect Africa’s wildlife from 

African peoples. International non-governmental organizations (NGOs) and publications like National 
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Geographic bring conservation issues to the attention of western audiences and motivate people to 

contribute to conservation projects in developing countries, especially to projects in African countries 

where so many charismatic megafauna live. Thus, there is a large component of conservation which 

assumes that non-African peoples have the right to dictate and/or guide Africans in how they can use 

their land and resources (Garland, 2008).  

Also, the success of these reserves at animal protection is debatable. Reserves in Africa are 

often too small to protect the whole range of many of Africa’s megafauna. Also, it is often too costly for 

most African governments to effectively patrol the boundaries of reserves and protect the animals from 

poachers (Newmark & Hough, 2000). Thus, some conservationists feel that the reserves have failed to 

adequately protect many species. The root of the inability of these reserves to protect animals from 

people lies in the mentality which created the reserve system - one which did not value local people as 

stakeholders and thus, made the reserves and parks a point of contention between local people and 

their governments. Most efforts to protect chimpanzees focus on reserve creation. The groundbreaking 

work of Jane Goodall at the Gombe Stream Game Reserve in Tanzania shed light on the behavior of wild 

chimpanzees and sparked international interest in the protection of the species from humans (Garland, 

2008). Her work inspired Tanzania’s first president, Julius Nyerere, to establish the Gombe Stream 

National Park in 1968 (Pusey et al., 2007). Altogether, 51 - 55 national parks with resident chimpanzee 

populations have been established in 19 - 20 countries (Oates, 2006).  

There are over 50 reserves dedicated to chimpanzee protection, yet in 96 percent of these 

reserves, chimpanzee populations are declining (UNEP, 2005). All species of great apes are considered 

endangered species by the International Union for the Conservation of Nature (IUCN) (IUCN, 2010) and 

have a high chance of becoming extinct by 2050 (UNEP, 2005). The western chimpanzee (Pan 

troglodytes verus), the subject of this research, has lost an estimated 75 percent of its population in the 

last 30 years. It is estimated that 25 – 45 percent of this subspecies lives in protected areas (Kormos & 
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Boesch, 2003). The failure of the reserve system to protect these animals stems from a myriad of issues, 

including: political instability, corruption, the pet and bushmeat trade, disease outbreaks from increased 

contact with humans, etc. (UNEP, 2005). Often though, the conflict between the interests of the nearby 

communities and the reserves remains an unresolved issue which prevents local support for wildlife 

conservation and, thus, contributes to reserve failure (Hill, 2002; Newmark & Hough, 2000). This is a 

common problem in many protected areas. Thus, many conservation organizations now put a lot of 

effort into building local support for conservation projects; community-based conservation (CBC) has 

become very popular in the conservation community.  

Background on Community-based Conservation 

The hopes and goals embedded in locally-supported environmental projects have their roots in 

the 1970s with the growth in the ideal of ‘sustainable development.’  Sustainable development was a 

paradigm shift, an espousal of the idea that resources should and could be developed for both present 

and future generations. This ideology, in part, grew out of the distaste that many conservationists and 

local people alike had for conservation projects which prioritized wildlife over human needs (Hackel, 

1999). With resource extraction restrictions and reserves, the largest burden of national and global 

conservation efforts has fallen on the shoulders of the world’s poorest people. These people have also 

benefited the least from the reserves (Hill, 2002). Most people in Africa live well below the standard of 

the developed world; African countries make up 36 out of the 41 countries which are considered to have 

low human development (based on the Human Development Index) (UNDP, 2010). The further 

restriction of resource use and access to land only increases the poverty of many rural Africans. 

Community-based conservation projects have striven to remedy this social injustice. Proponents of CBC 

have also been inspired by the idea that a more democratic, bottom-up style of resource development 

would likely be more beneficial for wildlife protection.  Local people, it has often been believed, know 
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best how to manage their resources sustainably and had been successful previous to the top-down 

policies of colonial regimes. For this reason, conservationists believed that local people could do a better 

job at planning and managing their resources than could outsiders. If not the case, another objective of 

CBC projects has been to make wildlife conservation a source of long-term income for local people, so 

that they would be motivated to participate in and continue conservation practices into the future 

(Hackel, 1999; Newmark & Hough, 2000).   

The involvement of local people in conservation projects is seen as the most important step in 

gaining community support for conservation projects. Organizations use three main strategies to create 

local stakeholders which value conservation practices (Hackel, 1999). First, local people should 

participate in the decision-making processes surrounding environmental management projects. 

Secondly, the management of the projects should ideally be left to local people – so that people have 

ownership over their resources. Lastly, economic benefits accrued from conservation practices, such as 

those created through employment, revenue-sharing, and the sustainable harvest of plant and animal 

species, should remain with the local people (Garland, 2006; Hackel, 1999; Hill, 2002; Newmark & 

Hough, 2000). These strategies have been used in hopes of creating locally-supported conservation and 

development projects which were appropriate to the unique needs and goals of each locality.  

Community-based conservation projects really boomed in the 1980s and 1990s (Newmark & 

Hough, 2000). During the 1980s, the Monteverde Cloud Forest Reserve was founded through the efforts 

of local and international NGOs to protect cloud forests in Costa Rica from timber development.  

Tourists visit the reserve and numerous other local ecotourism ventures in the surrounding 

communities. Monteverde helped establish Costa Rica as a premier ecotourism destination (Aylward et 

al., 1996). In Nepal and northern India, The Snow Leopard Trust uses a community-based approach to 

develop strategies to conserve snow leopards (Panthera uncia).  They use techniques of ‘Appreciative 

Participatory Planning and Action’ to involve community members in conservation planning. Their work 
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has resulted in locally-relevant conservation strategies which address the needs of the people.  For 

example, they have helped communities establish livestock insurance programs to reimburse people for 

animals lost to leopard predation (Jackson & Wangchuck, 2001).  Even in the United States, which has a 

population which mostly supports reserve establishment, community-based conservation has been used 

to bring economic development to disadvantaged communities.  In Hoke County, North Carolina where 

the poverty rate is 5 percent higher than it is in other parts of the state, community-based 

environmental management projects have helped empower people to take control of their resources.  

To prevent encroachment into their county by Fort Bragg, a nearby military base, the county bought up 

property to establish a community forest reserve.  The reserve serves the dual purposes of providing 

habitat to the endangered red-cockaded woodpecker and economic opportunities to the community 

through pine straw and timber harvesting (Resourceful Communities Program, 2011). 

There is debate on how successful these types of projects are. Many believe in the ideology 

behind the projects and maintain that natural resource management projects which incorporate local 

knowledge and participation are ‘the most successful’ (Duvall, 2001, p. 703). And, certainly, a perusal of 

the websites of international conservation organizations shows that they continue to promote CBC as an 

important part of conservation. Ecotourism projects can be very successful at providing revenue for 

communities in places where charismatic megafauna live. Projects which feature great ape viewing can 

also be very successful (Hill, 2002). However, small community-based ecotourism projects are very 

dependent on a stable political and economic climate and a reliable transportation infrastructure (Hill, 

2002); there are many African nations in which these conditions cannot always be met (Newmark & 

Hough, 2000.)   Also, ecotourism and other small-enterprise development projects are supposed to 

replace local communities’ reliance on income generated from degrading extractive practices. However, 

likely these alternative income sources are less secure, in the short-term, than logging, mining, and 

hunting (Garland, 2008). These small-enterprise development projects may do more to serve the 
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conscience of donors than they do to contribute to compensation and to a higher quality of life for local 

peoples.  

Another common criticism is that community-based conservation projects have done less to 

protect wildlife than the reserves and instead, have favored local economic development (Hackel, 1999; 

Oates, 1999; Lovett & Marshall, 2006). For example, while often contributing significantly to the local 

economy, ecotourism can put pressure on animal populations and habitats. The habituation of animals 

to human presence puts them at greater risk for being hunted. The transmission of disease between 

humans and wildlife is a significant factor affecting wild primate survival. Projects become lopsided 

towards economic development in part because environmental success is more costly to measure and 

requires monitoring on timescales which are longer than what is typical of rural development projects. 

Also, in many cases, there is a lack of baseline data on the environment upon which project success can 

be evaluated (Newmark & Hough, 2000).  

Many CBC projects also seem to rest on an assumption that rural peoples still live and want to 

live as they did in pre-colonial times. It is assumed that they are not driven to be a part of the cash 

economy, still want to use traditional technologies to harvest resources, and are naturally inclined to be 

good stewards of nature (Hill, 2002). These assumptions, of course, cannot speak for every single rural 

person and, of course, the motivations, inclinations, and aspirations of rural people are as diverse as 

they are in any group of people. Thus, CBC projects must be cognizant of the complexity of both the 

social and ecological factors which contribute towards a project’s success or failure.  
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Community-based Conservation Work in Africa Today  

Whether or not CBC projects have proven to be successful, in terms of wildlife conservation, the 

basic principles behind CBC have been integrated into even the most top-down policies which aim to 

protect wildlife. Recently experts decided upon a global strategy for great ape protection. Together they 

outlined their strategy in the Great Ape Survival Project (GRASP) (UNEP, 2010). This policy document 

strives to protect the great apes in Africa and Asia, while making interactions between humans and 

conservation ‘positive and sustainable’ (p. 1).  Although the policy comes from an outside agency, is very 

top-down, and is focused on reserve and corridor creation, there is still room in the policy document for 

participation from local communities. Two out of nine ‘immediate objectives’ include considerations of 

local people: 

3.1.7  To identify and support income-generating initiatives to the benefit of communities living 

in and around great ape habitat and protected areas, with due consideration of indigenous 

communities and to ensure, where it becomes imperative to resettle indigenous people in 

conformity with United Nations guidelines, that compensation is paid with international 

support; 

3.1.8 To educate and raise awareness among local populations 

        (UNEP, 2005, p. 1) 

And, ‘actions’ should be made: 

With due consideration for the need for coordination and synergy, identifying, planning and 

implementing sustainable development projects to benefit people living in or near great ape 

habitat, such as ecotourism based on carefully controlled ape-watching, use of non-timber 

forest products, etc. Above all, it is essential to support community-based projects that protect 

the entire forest resource and maintain its capacity to supply people with essentials such as 

water, food, medicine, building materials, soil and fuel. Some communities have longstanding 

traditions which give special protection to primates, including great apes. National great ape 

survival projects should build on these wherever possible. Emphasis should be given to links 

with rural development projects and projects outside protected areas which may relieve 

pressures on these areas     

       (Ibid., p. 4) 
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 GRASP also pushes states to ‘encourage active participation in ape conservation, including law 

enforcement measures’ (Ibid., p. 3) in reserves which are adjacent to communities. Thus, the GRASP is 

based, in part, on principles from CBC.  

 Other top-down agencies have stressed the importance of local participation in conservation 

projects. The IUCN recently revealed a comprehensive conservation plan for the Eastern Chimpanzee 

(Pan troglodytes schweinfurthii) (Plumptre et al., 2010). The vision statement of this conservation plan 

hopes to gain ‘local support,’ represent ‘cultural diversity,’ and ‘contribut[e] to human well-being’ as 

well as, ensure the long-term survival of chimpanzees (Ibid., p. 24). The objectives include one which 

aims to increase community support and participation (Ibid., p. 24). The Africa Wildlife Foundation 

considers the empowerment of people as one of its four main objectives (Africa Wildlife Foundation, 

2010). Most leading international conservation organizations work closely with local people to find ways 

to strengthen local economies while also contributing to conservation efforts; organizations like World 

Wildlife Fund, Conservation International, The Nature Conservancy, and Wildlife Conservation Society all 

work to balance the needs of people with the needs of biodiversity conservation  (Wildlife Conservation 

Society, 2011; World Wildlife Fund, 2011; The Nature Conservancy, 2011; Conservation International, 

2011). Hence, CBC has become an important strategy for conservation in Africa. It has broadened the 

view in which policy makers and practitioners work in and it will continue to be an integral part of 

conservation planning into the future.  
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Chimpanzee Conservation in Senegal 

Although not as renowned for wildlife safaris as some of the east African countries, the wooded 

savannas of Senegal boast some of the best places to view wildlife in West Africa. During the period of 

research, sightings were made of hippopotamus (Hippopotamus amphibius), Patas monkeys 

(Erythrocebus patas), Guinea baboons (Papio papio), bushbuck (Tragelaphus scriptus), warthog 

(Phacochoerus aethiopicus), banded mongoose (Mungos mungos), and crested porcupine (Hystrix 

cristata). The Parc National du Niokolo-Koba (PNNK), a UNESCO World Heritage Site in southeastern 

Senegal, is a great place to view wildlife like lions, elephants, and antelopes (UNEP, 2008). The relatively 

close proximity of the park to Europe makes it a popular destination for European tourists. South of the 

park, in the regional capital of Kedougou, many small-scale ecotourism outfits have been established. 

There is no information on how much money these businesses bring into the region, but certainly the 
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Figure 1. Niokolo-Koba National Park lies in the southeastern corner of Senegal. 
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incomes of many Senegalese in the region rely on tourism.1 One such business was based in Indar, a 

village within the bounds of my study site. It provided tourists with an opportunity to view waterfalls, to 

hike through the villages of ethnic minorities (Bedick and Bassari), and to observe local chimpanzee 

populations (Pan troglodytes verus – or, the western chimpanzee).  

The western chimpanzee population in Senegal has been of special interest to primatologists 

interested in understanding early hominids which living under similar environmental conditions (i.e., 

wooded savanna) during the Plio-Pleistocene (Baldwin et al., 1982; McGrew et al., 1981; Moore, 1992, 

1996; Pruetz et al., 2002; Pruetz, 2006, 2007; Suzuki, 1969). Perhaps, partly due to their arid 

environment, these ‘savanna chimpanzees’ display intriguing behaviors, such as hunting with hand-

crafted spears (Pruetz & Bertolani, 2007), using caves to escape the heat (Pruetz, 2007), and calmly 

monitoring wild fires from a safe distance (Pruetz & LaDuke, 2010). These behaviors suggest ways in 

which early hominids may have adapted to living on the savanna.  Luckily, these chimpanzees are not 

hunted for bushmeat (Pruetz et al., 2002) - the trade in chimpanzee meat is taboo; most people swear 

off the meat for both religious and cultural reasons.2  While there are economic incentives for 

chimpanzee conservation, scientific interest in the population, and local practices in place to protect 

chimpanzees, the IUCN considers the population in the area to be almost extinct and the most 

threatened subpopulation of chimpanzees (Plumptre et al., 2010).  Conservation action plans have 

classified Senegal as an ‘exceptionally important priority area’ for chimpanzee protection and as such, it 

requires immediate attention (Kormos & Boesch, 2003). As of 2001, the most accurate census of the 

population in Senegal estimated that the population was between 200 – 400 individuals (Butynski, 

2001).  

                                                           
1
 Most people rely on subsistence farming to meet their needs. 

2
 Muslims living in Senegal and Mali do not consume chimpanzee meat, nor do they eat many other primate 

species, because they believe that at one time these animals were humans and were transformed into apes and 

monkeys after committing sinful acts (Massa, unpublished data).  
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The chimpanzee population in southeastern Senegal is very small due to a few circumstances. 

Geographically, Senegal is located directly south of the Sahara Desert. This influences the climatic 

conditions of the country which, in turn, determines the vegetation composition. Senegal is an arid 

country – with rainfall averaging 600 mm a year (Mbow et al., 2003), and it experiences the Harmattan, 

a drying north-easterly wind which blows south off of the Sahara during the winter (Jenik & Hall, 1966). 

These conditions have a strong influence over the vegetation patterns in Senegal. The northern part of 

the country is dominated by grasslands - the typical vegetation found throughout the Sahel region.  As 

one moves south, shrubland gradually replaces grassland. Kedougou, in the southeast portion of the 

country, marks a transition from which the sparse vegetation of the Sahel begins to slightly resemble the 

lush rainforests of Guinea. This transitional vegetation community is referred to as ‘savanna woodland.’  

With temperatures reaching 45°C, the savanna woodland of Kedougou is the hottest 

environment chimpanzees live in. It is also considered the driest and most open habitat inhabited by 

chimpanzees (McGrew et al., 1981; Pruetz et al., 2002; Pruetz, 2006). It is characterized by a matrix of 

savanna and dry woodland, interspersed with small fragments of lush gallery forests (evergreen forests 

which occur along watercourses). The forests here are relatively less diverse than the rainforests along 

the coast. This is important because chimpanzees are mainly frugivorous; fruits constitute approximately 

60 percent of the chimpanzee diet (Pruetz, 2006).  A fondness for fruit, and a preference for ripe fruit, 

may have a greater impact on chimpanzee behavior in Senegal (and probably in Mali) than it does in 

wetter environments (Ibid.).  

Ripe fruits are patchily distributed over space and time, thus, even chimpanzees living in lush 

forests must have a range large enough to contain sufficient tree diversity to ensure a sustained food 

supply throughout the year for the whole troop.3  Depending on the abundance of fruit trees available 

to chimpanzees, ranges can be as small as 5 km2 to as large as 65 km2 (Pruetz, 2006; Pusey et al., 2007). 

                                                           
3
 Chimpanzees have complex social lives and live in groups of mixed age and sex classes called ‘troops.’ 
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Gallery forests are considered marginal habitat for chimpanzees living in more lush environments 

(Marchesi et al., 1995) but in Senegal, being the only evergreen forests available, they provide nesting 

and feeding habitat much more often than is expected given their relative rarity across the landscape 

(Pruetz et al., 2002). The forests constitute just 3 percent of the landscape, but provide chimpanzees 

with 29 percent of their dietary resources (McGrew et al., 1988) and they have highest density of plant 

foods for chimpanzees (Bogart & Pruetz, 2010). Therefore, chimpanzees in Senegal have adapted to 

their arid environment by having ranges on the larger size of the spectrum (range size at Fongoli is 

estimated to be 63 km2 (Pruetz, 2006)). The large ranges and the fragmentary nature of gallery forests 

increase the likelihood of contact occurring between chimpanzees and human communities. This may 

result in increased conflict with humans over resources (including crops, water, and fruits) which puts 

chimpanzees at greater risk from hunting and disease transmission (Hill, 2002). In addition to having 

larger ranges, chimpanzees in Senegal have adapted to the scarcity of resources by living in smaller 

troop sizes. The troop size in more southerly regions is 70 individuals (Balcomb et al., 2000; Doran, 1997; 

Herbinger et al., 2001); in Senegal troop sizes are half this size (Pruetz, 2006). These small populations 

are at greater risk of endangerment from genetic effects.  

Although the rate of decline of the populations in Senegal has not been estimated, chimpanzees 

are facing increasing threats as climate change, fuelwood and charcoal harvesting, and a change in the 

fire regime is increasing the aridity of the environment in southern Senegal and decreasing the amount 

of gallery forests (Gonzales, 2001; Lykke, 2000; Woomer et al., 2004). Climate change and deforestation 

have also worked in concert to increase the desertification of the Sahel, resulting in a southerly shift in 

the vegetation belts which characterize Senegal (Gonzalez, 2001). This is affecting the livelihood 

strategies of the nomadic pastoralists which depend on the Sahelian vegetation. 
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Figure 2. Senegal's land use is dominated by rainfed agriculture.  The expansion of rainfed and irrigated croplands 

has depleted the amount of grasslands available to pastoralists for grazing. Chimpanzees live in the southeastern 

corner of the country where the shrubland begins to be more forested. Data is from the Global Land Cover 

Characteristics (version 2, 2008), courtesy of the U.S. Geological Survey. 
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(Data from Bioclim: Hijmans et al., 2005). 
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The Sahel region, a belt of grassland and shrubland just north of the savanna woodland, 

provides pastoralists with the highest quality fodder for their animals. Historically, the highest density of 

herders was found in the Sahelian and Sudano-Sahelian (rainfall 400-600 mm/year) zones in the north 

(Bassett & Turner, 2007). However, a combination of social and ecological factors has compelled these 

herders to move towards the Sudanian and Guinean zones, Figure 3. The Sahel has experienced a 20 

percent decrease in rainfall over the past few decades making it very vulnerable to desertification 

(Woomer et al., 2004); vegetation zones have shifted towards the south at  a rate of 0.5 - 0.6 km/year−1 

(Gonzalez, 2001). In addition, to the increasing aridity of the Sahel, increased human population has 

increased the need for agricultural production. Since 1965, Sahelian grasslands have been converted 

into rainfed croplands (Woomer at al., 2004). Also, irrigation projects in the Senegal River basin have 

caused many high quality pastures in the north of Senegal to be converted to agriculture (Figure 2) 

(Adriansen, 2008). As a result, migratory pastoralists of southern Mauritania and northern Mali and 

Senegal (mainly those of the Fulɓe ethnicity) follow the vegetation farther south during the dry season 

(Bassett & Turner, 2007; Gonzalez, 2001).  

Transhumance farther south has also been partially facilitated by the devastating droughts of 

1973-74 and 1984. The people of the Sahel have traditionally made their living off of pastoral livelihood 

strategies. With the droughts many lost their herds, either through the sale of their animals to 

southerners or from death caused by starvation. These people moved into the cities and villages and 

looked for work (often as herders) and land. Those who rebuilt their herds and continue to make their 

living off of their herds now have more relations in the south. This facilitates their movement.  In 

addition, the southern forests were once off-limits to herding due to the prevalence of the 

trypanosomiasis-transmitting4 tsetse flies (Glossina sp.).  Due to the increased accessibility of medicines 

and breeds resistant to the disease, the tsetse fly presence has become less of a concern to pastoralists 

                                                           
4
 Trypanosomiasis, also called ‘Nagana,’ is a disease caused by the parasite Trypanosoma brucei which causes 

lethargy, anemia, and weight loss in animals.  The disease can be fatal (Roditi & Lehane, 2008).   
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(Adriansen, 2008; Bassett & Turner, 2007; Moritz, 2006). The need for fodder and the decreased risk of 

fatal infection from tsetse flies has made the southern forests more important to pastoralists.  

 The pastoralists have recently begun to appear in the savanna woodland of Kedougou. To 

obtain fodder, these sheep herders cut off the crowns of selected tree species. Conservationists 

interested in Senegal’s chimpanzee populations have stressed the importance of understanding 

competition over resources between humans and chimpanzees and noted that there is a pressing need 

to research the threats to this small population in Senegal in order to guide conservation planning 

(Kormos & Boesch, 2003). There is concern among the conservation community that the loss of the 

crown may cause a significant loss in leaf and fruit biomass, important dietary resources for 

chimpanzees. This loss could then contribute to further chimpanzee population decline. The locally-

based NGO Wolo Nafaa has taken an interest in learning more about the pruning practices and has 

consulted with Dr. Jill Pruetz, a leading primatologist working in Senegal, about this issue. Dr. Pruetz 

guided me to a study site where chimpanzees were hunted in retribution for the stealing of livestock 

(Dr. J. Pruetz, personal communication, 2/2009). Likely the chimpanzees at this site are especially 

stressed for resources and may be especially impacted by the herders.  

The aim of this study is to better understand the practice of tree pruning and whether or not 

this practice may have an impact on the endangered chimpanzee populations in Senegal. It uses both 

geospatial modeling with Geographic Information Systems (GIS) and field research to identify habitats 

and species which are used by both chimpanzee and herders. This can help determine if herder use of 

the area may decrease the availability of resources to chimpanzees. Spatial modeling has become 

increasingly important in mapping suitable habitat, i.e., the ecological niche, for a species (Guisan & 

Zimmerman, 2000). Only a few studies have tried to understand the relationship between primate 

presence and environmental factors using species distribution modeling (Plumptre et al., 2010; Strickler 

& Southworth, 2008; Torres et al., 2010). In Senegal, where the distribution of chimpanzees is poorly 
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understood (Kormos & Boesch, 2003), the use of high resolution remote sensing data in species 

distribution models can help conservationists understand the factors which contribute to chimpanzee 

presence. As forest users whose distribution is also influenced by unknown environmental variables, the 

distribution of herders can also be predicted using species distribution modeling.  The distributions of 

both users can be compared to identify probable areas of conflict.  

Many studies have looked at chimpanzee – human conflict over resources (Brugiere et al., 2009; 

Hockings, 2009; Pruetz, 2003; Tweheyo et al., 2005); these studies have been based on methodologies 

from behavioral ecology and/or ethnography. Primatologists rarely use GIS-based methodologies to look 

at human - wildlife conflict. Predicting human – wildlife conflict in GIS has mostly utilized change 

detection analysis, where satellite imagery is analyzed to quantify changes in land use over time (Hartter 

& Southworth, 2009; Pintea et al., 2003). Thorn et al. (2009) incorporated species distribution modeling 

with anthropogenic risk assessment by categorizing predicted suitable habitats for slow lorises 

(Nycticebus spp.) into risk classes based on their proximity to roads and agriculture. Only one study has 

used species distribution modeling to predict human use of the landscape; they found that human use 

was highly predictable (Stolghren et al., 2010). Despite this finding, my study is the first study to use 

species distribution modeling to study conflict over resources.  As species distribution modeling has 

proven a useful tool for conservation planning for chimpanzees (Plumptre et al., 2010), this analysis can 

also help guide local-scale land use management decisions surrounding resource competition. 

The specific research questions addressed by this study are: 

1. Which species of trees are the herders using for fodder? 

2. What habitats are preferred by both users? 

3. Is the amount of overlap between the herders’ preferences and chimpanzees’ preferences 

significant? 
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Methods 

 

The research was done with two complimentary methods.  Geospatial analysis with species 

distribution modeling used satellite imagery to produce landscape-scale results.  Field data provided the 

basis for statistical analysis of habitat use at the fine-scale. 

Site Description 

 

Senegal is located between 12° and 17°N and 10° and 17°W – approximately midway between 

the lush rainforests situated along the southern coasts of West Africa and the Sahara Desert of northern 

Africa.  Thus rainfall varies along a gradient from north to south, with the northerly regions seeing 200-

400 mm/year to the south having over 1600 mm/year (Bassett & Turner, 2007). The population of 

Senegal is currently estimated to be 14.1 million, and growing annually at a rate of 2.7 percent (Central 

Intelligence Agency, 2010). Field research took place in the forests and savannas around a few villages in 

the Bandafassi arrondissement (12°19N, 12°19W) of the Kedougou départment in the Kedougou region.5   

The village of Bandafassi is the commune-seat,6 with a population of approximately 2,000. It is 

inhabited mostly by people from the Fulɓe ethnic group, which is very closely related to the majority 

population of northern Guinea. They speak Pulaar and are mostly Muslim. The majority of villagers are 

subsistence farmers, although being a commune seat, there are also government workers and school 

teachers in Bandafassi. The commune has a population of approximately 12,000, equaling about 18 

inhabitants per km2 in 42 villages (Pison et al., 2002). Two of the villages in my study site, Indar and 

Etiouar, are inhabited by people of the Bedick ethnic group. Both villages have populations of less than 

200 people. The Bedick people speak Bedick and are one of the most marginalized ethnicities in Senegal. 

                                                           
5
 There are 14 regions in Senegal, each subdivided into smaller départments. The départments are further divided 

into arrondissements. Prior to 2008, Kedougou had been a départment in the region of Tambacounda.  
6
 Arrondissements are further divided into communes; there are four communes in the Bandafassi arrondissement.  
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Although more and more people have been converted to Christianity over the years, animist beliefs are 

still a fundamental part of Bedick culture.  Both groups of people, Bedick and Fulɓe, rely heavily on the 

forest for wild fruits, bushmeat, medicines, fodder, and timber for construction. 

For the geospatial analysis, the study site was expanded beyond the field site to include the hilly 

area to the west, equaling approximately 25,557 ha (Figure 4). This area is one of the wettest regions in 

the country, with precipitation ranging from 800 - 1100 mm annually, falling primarily between July and 

October. The average temperature is 25°C from November to January and 33°C from April to May 

(Hejcmanovā-Nežerková & Hejcman, 2006). It is part of the Manding Plateau, an area which extends 

throughout western Mali, southeastern Senegal, and northern Guinea. The Manding Plateau is 

distinguished by the sandstone mesas which lie at the northern foot of the Fouta Djallon in Guinea 

(Duvall, 2001). Thus, the topography in the study site varies from rolling hills and steep-sided mesas to 

the wide flood plains of the Gambia River. The topography and high rainfall make this region one of the 

most floristically diverse parts of Senegal (Ibid.). Most of the Manding Plateau has not been surveyed by 

botanists; very few studies have been done on the vegetation structure and composition (Ibid). But, 

generally, the vegetation community is classified as ‘Sudano-Guinean savanna woodland.’  This applies 

to a wide range of different vegetation communities, including: grasslands, wooded grasslands, 

woodland, gallery forests, and ecotone forests (Pruetz et al., 2002)



Figure 4. The study site is in the Bandafassi arrondisement of Senegal. 
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Data  

Field data was collected exclusively within the known home range of the chimpanzees living in 

the area (Figure 6). I determined the exact location of the home range by using a hand-held Global 

Positioning System (GPS) (Garmin, model no. 60).7  For the geospatial analysis, I also used the visible and 

near-infrared (NIR) bands from an ASTER L1A image (02/09/2008; 15 m resolution).  This image was 

selected because it was the most recent dry season image that was available. A dry season image was 

chosen to avoid clouds and to provide better distinction between the evergreen gallery forests and the 

deciduous woodland forests. Also, an ASTER global digital elevation model (GDEM) (2009, 30 m 

resolution) was used in the analysis. ASTER GDEM is a product of METI and NASA. These ASTER datasets 

are distributed by the Land Processes Distributed Active Archive Center (LP DAAC), located at the U.S. 

Geological Survey (USGS) Earth Resources Observation and Science (EROS) Center (lpdaac.usgs.gov). 

Shapefiles derived from digitizing features (i.e., roads and villages) were created from Google Earth 

(Cnes/Spot image, 2011; DigitalGlobe, 6/22/2003). Shapefiles of administrative units were found on the 

spatial database Global Administrative Areas (GADM) (GADM, 2009).    

Data Collection 

 

In the field, I collected the data for both chimpanzee and herder presence with quadrat 

sampling and line transects during July and August of 2009. In total, approximately 80 km of randomly 

placed transects were followed to count nests and 396 plots were used to count trees. This data 

provided the basis for fulfilling the objectives of the study. I used the random number generator on a 

hand-held calculator (Texas Instruments, model no. 82) to randomly select the direction for transect 

                                                           
7 Soumaila Gilbert Camara was the primary source of information on the chimpanzees in the area. He is an ex-

hunter and had been hired and trained by Dr. Jill Pruetz to track chimpanzee movement daily. Camara was also 

invaluable for his help with spotting and identifying chimpanzee nests, feces, and food scraps.  
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lines. The width of the transect lines was set at 40 m. The openness of the vegetation in Senegal makes 

visibility easier, so this width is wider than nest survey transects done in more dense vegetation; it is the 

width used in previous surveys in Bandafassi and other locations with similar habitats (Pruetz et al., 

2002). Transects were the primary method I used to locate and count chimpanzee nests. I recorded the 

location and habitat type (Table 1) of these events with the GPS. I counted all nests without regard to 

age.8   I used nest presence as a proxy for chimpanzee presence (Figure 5b).  

a) 

 

b) 

 

Figure 5. Pruned trees, like this Bombax costatum, were used as a proxy for herder presence (a) and nests were 

used as a proxy for chimpanzee presence (b). 

 

                                                           
8 Nest density is often used to estimate the chimpanzee population density because all weaned chimpanzees will 

make a sleeping nest each day (Baldwin et al., 1981). However, because this study was only interested in looking at 

which habitats chimpanzees are present in (and not at estimating population), the age of the nests was not taken 

into account.  



34 

 

 

Figure 6. Nearly 400 vegetation plots were sampled in the field site. 

 

Along the transect lines, every pruned tree that I detected was identified to species,9 counted, 

and located with a GPS. I used pruned trees as a proxy for herder presence (Figure 5a). In terms of 

collecting data on trees, these transects were mostly useful for identifying rare fodder species. Quadrat 

sampling was better at capturing the relative densities and frequencies of herder presence in different 

land use/land cover (LULC) classes.  I measured plots of 100 m2 every 200 m along transect lines; the 

center of each plot occurred on the transect line (Figure 6). I counted all woody vegetation in each plot. I 

                                                           
9 I identified plant species with the help of local people, including Camara. Species were named in the local 

language. I then collected specimens and determined the scientific names by using a plant identification guide 

(Von Maydell, 1983). I further classified species as either fodder or non-fodder species. The determination of this 

was dependant on local knowledge and observations in the field.  
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identified all fodder species and counted the number of individuals for each species. I recorded diameter 

at breast height (DBH) for all fodder species. I evaluated each tree to determine whether or not it had 

been pruned; if it had been pruned it was noted whether or not leaves were growing back or if it 

appeared dead. I categorized the plots into different land use/land cover (LULC) classes.  Table 1 

describes the criteria for determining the LULC categories. The classification of the LULC was based on 

the definitions used by Pruetz, which followed the definitions of preceding primatologists which had 

worked in the area (Pruetz et al., 2002; McGrew et al., 1981). Woodland is the most common habitat 

type, compromising nearly 50 percent of the landscape. These forests can be found on hillsides and in 

floodplains. They are relatively open and lack a continuous canopy cover. Trees range in height from 5 to 

15 m (Baldwin et al., 1981; McGrew et al., 1988; Pruetz, 2006). Woodland forests in the highlands 

around Bandafassi are dominated by Pterocarpus erinaceus and Prosopis africana (Fredericksen & 

Lawesson, 1992).  Bamboo habitat (Oxytenenthera abyssinica) usually has some overstory trees, with 

species common to what would be found in a woodland overstory. However, they are distinguished 

from woodland by being completely dominated by bamboo in the understory (Pruetz et al., 2002). Like 

woodland, shrubland is a relatively open habitat which is dominated by woody species less than 2 m in 

height. Common shrubs include: Piliostigma thonningii, Ziziphus mucronat, and Acacia nilotica. Savanna 

is also referred to as ‘plateau’ in the literature, as it is most commonly found on the tops of the 

sandstone mesas which characterize the area (Pruetz et al., 2002; Pruetz, 2006). It is defined as a 

predominantly grassy area with few trees or shrubs. Some tall trees can be found along seasonal 

watercourses and seepages (Baldwin et al., 1981). Common tall trees found in the savanna include: 

baobab (Adansonia digitata), kapokier (Bombax costatum), and palms (Borassus aethiopum, Phoenix 

reclinata). Savanna, shrubland, bamboo, and woodland are all shaped by bush fire. Bush fires (both 

manmade and natural) are a frequent disturbance (Mbow et al., 2004).  



36 

 

 Gallery forests occur in steep-sided valleys and ravines and along watercourses. Because of 

topography and high soil moisture, these forests are protected from bush fires (Duvall, 2003; Mbow et 

al, 2004). They are characterized by a closed canopy ranging in height from 10 to 40 m (Baldwin et al., 

1981; Pruetz, 2006). Gallery forests usually occur in small patches (Duvall, 2001; Lykke, 2000). However, 

in Bandafassi there are no true gallery forests (Pruetz et al., 2002). The forest type most similar to 

gallery forest in the study site is classified as ‘ecotone forest.’  These are forests which are formed when 

water runoff from the plateau edge feeds evergreen vegetation in the valleys which surround the 

plateaus (Pruetz et al., 2002). These evergreen forests are dominated by Raphia sudanica, Pterocarpus 

erinaceous, Saba senegalensis, Khaya senegalensis, Afzelia africana, and Landolphia dulcis. They are 

similar in distribution, structure, and composition to gallery forests but they have no surface water, not 

even during the rainy season.  In terms of function for humans and chimpanzees, ecotone forests are 

very similar to gallery forests. Thus, I referred to these ecotone forests in Bandafassi as ‘gallery forests’ 

throughout the remainder of the paper.  

Table 1. Different habitat types in savanna woodland are defined (Pruetz et al., 2002). 

Land Use / Land Cover Class Criteria 

Savanna 
Narrow-leaved grasslands with 

isolated deciduous trees 

Shrubland 

Narrow-leaved grasslands; with 

disparate clusters of deciduous 

woody vegetation that does not 

grow above two meters 

Woodland 
Tropical semi-deciduous lowland 

forests 

Gallery Forest 

Evergreen forests, less dense 

than woodland forests, with 

more large trees and less 

understory 

Agriculture 
Land is currently under 

cultivation 

Development 

Presence of a village, or a 

functioning road, well, or 

granary  
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Geospatial Analysis: Species Distribution Modeling 

 

I combined geospatial data with the field data to model the distribution of both humans and 

chimpanzees in the savanna woodland. The areas where these distributions overlap represent areas 

where the likelihood of conflict may be high. I used the species distribution modeling algorithm, Maxent 

(Phillips et al., 2004), a user-friendly presence-only algorithm based on maximum entropy principles that 

has been shown to perform well when compared to other approaches (Elith et al., 2006). Maxent 

(version 3.3.1) combines point occurrences of species (presence points collected from the field) with 

environmental layers or predictors and compares these points to the available background data 

(pseudo-absences or random points) which characterizes the larger study area. The model tries to fit a 

distribution to match the mean of all the environmental predictors as loosely as possible (Elith et al., 

2006; Phillips et al., 2004). Running Maxent results in a detailed statistical report, including a jack-knife 

analysis, a Receiver Operating Characteristic (ROC) curve and its associated ‘area under the curve’ (AUC) 

value, as well as plots of each variable’s contribution to the resulting model (Appendix 2). The map of 

habitat suitability ranges from 0 - 1. I chose the cut-off value which maximized training sensitivity plus 

specificity, as recommended by the Maxent output (0.397 for chimpanzees and 0.349 for herders). 

Areas of herder – chimpanzee conflict were identified by examining the areas of overlap between both 

distributions.  

Point Occurrences 

The number of presence points for herders was greater than those for chimpanzees, but both 

datasets were small – with 57 presence points for chimpanzees and 200 presence points for herders. I 

converted these points into shapefiles using the DNR Garmin program (Version 5.4.1), and then 

combined them into one .csv file to input into Maxent. I projected all the data into UTM WGS 28N.  
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Environmental Predictors 

The environmental predictors used in this analysis are summarized in Table 2. Vegetation is the 

main determinant in both chimpanzee and herder movement, so an accurate model which predicts their 

distribution depends on an accurate LULC layer. The LULC classes used in this analysis are summarized in 

Table 1. 

An ASTER satellite image (15 m spatial resolution) was used to characterize LULC for the region. 

The image was georectified with my field-collected GPS points (1st order polynomial, RMS < 0.5 pixel) 

and then the ASTER GDEM, a Landsat 5 Thematic Mapper image (3/2003), and the other geospatial 

layers were registered to it (ERDAS Imagine 9.3).  

To make a LULC layer I created a Normalized Difference Vegetation Index (NDVI) using the 

following formula: 

��� –  ���

��� +  ���
 

(Rouse et al., 1973). As a preliminary step, I performed an unsupervised classification (ERDAS Imagine 

9.3) on the visible and NIR bands of the ASTER image and the NDVI to understand the variety of spectral 

signatures in the study site. I used the ‘Iterative Self-Organizing Data Analysis Technique’ (ISODATA) with 

15 classes and 20 iterations. This technique clusters the pixel signatures. These clusters can then be 

classified by the user. This classification was unable to differentiate between agriculture, savanna, and 

shrubland.  Thus, I performed a supervised classification. I created training data by digitizing polygons on 

to the image after visually validating the area on Google Earth (Cnes/Spot image, 2011; DigitalGlobe, 

6/22/2003).  I routinely verified these signatures using the image alarm tool, the contingency matrix, 

and by examining their histograms.  I redid the classification numerous times with numerous sets of 

signatures. I used the Maximum Likelihood decision rule; this rule has been shown to be the most 

effective algorithm for normally-distributed spectral classes (Chen, 2009). I performed an accuracy 

assessment (with 356 ground-truthed points) on all iterations of the classification process. I chose the 
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classification scheme which produced the best accuracy with the gallery forest LULC class for the species 

distribution model.  

In the final map, the ‘agriculture’ LULC class encompasses both settlements and other 

development features. This is because during the dry season both cropland and villages are primarily 

bare earth and have indistinguishable spectral signatures (at least in the visible and NIR bands).  I also 

did not include a ‘bamboo’ LULC class because this class is defined by the understory species 

(Oxytenenthera abyssinica) and could not be easily distinguished from other vegetation types. Areas of 

bamboo plots were likely classified as gallery forest or woodland, depending on the overstory.   

                                                                                                                                                                                                    

Lande

Tiokitian
Etiess

Angel

Bandafassi & Indar

Ndebou

WGS 84, UTM 28N
(B. Massa, 2/11)

Ibel

Namel

Ü

0 5 10 KilometersLand Use / Land Cover Types

Woodland

Shrubland

Savanna

Gallery Forest

Agriculture

Major Roads

Villages

Figure 7. Supervised classification, using the visible, near infrared, and NDVI bands, produced the most accurate fine-

scale land use/land cover map for the gallery forests in the study area. 
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Topographical position is one the most important determinants used to explain plant 

communities in the savanna woodland (Hejcmanovā-Nežerková & Hejcman, 2006); this is because 

topography influences soil moisture. Topographical Relative Moisture Index (TRMI) is created by 

combining the effects of slope, its aspect, configuration, and steepness to approximate the relative soil 

moisture in mountainous terrain. These variables predict where water collects and where it runs off, and 

this, in turn, can be used as a model to show where soils are wet and dry (Parker, 1982).  Additionally, 

the NIR band and the NDVI were used as environmental variables because of their ability to pick up 

greenness in the vegetation. 

Finally, I used Google Earth (Cnes/Spot image, 2011; DigitalGlobe, 6/22/2003) to digitize 

features and create layers for both villages and roads. These layers were analyzed by making cost-

distance surfaces, which were then used as environmental layers for the model. The cost-distance 

surface for villages signified the increased cost to both chimpanzees and herders as they came in 

increasing proximity to villages. Both groups search for forest resources and so, these developed areas 

would likely be avoided. Agriculturalists may consider both chimpanzees and herders in slightly negative 

terms; thus it is likely beneficial for both users to avoid being a nuisance to settled people. The cost-

distance surface for the roads was used only in the herder model; it signified the increased cost to 

herders as they moved further from the roads. I assumed that increasing distance from roads would be 

costly for herders because it would increase the chances of becoming lost. However, this assumption 

has not been verified by any herder. Chimpanzees display cautious behavior at road crossings but do 

cross roads regularly (Hockings, 2009). 
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Table 2. Seven environmental predictors used in Maxent. 

 

Environmental Predictor Description 

LULC  15 m resolution classified map of 6 LULC classes 

produced from ASTER image 

Topographic Relative Moisture Index  Created by combining the effects of slope, its 

aspect, configuration, and steepness to 

determine the relative soil moisture in 

mountainous terrain, produced from 30 m ASTER 

digital elevation model 

Elevation  30 m ASTER digital elevation model used to 

model the effect of altitude 

Distance to Roads Used to represent the increasing cost to herders 

as they move further from roads, produced from 

digitizing-in features from Google Earth 

Distance from Villages Used to represent the increasing cost to both 

chimpanzees and herders as they approach 

villages, produced from digitizing-in features 

from Google Earth 

NDVI Index of vegetation greenness,                 

produced from 15 m ASTER image 

NIR Used to detect greenness, high values are 

indicative of green vegetation,                  

produced from 15 m ASTER image 



Ü Cost Distance from Villages

Villages High : 36701.6

Low : 0

TRMI
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Low : 5

NDVI

High : 1

Low : 0

NIR

High : 99

Low : 0

Topography

Elevation (m)
180

0

0 10 205 Kilometers

Cost Distance from Roads

Roads High : 25038.2

Low : 0

WGS 84, UTM 28N
(B. Massa, 3/2/11)

Figure 8. Environmental predictors used in Maxent. 



Statistical Analysis of Habitat Use 

 

To understand the use of habitats by chimpanzees and herders in the field site at Bandafassi, I 

modeled my field data using the Dirichlet distribution drawing, simulations from the Markov Chain 

Monte Carlo algorithms (Martin et al., 2010). The Dirichlet distribution is used for multinomial data 

when one wants to model the probability of choosing one item from a set of available items, when 

repetition and probabilities of each item in the set adds to one, i.e., p1, … pn (Dr. S. Qian, personal 

communication, 10/2010).  In other words, the probability of drawing one item depends on the 

probability of drawing another item.  The probability density of the Dirichlet distribution for variables 

with parameters p = (p1,…, pn) , i.e., the different types of habitats which occur at different probabilities 

across the landscape, and α = (α 1, …, α n),    the observed counts, i.e., nests or pruned trees, is defined by: 

p(p) = Dirichlet(p; α) = 
�

�(�)
 ∏ � 

� !"#$
 %�  

when  ��, … , �$ ≥ 0; ∑ � = 1$
 %�    and  )�, … , )$ > 0.The normalization constant Z(α) is: 

Z(α) = 
∏ +(�! ),

!-#

+(∑ �!),
!-#

 

Let ). =  ∑ ) 
$
 %� . The mean and variance of the distribution are:  

 
E[pi] = 

�!

�2
  

and  
Var[pi] = 

�!(�23�!)

�2
4(�25�)

 

This approach has been successfully used to analyze data that has frequency counts which vary 

over different categories (Zhang, 2007). This distribution is appropriate for presence-absence data in 

multiple habitat types (Dr. S. Qian, personal communication, 10/2010). Humans and chimpanzees have a 

limited set of habitats to use and the frequency with which they use these habitats depends, on part, on 

the availability of the habitat.  Thus, when the use of one habitat decreases the probability of the use of 

another habitat changes, in other words, the probabilities of use are not independent. For this 
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distribution, I calculated the frequency of nests and herder presence in each LULC class. These observed 

frequencies were used in the model as observed probabilities. I did not include the development LULC 

class in this analysis because developed areas showed no indicators of use by chimpanzees or by 

herders.  I ran 10,000 simulations drawn from the MCMC using random numbers based on the initial 

observed probabilities. I generated independent Dirichlet distributions for use of habitats by both 

chimpanzees and humans; these are bound from (0, 1). I then summed the use by humans and 

chimpanzees.  This results in the probable frequency of use by both groups; because it is a sum of two 

distributions it is bound from (0, 2).  The proportion of probabilities which is greater than one (x > 1) 

represents the probability of overuse. The proportion of probabilities equal to one signifies the 

probability of a habitat being used to its full capacity.  The proportion which is less than one represents 

the probability that the habitat can be used by both groups without conflict (Dr. S. Qian, personal 

communication, 10/2010).  
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Results 

Which species of trees are the herders using for fodder? 

Nine tree species were identified as being used as fodder by nomadic pastoralists. The species 

came from five families. At least five (see footnote on following page) of these species are also eaten by 

chimpanzees (Pruetz, 2006) and three species were observed to be used by chimpanzees for nesting 

(Table 3).  

Table 3. Ligneous plant species used by pastoralists 

Species Family Primary Habitat Used by 

Chimpanzees10 

Acacia polyacantha Fabaceae Woodland No 

Acacia senegal  Fabaceae Woodland No 

Acacia seyal
11

  Fabaceae Shrubland Yes: bark/cambium 

Bombax costatum Malvaceae Woodland, 

Agricultural Land 

Yes: flowers and 

unripe fruit 

Ficus ingens Moraceae Woodland Yes: unripe fruit 

and leaves, nesting 

Khaya senegalensis Meliaceae Woodland Yes: nesting 

Pterocarpus erinaceus Fabaceae Woodland Yes: bark, fruit, 

flowers, nesting 

Zizyphus species 1 Rhamnaceae Shrubland Yes: fruit 

Zizyphus species 2 Rhamnaceae Shrubland Yes: fruit 

 

 

                                                           
10

 The part of the tree used for dietary purposes was determined by Dr. Jill Pruetz (2006); trees were determined 

to be nesting trees if nests were found in those species, i.e., through direct observation.  
11

 Acacia seyal is often confused with Acacia ehrenbergiana; the two species look very similar but the latter is more 

typical of areas with precipitation equal to 50-400 mm/year, whereas the former is in wetter areas (400-800 

mm/year). Both species are commonly used for fodder (ICRISAT, 2010; Dicko & Sikena, 1992). According to Pruetz, 

the bark of Acacia ehernbergiana is consumed by chimpanzees during the dry season (Pruetz, 2006). Acacia seyal 

has not been noted by Pruetz to be eaten. It is unclear whether or not the trees in Bandafassi are also Acacia 

ehrenbergiana, as they are in Pruetz’s study site. In this case, they might not be consumed by chimpanzees.    
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Maxent and the Dirichlet model were used to answer the remaining research questions. The geospatial 

analysis is provided first, followed by the statistical analysis of habitat use.  

Species Distribution Modeling 

What habitats are preferred by each group?  

The species distribution models generated by Maxent predict that chimpanzees prefer gallery 

forests while herders prefer woodlands (Table 5 and Figure 9).  Nearly 59 percent of the available gallery 

forests are predicted to have chimpanzee nests and 46 percent of these forests are also predicted to 

have trees which have been cut for fodder.  Woodland habitat is also expected to have signs of both 

users.  Nests are predicted to be found in 40.8 percent and cutting is predicted to occur in 73.3 percent 

of the habitat.  The predicted use of the other LULC classes is small (Table 5). Both distribution models 

have high accuracy, the herder distribution had an AUC score of 0.906 (with training data) and the 

chimpanzee model had an AUC score of 0.942 (with training data), see Appendix 2.  The thresholds I 

chose to make the binary presence-absence maps (Figure 12) were the values which had maximum 

training sensitivity plus specificity, as recommended by Maxent.  This value equaled 0.397 for 

chimpanzees and 0.349 for humans. These values produce a true–positive rate of 0.89 for herders and 

0.90 for chimpanzees, meaning that most of my field-collected presence data was classified as 

‘presence’ in these distributions. It is important to understand that Maxent’s prediction of presence is 

simply the probability that a cell in the dataset will have the species of interest based on the 

characteristics of the cells which represent the presence data. Whether or not these areas of predicted 

distributions will actually be used by a herder or chimpanzee is based on a multitude of other factors not 

tested in these models. Without actually going into the field and observing presence or absence in these 

predicted areas it is impossible to know the actual distribution of both users.  Maxent is one of the best 
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tools conservationists have for predicting probable distribution in the absence of large-scale field 

surveys (Elith et al., 2006). 

For both distributions, LULC contributed the most information to the model (Table 4).  These 

distributions were analyzed to compare the areal extent of the chimpanzee and herder distribution with 

regards to LULC class (Table 5).Herder distribution was also heavily influenced by NIR.  The ASTER NIR 

band records values between 0.76 - 0.86 μm. Low reflectance values correspond to areas of vegetation; 

higher values correspond to bare soil and water. Areas of mid NIR values are more likely to be 

frequented by herders than areas of low or high NIR values, Figure 10.  Herder presence is predicted 

mostly in woodland; it makes sense that they are in areas of moderate NIR reflectiveness – indicating 

areas that are not too vegetated and not too bare.  Chimpanzee presence is most likely in areas off low 

to mid NIR values, but then their presence drops off precipitously at high values – this too makes sense 

given that high NIR values correspond to agriculture and development LULC classes – both areas which 

chimpanzees tend to avoid, Figure 10. NDVI also had a clear influence on chimpanzee distribution, with 

areas of high NDVI corresponding to higher probability of presence. This was expected because high 

NDVI values have a positive relationship to high greenness. There was no clear relationship between 

herder presence and NDVI, Figure 11. In the end, the ‘Distance to Roads’ layer was removed from the 

model because the road network used is likely inadequate; small roads and trails are not seen on Google 

Earth (Cnes/Spot image, 2011; DigitalGlobe, 6/22/2003).  
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Table 4. Variable contribution to modeled distributions.

Environmental 

Variable

LULC

NIR 

NDVI

Elevation

TRMI

Villages

 

 

a)

Figure 10. Chimpanzee (a) and herder (b) responses to NIR

their average values. 

a) 

Figure 11. Chimpanzee (a) and herder (b) responses to NDVI, when all other environmental predictors are kept at 

their average values. 

 

 

Variable contribution to modeled distributions. 

Environmental 

Variable 

Chimpanzee 

Predicted 

Distribution 

Human 

Predicted 

Distribution 

LULC 71.8 64.3 

 6.9 17.8 

NDVI 7.5 3.7 

Elevation 5.3 3.7 

TRMI 4.6 1.7 

Villages 3.9 8.8 

 b)

Chimpanzee (a) and herder (b) responses to NIR, when all other environmental predictors are kept at 

 

. Chimpanzee (a) and herder (b) responses to NDVI, when all other environmental predictors are kept at 

 

, when all other environmental predictors are kept at 

b) 

. Chimpanzee (a) and herder (b) responses to NDVI, when all other environmental predictors are kept at 
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Figure 12. Species distribution modeling with Maxent predicts the probable range of both herders and chimpanzees. 



 

Table 5. Areal extent of habitat used by chimpanzees and humans. 

 Chimpanzee 

Use 

Human 

Use 

Shared 

Use 

Total 

Available 

 

Area (ha) 

Gallery 

Forest 1088.14 858.80 781.43 1852.20 

Woodland 4330.40 7782.53 4109.69 10620.20 

Shrubland 630.95 1056.02 392.67 9627.30 

Savanna 67.03 0 0 815.47 

Agriculture 33.89 94.25 15.80 2641.88 

Total 6150.40 9791.60 5299.65 25557.05 

 

 

 

 

Figure 13. This map represents the shared range of the two groups.  It has been classified into its different LULC 

types.  Most of the shared range is predicted to be in forested habitats. 
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Is there overlap between the herders’ preferences and chimpanzee preferences? 

Herders and chimpanzees are predicted to share approximately 21 percent of the study area, 

see Table 5.  Herders are predicted to be using around 86 percent of the area which is likely to be used 

by chimpanzees. This coexistence affects the gallery forests the most; 42 percent of gallery forests are 

predicted to show signs of both users.   A large percentage (38.7) of the woodland habitat is also 

predicted to have signs of both users, and in absolute terms, this accounts for the largest area which is 

shared. Not surprisingly, shrubland and agriculture make up very small portions of the area used by both 

groups, together only equaling 2.25 percent of the total amount of shared land and this area is only a 

very small proportion of the total land area classified as these LULC classes (4 percent and 0.6 percent, 

respectively).  
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Statistical Analysis of Habitat Use 

What habitats are preferred by each group?  

The observed frequencies indicate that chimpanzees prefer gallery forests. The density of 

chimpanzee nests differed between habitats but gallery forests made up the most significant proportion 

of nesting sites despite being relatively rare on the landscape.   Herders also used a high proportion of 

the available gallery forests, although, in absolute terms, they used mostly woodland (over 100 

woodland plots showed evidence of herder presence). These results are summarized in Table 6.  

Table 6. Distribution of habitat types a) over the whole landscape and b) used by each group,  

as observed in the field. 

a) Percent of landscape 

represented by each habitat 

b) Observed relative frequency 

of use 

  By herders By chimpanzees 

Gallery forest 4.5% 65% 75% 

Woodland 49.6% 57.2% 6.8% 

Savanna 14.7% 7.6% 1.5% 

Shrubland 12.3% 45.5% 0% 

Bamboo 1.6% 14.3% 0% 

Agriculture 17.4% 61.5% 0% 

Total  48.9% 6.9% 

 

These observed frequencies of use (Table 6) were used as the modeled probabilities in the Dirichlet 

distribution. These models were simulated 10,000 times. The standard deviations of the 10,000 

iterations indicate the reliability of the model to produce consistent results. Low standard deviation 

values show low variability between simulations, indicating that the model produces consistent results 

over many simulations (Table 9) 
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(i) Gallery Forests (ii) Woodland (iii) Bamboo 

   
(iv) Shrubland (v) Savanna (vi) Agriculture 

  

 
Figure 14. Histograms represent the probable use of each habitat by herders, as generated by the Dirichlet 

distribution. The x-axis represents the probability of use; the y-axis represents the frequency at which that 

probability was generated by the model. 

 

The Dirichlet model indicates that the herders prefer to use gallery forests. This habitat shows 

the greatest amount of probabilities which are greater than 0.5 (17.5 percent of the probabilities are 

0.5). However, the most frequent probability of use by herders for all habitats is close to zero, this 

indicates that herder use is not very probable in any habitat (Figure 14). Most of the chimpanzee 

distributions also show this prediction, except for with gallery forests. In this case, the most frequent 

Herder Use of Agriculture 

F
re

qu
en

cy
 

   0 0.4 0.8 

0

1000 

2000 

Herder Use of Savanna 

F
re

qu
en

cy
 

   0 0.4 0.8 

0

4000

8000

Herder Use of Shrubland

F
re

qu
en

cy
 

  0 0.4 0.8 

0

1000

3000

Herder Use of Bamboo 

F
re

qu
en

cy
 

  0 0.4 0.8 

0

2000

6000

Herder Use of Woodland 
F

re
qu

en
cy

 
  0 0.4 0.8

0

1000

2000

Herder Use of Gallery Forests

F
re

qu
en

cy
 

  0 0.4 0.8

0

500

1500 



55 

 

probability is equal to 1, meaning that it is most probable that all of the gallery forests will show signs of 

use by chimpanzees (Figure 15, Table 7). 

(i) Gallery Forests (ii) Woodland (iii) Bamboo 

 

 
  

(iv) Shrubland (v) Savanna (vi) Agriculture 

   
Figure 15. Histograms represent the probable use of each habitat by chimpanzees, as generated by the Dirichlet 

distribution. The x-axis represents the probability of use; the y-axis represents the frequency at which that 

probability was generated by the model. 
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Table 7. The 50th and 75th percentile values for the herder and chimpanzee distributions. 

 Chimpanzee Use Herder Use 

 50 

percentile 

75 

percentile 

50 

percentile 

75 

percentile 

Gallery 

Forest 
1 1 0.190 0.410 

Woodland 0 0.02 0.150 0.360 

Bamboo 0 0 0.002 0.050 

Shrubland 0 0 0.100 0.270 

Savanna 0 0 0.000 0.001 

Agriculture 0 0 0.170 0.380 

 

Is there overlap between the herders’ preferences and chimpanzee preferences? 

The sum of the chimpanzee and herder distributions represents the probability of each habitat 

type being used by both groups (Figure 16) (Dr. S. Qian, personal communication, 10/2010). Values (x) > 

1 suggest that the habitat is being shared. The probability of x > 1 varies between habitats, with the 

greatest probability of overuse occurring in gallery forests. Here 82.33 percent of the generated values 

are greater than one. The 75th percentile value for gallery forests is equal to 1.35 (Table 8); this indicates 

that the median probability of values over 1.13 (the median) is less than 1.5, which suggests that most 

of the predictions of shared use indicate that less than half of the gallery forests will show signs of both 

users.  Woodland is predicted to have only 3.43 percent of values of x > 1, and savanna has 0.07 percent 

of its values of x > 1. Their 50th and 75th percentile values are also less than 1 (Table 8). Thus, the 

probability of these habitats to be overused is low. Bamboo, shrubland, and agriculture show zero 

values of x > 1, indicating that there is no chance that these habitats will be overused. The small 

standard deviation values for x > 1 in each habitat type indicates that the 10,000 iterations of the model 

produced very similar results (Table 9). Thus, these results can be taken as good predictors of probability 

of habitat overuse. 

 



57 

 

(i) Gallery Forests (ii) Woodland (iii) Bamboo 

   
(iv) Shrubland (v) Savanna (vi) Agriculture 

   
Figure 16. Histograms represent the probable use of each habitat by both chimpanzees and herders, as generated 

by the Dirichlet distribution. The x-axis represents the probability of use; the y-axis represents the frequency at 

which that probability was generated by the model. 

 

Table 8. The values for the 50
th

 and 75
th

 percentiles for each habitat type. 

 Shared Use 

 50 percentile 75 percentile 

Gallery Forest 1.13 1.35 

Woodland 0.21 0.48 

Bamboo 0.00 0.05 

Shrubland 0.10 0.27 

Savanna 0.00 0.02 

Agriculture 0.17 0.38 
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Table 9. The small standard deviation values for values > 1. 

Shared Use (x>1) 

Standard Deviation 

Gallery Forest 3.707e-03 

Woodland 1.793e-03 

Bamboo 9.955e-06 

Shrubland 1.92e-05 

Savanna 2.897e-04 

Agriculture 1. 937e-05 

 

Discussion 

My findings suggest that the use of forested habitats in Senegal by nomadic pastoralists is 

widespread and this use may have an impact on chimpanzee resources. According to Maxent, 

approximately 86 percent of the area predicted to be suitable for chimpanzee use will also likely be 

suitable for herders to use. In absolute terms, woodland habitat makes up the largest portion of 

predicted shared habitat (approximately 4110 ha) whereas, in relative terms, gallery forest makes up the 

most significant proportion (42 percent of gallery forests are likely to be shared). The results of the 

Dirichlet model also show that gallery forest is the habitat most likely to show signs of overuse, with 82 

percent of its predicted probabilities being greater than 1.  Herders are using nine tree species in these 

habitats as fodder, and seven of those are also used by chimpanzees. Since they are sharing the same 

resources in the same places, there is likely some conflict over these resources in the district of 

Bandafassi.  

It makes sense that forested habitats have the greatest likelihood for resource competition 

between herders and chimpanzees because both of these groups are primarily utilizing forest resources. 

The results of Maxent suggest that almost all (73.3 percent) of the available woodland in the study site is 

suitable for herder use. All of the species which herders use are found primarily in woodland habitat 

(Table 3).  Also, the openness of the vegetation and the topography (occurring mostly on the gentle 
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slopes of hills and in floodplains) makes woodland the most suitable habitat for herding. This use is likely 

a problem for chimpanzees. A significant proportion of the woodland that herders can use is also part of 

the predicted suitable habitat for chimpanzees. In terms of absolute area, Maxent predicts that 

chimpanzees are likely to use more woodland habitat than any other habitat (Table 5). On the other 

hand, the Dirichlet model median probability of 15 percent suggests that herders are most probably only 

to be found in a small proportion of available woodland; chimpanzees are predicted to hardly be present 

at all. This prediction is surprising because in other studies woodland is actually the primary chimpanzee 

nesting habitat (Pruetz et al., 2002). The results of the Dirichlet model suggest that while woodland 

provides important resources for both users, the abundance of woodland habitat on a large-scale 

prevents this habitat from being exploited beyond its capacity. While the results of these two models do 

not agree regarding their predictions concerning woodland, they do concur on their predictions 

concerning gallery forests.  

Although not as available to chimpanzees as woodland, the models both suggest that, relatively, 

gallery forests are preferred for nesting. According to the Dirichlet model, 79 percent of the chimpanzee 

use of gallery forests occurs at greater than 90 percent probability and the most frequently generated 

probability indicates that 100 percent of the forests will be used by chimpanzees (Table 7). Thus, it is 

very likely that chimpanzees are using almost all of the available gallery forests in Bandafassi.  Although 

not every gallery forest observation point I collected in the field had a nest, there were, in fact, nests 

somewhere in every gallery forest patch I traversed. So, these results are consistent with what I 

observed. Maxent also predicts that a large proportion of gallery forest (58.7 percent) is likely to be 

suitable for chimpanzee use. Maxent predicts that nearly 72 percent of the gallery forests that 

chimpanzees are likely to use are also likely to be used by herders. Thus, the use of gallery forests by 

herders is worrisome. Gallery forests are a decent source for fodder trees; six out of the nine fodder 

trees can be found in these forests. Also, like woodland, the understory in gallery forests is also very 
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open, making them accommodating to large herds of sheep. However, their topographical position can 

make access to them tricky. Many gallery forests occur in steep sided ravines, likely these forests are 

more protected from herders than those which lie along rivers.   The summed Dirichlet distributions 

suggest that gallery forests are likely to be the most overused habitat.  

The results of the Dirichlet model indicate that 82.33 percent of the values > 1, meaning that 

most of the time all the gallery forests will show signs of either chimpanzee or herder presence.   The 

50th and 75th percentile values (1.13 and 1.35) suggest that most likely 100 percent of the habitat will 

have signs of at least one user and approximately 35 percent of that habitat will have signs of both 

users.  Fortunately, the separate distributions of chimpanzee and herder use (Figure 15 and Figure 14) 

show that most of the predicted use of gallery forests is due to chimpanzee use and not herder use.  For 

the herders, the 50th percentile value of 0.189 means that half of the generated probabilities were less 

than 0.189 and half were higher. The 75th percentile value indicates that of those which are higher than 

0.189 half of them are still lower than 0.41; the majority of the values indicate that it is not probable 

that herders will be present in over half of the forests. In the summed distributions for gallery forests, all 

of the values which are greater than 1 are likely mostly the additional use of gallery forests by herders.  

Eighty-two percent of the time there will be some use of some forests by both groups. With only 2e-4 of 

the values equal to two, it is not probable that all of the gallery forests will show signs of both users. So, 

there will likely always be some gallery forests which will be protected from herder use.  It is no surprise 

that gallery forests show the largest probability of being shared.  On the landscape-scale they are rare.  

So, there is simply less habitat available to distribute use widely.   

While the results of the Dirichlet model do not indicate that the use of gallery forests by 

pastoralists is as likely as chimpanzee use, of course, the impact that the chimpanzees have on the 

forests is more beneficial (i.e., seed dispersal) than degrading, whereas the herders’ use is only 

degrading to the habitat.  So, although their use is not as probable, it is still likely to be a problem for the 
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chimpanzees in the area because nearly a third of chimpanzees’ food comes from gallery forests 

(McGrew et al., 1988). Both groups likely use gallery forests because of their high plant density (as 

compared to other habitats) (Bogart & Pruetz, 2010). This use would not be a problem if the herders and 

chimpanzees were using different species but unfortunately, my research has shown that most of the 

trees herders use are also used by chimpanzees.   

According to research on feeding ecology in chimpanzees, one of the most commonly used 

fodder trees, Pterocarpus erinaceous, is also one of the most common feeding species (Massa, 

unpublished data; Pruetz, 2006).  At Bandafassi, it also the most frequently used tree for nesting (Massa, 

unpublished data). Bombax costatum, Khaya senegalensis, Zizyphus spp., Ficus spp., and Acacia 

ehrenbergiana are also important food trees for chimpanzees (Table 3). Ficus is a particularly important 

genus because it is eaten by chimpanzees all year-round (Pruetz, 2006). Thus, when these herders 

collect fodder in gallery forests and woodland they are cutting off the crowns of trees which are likely to 

be important to chimpanzees for nesting and feeding.  Removal of the branches makes these trees 

useless for nesting and removal of leaves and fruits make them useless for eating. Thus, the results of 

my study suggest that the use of forested habitats, especially of gallery forests, by herders is a cause for 

concern from a conservationist’s point of view.      

While little research has been done on habitat selection in savanna woodland from the herder 

perspective, there has been some previous research on this from the chimpanzee perspective.  Torres et 

al. (2010) used Maxent to determine that forests were the main determinant in predicting chimpanzee 

presence in Guinea. Their study also suggests that increasing patch complexity, in terms of shape, was 

also important. Pruetz et al. (2002) found that outside of the PNNK, most nesting was found to occur in 

woodland; nearly 20 percent of nests were found in gallery forests. Bamboo also provided a high 

percentage of nesting sites. Both of my models predicted nesting in gallery forest more than in 

woodland. The Dirichlet model does not expect chimpanzee nests to be found hardly anywhere but in 
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gallery forests. Perhaps my results were skewed towards gallery forest nesting because sampling 

occurred at a time of relative drought (although it was rainy season it never rained while I was there) – 

in wetter times, woodland may provide more sustenance for chimpanzees and thus, they would be 

more likely to nest in woodland.  Also, in previous research, nesting occurred in savanna and shrubland 

in low density (Pruetz et al., 2002). Maxent was able to predict some chimpanzee presence in these 

habitats but again, the Dirichlet model did not predict this at all.  

The study was limited by both the methods used to collect data and the methods used to 

analyze the data. In terms of collecting data, there is likely to be an unaccounted for presence of both 

chimpanzees and herders in habitats which are tree-poor.  The nature of taking data from observations 

focused on trees prevents these other habitats from being fairly represented by the research.  For 

example, shrubland likely provides many opportunities for fodder collection, but herder presence was 

determined by the presence of cut trees.  Some shrubs were observed to be cut (and they were 

counted), but likely many shrubs did not need to be cut because the sheep could reach the branches 

from the ground. Thus, this type of degradation was not accounted for in my analysis. In addition, while 

shrubland does not provide many opportunities for nesting, it does provide chimpanzees with dietary 

resources, shrubs and shrubby-trees account for 30 percent of the species consumed by chimpanzees at 

Fongoli (Pruetz, 2006).  This study was limited in its inability to collect chimpanzee presence based on 

anything but nests – basing their presence on feeding observations may produce more meaningful 

results.   

In terms of data analysis, the models are limited as well.  It is also difficult to compare the 

models’ output. They have different algorithms and use different data - thus, they do present us with 

different results and different interpretations of those results. The Dirichlet model with MCMC has the 

purpose of simulating a sampling regime over and over to see how the results change as more and more 

samples are taken (Dr. S. Qian, personal communication, 10/2010). It is not concerned with real-world 
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environmental variables, such as the effect that topography has on the probability of presence. It is used 

to model species presence when these variables are not available, or when they cannot explain the 

observed abundance (Dorazio et al., 2008). It models the likelihood that a user will be present in one 

habitat over another based on what has been observed; it does this by applying the laws of probability 

and fitting the data to its distribution. It goes without saying that this model is limited in its scope – the 

predictions are a result of fitting the sampling regime to a predetermined distribution (the Dirichlet 

distribution).  

Maximum entropy modeling has a wider approach; it incorporates more information beyond 

simple frequencies. It uses an algorithm which takes into account the influences of different 

environmental variables by weighting the variables towards those which are more correlated with 

presence points, i.e., the characteristics which make up a species’ ecological niche.  It fits these values 

into a distribution which maximizes the information derived from the data. Thus, the goal is to find the 

best distribution to describe the data, i.e., the distribution of maximum entropy (Phillips et al., 2004); 

the goal is not to fit the data to a predetermined distribution like it is with the Dirichlet model.  Maxent 

is more flexible and more encompassing than the Dirichlet modeling method. Thus, for this analysis 

Maxent produces a more useful result. However, Dirichlet modeling is helpful when trying to understand 

abundance of a species when the pattern appears stochastic (Dorazio et al., 2008).  In this case, habitat 

is really an explicative covariate so the Dirichlet distribution may not be the most appropriate approach 

for determining distribution.  While it seems that Maxent modeling might be more appropriate for 

species prediction when covariates are known, it is not a perfect model either. 

The Maxent model for both chimpanzee and herder distributions was heavily influenced by the 

LULC layer (Table 4).  Thus, the accuracy of this layer should be high.  For the modeling, I used the 

classification result which produced the highest accuracy for gallery forests. This classification had 56.9 

percent accuracy, with a Kappa statistic equal to 0.30 (Table 10, Appendix 2). Woodland and agriculture 



64 

 

had the best accuracy scores, followed by gallery forests; savanna and shrubland had low accuracy 

scores (Table 10). 

Table 10. Habitats had varying levels of accuracy. 

LULC Producer’s 

Accuracy 

User’s Accuracy Kappa Statistic 

Gallery Forest 63.3% 59.4% 0.56 

Woodland 82.7% 69.7% 0.33 

Shrubland 20.0% 22.7% 0.11 

Savanna 7.1% 50.0% 0.44 

Agriculture 25.0% 100.0% 1.00 

Overall Classification 

Accuracy:  
56.9% 0.30 

 

Inaccuracy in the LULC layer may affect the interpretation of the species distribution models. In the LULC 

layer used in the Maxent model, 7.3 percent of the total land was classified as ‘gallery forest.’ In other 

studies, gallery forest is estimated to make up only around three percent of the landscape (McGrew et 

al., 1981; Pruetz et al., 2002). Thus, the LULC layer used in the Maxent model might be overestimating 

the amount of gallery forest on the landscape.  This could be a reason that the Maxent model does not 

predict chimpanzee presence to be as great in gallery forests as the Dirichlet model does. Also, no field-

collected points showed nests in agriculture, yet, in the Maxent model, chimpanzee presence is 

predicted to occur in agriculture 0.5 percent of the time.  This is likely due to misclassification of 

shrubland or savanna as agriculture in the LULC layer.   Object-oriented classification may be very useful 

in refining the classification analysis, as the agriculture and gallery forest land classes have characteristic 

shapes as well as unique spectral signatures (Chen, 2009).   
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Table 11. Comparison of the different models predicted shared use for each LULC class. 

LULC Dirichlet Distribution Maxent 

Gallery Forest 82.33 42.12 

Woodland 3.43 38.69 

Bamboo 0 n/a 

Shrubland 0 4.07 

Savanna 0.0007 0 

Agriculture 0 0.6 

 

In addition to the problems with the LULC environmental variable, there are other factors to 

account for when considering the results generated by Maxent.  The distributions indicate a large 

presence in hilly terrain.  Elevation itself contributed only a small percentage to the model but TRMI, 

which accounted for slope, contributed to the model as well, together these variables accounted for 

nearly 10 percent of the chimpanzee distribution (Table 4). The outputs generated by the model show 

most of the habitat use in the hills. The model may be biased towards hilly terrain because most of the 

sampling occurred in hilly terrain under the premise that the chimpanzees around Bandafassi mainly 

inhabited the hills.  However, chimpanzees in nearby sites (such as Fongoli) inhabit mostly flat lands and 

herders likely would prefer flat lands over hilly lands (if the same vegetation communities were present). 

Woodland is frequently found in floodplains. And, gallery forest often occurs along the banks of rivers 

(Pruetz et al., 2002). Thus, a less biased sampling regime would produce more accurate results.  Also, 

the models could be improved if a cost-distance to surface water and wells was included as an 

environmental variable. Herders move to find water and forage, thus a layer signifying the increasing 

cost to herders as they move away from water sources would be very useful. Chimpanzees also depend 

on surface waters (Duvall, 2008). Fine resolution imagery, such as that produced by QuickBird, could be 

very useful in producing an accurate surface water layer (DigitalGlobe, 2011). While the models – both 

the Dirichlet and Maxent -may not be perfect, both make predictions which indicate that chimpanzees 

and herders are sharing forested habitats in Bandafassi.  Given the current status of these chimpanzees 

as the most endangered subspecies of chimpanzees in the world, it is time to take action to help 
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conserve the population in Senegal. This research has shown that it is important to consider herders as 

users which have an influential role on the availability of resources to chimpanzees.   

Considerations and Recommendations for Management  

Conservation strategies for protecting chimpanzees in Senegal are needed (Kormos & Boesch, 

2003). Strategies need to take into account the impact these migratory herders have on chimpanzee 

habitat. Although the herders are in the area only during part of the dry season (January – April), the 

damage they inflict on trees may have long-term, detrimental impacts on the availability of nesting and 

diet resources for chimpanzees. One of the most common fodder trees (Pterocarpus erinaceous) (Massa, 

unpublished data) is also an important dietary resource for chimpanzees (Pruetz, 2006).  Also, herder 

presence in the gallery forest is of special concern, given that these forests make up only 3 percent of 

the savanna woodland system, but provide chimpanzees with 30 percent of their feeding needs 

(McGrew et al., 1988). According to the results of both the Maxent and Dirichlet models, the gallery 

forests in southeastern Senegal are in danger of being encroached upon by nomadic pastoralists. Crop-

raiding in chimpanzees has been shown to increase during times of wild fruit scarcity (Hockings et al., 

2009); it is conceivable that herder’s use of fruiting trees could indirectly lead to increasing conflict 

between agriculturalists and chimpanzees. The consequences of all threats to chimpanzee survival in 

Senegal need to be understood because the population in Senegal is so small (Kormos & Boesch, 2003). 

The chimpanzee troop in Bandafassi is very small; Camara estimates it to be between 9 – 11 

individuals. Chimpanzees were heard nearly every day in the field. They were spotted on six occasions.   

Usually a lone male was seen, but when spotted in groups the group size was, on average, 8 individuals. 

On one occasion, 2 juveniles, 2 adult males, and 4 adult females were identified; an infant was also seen 

on two occasions.  In an earlier survey, Pruetz et al. (2002) found a nest density of 13.8 nests/km2 - this 
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made Bandafassi the area with the highest population density12 outside of the PNNK. However, in 

comparison to surveys done in the PNNK, nests in Bandafassi were contained to small and isolated sites 

– suggesting that the population nests in high density due to the patchiness of the forest. Likely, 

chimpanzees outside of the PNNK have fewer resources available to them than those in the protected 

area; this is causing them to nest in high density (Pruetz et al., 2002). 

Small population sizes living in isolated areas of scarcity are worrisome for conservationists 

because it signals that there may be detrimental effects on the health of a population due to genetic 

isolation.  Female chimpanzees disperse from their maternal communities at the onset of menses.  Also, 

communities can join together, if one community takes over the territory of another (Goodall, 1986; 

Sugiyama, 1968).  In these ways, genes flow between communities.  However, if communities become 

too isolated from one another, then this movement cannot occur and health risks from inbreeding and 

random genetic drift increase (Gilpin & Soulé, 1986).  While the Bandafassi community is not likely to be 

isolated, it is a small population which is nesting in high density.  It may have less chance of survival than 

a larger community which nests at lower densities and can also likely support more new females.  Thus, 

the chimpanzee community in Bandafassi has some traits which suggest that its long-term survival is 

uncertain, in part due to habitat fragmentation. 

Herders are not the cause of forest fragmentation.  The settled peoples in the area are primarily 

subsistence farmers. Forests are cleared for the cultivation of corn, rice, millet, sorghum, and cash crops 

(cotton and peanuts). Also, charcoal production and the gathering of fuelwood and wild fruit are 

important extractive activities pursued in the area. Since there is a high probability of herder use and an 

unaccounted for (but certainly significant) amount of use from agriculturalists in woodland and gallery 

forest, it is important to consider ways in which sources of degradation and deforestation can be 

managed.  One strategy to help resolve this problem would be to prohibit harvesting from these forests. 

                                                           
12

 Nest density is used to model population density based on the equation: no. of weaned chimpanzees/km2 

censused = (no. of nests/km2 censused) (1/mean nest duration [120 days in Senegal]) (Pruetz, 2002).  



68 

 

Patch prioritization analyses with GIS combined with input from the community may provide a helpful 

decision-making tool in reserve design. While gallery forest patches should have the most focus for 

protection, a decrease in use of the gallery forests might have unintended consequences. Prohibitions of 

this sort will likely push humans to use other habitat types more; likely woodland will be used more if 

resources from the gallery forests are not accessible. Woodland is also a very important habitat for 

chimpanzees (Pruetz et al., 2002; Pruetz, 2006). Thus, a conservation strategy which focuses solely on 

the gallery forests could have serious effects on woodland resources.  Also, climate change is already 

impacting vegetation communities in this part of the world (Gonzalez, 2001; Woomer et al., 2004), thus 

protection of this sort might become problematic when reserve boundaries no longer protect the 

resources they were established to protect. It is more prudent to have a larger scale, more flexible, 

protection strategy in place. The problem with large- scale protection though, is that it begins to look a 

lot like the reserve system established by colonial regimes. Hence, following in the footsteps of 

community-based conservation, it is imperative that protection efforts consider local needs. 

Conservation planning must incorporate local stakeholders in decision-making and project development 

and management. This will help ensure that conservation strategies will have both long-term goals and 

short-term benefits, both of which are likely necessary for success. While ultimately Senegalese people 

need to make decisions about how they will manage the herders’ use of forests in southern Senegal, I 

want to end this report by including a few recommendations based on previous examples of successful 

natural resource management strategies.    

Community-based forest reserve management has been attempted in Mali, Senegal, and Guinea 

as a way to control the exploitation of forests for charcoal and fuelwood. Near the PNNK, 11 villages 

manage a 20,000 ha forest reserve. Wood harvesting in this forest reserve is controlled via a permitting 

system. At the chief’s discretion, permits can be given to villagers to collect fuelwood and produce 

charcoal. This permit system prevents outside traders from coming into the forests to cut at 
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unsustainable levels.    Some other forest products, such as fruit and honey, can also be collected to help 

make up for income lost due to reduced wood sales. Preliminary results from vegetation measurements 

have shown that this reserve has been successfully accumulating biomass since 2005 (Skutsch & Ba, 

2010). This suggests that reserve systems may be an effective means for reversing degradation of the 

savanna woodland in southeastern Senegal. One caveat of this solution, like was stated earlier and 

suggested by the authors of the study, is that prohibiting users from a forest may result in ‘leakage,’ i.e., 

push these users into other forests. Thus, it is important to consider the whole landscape when making 

decisions about how to conserve forests. Studies should be done to measure biomass in areas 

surrounding the reserve to see if these areas are being degraded at a rate higher than baseline 

conditions (Skutsch & Ba, 2010).  

The community-based system is effective because it empowers local people to take control of 

their own resources. Unfortunately, by virtue of being nomadic, pastoralists are prevented from 

participating in and benefiting from community-based management. In the forest reserve mentioned 

above, cutting for fodder is not allowed (Skutsch & Ba, 2010). It would be very beneficial if pastoralists 

are included in the decision-making processes when establishing community-based reserves. They 

should be considered for permits.  Compared to cutting for fuelwood and charcoal, herders’ use of the 

forest seems small and less degrading. They are only cutting during the dry season and are constantly 

moving in search of water, thus, the impact is likely more widely dispersed and less intense than that of 

other types of woodcutters. As increasing desertification of the Sahel occurs, more and more herders 

may be moving south, thus it is imperative that their needs be considered when formulating reserve 

rules on resource extraction. In addition, reserves should be designed for more than just biomass 

accumulation.  

Currently only 6 percent of the western chimpanzee range is covered by protected areas 

(Kormos & Boesch, 2003).  The community reserve system in Senegal can be designed to help increase 
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the amount of chimpanzees living in protected areas. When establishing reserves to protect 

chimpanzees, not only should gallery forest protection be maximized but connecting populations should 

be a priority.  This is especially important in Senegal where troop sizes are` so small. Corridors can help 

immigrants move in and out of populations which increases variation in the gene pool (Caro et al., 2009; 

Newmark & Hough, 2000).  The resourcefulness of chimpanzees allows them to find food resources in 

every vegetation community which occurs in the savanna woodland (Pruetz, 2006), thus there is less 

need for habitat-based corridors than there may be for other types of wildlife.  However, in this arid 

environment, access to surface water likely becomes a resource which limits movement (Duvall, 2008).  

Thus, when designing reserves in this area to protect chimpanzee populations, water sources – rivers, 

springs, perched aquifers (the main water source in Bandafassi for chimpanzees) – should be included.  

Protection of surface waters also has benefits for human users – limiting degradation and deforestation 

around water ensures a cleaner and more lasting supply.  It is important to make these types of 

connections – to aim protection strategies in ways which benefit human users as well as wildlife – these 

reserves will be most successful if the surrounding communities see their establishment as an 

enhancement of, and not as a burden to, their livelihoods. 

These types of benefits are often referred to as ‘ecosystem services.’ The Millennium Ecosystem 

Assessment (2005), a project which incorporated the expertise of over 1000 people working on issues 

surrounding ecosystem change,  popularized and defined the term ‘ecosystem services.’ It defined 

‘ecosystem services’ as:  

… the benefits people obtain from ecosystems. These include provisioning services such as food 

and water; regulating services such as regulation of floods, drought, land degradation, and 

disease; supporting services such as soil formation and nutrient cycling; and cultural services 

such as recreational, spiritual, religious and other nonmaterial benefits. 

 

     (Millennium Ecosystem Assessment, 2005, p. 27) 

 

The aim of introducing this concept was to change the way humans view ecosystems, to make humans 

see ecosystems as valuable assets needed for maintaining human well-being (Millennium Ecosystem 
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Assessment, 2005).  It also laid the foundation for thinking of these ecosystem services in an economic 

framework.  Many attempts have been made to place a monetary value on these ecosystem services 

(Costanza et al., 1997; Economics for the Environment Consultancy, 2005; World Bank, 2004). Many 

projects have been implemented to provide payment for ecosystem services (PES). A PES project is 

currently being proposed to protect chimpanzee populations in Uganda. Conservationists want to pay 

farmers who restore and conserve forests in important chimpanzee habitats. This payment supports not 

only biodiversity conservation but also carbon storage and watershed protection (International Institute 

for Environment and Development, 2011). In a developing country context, where economic 

opportunities for rural people are usually very limited, PES may be the most effective and ethical 

projects strategies we have to conserve biodiversity. Since people are fairly compensated for their lands 

and lost revenue, PES can help relieve the economic burden that conservation action often puts on 

impoverished peoples.  

However, considering that the forests in this area are shrinking for a myriad of reasons and that 

the chimpanzees in this area are quite vulnerable to extinction, it might be wise to augment reserve-

oriented conservation strategies in this area to prevent leakage.   Parklands are a common strategy used 

in West Africa to give people easy access to desirable resources. When agriculturalists clear land for 

crops, they often leave trees which are important to them, like fruit bearing trees such as: Tamarindus 

indica, Parkia biglobosa, Butyrospermum parkii, Adansonia digitata, etc. In Burkina Faso, Fulɓe 

pastoralists have created parklands with important fodder species, including Khaya senegalensis, 

Pterocarpus erinaceous, and Afzelia africana (Petit, 2003). While sedentarization has enabled 

pastoralists in Burkina Faso to manage their land in this way, it is plausible that this type of management 

can be part of the solution to lessen forest degradation in southern Senegal. Both of the models do 

predict some herder presence in croplands. Herder presence in agricultural land does not seem likely 

because agricultural land is relatively treeless. However, during the dry season, when there is no 
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farming, it is customary to allow herders to graze on croplands (Moritz, 2006; Turner et al., 2005). This 

enriches the soil with animal waste. Maybe, in this area, farmers also agree to let trees be pruned in 

exchange for fertilizer especially since the method of pruning, i.e., crown removal, prevents shading of 

crops during the growing season. So, if farmers could abstain from cutting trees which are important to 

pastoralists when they clear land, they can help keep herders out of chimpanzee habitat. 

Also, planting of fodder trees can be highly beneficial to farmers, if trees are carefully selected.  

Many fodder trees are also nitrogen-fixing, thus providing a benefit to farmers working in nutrient poor 

soils.  Acacia albida, also called Faidherbia albida, a species native to Senegal, is one of the most agro-

friendly fodder species in existence.  It is green during the dry season and sheds its leaves during the 

rainy season, thus its canopy only provides shade during the planting season – which facilitates seedling 

growth.  In Senegal, fields planted with Acacia albida show increased crop yields due to the doubling of 

phosphorous and nitrogen and an increase in carbon by 73 percent in the soil.  This is due to the tree’s 

nitrogen-fixing abilities and its leaf litter (Poschen, 1986).  Acacia nilotica and Acacia seyal are also 

important fodder trees which are both agro-friendly and native to Senegal (Cissé & Koné, 1991). Many 

educational resources are produced by non-governmental research organizations like ICRISAT and FAO 

which can help rural West Africans choose appropriate fodder species and teach them proper 

propagation methods.  Increasing fodder tree availability will likely become an important conservation 

strategy as more and more pastoralists move into southern Senegal.  

Thus, it is recommended that the communities living near chimpanzee populations in 

southeastern Senegal consider a landscape-scale approach which takes into account multiple strategies 

to protect their forest resources in reserves and promote compatible natural resource management 

strategies, such agroforestry, in non-reserve lands. In summary, community-based forest management 

can be used to regulate the use of resources from both woodland and gallery forests. However, for 

these reserves to be successful, incentives must be provided. The harvest of renewable forest resources 



73 

 

(fruits, medicines, etc.) might be a possible economic incentive. Or, with the implementation of REDD+, 

direct payments from the government to villages which administer reserves could be another more 

lucrative incentive. Chimpanzee conservation in the area is likely to be more successful if outside donor 

support can help in establishing new types of incentives for habitat protection. Beyond reserve 

boundaries, efforts must be made to protect resources from over-exploitation due to leakage.  

Reforestation projects and agroforestry provide possible solutions.  

Conclusion 

 

This analysis indicates that there is significant encroachment by migratory herders into 

chimpanzee nesting and feeding habitat in Senegal. With Maxent, I was able to predict the amount of 

land which would likely show signs of both chimpanzee and herders. Large swaths of forested habitat in 

Bandafassi are predicted to be used by nomadic pastoralists. Their presence is expected in 86 percent of 

the land which is predicted to be used by chimpanzees. Statistical modeling using the Dirichlet 

distribution predicted overuse of gallery forests by herders. Since herders remove most of the crowns of 

9 species of trees, 7 of which provide important resources for chimpanzees, the impact of herders on 

chimpanzee resources is likely detrimental. Strategies to protect chimpanzee habitat and increase 

resources for herders should be considered in community-based conservation projects.   

 

 

 



74 

 

Works Cited 

Adriansen, H. (2008). Understanding pastoral mobility: the case of Senegalese Fulani. The Geographical 

Journal. 174(3), 207-222. 

 

Africa Wildlife Foundation. (2010). Conservation Enterprise. Retrieved from: 

http://www.awf.org/section/people/enterprise, August 20, 2010.  

 

Aylward, B., Allen, K., Echeverra, Tosi, J. (1996). Sustainable ecotourism in Costa Rica:  the Monteverde 

Cloud Forest Preserve. Biodiversity and Conservation, 5, 315-343.  

 

Balcomb, S. R., Chapman, C. A., Wrangham, R. W. (2000). Relationship between chimpanzee (Pan 

troglodytes) density and large, fleshy-fruit tree density: Conservation implications. American 

Journal of Primatology, 51: 197–203. 

 

Baldwin, P., Pí, J., McGrew, W. and Tutin C. (1981). Comparisons of nests made by different populations 

of chimpanzees (Pan troglodytes), Primates 22(4), 474-486. 

 

Bassett, T., Turner, M. (2007). Sudden shift or migratory drift? Fulɓe herd movements to the Sudano-

Guinean region of West Africa, Human Ecology 35, 33-49. 

 

Boesch, C.,  Boesch-Achermann, H. (2000). The Chimpanzees of the Taï Forest: Behavioural Ecology and 

Evolution. Oxford: Oxford University Press. 

 

Boesch, C., Tomasello, M. (1998). Chimpanzee and Human Cultures. Current Anthropology, 39(5), 591-

614.  

 

Bogart, S. L., Pruetz, J. D. (2010). Insectivory of savanna chimpanzees (Pan troglodytes verus) at Fongoli, 

Senegal. American Journal of Physical Anthropology. 

 

Brugiere, D., Badjinca, I., Silva, C., Serra, A. (2009). Distribution of chimpanzees and interactions with 

humans in Guinea-Bissau and western Guinea, West Africa. Folia Primatolog, 80(5), 353-358. 

 

Bushmeat Crisis Taskforce. (2002). African Great Apes and the Bushmeat Trade (Fact Sheet). Retrieved 

from: http://www.bushmeat.org/bushmeat_and_wildlife_trade/wildlife_affected/great_apes, 

July 28, 2010. 

 

Butynski, T.M. (2001). Africa’s great apes. In B. Beck, T.S. Stoinski, M. Hutchins, T.L. Maple, B. Norton, A. 

Rowan, E.F. Stevens, A. Arluke (Eds.), Great Apes and Humans: The Ethics of Coexistence, pp. 3–

56. Washington, DC: Smithsonian Institution Press. 

 

Caro,T., Jones, T., Davenport, T.R.B. (2009). Realities of documenting wildlife corridors in tropical 

countries, Biological Conservation, 142(11), 2807-2811. 

 



75 

 

Central Intelligence Agency. (2010). Country Profiles. Retrieved from: 

https://www.cia.gov/library/publications/the-world-factbook/geos/sg.html, October 25, 2010. 

 

Chen, M. , Su, W., Li, L., Zhang, C., Yue, A., Li, H. (2009). Comparison of pixel-based and object-oriented 

knowledge-based classification methods using SPOT5 imagery. WSEAS Transactions on 

Information Science and Applications. 3(6), 477-489. 

 

Cissé, M.I., Koné, A.R. (1991). The fodder role of Acacia albida: Extent of knowledge and prospects for 

future research. In R.J. Vandenbeldt (Ed.) Faidherbia albida in the West African Semi-Arid Tropics 

Proceedings of a Workshop 22-26 April 1991 Niamey, Niger. International Crops Research 

Institute for the Semi-Arid Tropics Patancheru, Andhra Pradesh 502 324, India ICRISAT Retrieved 

from: http://openaccess.icrisat.org/bitstream/10731/2978/1/RA00220.pdf#page=39, March 3, 

2011. 

 

Conservation International. (2011). Cultural Services. Retrieved from: 

http://www.conservation.org/learn/culture/Pages/overview.aspx, March 23, 2011. 

 

Costanza, R., d'Arge, R., de Groot, R., Farber, S., Grasso, M., Hannon, B., Limburg, K., Naeem, S., O'Neill, 

R.V., Paruelo, J., Raskin, R.G., Sutton, P., van den Belt, M. (1997). The value of the world’s 

ecosystem services and natural capital. Nature, 387, 253-260. 

 

Dicko, M.S., Sikena, S.L. (1992). Fodder trees and shrubs in range and farming systems in dry tropical 

Africa. Legume trees and other fodder trees as protein sources for livestock. In A. Speedy, P. 

Pugliese (Eds.) Proceedings of the FAO Expert Consultation held at the Malaysian 

Agricultural Research and Development Institute (MARDI) in Kuala Lumpur, Malaysia,14–18 

October 1991 Food and Agriculture Organization Animal Production and Health Paper 102. 

Retrieved from: http://www.fao.org/DOCREP/003/T0632E/T0632E03.htm, March 20, 2011. 

 

DigitalGlobe. (2011). QuickBird. Retrieved from: http://www.digitalglobe.com/index.php/85/QuickBird, 

March 31, 2011. 

 

 Doran, D. (1997). Influence of seasonality on activity patterns, feeding behavior, ranging, and grouping 

Patterns in Taï Chimpanzees. International Journal of Primatology, 18(2), 183-206. 

 

Dorazio, R. M., Mukherjee, B., Zhang, L., Ghosh, M., Jelks, H. L., Jordan, F. (2008). Modeling Unobserved 

Sources of Heterogeneity in Animal Abundance Using a Dirichlet Process Prior. Biometrics, 

64, 635–64 

 

Duvall, C. (2001). Habitat, conservation, and use of Gilletiodendron glandulosum (Fabaceae, 

Caesalpinoideae) in southwestern Mali. Systematics and Geography of Plants. 71(2), 699-737. 

 

Duvall, C. (2003). Symbols, not data: rare trees and vegetation history in Mali. The Geographical Journal. 

169(4), 295-312. 

 

Duvall, C. (2008). Human settlement ecology and chimpanzee habitat selection in Mali. Landscape 

Ecology, 23(6), 699-716. 



76 

 

 

Ece, M. (2008). Report: access to land at the northern periphery of Niokolo-Koba National Park, Senegal. 

Dialect Anthropol. 32, 353-382.  

 

Economics for the Environment Consultancy (eftec). (2005). The economic, social, and ecological value 

of ecosystem services: A literature review.  London: eftec.  

 

Elith, J., Graham, C.H., Anderson, R.P., Dudik, M., Ferrier, S., Guisan, A., Hijmans, R.J., Huettman, F., 

Leathwick, J.R., Lehmann, A., Lohmann, L., Loiselle, B.A., Manion, G., Moritz, C., Nakamura, Y., 

Overton, J.M., Peterson, A.T., Phillips, S., Richardson, K., Schachetti Pereira, R., Schapire, R.E., 

Soberon, J., Williams, S.E., Wisz, M., Zimmerman, N.E. (2006). Novel methods improve 

prediction of species’ distributions from occurrence data. Ecography.29, 129-151.  

 

Fredericksen, P., Lawesson, J.E. (1992). Vegetation types and patterns in Senegal based on multivariate 

analysis of field and NOAA_AVHRR Satellite data. Journal of Vegetation Science. 3(4), 535-544.  

 

Garland, E. (2008). The elephant in the room: Confronting the colonial character of wildlife conservation 

in Africa. African Studies Review. 51(3), 51-74. 

 

Gilpin, M. E., Soulé, M. E. (1986). Minimum viable populations: processes of extinction. In Conservation 

biology: the science of scarcity and diversity: 19–34. Soulé, M. E. (Ed.).Sunderland, MA: Sinauer 

Associates.  

 

Global Administrative Areas. (2009). Retrieved from: http://www.gadm.org, March 3, 2009. 

 

Gonzalez, P. (2001). Desertification and a shift of forest species in the West African Sahel. Climate 

Research, 17, 217-228. 

 

Goodall J. (1986). The chimpanzees of Gombe: patterns of behavior. Cambridge, MA: Harvard University 

Press. 

 

Google Inc. (2009). Google Earth (Version 5.1.3533.1731) [Software]. Available from 

http://www.google.com/earth/index.html 

 

Great Ape Project. (2010). World Declaration on Great Primates. Retrieved from: 

http://www.greatapeproject.org/en-US/oprojetogap/Declaracao/declaracao-mundial-dos-

grandes-primatas, June 16, 2010. 

 

Guisan, A., Zimmerman, N.E. (2000). Predictive habitat distribution models in ecology. Ecological 

Modelling, 135, 147-186. 

 

Hackel, J. (1999). Community conservation and the future of Africa’s Wildlife. Conservation Biology. 

13(4), 726-734. 

 

Hartter, J., Goldman, A.C. (2009), Life on the edge: Balancing biodiversity, conservation, and sustaining 

rural livelihoods around Kibale National Park, Uganda. FOCUS on Geography, 11-17. 

 



77 

 

Hartter, J., Southworth, J. (2009). Dwindling resources and fragmentation of landscapes around parks: 

wetlands and forest patches around Kibale National Park, Uganda.  Landscape Ecology, 24(5), 

643-656. 

 

Hejcmanovā-Nežerková, P., Hejcman, M. (2006). A canonical correspondence analysis (CCA) of the 

vegetation-environment in Sudanese savannah, Senegal. South African Journal of Botany, 72, 

256-262. 

 

Herbinger, I., Boesch, C., Rothe, H. (2001). Territory Characteristics among Three Neighboring 

Chimpanzee Communities in the Taï National Park, Côte d'Ivoire. International Journal of 

Primatology, 22(2), 143-167. 

 

Hijmans, R.J., Cameron, S.E., Parra, J.L., Jones , P.G., Jarvis, A. (2005). Very high resolution interpolated 

climate surfaces for global land areas. International Journal of Climatology, 25, 1965-1978. 

 

Hill, C. (2002). Primate conservation and local communities – ethical issues and debates. American 

Anthropologist, 104(4), 1184-1194. 

 

Hockings, K. (2009). 'Living at the interface: Human–chimpanzee competition, coexistence and conflict in 

Africa', Interaction Studies, 10, 2, pp. 183-205. 

 

Hockings, K., Anderson, J.R., Matsuzawa, T. (2009). Use of wild and cultivated foods by chimpanzees at 

Bossou, Republic of Guinea: Feedng dynamics in a human-influenced environment. American 

Journal of Primatology, 71, 636-646. 

 

Honey, M. (2008). Ecotourism and Sustainable Development: Who owns paradise, 2
nd

 Edition. 

Washington, DC: Island Press, pp. 215-230. 

 

Integrated Regional Information Networks (IRIN). (2009). Senegal: Scores flee town after riot over living 

conditions, 2 January 2009, Retrieved from: 

http://www.unhcr.org/refworld/docid/496321d51c.html, 25 January 25, 2011. 

 

International Institute for Environment and Development. (2011). Paying local communities for 

ecosystem services: Chimpanzee conservation corridor. Retrieved from: 

http://www.iied.org/sustainable-markets/key-issues/environmental-economics/paying-local-

communities-for-ecosystem-servic, January 11, 2011. 

 

International Union for the Conservation of Nature (IUCN). (2010). Red List for Endangered Species. 

Retrieved from: http://www.iucnredlist.org, January 2010.  

 

Jackson, R., Wangchuck,R. (2001). Linking Snow Leopard Conservation and People-Wildlife Conflict 

Resolution: Grassroots Measures to Protect the Endangered Snow Leopard from Herder 

Retribution. Endangered Species UPDATE. 18(4), 138-141. 

 

Jenik, J., Hall, J.B. (1966).The Ecological Effects of the Harmattan Wind in the Djebobo Massif (Togo 

Mountains, Ghana). Journal of Ecology, 54(3), 767-779. 



78 

 

 

 Kaplin, BA; Masozera, M; Gross-Camp, ND (2009). Chimpanzee seed dispersal quantity in a tropical 

montane forest of Rwanda. American Journal of Primatology, 71 (11), 901 – 911. 

 

Kormos, R., Boesch, C. (2003). Regional action plan for the conservation of chimpanzees in West Africa: 

Pan troglodytes verus and Pan troglodytes vellerosus. Retrieved from: 

http://www.unep.org/grasp/docs/ApesRAPforwestafrica-chimpanzees.English.pdf, February 1, 

2011. 

 

Lovett, J.C., Marshall, A.R. (2006). Why should we conserve primates? Afr. J. Ecol., 44, 113-115.  

 

Lykke, A. (2000). Local perceptions of vegetation change and priorities for conservation of woody-

savanna vegetation in Senegal. Journal of Environmental Management, 59, 107-120. 

 

Marchesi, P., Marchesi, N., Fruth, B., Boesch, C. (1995). Census and distribution of chimpanzees in Cote 

d’Ivoire. Primates, 36, 591–607. 

 

Martin, A.D., Quinn, K., Park, J.H. (2010). MCMCpack: Markov chain Monte Carlo (MCMC) Package. R 

package version 1.0-8. Retrieved from:  http://CRAN.R-project.org/package=MCMCpack 

 

Mbow, C., Goïta, K., Bénié, G.B. (2004). Spectral indices and fire behavior simulation for fire risk 

assessment in savanna ecosystems. Remote Sensing of Environment, 91(1), 1-13. 

 

McGrew, W.C. (1992). Chimpanzee Material Culture: Implications for Human Evolution. Cambridge, UK: 

Cambridge University Press. 

 

McGrew W.C., Baldwin P., Tutin C. (1981). Chimpanzees in a hot, dry and open habitat: Mt. Assirik, 

Senegal, West Africa. J Hum Evol 10, 227–244. 

 

McGrew, W.C., Baldwin J.,Tutin C. (1988). Diet of wild chimpanzees (Pan troglodytes verus) at Mt.Assirik, 

Senegal: I. Composition. American Journal of Primatology, 16(3), 213-226. 

 

McNeil, D. (2008). When human rights extend to non-humans. New York Times. July 13, 2008. Retrieved 

from:http://www.nytimes.com/2008/07/13/weekinreview/13mcneil.html?_r=2&ref=science&o

ref=slogin, June 16, 2010.  

 

Millennium Ecosystem Assessment. (2005). Ecosystems and Human Well-Being, Volume 3, Policy 

Responses. Washington, DC: Island Press.  Retrieved from: 

http://www.maweb.org/documents/document.769.aspx.pdf, February 10, 2011. 

 

Mitani, J. C., Watts, D. P., Muller, M. N. (2002). Recent developments in the study of wild chimpanzee 

behavior. Evolutionary Anthropology: Issues, News, and Review, 11, 9–25.  

 



79 

 

Moore, J. (1992). ‘‘Savanna’’ chimpanzees. In Nishida, T., McGrew, W.C., Marler, P., Pickford, M., de 

Waal, F.B.M. (Eds). Topics in primatology, Vol. I: Human origins. pp. 99–118.Tokyo: University of 

Tokyo Press.  

 

Moore, J. (1996). Savanna chimpanzees, referential models and the last common ancestor. In McGrew 

W.C., Marchant, L.F., Nishida, T. (Eds). Great ape societies. pp. 275–292. Cambridge: Cambridge 

University Press.  

 

Moritz, M. (2006). Changing contexts and dynamics of farmer-herder conflicts across West Africa. 

Canadian Journal of African Studies, 40(1), 1-40. 

 

Newmark, W.D., Hough, J.L. (2000). Conserving wildlife in Africa: Integrated conservation and 

development projects and beyond. BioScience, 50(7), 585-592. 

 

Oates, J. (1999). Myth and Reality in the Rainforest: How conservation strategies are failing West Africa. 

Berkeley, CA: University of California Press.  

  

Oates, J. (2006). Is the chimpanzee, Pan troglodytes , an endangered species? It depends on what 

“endangered” means. Primates, 47 (1), 102. 

 

Parker, A.J. (1982). The topographic relative moisture index: An approach to soil-moisture assessment in 

mountain terrain. Physical Geography, 3, 160-16. 

 

Peterson, D. (2003). Eating Apes. Berkeley, CA: University of California Press.  

 

Petit, S. (2003). Parklands with fodder trees: a Fulbe response to environmental and social changes. 

Applied Geography, (23)2-3, 205-225. 

 

Phillips, S., Dudik, M., Schapire, R. (2004). A Maximum Entropy approach to species distribution 

modeling. Proceedings of the 21st century international conference on machine learning, Banff, 

Canada.  

 

Pintea, L., Bauer, M.E., Bolstad, P.V., Pusey, A.E. (2003). Matching multiscale remote sensing data to 

interdisciplinary conservation needs: The case for chimpanzees in western Tanzania. In Remote 

Sensing Symposium/Land Satellite Information IV Conference and the ISPRS Commission 1: 

Integrating Remote Sensing at the Global, Regional, and Local Scale. Denver, CO.   

 

Pison, G., Guyavarch, E., Sokhna, C. (2002). Bandafassi DSS, Senegal. In INDEPTH Network (Eds.) 

Population and Health in Developing Countries: Population, health, and survival at INDEPTH 

Sites.( pp 263-269) Ottawa, ON, Canada: International Development Research Center. Retrieved 

from: 

http://publicwebsite.idrc.ca/EN/Resources/Publications/Pages/IDRCBookDetails.aspx?Publicatio

nID=243, September 25, 2009.  

 



80 

 

Plumptre, A.J., Rose, R., Nangendo, G., Williamson, E.A., Didier, K., Hart, J., … Bennet, E. (2010). Eastern 

Chimpanzee (Pan troglodytes schweinfurthii): Status survey and conservation action plan 2010-

2020. Gland, Switzerland: IUCN. 52 pp.  

 

Poschen, P. (1986). An evaluation of the Acacia albida-based agroforestry practices in the Hararghe 

highlands of Eastern Ethiopia. Agroforestry Systems, 4(2), 129- 143. 

 

Pruetz, J.D. (2003). Scrambling for a common resource : Chimpanzees, humans, and Saba senegalensis, 

in southeastern Senegal. American journal of physical anthropology, 172. 

 

Pruetz, J.D. (2006). Feeding ecology of savanna chimpanzees (Pan troglodytes verus) at Fongoli, Senegal. 

In G. Hohmann, M.M. Robbins, C. Boesch (Eds.), Feeding Ecology in Apes and other Primates: 

Ecological, Phsiological, and Behavioural Aspects.  (pp. 161-182). New York, NY: Cambridge 

University Press. 

 

Pruetz, J.D. (2007). Evidence of cave use by savanna chimpanzees (Pan troglodytes verus) at Fongoli, 

Senegal: implications for thermoregulatory behavior. Primates, 48 (4), 316-319. 

 

Pruetz, J.D., Bertolani, P. (2007). Report: Savanna chimpanzees, Pan troglodytes verus, hunt with tools. 

Current Biology, 17, 412–417. 

 

Pruetz, J. D., LaDuke, T. C. (2010). Brief communication: Reaction to fire by savanna chimpanzees (Pan  

troglodytes verus) at Fongoli, Senegal: Conceptualization of “fire behavior” and the case for a 

chimpanzee model. American Journal of Physical Anthropology, 141, 646–650.  

 

Pruetz, J.D.,  Marchant, L.F., Arno, J.,  McGrew, W.C. (2002). Survey of savanna chimpanzees (Pan 

troglodytes verus) in southeastern Sénégal. American Journal of Primatology, 58(1), 35-43. 

 

Pusey, A. E., Pintea, L., Wilson, M. L., Kamenya, S., Goodall, J. (2007). The contribution of long-term 

research at Gombe National Park to chimpanzee conservation. Conservation Biology, 21, 623–

634 
.  
R Development Core Team (2010). R: A language and environment for statistical computing. R 

Foundation for Statistical Computing, Vienna, Austria. ISBN 3-900051-07-0, Retrieved from: URL 

http://www.R-project.org. 

 

Resourceful Communities Program. (2011). Hoke Community Forest. Retrieved from: 

http://www.resourcefulcommunities.org/hoke_community_forest, March 20, 2011. 

 

Roditi,I., Lehane, M.J.(2008). Interactions between trypanosomes and tsetse flies, Current Opinion in 

Microbiology, 11(4):345-351. 

 

Rouse, J. W., Haas, R.H., Schell, J.A., Deering, D.W.  (1973). Monitoring vegetation systems in the Great 

Plains with ERTS, Third ERTS Symposium, NASA SP-351 I, 309-317. 

 



81 

 

Sanz, C. M., Morgan, D.B. (2007). Chimpanzee tool technology in the Goualougo Triangle, Republic of 

Congo. Journal of Human Evolution,  52(4), 420-433. 

 

Skutsch, M., Ba, L. (2010). Crediting carbon on dry forests, The potential for community forest 

management in West Africa. Forest Policy and Economics, 12(4), 264-270  

 

Stinson, J. (2008). Activists pursue basic legal rights for great apes. USA Today. Retrieved from:  

http://www.usatoday.com/news/offbeat/2008-07-15-chimp_N.htm, June 16, 2010. 

 

Stohlgren, T.J., Jarnevich, C.S., Giri, C.P. (2010). Modeling the human invader in the United States. 

Journal of Applied Remote Sensing, 4(1), 12. 

 

Strickler, C.M., Southworth, J. (2008). Application of multi-scale spatial and spectral analysis for 

predicting primate occurrence and habitat associations in Kibale National Park, Uganda. Remote 

Sensing of the Environment, 112, 2170-2186. 

 

Sugiyama, Y. (1968). Social organization of chimpanzees in the Budongo Forest, Uganda. Primates, 9, 

225–258. 

 

Suzuki, A. (1969). An ecological study of chimpanzees in a savanna woodland. Primates, 10, 103–148. 

 

The Nature Conservancy. (2011) Development by Design. Retrieved from: 

http://www.nature.org/aboutus/developmentbydesign/index.htm, March 31, 2011. 
 

Thorn, J. S., Nijman, V., Smith, D., Nekaris, K. A. I. (2009). Ecological niche modelling as a technique for 

assessing threats and setting conservation priorities for Asian slow lorises (Primates: 

Nycticebus). Diversity and Distributions, 15, 289-298. 

 

 Torres, J., Brito, J.C., Vasconcelos, M.J., Catarino, L., Goncalves, J., Honrado, J. (2010). Ensemble models 

of habitat suitability relate chimpanzee (Pan troglodytes) conservation to forest and landscape 

dynamics in Western Africa. Biological Conservation, 143(2), 416-425. 

 

Turner, M.D., Hiernaux, P., Schlecht, E. (2005). The distribution of grazing pressure in relation to 

vegetation resources in semi-arid West Africa: The role of herding. Ecosystems, 8(6), 668-681. 

 

Tweheyo, M., Hill, C., Obua, J. (2005). Patterns of crop raiding by primates around the Budongo Forest 

Reserve, Uganda. Wildlife Biology, 11(3), 237-247. 

 

Uganda Wildlife Authority. (2009). UWA Tariffs. Retrieved from: 

http://www.traveluganda.co.ug/pdf/uwa_tariffs_2009_2010.pdf, February 22, 2011. 

 

United Nations Development Programme (UNDP). (2010). Human Development Index. Retrieved from: 

http://hdr.undp.org/en/statistics/, February 21, 2011. 

 

 



82 

 

United Nations Environmental Programme (UNEP). (2005). Great Ape Survival Project: Global strategy 

for the survival of great apes and their habitat. Retrieved from: 

http://www.unep.org/grasp/Meetings/IGM-kinshasa/Outcomes/docs/strategy_E.pdf, June 15, 

2010.  

 

United Nations Environmental Programme (UNEP). (2008). Niokolo-Koba National Park. Retrieved from: 

http://www.unep-wcmc.org/sites/wh/pdf/Niokolo-Koba.pdf, January 7, 2010. 

 

United States Geological Society (USGS). (2008). Global Land Cover Characterization. Retrieved from: 

http://edc2.usgs.gov/glcc/afdoc2_0.php, January 3, 2011. 

 

Von Maydell, H.J. (1983). Arbres et arbustes du Sahel. Leurs caractéristiques et leurs utilisations 

Eschborn, Germany : GTZ Schriftenreihe.  

 

Wildlife Conservation Society. (2011). Local livelihoods. Retrieved from: 

http://www.wcs.org/conservation-challenges/local-livelihoods.aspx, April 15, 2011. 

 

Woomer, P. L., Tieszen, L. L., Tappan, G., Toure, A., Sall, M. (2004). Land use change and terrestrial 

carbon stocks in Senegal.  Journal of Arid Environments, 59(3), 625-64. 

 

World Bank. (2004). How much is an ecosystem worth: Assessing the economic value of conservation. 

Washington: World Bank. 

 

World Wildlife Fund. (2011). Finding sustainable ways of living. Retrieved from: 

http://www.worldwildlife.org/what/communityaction/index.html, April 12, 2011. 

 

Wrangham, R.W., Chapman, C.A., Chapman, L. J. (1994). Seed Dispersal by Forest Chimpanzees in 

Uganda.  Journal of Tropical Ecology, 10(3), 355-368. 

 

Yamakoshi,G. (2001). Ecology of tool-use in wild chimpanzees: Toward reconstruction of early hominid 

evolution. In T. Matsuzawa (Ed.), Primate Origins of Human Cognition and Behavior, pp. 537–

556. Tokyo: Springer. 

 

Year of the Gorilla. (2009). Retrieved from: http://www.yog2009.org/, March 3, 2009. 

 

Zhang, H. (2007). Inferences on the number of unseen species and the number of abundant/rare 

species. Journal of Applied Statistics. 34(6), 725-740. 

 

 

 

 



83 

 

 

 

 

Appendices 

 

Appendix 1: Additional Information on Dirichlet Model  

 

 
Appendix Figure 1. Proportion of use in each habitat type by humans and chimpanzees, based on field 

observations. 

 

R Script and Output 

 

P <- matrix(0, nrow=1000, ncol=6) 
for(i in 1:1000){ 
Chimp_Use <- rdirichlet(10000, c(0.75, 0.0676, 0.00001, 0.00001, 0.015, 0.00001)) 
Human_Use <- rdirichlet(10000, c(0.65, 0.5721, 0.1429, 0.4545, 0.0757, 0.6154)) 
Shared_Use <- Chimp_Use + Human_Use 
P[i,] <- as.vector(apply(Shared_Use, 2, FUN=function(x) return(sum(x>1)/length(x)))) 
} 
P[i,] 
##output 
[1] 0.8233 0.0343 0.0000 0.0000 0.0007 0.0000 
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P 
P <- as.data.frame(P) 
summary(P) 
 
V1                                  V2                V3              V4                         V5            
 Min.  :0.8101   Min.  :0.02750   Min.  :0e+00   Min.  :0.0e+00   Min.  :0.0001000   
 1st Qu.:0.8195   1st Qu.:0.03140   1st Qu.:0e+00   1st Qu.:0.0e+00   1st Qu.:0.0007000   
 Median :0.8220   Median :0.03250   Median :0e+00   Median :0.0e+00   Median :0.0009000   
 Mean   :0.8220   Mean   :0.03247   Mean   :1e-06   Mean   :3.4e-06   Mean   :0.0008782   
 3rd Qu.:0.8246   3rd Qu.:0.03370   3rd Qu.:0e+00   3rd Qu.:0.0e+00   3rd Qu.:0.0011000   
 Max.  :0.8380   Max.  :0.03840   Max.  :1e-04   Max.  :2.0e-04   Max.  :0.0019000   
       V6          
 Min.  :0.0e+00   
 1st Qu.:0.0e+00   
 Median :0.0e+00   
 Mean   :3.9e-06   
 3rd Qu.:0.0e+00   
 Max.  :1.0e-04 
 
library(abind, pos=4) 
numSummary(P[,c("V1", "V2", "V3", "V4", "V5", "V6")], statistics=c("mean", "sd",  
  "quantiles"), quantiles=c(0,.25,.5,.75,1)) 
## output 

mean           sd                0%    25%    50%    75%   100%    n 
V1 0.8219644 3.707481e-03 0.8101 0.8195 0.8220 0.8246 0.8380 1000 
V2 0.0324707 1.793072e-03 0.0275 0.0314 0.0325 0.0337 0.0384 1000 
V3 0.0000010 9.954853e-06 0.0000 0.0000 0.0000 0.0000 0.0001 1000 
V4 0.0000034 1.920440e-05 0.0000 0.0000 0.0000 0.0000 0.0002 1000 
V5 0.0008782 2.896699e-04 0.0001 0.0007 0.0009 0.0011 0.0019 1000 
V6 0.0000039 1.936918e-05 0.0000 0.0000 0.0000 0.0000 0.0001 1000 
 
## export data (sum= 'use', humans ='humans', chimps = 'chimps')  
 
write.table(Shared_Use, file='C:/Users/brooke/Documents/Fongoli/Shared.txt', sep=' ') 
write.table(Human_Use, file='C:/Users/brooke/Documents/Fongoli/hum_use.txt', sep=' ') 
write.table(Chimp_Use, file='C:/Users/brooke/Documents/Fongoli/ch_use.txt', sep=' ') 
 
##import data 
Shared_Use <- read.table("C:/Users/brooke/Documents/Fongoli/Shared.txt", header=TRUE,  
  sep="", na.strings="NA", dec=".", strip.white=TRUE) 
Chimp_Use <- read.table("C:/Users/brooke/Documents/Fongoli/ch_use.txt", header=TRUE,  
  sep="", na.strings="NA", dec=".", strip.white=TRUE) 
Human_Use <- read.table("C:/Users/brooke/Documents/Fongoli/hum_use.txt", header=TRUE,  
  sep="", na.strings="NA", dec=".", strip.white=TRUE) 
 
## make a histogram of each land cover type 
 
Hist(Shared_Use$Gallery.Forests, scale="frequency", breaks="Sturges",  
 col="darkgray") 
Hist(Shared_Use$Woodland, scale="frequency", breaks="Sturges",  
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  col="darkgray") 
Hist(Shared_Use$Bamboo, scale="frequency", breaks="Sturges",  
  col="darkgray") 
Hist(Shared_Use$Shrubland, scale="frequency", breaks="Sturges",  
  col="darkgray") 
Hist(Shared_Use$Savanna, scale="frequency", breaks="Sturges",  
  col="darkgray") 
Hist(Shared_Use$Agriculture, scale="frequency", breaks="Sturges",  
  col="darkgray") 
 
Hist(Human_Use$Gallery.Forests, scale="frequency", breaks="Sturges",  
 col="darkgray") 
Hist(Human_Use$Woodland, scale="frequency", breaks="Sturges",  
  col="darkgray") 
Hist(Human_Use$Bamboo, scale="frequency", breaks="Sturges",  
  col="darkgray") 
Hist(Human_Use$Shrubland, scale="frequency", breaks="Sturges",  
  col="darkgray") 
Hist(Human_Use$Savanna, scale="frequency", breaks="Sturges",  
  col="darkgray") 
Hist(Human_Use$Agriculture, scale="frequency", breaks="Sturges",  
  col="darkgray") 
 
Hist(Chimp_Use$Gallery.Forests, scale="frequency", breaks="Sturges",  
 col="darkgray") 
Hist(Chimp_Use$Woodland, scale="frequency", breaks="Sturges",  
  col="darkgray") 
Hist(Chimp_Use$Bamboo, scale="frequency", breaks="Sturges",  
  col="darkgray") 
Hist(Chimp_Use$Shrubland, scale="frequency", breaks="Sturges",  
  col="darkgray") 
Hist(Chimp_Use$Savanna, scale="frequency", breaks="Sturges",  
  col="darkgray") 
Hist(Chimp_Use$Agriculture, scale="frequency", breaks="Sturges",  
  col="darkgray") 
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Appendix 2:  Additional Information on Geospatial Analysis  

 

Classification 

 

Appendix Figure 2. Layer 1, the NDVI layer was not very useful in distinguishing between signatures; 

however layers 2-4 (VNIR) had very distinct means for each signature. 
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Classification Accuracy Assessment Report 

----------------------------------------- 

Image File : f:/mp/aster/feb_sup/feb_23max_ag.img 

User Name  : bem20 

Date       : Wed Feb 23 16:23:58 2011 

 

 

ERROR MATRIX 

------------- 

    Reference Data 

    -------------- 

Classified Data Unclassified   ag      shrub     agg savanna Shrublands Ag woodland 

--------------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- 

   Unclassified          0          0          0          0          0            0          0          0  

             ag          0          0          0          0         0          0          1          0 

          shrub          0          0          0          0         3          6          9         10 

            agg          0          0          0          0          2          2          6          1 

        savanna          0          0          0          0          3          1          1          1 

     Shrublands          0          0          0          0          8         10         11         15  

    Agriculture          0          0          0          0          0          0         14          0 

       woodland          0          0          0          0         25         30         11        177  

 Gallery Forest          0          0          0          0          1          1          3          8 

           aggg          0          0          0          0          0          0          0          2 

 

Column Total          0          0          0          0            42         50         56        214  

---------------   

 

    Reference Data 

    -------------- 

Classified Data Gallery Fo  aggg  Row Total 

--------------- ---------- ---------- ----------  

   Unclassified          0          0          0 

             ag          0          0          1 

          shrub          0          0         28 

            agg          0          0         11 

        savanna          0          0          6 

     Shrublands          0          0         44 

    Agriculture          0          0         14 

       woodland         11          0        254 

 Gallery Forest         19          0         32 

           aggg          0          0          2 

 

Column Total         30          0        392 
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  ----- End of Error Matrix ----- 

 

 

ACCURACY TOTALS 

---------------- 

 

          Class  Reference Classified Number Producers Users 

           Name     Totals     Totals Correct   Accuracy Accuracy 

     ---------- ---------- ---------- ------- --------- ----- 

   Unclassified          0           0       0       ---   --- 

             ag          0           1       0       ---   --- 

          shrub          0          28       0       ---   --- 

            agg          0          11       0       ---   --- 

        savanna         42           6       3      7.14%  50.00% 

     Shrublands         50          44      10     20.00%  22.73% 

    Agriculture         56          14      14     25.00% 100.00% 

       woodland        214         254     177     82.71%  69.69% 

 Gallery Forest         30          32      19     63.33%  59.38% 

           aggg          0           2       0       ---   --- 

 

         Totals        392        392    223 

 

Overall Classification Accuracy =     56.89% 

 

  ----- End of Accuracy Totals ----- 

 

KAPPA (K^) STATISTICS 

--------------------- 

 

Overall Kappa Statistics = 0.3035 

 

Conditional Kappa for each Category. 

------------------------------------ 

 

      Class Name           Kappa 

      ----------           ----- 

    Unclassified          0.0000 

              ag          0.0000 

           shrub          0.0000 

             agg          0.0000 

         savanna          0.4400 

      Shrublands          0.1143 

     Agriculture          1.0000 

        woodland          0.3324 

  Gallery Forest          0.5601 

            aggg          0.0000 

----- End of Kappa Statistics ----- 
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ArcGIS Models and Scripts 

Environmental Variables for Maxent 

 
 

# --------------------------------------------------------------------------- 

# env_variables.py 

# Created on: 2011-04-17 14:30:48.00000 

#   (generated by ArcGIS/ModelBuilder) 

# Description:  

# --------------------------------------------------------------------------- 

 

# Import arcpy module 

import arcpy 

 

# Check out any necessary licenses 

arcpy.CheckOutExtension("spatial") 

 

# Set Geoprocessing environments 

arcpy.env.autoCommit = "1000" 

arcpy.env.compression = "LZ77" 

arcpy.env.rasterStatistics = "STATISTICS 1 1" 

arcpy.env.snapRaster = "G:\\MP\\ASTER\\sup1.img" 

arcpy.env.configKeyword = "" 

arcpy.env.tileSize = "128 128" 
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arcpy.env.pyramid = "PYRAMIDS -1 NEAREST DEFAULT 75" 

arcpy.env.extent = "DEFAULT" 

arcpy.env.cellSize = "MINOF" 

arcpy.env.mask = "G:\\MP\\ASTER\\sup1.img" 

 

 

# Local variables: 

trmi = "G:\\MP\\conGIS\\Bandafassi\\Scratch\\trmi" 

feb_23max_ag_img = "G:\\MP\\ASTER\\Feb_sup\\feb_23max_ag.img" 

ndvi_aster_img = "G:\\MP\\ASTER\\ndvi_aster.img" 

hillshad_300 = "G:\\MP\\conGIS\\Bandafassi\\Data\\hillshad_300" 

NIR_img = "G:\\NIR.img" 

villages_google_shp = "G:\\MP\\ASTER\\villages_google.shp" 

villages_plus_shp = "G:\\MP\\ASTER\\villages_plus.shp" 

villes_masker_shp = "G:\\MP\\ASTER\\villes_masker.shp" 

fake_ville = "fake_ville" 

new_msk = "new_msk" 

new_msk_shp = "G:\\MP\\ASTER\\new_msk.shp" 

major_rds_shp = "G:\\MP\\ASTER\\major_rds.shp" 

fake_rd_shp = "G:\\MP\\ASTER\\fake_rd.shp" 

villes_all_shp__2_ = "G:\\MP\\ASTER\\villes_all.shp" 

hill_prj = "G:\\MP\\env_layers\\hill_prj" 

trmi_prj = "G:\\MP\\env_layers\\trmi_prj" 

hill_res = "G:\\MP\\env_layers\\hill_res" 

costvilproj = "G:\\MP\\ASTER\\costvilproj" 

vill_res = "G:\\MP\\env_layers\\vill_res" 

trmi_res = "G:\\MP\\env_layers\\trmi_res" 

hill_mask = "G:\\MP\\env_layers\\hill_mask" 

vill_mask = "G:\\MP\\env_layers\\vill_mask" 

trmi_mask = "G:\\MP\\env_layers\\trmi_mask" 

ndvi_mask = "G:\\MP\\env_layers\\ndvi_mask" 

vill_asc = "G:\\MP\\env_layers\\vill.asc" 

ndvi_asc = "G:\\MP\\env_layers\\ndvi.asc" 

trmi_asc = "G:\\MP\\env_layers\\trmi.asc" 

hill_asc = "G:\\MP\\env_layers\\hill.asc" 

nir_proj = "G:\\MP\\ASTER\\nir_proj" 

nir_res = "G:\\MP\\ASTER\\nir_res" 

nir_mask = "G:\\MP\\ASTER\\nir_mask" 

nir_asc = "G:\\MP\\env_layers\\nir.asc" 

Reclass_vill1 = "C:\\Users\\brooke\\Documents\\ArcGIS\\Default.gdb\\Reclass_vill1" 

cost_ville = "G:\\MP\\ASTER\\cost_ville" 

Output_backlink_raster__2_ = "" 



91 

 

villes_all_shp = "G:\\MP\\ASTER\\villes_all.shp" 

LULC_mask = "G:\\MP\\env_layers\\LULC_mask" 

LULC_asc = "G:\\MP\\env_layers\\LULC.asc" 

vill_dst = "G:\\MP\\ASTER\\vill_dst" 

Output_direction_raster__2_ = "" 

eucd_rds = "G:\\MP\\ASTER\\eucd_rds" 

rd_cls = "G:\\MP\\ASTER\\rd_cls" 

rds_28N_shp = "G:\\MP\\rds_28N.shp" 

Output_direction_raster__4_ = "" 

rds_all_shp = "G:\\MP\\rds_all.shp" 

rds_all_shp__2_ = "G:\\MP\\rds_all.shp" 

cost_rds = "G:\\MP\\ASTER\\cost_rds" 

Output_backlink_raster__3_ = "" 

rds_msk = "G:\\MP\\rds_msk" 

roads_asc = "G:\\MP\\env_layers\\roads.asc" 

 

# Process: Merge 

arcpy.Merge_management("G:\\MP\\ASTER\\villages_plus.shp;G:\\MP\\ASTER\\villages_google.shp;G:

\\MP\\ASTER\\villes_masker.shp;fake_ville", villes_all_shp, "Name \"Name\" true true false 60 Text 0 0 

,First,#,G:\\MP\\ASTER\\villages_plus.shp,Name,-1,-1,G:\\MP\\ASTER\\villages_google.shp,Name,-1,-

1,G:\\MP\\ASTER\\villes_masker.shp,Name,-1,-1,G:\\MP\\ASTER\\villages_plus.shp,Name,-1,-

1,G:\\MP\\ASTER\\villages_google.shp,Name,-1,-1,G:\\MP\\ASTER\\villes_masker.shp,Name,-1,-

1,fake_ville,Name,-1,-1") 

 

# Process: Euclidean Distance (2) 

arcpy.gp.EucDistance_sa(villes_all_shp, vill_dst, "", "15", Output_direction_raster__2_) 

 

# Process: Reclassify (3) 

arcpy.gp.Reclassify_sa(vill_dst, "Value", "0 250 1;250 500 2;500 750 3;750 1000 4;1000 

7747.00244140625 5", Reclass_vill1, "DATA") 

 

# Process: Cost Distance (2) 

arcpy.gp.CostDistance_sa(villes_all_shp__2_, Reclass_vill1, cost_ville, "", Output_backlink_raster__2_) 

 

# Process: Project Raster (2) 

arcpy.ProjectRaster_management(cost_ville, costvilproj, 

"PROJCS['WGS_1984_UTM_Zone_28N',GEOGCS['GCS_WGS_1984',DATUM['D_WGS_1984',SPHEROID['W

GS_1984',6378137.0,298.257223563]],PRIMEM['Greenwich',0.0],UNIT['Degree',0.0174532925199433]],

PROJECTION['Transverse_Mercator'],PARAMETER['false_easting',500000.0],PARAMETER['false_northing

',0.0],PARAMETER['central_meridian',-

15.0],PARAMETER['scale_factor',0.9996],PARAMETER['latitude_of_origin',0.0],UNIT['Meter',1.0]]", 

"NEAREST", "15", "", "", 
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"PROJCS['WGS_1984_UTM_Zone_28N',GEOGCS['GCS_WGS_1984',DATUM['D_WGS_1984',SPHEROID['W

GS_1984',6378137.0,298.257223563]],PRIMEM['Greenwich',0.0],UNIT['Degree',0.0174532925199433]],

PROJECTION['Transverse_Mercator'],PARAMETER['false_easting',500000.0],PARAMETER['false_northing

',0.0],PARAMETER['central_meridian',-

15.0],PARAMETER['scale_factor',0.9996],PARAMETER['latitude_of_origin',0.0],UNIT['Meter',1.0]]") 

 

# Process: Resample (2) 

arcpy.Resample_management(costvilproj, vill_res, "15", "NEAREST") 

 

# Process: Extract by Mask (2) 

arcpy.gp.ExtractByMask_sa(vill_res, new_msk_shp, vill_mask) 

 

# Process: Raster to ASCII 

arcpy.RasterToASCII_conversion(vill_mask, vill_asc) 

 

# Process: Extract by Mask (5) 

arcpy.gp.ExtractByMask_sa(ndvi_aster_img, new_msk, ndvi_mask) 

 

# Process: Raster to ASCII (2) 

arcpy.RasterToASCII_conversion(ndvi_mask, ndvi_asc) 

 

# Process: Project Raster (4) 

arcpy.ProjectRaster_management(trmi, trmi_prj, 

"PROJCS['WGS_1984_UTM_Zone_28N',GEOGCS['GCS_WGS_1984',DATUM['D_WGS_1984',SPHEROID['W

GS_1984',6378137.0,298.257223563]],PRIMEM['Greenwich',0.0],UNIT['Degree',0.0174532925199433]],

PROJECTION['Transverse_Mercator'],PARAMETER['false_easting',500000.0],PARAMETER['false_northing

',0.0],PARAMETER['central_meridian',-

15.0],PARAMETER['scale_factor',0.9996],PARAMETER['latitude_of_origin',0.0],UNIT['Meter',1.0]]", 

"NEAREST", "30.7629642575869", "", "", 

"GEOGCS['GCS_WGS_1984',DATUM['D_WGS_1984',SPHEROID['WGS_1984',6378137.0,298.257223563]]

,PRIMEM['Greenwich',0.0],UNIT['Degree',0.0174532925199433]]") 

 

# Process: Resample (4) 

arcpy.Resample_management(trmi_prj, trmi_res, "15", "NEAREST") 

 

# Process: Extract by Mask (4) 

arcpy.gp.ExtractByMask_sa(trmi_res, new_msk, trmi_mask) 

 

# Process: Raster to ASCII (3) 

arcpy.RasterToASCII_conversion(trmi_mask, trmi_asc) 

 

# Process: Project Raster 
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arcpy.ProjectRaster_management(hillshad_300, hill_prj, 

"PROJCS['WGS_1984_UTM_Zone_28N',GEOGCS['GCS_WGS_1984',DATUM['D_WGS_1984',SPHEROID['W

GS_1984',6378137.0,298.257223563]],PRIMEM['Greenwich',0.0],UNIT['Degree',0.0174532925199433]],

PROJECTION['Transverse_Mercator'],PARAMETER['false_easting',500000.0],PARAMETER['false_northing

',0.0],PARAMETER['central_meridian',-

15.0],PARAMETER['scale_factor',0.9996],PARAMETER['latitude_of_origin',0.0],UNIT['Meter',1.0]]", 

"NEAREST", "30.7629642575869", "", "", 

"GEOGCS['GCS_WGS_1984',DATUM['D_WGS_1984',SPHEROID['WGS_1984',6378137.0,298.257223563]]

,PRIMEM['Greenwich',0.0],UNIT['Degree',0.0174532925199433]]") 

 

# Process: Resample 

arcpy.Resample_management(hill_prj, hill_res, "15", "NEAREST") 

 

# Process: Extract by Mask 

arcpy.gp.ExtractByMask_sa(hill_res, new_msk, hill_mask) 

 

# Process: Raster to ASCII (6) 

arcpy.RasterToASCII_conversion(hill_mask, hill_asc) 

 

# Process: Project Raster (23) 

arcpy.ProjectRaster_management(NIR_img, nir_proj, 

"PROJCS['WGS_1984_UTM_Zone_28N',GEOGCS['GCS_WGS_1984',DATUM['D_WGS_1984',SPHEROID['W

GS_1984',6378137.0,298.257223563]],PRIMEM['Greenwich',0.0],UNIT['Degree',0.0174532925199433]],

PROJECTION['Transverse_Mercator'],PARAMETER['false_easting',500000.0],PARAMETER['false_northing

',0.0],PARAMETER['central_meridian',-

15.0],PARAMETER['scale_factor',0.9996],PARAMETER['latitude_of_origin',0.0],UNIT['Meter',1.0]]", 

"NEAREST", "16.8729744232187", "", "", 

"GEOGCS['GCS_WGS_1984',DATUM['D_WGS_1984',SPHEROID['WGS_1984',6378137.0,298.257223563]]

,PRIMEM['Greenwich',0.0],UNIT['Degree',0.0174532925199433]]") 

 

# Process: Resample (22) 

arcpy.Resample_management(nir_proj, nir_res, "15", "NEAREST") 

 

# Process: Extract by Mask (7) 

arcpy.gp.ExtractByMask_sa(nir_res, new_msk, nir_mask) 

 

# Process: Raster to ASCII (7) 

arcpy.RasterToASCII_conversion(nir_mask, nir_asc) 

 

# Process: Extract by Mask (8) 

arcpy.gp.ExtractByMask_sa(feb_23max_ag_img, new_msk, LULC_mask) 
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# Process: Raster to ASCII (9) 

arcpy.RasterToASCII_conversion(LULC_mask, LULC_asc) 

 

# Process: Merge (3) 

arcpy.Merge_management("G:\\MP\\ASTER\\fake_rd.shp;G:\\MP\\ASTER\\major_rds.shp", 

rds_all_shp, "Name \"Name\" true true false 60 Text 0 0 ,First,#,G:\\MP\\ASTER\\fake_rd.shp,Name,-1,-

1,G:\\MP\\ASTER\\major_rds.shp,Name,-1,-1") 

 

# Process: Define Projection 

arcpy.DefineProjection_management(rds_all_shp, 

"GEOGCS['GCS_WGS_1984',DATUM['D_WGS_1984',SPHEROID['WGS_1984',6378137.0,298.257223563]]

,PRIMEM['Greenwich',0.0],UNIT['Degree',0.0174532925199433]]") 

 

# Process: Project 

arcpy.Project_management(rds_all_shp__2_, rds_28N_shp, 

"PROJCS['WGS_1984_UTM_Zone_28N',GEOGCS['GCS_WGS_1984',DATUM['D_WGS_1984',SPHEROID['W

GS_1984',6378137.0,298.257223563]],PRIMEM['Greenwich',0.0],UNIT['Degree',0.0174532925199433]],

PROJECTION['Transverse_Mercator'],PARAMETER['false_easting',500000.0],PARAMETER['false_northing

',0.0],PARAMETER['central_meridian',-

15.0],PARAMETER['scale_factor',0.9996],PARAMETER['latitude_of_origin',0.0],UNIT['Meter',1.0]]", "", 

"GEOGCS['GCS_WGS_1984',DATUM['D_WGS_1984',SPHEROID['WGS_1984',6378137.0,298.257223563]]

,PRIMEM['Greenwich',0.0],UNIT['Degree',0.0174532925199433]]") 

 

# Process: Euclidean Distance (4) 

arcpy.gp.EucDistance_sa(rds_28N_shp, eucd_rds, "", "15", Output_direction_raster__4_) 

 

# Process: Reclassify (5) 

arcpy.gp.Reclassify_sa(eucd_rds, "Value", "0 250 1;250 500 2;500 750 3;750 1000 4;1000 

7747.00244140625 5", rd_cls, "DATA") 

 

# Process: Cost Distance (3) 

arcpy.gp.CostDistance_sa(rds_28N_shp, rd_cls, cost_rds, "", Output_backlink_raster__3_) 

 

# Process: Extract by Mask (9) 

arcpy.gp.ExtractByMask_sa(cost_rds, new_msk_shp, rds_msk) 

 

# Process: Raster to ASCII (10) 

arcpy.RasterToASCII_conversion(rds_msk, roads_asc) 
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Binary Presence Absence Models and Summing the Distributions 

 

# --------------------------------------------------------------------------- 

# SDM.py 

# Created on: 2011-04-16 14:55:25.00000 

#   (generated by ArcGIS/ModelBuilder) 

# Description:  

# --------------------------------------------------------------------------- 

 

# Import arcpy module 

import arcpy 

 

# Check out any necessary licenses 

arcpy.CheckOutExtension("spatial") 

 

 

# Local variables: 

Input_true_raster_or_constant_value = "1" 

Input_false_raster_or_constant_value__2_ = "0" 

Input_true_raster_or_constant_value__2_ = "1" 

Input_false_raster_or_constant_value__3_ = "0" 

chimp_asc = "G:\\MP\\LastSDM\\chimp.asc" 

human_asc = "G:\\MP\\LastSDM\\human.asc" 

chimps = "G:\\MP\\Maxout_Feb25\\chimps" 
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herders = "G:\\MP\\Maxout_Feb25\\herders" 

ch_pres = "G:\\MP\\LastSDM\\ch_pres" 

herd_pres = "G:\\MP\\LastSDM\\herd_pres" 

both = "G:\\MP\\LastSDM\\both" 

 

# Process: ASCII to Raster (2) 

arcpy.ASCIIToRaster_conversion(human_asc, herders, "FLOAT") 

 

# Process: Con (2) 

arcpy.gp.Con_sa(herders, Input_true_raster_or_constant_value__2_, herd_pres, 

Input_false_raster_or_constant_value__3_, "Value > .349") 

 

# Process: ASCII to Raster 

arcpy.ASCIIToRaster_conversion(chimp_asc, chimps, "FLOAT") 

 

# Process: Con 

arcpy.gp.Con_sa(chimps, Input_true_raster_or_constant_value, ch_pres, 

Input_false_raster_or_constant_value__2_, "Value > 0.397") 

 

# Process: Single Output Map Algebra (4) 

arcpy.gp.SingleOutputMapAlgebra_sa("herd_pres + ch_pres", both, 

"G:\\MP\\LastSDM\\herd_pres;G:\\MP\\LastSDM\\ch_pres;G:\\MP\\LastSDM\\herd_pres;G:\\MP\\Las

tSDM\\ch_pres" 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Maxent ver. 3.3.1 Output 

 

Analysis of omission/commission 

 

Appendix Figure 3. The above ‘shows the omission rate and predicted area as a function of the cumulative 

threshold. The omission rate is calculated both on the training presence records, and (if test data are used) on the 

test records. The omission rate should be close to t

cumulative threshold’ (Directly quoted f
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The above ‘shows the omission rate and predicted area as a function of the cumulative 

threshold. The omission rate is calculated both on the training presence records, and (if test data are used) on the 

test records. The omission rate should be close to the predicted omission, because of the definition of the 

Directly quoted from Maxent Output). 

 

The above ‘shows the omission rate and predicted area as a function of the cumulative 

threshold. The omission rate is calculated both on the training presence records, and (if test data are used) on the 

he predicted omission, because of the definition of the 



 

Appendix Figure 

Receiver Operating Characteristic (ROC) curves and their associated area under the curve (AUC) values 

help determine model accuracy and significant cut

(model sensitivity) against false positive rate (model specificity) at each

represents proportion of samples classed as negative for habitat when they are really positive for 

habitat and the proportion of samples which are correctly classified

values vary on a scale from 0 to 1, with 1 being a perfect model and 0.5 meaning that the predictive 

capability of the model is as good as a random distribution.
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Appendix Figure 4. Maxent Reciever Operating Characteristic Curves. 

Characteristic (ROC) curves and their associated area under the curve (AUC) values 

help determine model accuracy and significant cut-off points. A ROC graph plots the true positive 

(model sensitivity) against false positive rate (model specificity) at each threshold; each (x, y) coordinate 

represents proportion of samples classed as negative for habitat when they are really positive for 

habitat and the proportion of samples which are correctly classified as habitat (Phillips et al.

n a scale from 0 to 1, with 1 being a perfect model and 0.5 meaning that the predictive 

capability of the model is as good as a random distribution. 

 

 

Characteristic (ROC) curves and their associated area under the curve (AUC) values 

off points. A ROC graph plots the true positive 

threshold; each (x, y) coordinate 

represents proportion of samples classed as negative for habitat when they are really positive for 

as habitat (Phillips et al., 2004). AUC 

n a scale from 0 to 1, with 1 being a perfect model and 0.5 meaning that the predictive 



 

Response curves 

 

The curves show how the logistic prediction changes as each 

all other environmental variables at their average sample value

 

Chimpanzees: 

 

 

Herders: 

 

 

99 

The curves show how the logistic prediction changes as each environmental variable is 

all other environmental variables at their average sample value (Phillips et al., 2004)).  

 

environmental variable is varied, keeping 

 



 

In contrast to the above marginal response curves, each of the following curves represents a 

model, namely, a Maxent model created using only the corresponding variable. These plots reflect the 

dependence of predicted suitability both on the selected variable and on dependencies induced by 

correlations between the selected variable and o

are strong correlations between variables.
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In contrast to the above marginal response curves, each of the following curves represents a 

model, namely, a Maxent model created using only the corresponding variable. These plots reflect the 

dependence of predicted suitability both on the selected variable and on dependencies induced by 

correlations between the selected variable and other variables. They may be easier to interpret if there 

are strong correlations between variables. 

In contrast to the above marginal response curves, each of the following curves represents a different 

model, namely, a Maxent model created using only the corresponding variable. These plots reflect the 

dependence of predicted suitability both on the selected variable and on dependencies induced by 

ther variables. They may be easier to interpret if there 



 

 

The following picture shows the results of the jackknife test of variable importance. 

Appendix Figure 5. A jackknife analysis of the environmental variables suggests that LULC has the highest gain when 

used in isolation and decreases in gain when it is omitted
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The following picture shows the results of the jackknife test of variable importance.  

analysis of the environmental variables suggests that LULC has the highest gain when 

used in isolation and decreases in gain when it is omitted for both users. 

 

 
analysis of the environmental variables suggests that LULC has the highest gain when 
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Appendix Figure 6. The distribution of use in each habitat class, the right-hand side bar represents the whole 

landscape regardless of habitat type. 
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