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Abstract

Overall aim of this project is to have better understandings of ecosystem surrounding chimpanzees and
other larger mammals at the Mahale Mountains National Park and adjacent areas in Tanzania. This is
essential to have knowledge of behaviors and societies of chimpanzees, one of the endangered species and
closest living species to us humans, and to have sufficient information for the park management on the
wildlife. In order to achieve this overall goal, this project includes various approaches from different
disciplines including ecology, behavioral ecology, primatology, anthropology, molecular ecology, etc. and
various methods including naturalistic observation, the use of camera traps, collection of meteorological
data, phenological data, and DNA samples, and mammalian survey by line transect method.

1. Introduction

The purpose of this Detailed Research Plan is to clarify the aims and details of this project, one of the long-
term wildlife research projects conducted in the United Republic of Tanzania. As can be seen in the
“Detailed Progress Report of 10 Years” sent at the same time, the project has contributed significantly to
the understanding of the ecosystem around the Greater Mahale Area including the Mahale Mountains
National Park and the Katavi National Park. In particular, it is worth mentioning that the project has
contributed to the accumulation of new knowledge on the ecology and behaviors of wild chimpanzees, an
endangered species and the flagship species for nature conservation in the United Republic of Tanzania.
More than half a century has passed since this project began in 1965 as Kyoto University Ape Expedition to
Africa (KUAPE) (see Nishida, 1990, 2012; Nakamura et al., 2015 for an overview of the research project),
and our project has been conducting research under the circumstances with development of new scientific
theories, interest, and research methods in the recent decades. We feel it indispensable that we contribute
the park management and other Tanzanian institutions by providing scientific knowledge. Such knowledge
about the wildlife may be useful for protecting the wildlife and conserving the ecosystem in the Greater
Mahale region.

Demographic data on wild chimpanzees and detailed observations of wildlife, as well as ongoing
research on meteorological and phenological data, remain the cornerstone of this research project. In
addition, the research project plans to develop new research in response to the changing global situation
surrounding nature conservation and the remarkable scientific and technological advances.

Firstly, along with economic development, the social conditions surrounding national parks are
considered to be very different from those in the past. In addition, the concept of One Health, which aims to
protect the health of people, animals and the environment (ecosystem) in an integrated manner and to
optimize the balance in a sustainable manner, has been proposed, and the clarification of the relationship
between humans and wildlife is becoming even more important. In this project, an anthropological survey
of residents living in the vicinity of national parks will be conducted to identify and attempt to solve
problems related to the management and maintenance of national parks, while also taking into account
what is known about the wildlife in the vicinity.

Secondly, the project will further promote wildlife genome research. With the recent remarkable



development of genome analysis technology, the value of natural samples from Tanzania has increased
enormously. Whole genome analysis of individuals is now relatively cheap, and it is becoming easier to
give genetic interpretations to the behavioral findings of wild chimpanzees that have been advanced by this
project. In addition, as it is now possible to reconstruct sequences even from a small amount of biological
material, it should be possible to gain more clarity on the ecology of wild animals that cannot be directly
observed. Therefore, the project will continue to investigate the ecology of a wide area and a wider range of
wildlife species using a combination of trap cameras and DNA sampling.

Finally, the project will further promote the return of benefits to the United Republic of Tanzania.
International cooperation on access to biological resources and benefit sharing, as exemplified by the
Nagoya Protocol, has been called for in recent years. This project will further promote wildlife genomics
research through closer collaboration and sharing of technology and knowledge with research institutions in
the United Republic of Tanzania, particularly in TAWIRI and the University of Dar es Salaam.

We will take maximum cautions to prevent chimpanzee from infections through contact with
humans, because chimpanzees are highly susceptible to infection with human-derived viruses. We pledge to
take on our responsibility as researchers under a “Joint Statement of the [IUCN SSC Wildlife Health
Specialist Group and the Primate Specialist Group Section on Great Apes” issued on 15 March, 2020 (see
the link at http://www.internationalprimatologicalsociety.org/). In the forest, we will strengthen the health
monitoring of individually identified chimpanzees, which we have been conducting for decades. Also, we
will continue to enlighten park staff and three private tourism operators on how to prevent transmission of
human respiratory viruses to chimpanzees, just as we have done since we overcame a fatal outbreak
presumably caused by hMPV in 2006 at Mahale (Hanamura et al., 2015). Up to the present, the cooperation
between researchers and ecotourism has been fairly effective, because the park administration has
published “chimpanzee viewing regulations” and has disciplined the tourists to observe it (e.g., wearing
masks and keeping a 10-m distance from chimpanzees to prevent from droplet infection).

2. Literature review
2.1. Wildlife conservation in and outside of national parks

Conservation is an indispensable issue regarding studies of wildlife (Hosaka & Nakamura, 2015b). Within
the national park, tourism on habituated chimpanzees may be a great issue that need to be explored more in
detail (Nakamura, 2015c). Local people’s involvement is also inevitable for conservation of wildlife. The
original inhabitants of the Mahale area, the Tongwe people (Nakamura, 2015d), used to have good
indigenous knowledge about wild animals and plants. A study on Tongwe names of mammals (Nakamura et
al., 2017) indicated that the local names are almost as fine-grained as the scientific names with some
exceptions on smaller mammals.

Within the chimpanzee distribution, the western Tanzania has been a focus of interest, since it is
one of the driest habitats for chimpanzees and resembles the habitat of the earliest hominids (Moore, 1996;
Ogawa et al., 2007). Since 1994, Japanese research team has conducted an ecological study of wild
chimpanzees in the savanna woodland in western Tanzania (Ogawa et al., 2006a; 2006b; 2007; Yoshikawa
et al., 2008). The study needs to be connected to wider regions outside the national parks in order to
conserve larger mammals that range widely. Kyoto University has a long history of naturalistic studies of
chimpanzees in western Tanzania (e.g., Azuma & Toyoshima, 1961-62; Itani, 1979; Izawa, 1970; Kano,
1972; Nishida, 1989). Kano (1972) estimated distribution of chimpanzees in Tanzania. After a few decades,
Ogawa et al. (1997) found a hitherto undescribed habitat of wild chimpanzees near Kasanga in the
southwestern edge of Tanzania. The whole ecosystem including Mahale is also connected to the Katavi
National Park to the south and is one of the targets of the Tanzanian government to conserve its natural
resources. Thus, the Katavi-Mahale Corridor Project (KAMACO) was launched recently. Katavi is one of
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the remote parks, which has not been visited by many researchers so far (TANAPA, online). However, the
park is rich in wildlife and has one of the largest concentrations of buffalo, elephants, and hippos in
Tanzania. It also has giraffes, which are Tanzania’s national animal. However, giraffes are facing a “silent
extinction” (Vitali et al., 2020). Therefore, understanding the behavior and ecology of giraffes in Katavi
National Park could contribute to the conservation of the species and also to a better understanding of the
Greater Mahale ecosystem.

Disease outbreaks are one of the key threats to great apes in-situ conservation. Since the spread of
some pathogens are mediated by social interactions, it is important to understand how social networks
predict the chain of pathogen transmission. For example, using data of social relationship among Mahale M
group chimpanzees, Pierron et al. (2024) showed that sex and age predict individual centrality, with older
males presenting many (degree centrality) and strong (strength centrality) relationships, and thus, males are
more central than females within their network, and their centrality determines their probability of getting
infected during simulated outbreaks.

Participation of the local community is essential for promoting wildlife conservation. However,
human-wildlife conflict sometimes negatively impacts both local livelihoods and conservation efforts
(Dickman, 2010; Konig et al., 2020). Wild animals can sometimes raid crops, damage infrastructure, kill
livestock, and cause injuries or deaths of people: such undesired events may lead to negative perceptions of
local people against conservation (Bencin ef al., 2016; Nyhus, 2016). Therefore, in addition to better
understandings of the ecology of the wild animals, it is crucial to understand the local dynamics of human—
wildlife conflict through detailed field research for effective conservation.

2.2. Mammalian fauna and microbes

Although studies on fauna and flora of Mahale have been carried out during the early phase of the research
(Itani, 1977; Nishida & Uehara, 1981; 1983; Nishida, 1990), the updated information is continually
required. Systematic studies on population densities of medium- and large-sized diurnal mammals, which
were targets of chimpanzee hunting, have been conducted since 1995 (Uehara & Thobe, 1998; Uehara,
2003; Itoh et al. 2012; Thobe, 2015a; 2015b).

Most studies of mammalian fauna are conducted in relation to chimpanzee hunting. Chimpanzees
of K and M Groups at Mahale were known to eat 17 species of mammals (Uehara et al., 1992; Nakamura,
1997; Hosaka et al., 2001; 2020). Among these 17 species, red colobus (Procolobus spp.) were the main
hunting target of M group chimpanzees at Mahale after 1980’s (Uehara et al., 1992; Hosaka et al., 2001;
Hosaka, 2015b; Hosaka et al., 2023), as at Gombe in Tanzania (Stanford ef al., 1994), Kibale in Uganda
(Mitani & Watts, 1999) and Tai in Ivory Coast (Boesch & Boesch, 1989). Chimpanzee predator—
mammalian prey interactions have been investigated at Mahale (Huffman & Kalunde, 1993; Hosaka ef al.,
2001; 2024a; 2024b; Boesch et al., 2002; Thobe, 2002), and there is a possibility that chimpanzees at
Mabhale selected red colobus as the main hunting target because of anti-predatory behavior of red colobus
(Ihobe, 2002), as the same reason at Gombe (Stanford, 1995). However, prey selectivity in hunting of
Mahale chimpanzees needs to be evaluated in relation to availability of their prey (Nishida & Uehara, 1983;
Uehara, 1997). Continuous monitoring on changes of population densities of potential prey mammals such
as arboreal primates and small terrestrial ungulates is important to reveal predatory—prey relationships and
to investigate chimpanzee hunting behavior in detail.

The fluctuations in population densities of prey mammals hunted by chimpanzees have been
reported from Gombe (Stanford, 1995; 1998) and Kibale (Mitani et al., 2000). Thobe & Uehara (1999)
estimated the impact of chimpanzee hunting on population densities of prey mammals based on census data
in 1995 and 1996 at Mahale and concluded that predation rates for some species did not exceed population
growth rates of the respective species. Long-term data of population changes of potential prey, however, are
necessary to evaluate the exact impact of chimpanzee hunting on population densities of them.



Chimpanzees not only hunt small mammals but they are also may be preyed upon by large
carnivores such as leopards (Panthera pardus) (Nakazawa et al., 2013). Leopards are potential predators of
chimpanzees and at the same time they can be competitors of chimpanzees over small mammalian prey
(Nakamura et al., 2019). Therefore, it is essential to have better understanding of the basic ecology of the
leopards at Mahale. More recently at Mahale, the prey species of leopards (Nakazawa, 2020; 2023) and
crowed eagles (Seike, 2022) have been studied in detail.

In addition to such prey species, many other mammalian species have also been recorded in Mahale.
To date, at least 70 species from 11 orders of mammals have been documented within the national park (Ihobe,
2015a). These include species adapted to the savannas of Eastern and Southern Africa, as well as species
adapted to the forests of Western and Central Africa, including the Congo Basin, making Mahale a
biogeographically intriguing area (Itani, 1977).

Related species, such as humans and nonhuman primates, often establish the interspecific
relationships as symbiosis or commensalism with many kinds of microbes that live inside and outside of
animals (Alberts et al., 2002; Kooriyama & Hasegawa, 2015). The microbes do not innately live in animals
but are transmigrated from mothers or from environments. Many kinds of microbes start to migrate to host
animals whose immune system are not yet complete at young age. Meanwhile, the animal immune system
develops in the first year after birth, during which it selects some microbes establishing immunological
tolerance. When humans grow in the low microbe-exposure condition during infancy, they will develop
allergies in their later life stages at a high rate (Hamelmann et al., 2008).

Most animals host species-specific symbionts or commensals in their bodies. However, different
kinds of animals sometimes share their symbionts/commensals. For example, some nematodes, such as
Strongyloides fuelleborni, Oesophagostomum stephanostomum or Ternidens deminutus, are naturally
commensal to nonhuman primates, but sometimes develop cross-infection to humans (Pampiglion &
Ricciardi, 1971; 1972; Kagei & Asano, 1980).

2.3. Genetic analysis of chimpanzees and other mammals

Using microsatellite of wild chimpanzees for paternity analysis was first used in 1993 at Bossou, Guinea
(Sugiyama et al., 1993). This study showed that non-invasively collected samples could be used for
paternity analysis. After this study, some studies using shed hairs or feces for microsatellite typing have
been conducted (Morin et al., 1994; Gagneux et al., 1999; Constable ef al., 2001; Vigilant et al., 2001).
However, the DNA obtained from such samples is typically degraded and of low concentration and so it is
necessary to experiment repeatedly in order to get reliable results (Taberlet ef al., 1996; Morin et al., 2001).
We collected various kinds of non-invasive samples and showed that urine and saliva samples are usable
for DNA analyses (Inoue, 2005; 2015; Inoue et al., 2007a; 2007b).

According to some studies on paternity of chimpanzees, there was a positive relationship between
male rank and reproductive success (e.g., Boesch et al., 2006), and there was evidence that a high-ranking
male mated with his mother and produced an offspring at Gombe, Tanzania (Constable et al., 2001). At the
Tai forest (Ivory Coast), incidence of extra-group paternity was 7%. At Mahale, we genetically determined
the father of 10 offspring, and highest-ranking males (alpha males) sired five of them and there were no
evidence of extra-group paternity and inbreeding between mother and son (Inoue et al., 2008). Several
studies have shown that dominant male chimpanzees attain high reproductive success. However, the
difference in reproductive success among different alpha males is still unsolved. It is important to compare
reproductive success of different alpha males.

Another important aspect of chimpanzees is female-biased dispersal. In mammals, males are
typically the dispersing sex (Pusey & Packer, 1987). Thus, the relatedness of male chimpanzees has been
assumed to be higher than that of females. However, at Tai and Budongo (Uganda), the average relatedness
among males was not significantly higher than that among females (Vigilant et al., 2001; Lukas et al.,



2005). At Mahale, the average relatedness among mature males was significantly higher than that among
mature females. The existence of an old male and the long tenure of one alpha male may have contributed
to this significant difference (Inoue ef al., 2008). Although the average relatedness among females is low,
some immigrant females may have close relatives. Male chimpanzees clearly prefer to affiliate and
cooperate with their maternal brothers in several behavioral contexts (Langergraber et al., 2007). Therefore,
it is important to know whether immigrant females have maternal or paternal half-siblings or not.

In order to develop a strategy for conserving wild animals, genetic information is essential.
Because it is difficult to observe some mammalian species, fecal census of these animals is the alternative
way to estimate their densities. Fecal samples can provide sufficient amount of DNA for analyzing genetic
diversities of these animals. By using genetic methods, we can determine their species and genetic
characteristic. In addition, we will also extract DNA from bones and hairs when permits are obtained.

2.4. Ecological influences of chimpanzee ranging and behaviors

Chimpanzees are large-brained animals and take a long span before maturity (Fleagle, 1999; Matsumoto &
Hayaki, 2015). This has been explained in primate evolutionary context: the evolutionary trend in primates
could be explained as a function of enlarged brain sizes and complex social systems and thus need long
period for learning (ibid.). Homo sapiens is the extreme of this trend. Large brain size has been explained in
relation to fruit dependent diets that evolved in the common ancestor of apes and humans, because fruits
are dispersed in larger area and have much more seasonality compared to leaves, thus need higher cognitive
competence (Clutton-Brock & Harvey, 1977). Along with frugivorous diet (Itoh & Nakamura, 2015c¢),
chimpanzees are known for their fluid social system (Itoh & Nakamura, 2015a), called the fission—fusion
social system (Hanamura, 2015a) which is also assumed to be related to their frugivorous diet (Nishida,
1968; Goodall, 1986). This latter feature has been studied in socio-ecological paradigm.

The diversity of social systems in primates has been explained by ecological factors in socio-
ecological studies: the diversity of grouping behavior is regarded as a result of balancing costs of
competition over resource (foods and mates) and benefits against predation pressure (Kappeler et al.,
2003). Chimpanzees who have fission—fusion grouping system are the good subject to test this hypothesis
because researchers can compare the same unit-group living within a limited home range (Nakamura et al.,
2013; Nakamura 2015b), but changing the actual foraging party sizes in relation to seasonal changes in
food availability. The most intensive studies on this hypothesis were done in Kibale, Uganda (Isabirye-
Basuta, 1988; Chapman ef al., 1995; Wrangham et al., 1996). Wrangham et al. (1996) hypothesized that
chimpanzees could form larger parties when food is abundant since travel cost imposed by extra companion
is reduced. And this hypothesis seemed to finely explain the reason why chimpanzees disperse when fruit
availability becomes low in Kibale (ibid; Chapman et al., 1995) and also in Mahale (Itoh & Nishida, 2007,
Itoh & Muramatsu, 2015).

Compared to intensive focuses on food resources, relatively less is studied about other ecological
factors influencing chimpanzees’ ranging behaviors. For example, chimpanzees make beds every night and
often sleep in proximity with each other. Although there are some studies of nighttime behaviors of
chimpanzees at Mahale (Zamma, 2014; Zamma & Thobe, 2015), there are needs to increase the information
of how chimpanzees spend a night.

2.5. Social behaviors and social relationships among chimpanzees
Chimpanzees are highly social animals. They interact socially through various means such as vocalization

(Hosaka et al., 2015), grooming (Zamma, 2011; Zamma & Nakamura, 2015), greeting behaviors
(Sakamaki, 2011; Sakamaki & Hayaki, 2015), or social play (Shimada, 2013a; 2013b; Shimada & Sueur,



2014; Matsusaka et al., 2015; Shimada et al., 2015). While their social relationships are usually peaceful,
there are sometimes antagonistic relationships (Kutsukake & Hosaka, 2015) that may sometimes lead to
conspecific killings (Kaburu et al., 2013; Nakamura & Itoh, 2015b) and cannibalism (Nishie & Nakamura,
2018).

Adult males are the most gregarious of all the sex classes and have been studied in detail (e.g.,
Kaburu & Newton-Fisher, 2015a; 2015b; 2016; Hosaka & Nakamura, 2015a). In addition, more studies
recently focus on females (Hanamura, 2015b; Itoh & Nakamura 2015d; Nakamura 2022) and also on
immature individuals (Nakamura & Nishida, 2013; Matsumoto ef al., 2016; Matsumoto, 2017). Mahale is
an ideal study site for the detailed studies on social relationships among individuals because of
accumulations of detailed individual information (Hosaka, 2015a; Nakamura, 2015¢), demographic data
(Nishida et al., 2003; Nakamura 2015a), details of developmental stages (Matsumoto & Hayaki, 2015), and
ethograms (Zamma & Matsusaka, 2015). In addition to accumulation of regular behavioral data, sudden
and unexpected accidents or events may sometimes highlight chimpanzees’ social relationships (e.g.,
Shimada & Yano, 2023).

2.6. Feeding behaviors and techniques

Chimpanzees are basically ripe fruit eaters (Itoh & Nakamura, 2015b; Itoh et al., 2015), therefore studying
fruiting phenology (Itoh & Muramatsu, 2015) is quite important to understand how chimpanzees feeding
behaviors are affected by environment. Chimpanzees also affect environment by dispersing fruit seeds
through feces (Nakamura & Itoh, 2015a; 2015¢; Nakamura et al., 2017). Chimpanzees may choose
particular food items by their taste (Hayakawa, 2015), and this topic needs further investigation.

Some food items have physical barriers that require complex techniques to be broken before the
food is consumed. A good example is tool-use by the chimpanzees (Nishie, 2011; 2015). In addition, they
employ minute manipulations when they eat some difficult-to-process food even without tools. In such
cases, laterality of hand uses can often be observed (Marchant, 2015). Feeding behaviors of chimpanzees
need to be explored more in detail also with respect to its development (Matsumoto, 2017).

Insectivory (McGrew, 1992; Kiyono, 2015) is another good candidate to explore in relation to
chimpanzees feeding. For example, chimpanzees of some groups eat the termite of the genus of
Macrotermes using fishing tools (Gombe: Goodall, 1986; Lonsdorf et al., 2004; Bossou: Sugiyama &
Koman, 1979; Okorobiko: Jones & Sabater Pi, 1969; Goualougo: Sanz ef al., 2004; Fongoli: McGrew et
al., 2005), whereas chimpanzees of other groups eat other termites species without using tools (Tai: Boesch
& Boesch, 1990; Lopé: Tutin et al., 1995; Budongo: Reynolds, 2005). In Mahale, B group chimpanzees use
tools to eat Macrotermes but very rare in K and M group chimpanzees (McGrew & Collins, 1985; Nishida
& Uehara, 1980; Uehara, 1982). It is suggested that the difference of chimpanzees’ feeding behavior on
termites is based on the difference of termites’ distribution (Collins & McGrew, 1987; Uehara, 1982).

Dorylus ants are widespread in chimpanzee habitats but has never been recorded to be eaten by
chimpanzees in Lopé (Tutin et al., 1995), Mahale (Nishida, 1973), Kasakati (Suzuki, 1966), and Budongo
(Reynolds & Reynolds, 1965). On the other hand, Tai (Boesch & Boesch, 1990), Gombe (McGrew, 1974;
Goodall, 1986), and Bossou (Sugiyama, 1995; Humle & Matsuzawa, 2002) chimpanzees are known to feed
on these ants by dipping tools.

Camponotus ant-fishing has been observed among the M group chimpanzees at Mahale for more
than three decades. Customary Camponotus ant-fishing has been recorded for the population of
chimpanzees only in Mahale (e.g., Nishida, 1973; Nishida & Hiraiwa, 1982; McGrew, 1992; 2004; Boesch
& Tomasello, 1998; Whiten et al., 1999; Nishie, 2011), except for some anecdotal reports from Lopé,
Gabon (Tutin & Fernandez, 1992), and Bossou, Guinea (Yamamoto et al., 2008), in spite of the very wide
distribution of Camponotus spp. in Africa. Pioneering studies of the Camponotus ant-fishing of K group
chimpanzees at Mahale suggested that juveniles up to 68 years of age showed more clumsy techniques



using shorter tools and spent shorter bout-length for Camponotus ant-fishing than adults (Nishida, 1973;
Nishida & Hiraiwa 1982), and those tendencies are also verified among M group chimpanzees (Nishie,
2011). Thus, the standardization and refinement of ant-fishing behavior seem to develop through ontogeny.
However, the developmental process of the behavior has not yet been investigated sufficiently.

Chimpanzees also feed on Crematogaster ants but the degree of utilization differs between sites:
Lopé chimpanzees do not eat these ants although sympatric gorillas do, and chimpanzees of Gombe,
Kahuzi and Dja eat only a small amount of Crematogaster ants (Basabose, 2002; Deblauwe & Janssens,
2008; Goodall, 1986). On the other hands, Mahale chimpanzees regularly eat Crematogaster ants usually
without tools (Nishida & Hiraiwa, 1982; Fuse, 2013; Kiyono, 2015).

2.7. Hunting and meat-eating

Chimpanzees are also known as “meat-eating ape” since Goodall (1963) first reported occasional predation
in this species. They hunt sympatric mammals, such as monkeys, rodents and small ungulates, and share
the procured meat with other individuals. Hunting and meat-eating has been an important topic of long-
term study of wild chimpanzees across African habitats: Mahale (Tanzania: Uehara ef al., 1992; Hosaka et
al., 2001; Hosaka, 2015b; Hosaka et al., 2020), Gombe (Tanzania: Stanford, 1998; Gilby, 2006; Gilby et
al., 2006), Tai Forest (Ivory Coast: Boesch & Boesch, 1989; Boesch & Boesch-Achermann, 2000; Gomes
& Boesch, 2009), and Kibale (Uganda: Mitani & Watts, 1999; Watts & Mitani, 2002; Gilby & Wrangham,
2007; Gilby et al., 2008).

In all the four long-term study sites, chimpanzees hunt red colobus more frequently than other
prey (Uehara, 1997; Hosaka, 2015b). One explanation for this may lie in chimpanzee hunting strategy.
Opportunistic capture is typically exploited by a solo hunter that discovers hidden prey, such as squirrels,
duikers, and piglets. This tactic is not reliable in terms of efficiency. Hosaka (2015b) insisted that Mahale
chimpanzees can kill red colobus only by group hunting. Group hunting seems effective for killing
aggressive red colobus, while not effective for killing elusive prey, such as red-tailed monkeys, another
abundant forest primate species.

Seasonality has been one of unresolved issues in chimpanzee hunting and meat-eating behavior.
With the spread of red colobus hunting by Mahale chimpanzees after the 1990s, group hunting became
more concentrated from August to October when the party size of chimpanzees increased. In particular,
infant red colobus monkeys seemed to be caught more frequently from July to September compared to
other age-group prey (Hosaka et al., 2024a).

The social aspect of hunting and meat-eating is another hot issue to be explored. First, Boesch &
Boesch (1989) insisted that chimpanzees of Tai Forest engage in cooperative hunting on red colobus
monkeys, which rarely occurs elsewhere. They tried to explain this by a hypothesis that high canopy of
primary forests at Tai make hunting forest monkeys costly and cooperation should be the best strategy to
compromise costs and benefits of reciprocity in meat-sharing (Boesch et al., 2002). Second, Mitani &
Watts (1999) and Watts & Mitani (2002) suggested that the great number of adult male chimpanzees at
Ngogo (Kibale Forest, Uganda) and reciprocation for meat-sharing cause group hunts on red colobus more
frequently and successfully. However, Gilby ef al. (2008) and Gilby & Wrangham (2007) cast a skeptical
view from their study at Kanyawara (another site of Kibale). They emphasized the importance of ‘impact
hunters’ (almost the same as ‘skillful hunters’ in Hosaka et al. (2001)) and insisted that social predation
(almost the same as ‘group hunting’ in Hosaka et al. (2001)) was not simply a function of the additive
probability of intrinsic individual hunting rates. Finally, Nishida et al. (1992) suggested that alpha male
chimpanzees utilize meat-sharing as a political tactic to form and maintain alliance with other adult males.
Hosaka (2015b) suggested that such a tactic may be revealed through the analysis of data on meat-sharing
and social relationships accumulated over two decades. At present, there are no published studies
demonstrating the effects of adult males' social relationships on hunting and meat-eating behaviors, with



the exception of the finding that male age and alpha status predict annual variation in frequency of
successful predation on red colobus (Hosaka et al., 2024b).

The physiological aspect of hunting and meat-eating is a novel issue to be explored. First, Muller
and Wrangham (2004a) showed that male testosterone levels increased in the aggressive context of
competing for maximally tumescent parous females, not just as a by-product of copulation. While hunting,
chimpanzees perform a variety of aggressions, such as barking, charging display, hitting and biting. Thus, it
is reasonable to propose a hypothesis that male testosterone levels increase in response to hunting behavior.
Furthermore, we can propose a reverse hypothesis that high testosterone levels affect motivation to hunt in
chimpanzees. If this is the case, then seasonal or aseasonal fluctuation of testosterone levels may influence
chronological change in chimpanzee hunting. Either energetic change due to fruit availability or social
change due to male—male relationships may affect testosterone levels in chimpanzees. Second, Muller and
Wrangham (2004b) showed that male high dominance rank positively correlated with urinary cortisol
excretion in a stable dominance hierarchy. They explained it not by psychological stress but by metabolic
stress on the basis of positive correlation between dominance rank and aggression rate in male
chimpanzees. If this is the case, then skillful hunters that experience metabolic costs may display higher
cortisol levels than predicted from dominance rank. Finally, the relationship between meat intake and
reproductive success in female chimpanzees remains unexplored. Hosaka (2015b) stressed that females
contributed hunting more than previously reported and that some females may eat as much as adult males.
It seems necessary to monitor female reproductive state by analyzing female hormone (estrogen and
progesterone) levels, to reveal how meat intake affect reproductive behavior of female chimpanzees (see
also Fujita & Inoue, 2015 for review about chimpanzee reproductive strategies).

2.8. Cultural behaviors of chimpanzees

Although culture is an important feature to understand human nature, knowledge about its evolutionary
origin is still vague. Chimpanzees are genetically closest species to humans. Thus there has been a hot
debate whether chimpanzees have ‘cultures’ or not (e.g., Boesch & Tomasello, 1998; Byme et al., 2004;
Matsuzawa et al., 2001; McGrew, 1992; 1998; 2004; McGrew & Tutin, 1978; Nakamura & Nishida, 2006;
Nakamura & Uehara, 2004; Nishida, 1987; 2003; Nishie & Nakamura, 2015; de Waal, 2001; Whiten et al.,
1999; 2001). In such studies of chimpanzee cultures, the stress is usually put on tool use (e.g., McGrew,
1992). Cultural variation in social domains, or social customs, has not been documented fully (Nakamura,
2002; 2010).

Understanding the developmental process of cultural behaviors is important because such
behaviors need to be socially learned by individuals who are born to a group. Most, if not all, studies on
this topic mention the transmission of some kind of information through non-genetic channels. In other
words, cultural behavioral patterns are acquired by some kind of social learning. Comparative
psychologists often study this aspect of culture and test whether or not chimpanzees or other nonhuman
animals are capable of certain kinds of social learning in well-controlled settings (e.g., Whiten, 1998;
Myowa-Yamakoshi & Matsuzawa, 1999). On the other hand, it is relatively difficult to obtain the same
kind of knowledge from field studies, and thus field researchers have provided information on behavioral
diversities in natural habitats and accumulated information on the general ontogeny of behaviors (Nishida
& Hiraiwa, 1982; Boesch, 1991; Matsuzawa, 1994; Inoue-Nakamura & Matsuzawa, 1997; Boesch &
Boesch-Achermann, 2000; Lonsdorf et al., 2004). Approaches from both the laboratory and the field are
important, but they tend to focus only on the development of tool use. There are no studies conducted on
developmental patterns of cultural behaviors outside of tool use.

For example, leaf-clipping behavior, one of the courtship displays, also has been observed for the
population of chimpanzees at Mahale for decades (Nishida, 1980). Leaf-clipping occurs mainly in sexual
context, but it also occurs in other context such as frustrated contexts and play. Since infant chimpanzees



are sexually immature, it is obvious that their leaf-clipping behaviors are not occurring in sexual contexts,
and it is likely that social meaning of this behavior could change in their developmental processes. The
developmental process of leaf-clipping behavior will show us how they sexually mature in their social
interactions.

2.9. Intergroup relationships

The investigation of wild chimpanzees across neighboring unit-groups (or communities) is related with two
scientific interests: the origin of human culture and the evolution of intergroup aggression in chimpanzees
and human.

The former topic, the origin of human culture, has recently been one of the hottest topics in
biological anthropology (see review in 3.4). Although most examples of behavioral diversity in previous
reports are across populations distantly separated (e.g., Whiten ez al., 1999), it is also essential to compare
the behaviors between neighboring groups. Formerly at Mahale there were two habituated groups, namely
K and M groups. However, because the K group is already extinct, we can only compare the K and the M
group retrospectively (McGrew et al., 2001; Nakamura & Uehara, 2004) and cannot make direct
comparisons. Subtle differences in social customs are expected to be found if we can compare two
neighboring groups directly. Thus, in 2005 Sakamaki and Nakamura started the habituation efforts on the
Miyako group (Y group) which adjoin the M group to the north (Sakamaki & Nakamura, 2007; Sakamaki
et al., 2007).

The latter topic, the evolution of intergroup aggression, is related to the occurrence of fatal
attacks during intergroup encounters among chimpanzees (Manson & Wrangham, 1991; Wrangham, 1999;
Wilson et al., 2014). There exists dominant—subordinate relationship between unit-groups, and the
subordinate generally avoids the dominant (Nishida & Kawanaka, 1972). Male chimpanzees show hostility
toward members of neighboring groups. Their territorial behaviors such as territorial defense, border
patrols, deep incursions, coalitionary attacks and kills, and border avoidance are relevant to lethal raiding
(see Wrangham, 1999; Sakamaki & Nakamura, 2015 for review). The imbalance-of-power hypothesis
(Manson & Wrangham, 1991; Wrangham, 1999) suggests two factors for coalitionary kills: one is
intergroup hostility, and the other is large power asymmetry between rival parties. It should be noticed that
this hypothesis is also significant in the ecological aspect, that is, habitat utilizations in chimpanzees are
related not only to ecological factors, such as food availability and distribution, but also to social factors,
such as intergroup relationships (Herbinger et al., 2001).

Studies of chimpanzees in Mahale population have mainly focused on two neighboring groups, K
and M groups, since 1965 (see Nishida, 1990 for details). After the extinction of K group in the 1980s, only
M group has been the habituated group (Nishida et al., 1985; Takahata, 2015). M group has several
neighboring unit-groups (Sakamaki & Nakamura, 2015): at least B group to the north, N and/or L group to
the south, and probably one unit-group to the east. These neighboring unit-groups are not habituated, and
we have no detailed information about them (see Shimada, 2003 about the south groups). In the late 1990s,
some other groups began to invade M group’s territory probably due to the decrease of its group size (Itoh
et al., 1999). Although some members of M group disappeared including most of the high-ranking adult
males in 1995 and 1996, the reason for their disappearance is still unknown (Nishida et al., 2003). In the
former territory of K group, unhabituated chimpanzees have recently been observed or heard from time to
time as well (Uehara, 2002).

An exhaustive list of the behavioral patterns in M and K group was compiled (Nishida ef al.,
1999). New observations have been added to the list (e.g., Nishida, 2003; Nishida & Wallauer, 2003;
Nishida et al., 2003; Zamma & Matsusaka, 2015). The list of food repertory is also available for M and K
group (Nishida & Uehara, 1983; Itoh et al., 2015).



2.10. Development of chimpanzees

It is known that mother—infant relationship in primates is indispensable for the growth of immature
individuals in terms of nutritional and social needs. Infant chimpanzees need to be nursed by their mothers,
and even after they are weaned, they take some foods from their mothers in food sharing. It has also been
suggested that immature chimpanzees learn food repertoire and feeding techniques from their mothers
through food sharing (Hiraiwa-Hasegawa, 1990a; 1990b; Nishida & Turner, 1996; Silk, 1978; 1979; Ueno
& Matsuzawa, 2004). Infant chimpanzees are generally weaned at the age of four or five years (Matsumoto,
2017). They need to be nursed for longer period than most of other primate species. Juvenile chimpanzees
gradually become able to travel apart from their mothers and move with other adolescent or adult
individuals, but the level of association with mothers continues to be high until adolescence (Hayaki,
1988).

Thus, mother—offspring relationship is thought to be important for immature chimpanzees, and
many studies have focused on mother—offspring relationship so far. On the other hand, studies on social
interactions between immature chimpanzees and unrelated individuals are still scarce, although immature
chimpanzees spend great amount of time in various social interactions with unrelated individuals. Immature
chimpanzees often play with unrelated chimpanzees including adult males. They often engage in agonistic
interactions and may also show reconciliation and consolation. Greeting behaviors are also observed from
childhood. Some mature or immature chimpanzees show great interests in infants, and try to take infants
from their mothers to carry, groom or play with. It is plausible to think that immature chimpanzees learn
some social skills and information from interacting with other chimpanzees, not only with their mothers.

Investigation on social relationship of orphans (Nakamura et al., 2014; Nakamura & Hosaka,
2015) may also reveal the importance of relationship between immature and unrelated individuals. In
primates, “adoption” is often observed when the mother dies and the infant is left alone (Palthe ez al., 1975;
Taylor et al., 1978; Uehara & Nyundo, 1983; Gould, 2000; Tanaka, 2004). The foster parent shows some
allomothering behaviors, such as carrying the orphan on the back, grooming it, traveling together, sleeping
in the same bed at night, and so on.

Play is one of the most frequently observed behaviors among immature chimpanzees (Matsusaka
et al., 2015; Shimada, 2013a; 2013b; Shimada & Sueur, 2014; Shimada ef al., 2015). Although it is
sometimes difficult to detect direct function of play behaviors, it may function as a source of innovation, an
opportunity to learn the social environment, or means of physical development.

3. Research Problem

Overall aim of this project is to continue the ongoing long-term studies in order to have better
understanding of ecosystem surrounding chimpanzees at the Mahale Mountains National Park and adjacent
areas in Tanzania. This is essential to have finer knowledge of behaviors and societies of chimpanzees, one
of the endangered species and closest living species to us humans, and to have sufficient information for
the park management on the wildlife. In order to achieve this overall goal, this project includes various
approaches from different disciplines including ecology, behavioral ecology, primatology, anthropology,
molecular ecology, etc.

Specific topics of coming years will be: 1) wildlife conservation in and outside of national parks;
2) mammalian fauna and microbes; 3) genetic analysis of chimpanzees and other mammals; 4) ecological
influences of chimpanzee ranging and behaviors; 5) social behaviors and social relationships among
chimpanzees; 6) feeding behaviors and techniques; 7) hunting and meat-eating; 8) cultural behaviors of
chimpanzees; 9) inter-group relationships; and 10) development of chimpanzees.
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4. Objectives and significance of the research
4.1. Wildlife conservation in and outside of national parks

The objectives of this study are 1) to understand the ecological threats of chimpanzees at Mahale National
Park and adjacent areas, 2) to show the characteristics of mammalian fauna and vegetations in each study
area 3) to grasp a whole conservation status of chimpanzees and other mammals and 4) to elucidate the
human—wildlife conflict around the protected areas in western Tanzania. Although the main part of the
Japanese team will continue the study of chimpanzees at Mahale, some of us will also investigate woodland
areas outside the national park. Some wild animals including chimpanzees live close to human settlement
and it will be indispensable to gather information of such chimpanzees and surrounding ecosystem. We will
also conduct a behavioral-ecological study of larger mammals, especially giraffes in Katavi National Park,
to gain a better understanding of the whole ecosystem in the western Tanzania.

4.2. Mammalian fauna and microbes

The objectives of this research is 1) to improve the knowledge of mammalian fauna; 2) to grasp their
densities in relation to the vegetation types; 3) to provide basic availability information on chimpanzee
hunting; 4) to stimulate further research on larger mammals the behaviors and ecologies of which are less
known compared to chimpanzees; and 5) to understand microbe ecologies and microbe-host relationships at
Mabhale. Detailed studies on chimpanzees have been conducted in specific areas of the park, leaving the
fauna in other regions insufficiently studied. Conducting mammal study over a wider area will be useful for
renewing the information of key larger mammals at Mahale in order to have better understandings of
ecosystem and aid in the planning and implementation of conservation strategies and activities. Micro-
ecology of parasites, bacteria, and viruses are also important for understanding ecosystem of Mahale.

4.3. Genetic analysis of chimpanzees and other mammals

The objectives of this study are 1) to assign paternity of chimpanzees in the M group at Mahale, in
particular for clarifying the difference in reproductive success among alpha males; 2) to determine
relatedness between female chimpanzees in the M group; 3) to assess the genetic diversity of chimpanzees
and other mammalian species of Mahale; and 4) to collect basic genetic information such as DNA
barcoding data of mammals at Mahale. The results from this study will provide genetic perspectives to the
understanding of ecosystem and conservation plan at Mahale.

4.4. Ecological influences of chimpanzee ranging and behaviors

The objective of this research is to reveal the detailed feeding strategy of chimpanzees when food is
abundant and, through this, to reveal the benefits of aggregation. Although many researchers have
investigated how chimpanzees change party size according to fruit availability, not much attention has been
paid on how chimpanzees utilize food resources when they are abundant. In addition, the grouping pattern
is assumed to differ among sites that could not be explained by home range size, unit-group size, or
vegetation types (Itoh & Nishida, 2007). In order to make detailed comparison of feeding and grouping
strategy among sites, we first need to investigate how food resource is distributed, and how chimpanzees
utilize them in different seasons. This should be done not only from the ecological perspective alone but
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also from sociological perspective (i.e., how they eat with their companion). Moreover, we have
accumulated knowledge that chimpanzees have cultural differences among groups, it can affect the feeding
ecology as well. These findings strongly suggest the effective conservation plan may differ from site to site.
Thus, the results from this study, we will be able to grasp the basic knowledge required for chimpanzee
conservation plan specific to Mahale.

4.5. Social behaviors and social relationships among chimpanzees

The objectives of this research are 1) to advance the knowledge of chimpanzees’ complex social
relationships within the unit-group; and 2) to investigate the degree of altruism and cooperation among
them. Although cooperation is often regarded unique to humans, we expect there will be some rudimentary
forms of cooperation among chimpanzees. If this is elucidated, it will be of great advance to understand
evolution of sociality in the course of human evolution. The underlying cognitive mechanisms of certain
social behaviors of wild chimpanzees are virtually unexplored. Thus, it is also significant to collect finer-
grained details of behaviors, e.g., by step-by-step analyses of video images of these behaviors.

4.6. Feeding behaviors and techniques

The objectives of this research are 1) to standardize and refine the information on chimpanzees’ feeding
behaviors and techniques in relation to developmental process of these techniques within social and
ecological environments; 2) to collect preliminary information on insectivory and faunivory by other larger
mammals by collecting and analyzing feces; and 3) to grasp the distribution and densities of some potential
prey species (insects or mammals) in order to understand the relation between prey and predator animals
including chimpanzees.

4.7. Hunting and meat-eating

The objective of this study aims to reveal behavioral and ecological properties in hunting and meat-eating
behavior of wild chimpanzees in relation to their social and physiological aspects. The results would be
significant because 1) the impact of chimpanzee predation on red colobus and other sympatric mammals
will be available and such information would be useful to formulate strategy to conserve fauna at Mahale
Mountains National Park; 2) some hot issues of anthropology, such as cooperation, reciprocity and
nutritional adaptation, could be discussed with reference to dietary and habitat shift in hominid evolution;
and 3) endocrine physiology in the context of hunting and meat-eating may reveal how hunting and meat-
eating influence metabolism, reproduction, and society of wild chimpanzees.

4.8. Cultural behaviors of chimpanzees

The objective of this research is to understand the behavioral variation of chimpanzees. Because
chimpanzees’ behaviors differ even when genetic background is the same, the basic knowledge of
behavioral diversity and possible transfer mechanisms of such cultural behaviors are important for
understanding chimpanzees’ adaptive abilities not directly explained by genetic or ecological differences.
The outcomes of this research will obtain interests of tourists who can enjoy the difference of behaviors
from other chimpanzee viewing sites such as Gombe. The results also highlight the importance of the
conservation of each chimpanzee population.
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4.9. Intergroup relationships

The objectives of this research are 1) to advance the habituation of chimpanzees ranging to the neighboring
unit-groups of the M group; 2) to grasp their ranging areas, group sizes and compositions; 3) to grasp their
food repertories (species and items); 4) to accumulate their behavioral data including cultural variations.
The habituation of the new group will be useful for providing another option of chimpanzee viewing to the
tourists which will reduce the stress on the M group chimpanzees.

4.10. Development of chimpanzees

The objective of this research is 1) to reveal the developmental process of social relationship between
immature and unrelated chimpanzees, such as play, greeting, grooming, and agonistic interactions, 2) to
describe the social relationship between orphaned chimpanzees and caregivers, 3) to compare interactions
between the mother and offspring, the orphan and caregiver, and immature and unrelated individuals. The
results will show the variation and the nature of the life of immature chimpanzees. These pictures will
further interest people and may stimulate them to contribute to the conservation of wild chimpanzees
including the ecotourism.

5. Hypotheses
5.1. Wildlife conservation in and outside of national parks

This particular study topic is not hypothesis driven, but rather, we will need to collect basic descriptive data
on the status of wildlife, ecological threats, and the situation of human—wildlife conflict around the national
park. We will also need to have information from various stakeholders, such as tourist camps and local
people before we will propose testable hypotheses.

5.2. Mammalian fauna and microbes

Differences in densities of mammalian species will be detected in relation to different vegetation types of
the Kasoge area. Because we do not have enough information on detailed ecologies of mammals other than
chimpanzees, we first need to conduct preliminary survey before providing concrete hypotheses.

Animals, as well as humans, are normally infected with some parasites in addition to virus and
bacteria. The latently infected microbes will sometimes show pathogenesis when the host animal is
immunocompromised. In our survey, some pathogens will be detected from both healthy and ill animals.
The most important survey is to compare the pathogen between chimpanzees, other animals and humans.

5.3. Genetic analysis of chimpanzees and other mammals

The hypothesis of this study can be summarized as follows: 1) paternity of chimpanzees will be assigned to
higher ranking males because the alpha male often monopolize the copulation and male reproductive
success will be different according to those tenure as alpha status; 2) although some females will have half-
sisters relatedness between female chimpanzees will be lower than that between males because of female
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transfer; 3) some loci such as cytochrome b gene in mitochondrial DNA will be sequenced or genotyped in
several mammals to assess their genetic diversity at Mahale compared to other populations.

5.4. Ecological influences of chimpanzee ranging and behaviors

The hypothesis of this study all predicts that when feeding competition is weaker, an individual will be
meeting variety of other members of the group to widen the chance to collect ecological and/or sociological
information at the expense of staying with a specific individual for long time: 1) Ecological information:
females’ reproductive success depends on the benefits for her dependent offspring (Trivers, 1972). Thus,
females with dependents are expected to meet more individuals in feeding context than the other age-sex
class; 2) Cultural and sociological information: not only their wide food repertoire, but also the social
behaviors are variable, and some are even cultural. Such social information is essential for the survival of
infants. Thus, females with dependents and also newly immigrated females are expected to select variety of
combination of individuals in social interactions in practice; 3) Ecological and social information: to give
dependents the chance to observe both a variety of food repertory and social interactions in practice, but not
in the expense of mothers’ own feeding time, meeting a large party in a variety of activities may be the
most effective strategy.

To estimate chimpanzee populations, information on bed life span is necessary, Zamma and
Makelele (2012) have already published on bed life span in Mahale. This year’s study conducted by
Zamma suggested that bed life span is faster when beds are made between multiple trees. This suggests
that, on average, beds may have a faster life span in environments where the distance between trees is
shorter and beds are more likely to be made between multiple trees. However, the data from his study is
limited, and more data will need to be collected and analyzed in more detail in the future.

Although the following discussion is based on unpublished data, more daybeds have been
observed at Mahale when chimpanzees rest during rainy weather than during sunny or cloudy weather
(Zamma 2015). The survey this year was conducted during the dry season, and since there were no rainy
days, it is inferred that no daybeds were observed. Future surveys should be conducted during the rainy
season to detail the frequency of daybed production.

5.5. Social behaviors and social relationships among chimpanzees

Hypotheses of this study would be summarized as follows: 1) Chimpanzees may show some extent of
cooperative behaviors; 2) The forms of cooperation may vary between the sexes because chimpanzee males
are more closely related with each other than females; 3) Chimpanzees may change such cooperative
strategies depending on the relationships with the partner, because they may understand and remember the
previous social interactions with each other.

5.6. Feeding behaviors and techniques

There will be a variation of feeding behaviors across individuals in relation to age—sex classes of
individuals. For example, younger individuals may not show effective feeding techniques and females may
engage more often in insectivory rather than carnivory behaviors. Feeding techniques may differ between
adjacent groups of chimpanzees in relation to difference of availability of food species, habitat types and
vegetation. However, it is also expected that feeding techniques may differ between groups because of
some forms of social transmission.
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5.7. Hunting and meat-eating

Hypotheses of this study would be summarized as follows: 1) Chimpanzees may vary their hunting tactics
against prey. Specifically, they may adopt ‘group hunts’ on red colobus and ‘opportunistic captures’ on
other prey including red-tailed monkeys; 2) Tree height and canopy continuity may affect occurrence and
success rate of hunting on red colobus; 3) Party size may be the most predictable factor associated with
occurrence and success rate of hunting on red colobus; 4) The presence of skillful hunters can increase
hunting frequency high above standard levels; 5) Females may contribute about 20 % of prey capture; 6)
Both males and females may eat about 30g of mammal meat per day on average; 7) Alpha males assume a
social role in controlling meat-sharing sessions; 8) Alpha males preferentially share meat with alliance
partners and old individuals; 9) Male testosterone levels increase in response to hunting behavior; 10) High
testosterone levels affect motivation to hunt; 11) Skillful hunters that experience metabolic costs may
display higher cortisol levels than predicted from dominance rank; 12) Meat intake may affect reproductive
behavior of female chimpanzees.

5.8. Cultural behaviors of chimpanzees

Some more behavioral variation of chimpanzees will be detected and described. We hypothesize that more
subtle variation that are not explained in relation to ecological and/or genetic differences will be found in
domains of social behaviors such as grooming, greeting, courtship, etc. because behavioral patterns in such
domains are thought to be only arbitrarily determined with repeated interaction among individuals.

5.9. Intergroup relationships

Some additional behavioral variations will be detected between two neighboring groups. Some of them
may be directly caused by the local environmental differences and some may be related to social learning.
Chimpanzees of the smaller group will avoid the larger M group when two groups are in proximity or when
they hear vocalization of the latter.

5.10. Development of chimpanzees

We address here the developmental process of social behaviors with a focus on interactions between
immature and unrelated chimpanzees. There are some possible channels through which immature
chimpanzees learn certain behavioral patterns or social skills: they may learn them 1) through interacting
with mothers or 2) with unrelated individuals, or 3) from observing mothers' behavior or 4) interactions
between unrelated individuals. Important channels for the development can be variable according to the
investigated behaviors.

6. Future Plans
6.1. Extensive surveys outside the main study area
Since chimpanzees emit loud calls more frequently while ranging in big parties, it is easier for human

observers to find unhabituated chimpanzees in the high fruiting season. The target groups are mainly those
groups adjacent to the M group. We intend to follow them thoroughly to habituate them gradually, while
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recording their range position by GPS (Global Positioning System) and collecting circumstantial evidences.
When direct observation is possible, their behaviors and vocalizations will be record by digital video
cameras. Feces and food remains will also be collected for food analysis and for obtaining DNA samples
(see above). We will adopt camera trapping survey to monitor ranging behavior of neighboring unit-groups
during low fruiting season.

We make census lines in the study area and conduct 1) vegetation surveys to show the ratio of
vegetation types, density of plants, and plant phenology, 2) population censuses of habitat mammals, and 3)
surveys of chimpanzee beds. Based on these fieldworks and satellite data and GIS, we will compare the
environmental characteristics and ecology of chimpanzees and other mammals in Mahale Mountains
National Park and adjacent areas around the park.

As for the “bed survey,” we need to study the number of daybeds over a longer period of time
and analyze factors related to bed lifespan. We plan to continue to accumulate data by conducting a survey
similar to the present year’s survey.

6.2. Genetic, hormonal, and microbial samplings

Urinary and fecal samples for hormonal analyses will be collected from chimpanzees by the non-invasive
techniques (Fujita, 2015). Urine and feces will be collected during daily follows of chimpanzees. Urine and
feces should be frozen after collection and maintained at <-20°C in the solar refrigerator. Alternative
methods for storage might be the use of preservatives such as ethanol (urine and feces) or drying with silica
gel (feces).

Food wadges, feces, urine and hair from chimpanzees will be collected for DNA extraction. Other
materials such as semen (estrous females occasionally drop them from their vulva) and blood (injured
individuals occasionally leave them on rocks or fallen leaves) will be non-invasively collected when
possible. Carcasses and skeletons of chimpanzees and other mammals will be collected to identify the
animal and to investigate causes of deaths and for genetic analyses. Non-invasive DNA samples will be
collected also from other chimpanzee groups and other larger mammals. DNA extraction from these
samples and analysis of DNA will be conducted in the laboratory of Kyoto University, Japan.

Non-invasive sampling of saliva, urine and feces from various kinds of mammals in order to
detect microbes will be made. Trapping of some small mammals (such as bats and rodents) and some birds
to collect blood and cerebrospinal fluid under euthanasia with over volume of anesthesia will also be
conducted. Sampling from insects for pathogen detection will also be made. The collected microbes will be
treated and their DNA or RNA will be analyzed and identified at laboratory in Arusha and in Japan.

6.3. Promotion of joint research

This project has strengthened its links with the University of Dar es Salaam. For example, Shinshu
University and the University of Dar es Salaam have an international academic exchange agreement. In
addition, project members Takuya Matsumoto, PhD, of Shinshu University, and Fred Chibwana, PhD, of
the Department of Zoology and Wildlife Conservation, University of Dar es Salaam, are leading a research
project on the wildlife of the United Republic of Tanzania. The documentation of the joint research
agreement on wild organisms in the United Republic of Tanzania is being prepared and is being finalized
for agreement. We will continue to work with the University of Dar es Salaam, taking into account the
“Access to genetic resources and Benefit Sharing (ABS)” under the Convention on Biological Diversity.

6.4. Ecological data sampling
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Vegetation, floral and plant phenology will be monitored to compare with utilization of habitat by
chimpanzees. Line-transect was set up in 1996 for vegetational survey. To assess the change after the time
of this survey will be conducted on this transect again. Phenological monitoring using the above line-
transect have been conducted up to now, and the presence of new leaves, flowers and fruits are monitored.
This will be continued for assessing food availability and also for assessing global climatic impact on
phenological patterns in Mahale. Although about 600 species of plants have collected and identified before
(Nishida & Uehara, 1981; Itoh, 2015; Itoh & Nakamura, 2015b), more efforts are needed to collect plant
specimens for identification. In light of an expert’s estimate, Mahale is expected to have more than 2000
species of vascular plants given its geographical position in the African tropics (Lovett, 1994). Thus, if
unidentified plants are found, they will be collected for preparing specimens. The specimen will be sent to
herbarium in Tanzania (i.e., Department of Botany, University of Dar es Salaam) for identification.

For the faunal studies, census of diurnal large- and medium-sized animals will be conducted by
recording encounters, mainly by sighting, with each animal species within a certain sample width along
each route. Fecal census of animals will be made in order to estimate densities of nocturnal animals. Fecal
samples will be collected in order to obtain the information of diet and genetic data. For small-sized
mammals, camera traps may also be helpful. Efforts will be made to habituate some groups of red-tailed
monkeys and red colobus in order to have more details of behavioral adaptations of these primate species.
In relation to study of insectivory by mammals, insect specimens will be collected and sent to Department
of Zoology, University of Dar es Salaam, Natural History Museum of U.K. and Kyoto University for
identification and storage.

6.5. Behavioral observation of wild chimpanzees

For recording the behaviors or habituated M-group chimpanzees, whole-day focal animal sampling or focal
group following will be made. We will record various types of behaviors, food items, party types, etc.
Targets of the observation will be individuals of various age—sex class depending on the subtopics. We will
keep distance of at least 7.5 m from the chimpanzees and always wear face mask in order to minimize the
risk of transmitting human diseases. We will also take one-week quarantine period before starting full-day
follow of chimpanzees. An audio recorder, still camera, video camera, and field notes may be used to
collect data depending on the subtopics. Arbitral collection of food remains, tool materials, or other
materials relevant to the subtopics during or after the behavioral observation will be made whenever it is
necessary. When collecting these samples, maximum cautions will be paid not to disturb behaviors of
chimpanzees.

6.6. Behavioral observation of giraffes

We will record the behavior of giraffes in the Katavi National Park. We will mainly collect data on their
feeding behavior, social relationships, and behavioral changes in the presence of humans. We will keep a
distance of at least 50 m from the focal animal and collect data in a non-invasive manner.

7. Impacts

The following benefits to Tanzania are expected from our proposed research.
1) Monitoring the habituated M group of chimpanzees, the most precious natural resources of the Mahale
National Park
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2) Estimation of chimpanzee density and gene flow of Greater Mahale ecosystem for better knowledge of
wildlife management

3) Compilation of checklist of plants, mammals, birds, reptiles and other remarkable animals

4) Supply of information that is relevant to wildlife conservation and park management

5) Education of Tanzanian students and park rangers

6) Supply of information useful for education and contentment of visitors

7) Maintenance of observation trails used by scientists, park staff and visitors
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9. Research Periods and Regimen

1) Ten years from November 2024 to October 2034.

2) At least one researcher should be expected to stay at the Kansyana Research Camp to record climatic
data, monitor reproductive state of chimpanzees, take demographic data and recover corpses of
chimpanzees, if available, as the minimum routine work.

3) Maximum numbers of researchers observing Mahale M group chimpanzees simultaneously should be 6
including assistants (i.e., 3 researcher—tracker pairs).
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