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ABSTRACT 

 

 

The mammalian order Primates exhibits considerable diverse in the society. Primate social 

organization, which describes the size, sex composition, and spatiotemporal cohesion of a society, 

is considerably varied. Determinants of parameters in social organization, including group size, 

the number of males in a group, and the formation of one-male-unit (OMU)-based multilevel 

societies, are long-standing questions in primatology. 

Mandrills (Mandrillus sphinx) hold a unique position in the primate society because of 

their social characteristics, which apparently deviate from the norm for anthropoid primates; they 

form extremely large groups of over a hundred individuals, the socionomic sex ratio is highly 

female-biased, and most of the males are reported to join groups seasonally. Despite these highly 

intriguing features, mandrill ecology and society in the wild has not been comprehensively 

investigated, and whether they form a multilevel society remains controversial. In this study, I 

aimed to elucidate the social organization, determinants of the number of males in a group, and 

feeding tactics to reduce intragroup scramble feeding competition in wild mandrills. 

I conducted the fieldwork at the Moukalaba-Doudou National Park, Gabon, for four 

years, between 2009 and 2013. I also conducted a fallen fruit census from January 2012 to January 

2014, and a camera-trap survey from January 2012 to February 2014, as collaborative studies. 

 To examine whether mandrills form multilevel societies or non-nested, multimale-

multifemale societies, I recorded group progressions crossing open places, using a video camera, 

and analysed age‒sex compositions, behaviours, and progression patterns of different groups. To 

elucidate female reproductive seasonality, and male influx and spatial positioning within groups, 

I analysed 1,760 video images captured from camera-traps using generalised linear mixed models. 
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To clarify dietary and ranging responses of mandrill groups to seasonal fruit scarcity, I conducted 

faecal analyses and group follows, calculated visit frequencies of groups in each transect, and 

compared the data across seasons. 

The progressions were very crowded (i.e. inter-individual distances were very close), 

and large (169–442 individuals), with only 3–6 adult males (1.4–1.8% of the population), and 11–

32 sub-adult males (6.5–7.2%). No herding behaviour by males, which is typical in leader males 

in OMUs, was observed, and most of the small clusters within the progressions were not 

analogous to OMUs of a multilevel society, but consisted of only reproductive females and 

immatures. The progressions of alert mandrills showed patterns similar to those in a non-nested 

social system: females with dependent infants were concentrated towards the rear, whereas adult 

and sub-adult males were towards the front. 

 Female reproduction was seasonal, with a peak in the number of new-borns in the mid-

rainy season, and a peak in the number of females with sexual swellings in the early dry season. 

The number of males in the group increased in the dry season, with a much greater increase in the 

number of adult males (seven-fold) than sub-adult males (two-fold). The peak in the number of 

adult males, but not sub-adult males, in the group lagged significantly behind the peak in the 

number of females with sexual swellings. Moreover, adult males, but not sub-adult males, were 

filmed with females with sexual swellings frequently. 

 The number of fruit clusters fluctuated seasonally, with a fruit-peak season from 

December to February, and a fruit-scarce season from March to August. Relative volumes of 

faecal remains of fruit fibres and intact seeds, which indicated the consumption of pulp, varied 

according to fruit availability, whereas faecal remains of cracked seeds were found in large 

volumes even during fruit-scarce seasons. The relative volume of woody parts (e.g. roots and 

subterranean stems) and arboreal leaves increased in faecal remains during fruit-scarce seasons, 
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resulting in a high dietary diversity. Visit frequency of mandrill groups to transects was positively 

correlated with the availability of mainly-consumed fruits only during seasons of high fruit 

availability. Moreover, mandrill visits were highly concentrated in a few transects where main 

fruit availability was particularly high during fruit-peak seasons, whereas they visited more 

transects evenly during the other seasons. Despite the seasonal change in habitat use, ranging 

distance did not differ among seasons. 

The results from the analysis of group progressions suggest that mandrills form large, 

crowded, non-nested societies, and their socionomic sex ratios are highly female-biased during 

non-mating seasons. Furthermore, I observed that female reproductive seasonality and male 

dominant/subordinate relationships in mate competition, contributed to the number of males in a 

group. Moreover, mandrill groups responded to seasonal fruit scarcity by shifting their diets from 

pulps to seeds and woods, and reducing their habitat selectivity, which suggested that these 

flexible behavioural responses allow them to reduce strong scramble feeding competition and 

may contribute to the maintenance of their extremely large groups. Thus, mandrills form unique 

non-nested societies where females and their offspring flexibly change their feeding behaviours 

to maintain large groups, whereas most males join and leave groups seasonally as a mating tactic. 

My unique methods using camera-trapping and in-depth video analyses, revealed the 

unusual non-nested societies of mandrills. On the one hand, seasonal-breeding females and 

immatures maintain extremely large groups by changing their feeding tactics flexibly in response 

to the seasonality of fruit availability. On the other hand, most males enter and leave groups across 

seasons as a mating tactic. 
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CHAPTER I GENERAL INTRODUCTION 

 

 

1.1. Diversity of Primate Social Organization 

 

Primates exhibit a tremendous diversity in society (Campbell et al. 2011; Smuts et al. 1986). 

A seminal review by Kappeler and van Schaik (2002) identified three elements of primate 

social systems: social organization, mating system, and social structure. Social organization 

describes the size, sex composition and spatiotemporal cohesion of a society. Mating 

system refers both mating interactions (social mating system) and its reproductive 

consequences (genetic mating system). Social structure depicts patterns of social 

interactions and relationships among members of a society. 

Social organization has been focused from earlier age of primate research (Clutton-Brock 

and Harvey 1977; Crook and Gartlan 1966; Eisenberg et al. 1972). Primate social 

organization is a vast field ranging from solitary-living, such as in slow lorises (Nycticebus 

spp.) and orang-utans (Pongo spp.), and pair-living, in owl monkeys (Aotus spp.), and 

gibbons (Hylobates spp.), to group-living, where sex composition and size vary widely 

between species and populations. Moreover, some primates living in multimale-

multifemale groups, including hamadryas baboons (Papio hamadryas), geladas 

(Theropithecus gelada), snub-nosed monkeys (Rhinopithecus spp.), and humans (Homo 

sapiens), form multilevel societies, in which multiple one-male units (OMUs) are nested 

within a group (Grueter et al. 2012). Since multilevel societies differ, in their spatiotemporal 

cohesion, from ‘non-nested’ societies that have no OMU-like permanent clusters within 

their groups, these two societies should be considered different in terms of social 
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organization (Grueter et al. 2012). The identification of determinants, or correlates, of 

primate social organization and the reconstruction of the evolutionary trajectory of social 

organization have therefore attracted many researchers for more than half a century (Crook 

and Gartlan 1966; Fleagle 2013; Itani 1977; Nakagawa 2013; Shultz et al. 2011). 

Since the majority of anthropoid primates have a group-living social organization, 

determinants of group size, and the number of males in a group, form a long-standing 

question in primatology. Researchers have found several factors that correlate with primate 

group size. Intragroup scramble feeding competition constrains group sizes (Janson 1988; 

van Schaik and van Noordwijk 1988). Predation risk and intergroup feeding competition 

both favour living in larger groups (Hill and Lee 1998; van Schaik and van Hooff 1983). 

The risk of infanticide may increase group size if females offset infanticidal males by 

dilution, vigilance and/or the formation of female coalitions (Palombit 2012, 2015). 

Alternatively, infanticide risk may correlate negatively with group size, when females 

prefer to live in smaller groups, which are less ‘attractive’ to infanticidal males (Palombit 

2012, 2015). Similarly, primatologists have identified determinants of the number of males 

in a group. The number of females in a group is linked tightly to the number of males 

(Dunbar 2000; Mitani et al. 1996) and seasonal reproduction increases the number of males 

in a group by overlapping with female fertile periods (Ridley 1986). Furthermore, 

intragroup synchrony and asynchrony of female ovarian cycles correlate with a decrease 

and an increase respectively, in the number of males (Carnes et al. 2011; Nunn 1999). 

 

1.2. Mandrill: a Primate of Social Extreme 

 

Mandrills (Mandrillus sphinx) hold a unique position in the largely varied primate society, 
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mainly because of two social characteristics. First, this African, Old World monkey species 

forms extremely large groups. A field study at the Lopé National Park, in Gabon, observed 

mandrill groups of 338‒845 individuals (Abernethy et al. 2002), which are among the 

largest primate groups observed in the wild. Their unusual gregariousness seems to 

challenge existing theories for primate socioecological model (van Schaik and van Hooff 

1983). Mandrills have frugivorous diets (Hoshino 1985; Rogers et al. 1996), which 

generally leads to a higher intragroup scramble feeding competition than folivorous diets, 

and does not favour the formation of large groups. They are confined to tropical forests in 

central Africa where predation risk is generally considered to be low, compared to open 

lands such as savannahs, although several predators (e.g. leopards [Panthera pardus], 

crowned eagles [Stephanoaetus coronatus], central African rock pythons [Python sebae], 

and central chimpanzees [Pan troglodytes troglodytes]) live sympatrically (Abernethy and 

White 2013; Harrison 1988; Henschel et al. 2005). Groups rarely encounter each other 

(White et al. 2010) and group densities at Lopé are crucially low (White 1994), suggesting 

that intergroup feeding competition is not strong and does not favour an increase in group 

size. Thus, ecological factors should not favour the formation of such large groups. In fact, 

sympatric monkeys such as several guenons (Cercopithecus spp.) and mangabeys 

(Lophocebus spp. and Cercocebus spp.) live in much smaller groups containing only 

several dozens of individuals (Fleagle 2013). 

 Secondly, mandrill groups have a highly female-biased socionomic sex ratio for 

multimale-multifemale groups, with only a few adult males within a group of hundreds of 

individuals (Abernethy et al. 2002; Hoshino 1985; Rogers et al. 1996). Furthermore, year-

round residence of adult male mandrills is doubtful as researchers at Lopé observed large 

groups without adult males during the birth season (Abernethy et al. 2002). Since year-
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round male‒female association is the norm for group-living anthropoids (van Schaik and 

Kappeler 1997), if adult males only visit groups seasonally, then the mandrill deviates from 

this general rule for anthropoid primates. 

 Despite these highly intriguing features of mandrill societies, greater attention has 

been focused, not on their social behaviours in the wild, but on their sexual selection, 

favouring their different sexually dimorphic traits. Captive individuals at the Centre 

International de Recherches Médicales de Franceville (CIRMF), Gabon, are ideal subjects 

for these studies, and researches have revealed their development, mating behaviours, 

social interactions, and physiological correlates between sternal gland activities and MHC 

components (Dixson 2015; Setchell 2016). Research in the wild is limited because direct 

observations of extremely large groups are difficult to achieve. Dense vegetation and vast 

home ranges have prevented primatologists from following groups continuously and 

gathering observational data sufficiently. Consequently, mandrill ecology in the wild has 

not been investigated adequately, and there is a controversy as to whether they form a 

multilevel society (see section 2.2. Introduction in Chapter II). Further efforts and 

alternative approaches are necessary to resolve this problem. 

 

1.3. Research Aims 

 

I used camera-trapping and video analysis to conduct the research on mandrill socioecology. 

The camera trap, which is triggered by the passage of an animal and records photos or 

videos automatically, is a novel device in animal ecology and more specifically primatology 

(O'Connell et al. 2011; Pebsworth and LaFleur 2014). Camera-trapping is particularly 

useful in recording rare species that are difficult to observe directly. Moreover, camera-
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traps allow us to ‘observe’ animal behaviours, which are not affected by the presence of 

human observers. In this study, I used the camera-traps in video mode to record mandrill 

behaviours. 

The aim of this study was to elucidate the socioecology of wild mandrills. This 

thesis consists of five chapters, including this first chapter for a general introduction. In 

Chapter II, I focused on the social organization of mandrills. Using the video images from 

the cameras, I investigated the size and composition of groups in my study area, 

Moukalaba-Doudou National Park, Gabon, and analysed behaviours concerning social 

organization, to clarify whether mandrills form OMU-based multilevel societies or non-

nested societies. In Chapter III, I provided details of their reproductive ecology. I 

investigated seasonal patterns of both female reproduction and male influxes, and male 

behaviours within the groups using camera-trapping and demographic analyses. Based on 

the results, I discussed how female reproductive seasonality and male mating tactics affect 

the number of males in a group. In Chapter IV, I studied the feeding ecology of wild 

mandrills. In order to discuss behavioural responses which enable them to maintain 

extremely large groups year-round, I examined how mandrills changed their feeding and 

ranging behaviours in response to seasonal fruit scarcity using camera-traps as well as the 

traditional methods, i.e. faecal analysis and group follows. I calculated capture rates of the 

camera-traps to clarify seasonal patterns in habitat use of mandrill groups. Chapter V 

contains a general discussion where I summarised my findings and conclusions. 

Subsequently, I discussed related factors favouring a highly female-biased sex composition 

and the extreme gregariousness of mandrill groups. Finally, I examined several perspectives 

for future research. 
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1.4. Study Area and Study Period 

 

I conducted the field study at the Moukalaba-Doudou National Park, situated in the 

southwest region of Gabon (Fig. 1.1a). Moukalaba-Doudou is regarded as an important 

habitat for arboreal monkeys (Mangama-Koumba et al. 2016), great apes (Takenoshita and 

Yamagiwa 2008), and forest duikers (Nakashima et al. 2013a) because of their high density 

in this area, but lacks colobines (genera Colobus, Procolobus, and Piliocolobus). My study 

area encompassed ca. 500 km2 of the eastern part of the Park. Since the home range of a 

mandrill group at Lopé is 89 km2 of the forested area (White et al. 2010), the study area 

should cover home ranges of several groups. The research base was located at S2° 19′ and 

E 10° 34′. The study area comprised of various vegetation types, including selectively 

logged primary forests, disturbed secondary forests where there were plantations before the 

establishment of the national park, temporarily inundated forests, and savannahs (Fig. 1.1b). 

Vegetation information was derived from a classification based on LandsatTM, radar, and 

aerial imagery (Ministere des Eaux et Forets et du Reboisement, Tecsult International, 

Quebec Canada; provided by WWF Gamba). The elevation was 68–723 m above sea level 

(Nakashima 2015). The annual rainfall from 2002 to 2013 fluctuated between 1176 and 

2043 mm, and the mean monthly maximum and minimum temperatures from 2006 to 2013 

were 26.7–34.3°C and 18.7–25.0°C respectively (PROCOBHA research team, unpublished 

data). Dry season was typically from mid-May to September, and the rainy season from 

October to April, but there was little rain from December to February in some years 

(Takenoshita et al. 2008). Daily rainfall did not exceed 10 mm from 18 May to 9 October, 

2012 and from 19 May to 11 October, 2013. 

My data collection lasted for four years, over 25 months in total, from August 
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2009 to September 2013 (i.e. August–November 2009, January–June 2010, November 

2011–March 2012, June–August 2012, October 2012–February 2013, and June–September 

2013). I collaborated with Yoshihiro Nakashima, Etienne François Akomo-Okoue, and 

Fred Loïque Mindonga-Nguelet for a fallen fruit census from January 2012 to January 2014, 

and a camera-trap survey from January 2012 to February 2014. 

 

1.5. Definition of the Group 

 

Previous field studies have used different words to refer to the large aggregation of 

mandrills: group (Hoshino 1985; Hoshino et al. 1984; Jouventin 1975; Kudo 1987; Lahm 

1986; Sabater Pi 1972), supergroup (Dixson 2015), and horde (Abernethy et al. 2002; 

Rogers et al. 1996; White et al. 2010). Researchers in Lopé have used the term horde 

consistently, and Abernethy et al. (2002) and White et al. (2010) apparently consider it a 

social unit of mandrills. However, the existence of a social unit in the mandrill has not been 

clarified. Mandrills form very large aggregations, at least in Lopé and surrounding areas 

(Abernethy et al. 2002; Jouventin 1975), but it is not known whether these large 

aggregations occur elsewhere. Furthermore, whether the aggregations have stable 

memberships remains to be clarified. Therefore, in this thesis, I termed mandrill 

aggregations that ranged cohesively as ‘groups’, and used the term ‘subgroup’ only when a 

group-fission was clearly observed or identified from auditory information. The stability of 

memberships and existence of social boundaries in mandrill groups are, though important, 

beyond the scope of this thesis. 
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CHAPTER II SOCIAL ORGANIZATION OF 

MANDRILLS: MULTILEVEL OR NON-NESTED 

SOCIETY? 

 

 

2.1. Abstract 

 

African papionins are well known for the diversity of their social organizations, ranging 

from multilevel societies, based on the one-male-multifemale units (OMUs), to non-nested 

societies. However, the characteristics of Mandrillus societies are still unclear due to 

difficult observational conditions in dense forests of central Africa. To elucidate the 

characteristics of mandrill societies and their social organizations, I analysed the age‒sex 

compositions, behaviours, and progression patterns of their group and subgroups using 

video images of them crossing open places, during the non-mating seasons. The 

progressions were very crowded (i.e. inter-individual distances were very close), and large 

(169–442 individuals), with only 3–6 adult males (1.4–1.8% of the population), and 11–32 

sub-adult males (6.5–7.2%). No herding behaviour by males, which is typical in leader 

males in OMUs, was observed, and most of the small clusters within the progressions were 

not analogous to OMUs of a multilevel society, but consisted of only reproductive females 

and immatures. The progressions of alert mandrills showed patterns similar to those in a 

non-nested social system: females with dependent infants were concentrated towards the 

rear, whereas adult and sub-adult males were towards the front. These results suggest that 

mandrills form large, crowded, non-nested societies, and their socionomic sex ratios are 

highly female-biased during non-mating seasons. 
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2.2. Introduction 

 

Primates exhibit tremendous diversity in their social systems. Although many researchers 

have discussed the evolutionary history of social systems for more than five decades, it is 

still one of the central arguments in primatology (Crook and Gartlan 1966; Itani 1977; 

Kappeler and van Schaik 2002; Shultz et al. 2011), specifically in relation to African 

papionins (subtribe Papionina). Their social organizations vary among species (Swedell 

2011). Hamadryas baboons (Papio hamadryas) and geladas (Theropithecus gelada) form 

multilevel societies, in which a number of one-male-multifemale units (OMUs) are nested 

within a social unit termed ‘band’; other Papio species, often referred to as ‘savannah 

baboons’ (P. anubis, P. cynocephalus, and P. ursinus), live in non-nested societies, in which 

multiple females and typically multiple males form a cohesive female-bonded group. This 

variety has been explained as reflections of past selection pressures on different populations. 

For example, Henzi and Barrett (2003) hypothesized that hamadryas baboons developed 

the multilevel society for adaptations to both the high predation risk and the scarce 

resources and shelters, whilst savannah baboons in the less harsh area remained non-nested. 

Nevertheless, most of these discussions have focused only on the species in arid areas, and 

neither mandrills (Mandrillus sphinx) nor drills (M. leucophaeus) have been included in 

these arguments. It is essential to explore the nature of societies in Mandrillus species for a 

comprehensive understanding of the social evolution in African papionins, even though 

they are not the sister taxon of baboons and geladas but of white-eyelid mangabeys 

(Cercocebus spp.) (Harris 2000). 

Large home range of Mandrillus species (mandrills: 89 km2 by MCP method 
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based on a 6-year-study, White et al. 2010) and poor visibility in dense forests make it 

difficult for field researchers to observe their behaviours in the wild, and the characteristics 

of their societies are still unclear. In addition, there are some conflicting arguments about 

their social organizations. Mandrillus monkeys have originally been considered to form 

multilevel societies and fully grown males were believed to be leaders of each OMU, 

mainly because of the various sizes of groups, from several tens to hundreds, and frequent 

fission‒fusion (mandrills: Hoshino et al. 1984; Rogers et al. 1996, drills: Gartlan 1970). 

More recently, Abernethy et al. (2002) reported a considerably different view of mandrill 

society. They argued that mandrills form a stable social unit and rarely divide into small 

subgroups. In addition, groups contain only 1–17 adult males and the number of adult males 

in the group fluctuated seasonally according to the number of females with sexual swellings. 

Based on the results, they hypothesized that mandrills live in a female-led society, where 

males are not resident members but migrators, which enter groups at the onset of the mating 

season. Studies on vocal communications in the wild (Kudo 1987) and social network 

analysis of a small captive group of 19 individuals (Bret et al. 2013) also suggested an 

important role of females, not males, on group cohesion. 

Several key differences in their behaviours between multilevel and non-nested 

societies of African papionins allow us to examine social systems of mandrills. On the one 

hand, in OMU-based multilevel societies, leader males herd their females by aggressions 

like neck bites and soliciting behaviours such as looking back and gazing (Kummer 1968; 

Mori 1979; Swedell and Schreier 2009). As a consequence, members of the same OMU, 

which consists of 2–28 individuals (Grueter and Zinner 2004), always stay together and 

rarely intermingle with other OMUs, and no adult females are found outside the OMUs 

(Kummer 1968; Snyder-Mackler et al. 2012). On the other hand, based on studies on non-
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nested societies of savannah baboons, they were found to travel in consistent patterns of 

progression. Sub-adult males tend to be in the front part of the march (Rhine et al. 1979). 

Adult males, which are the most robust animals to external threats, tend to concentrate 

toward the side of potentially danger, such as the front part when entering open waterholes 

(Rhine 1975; Rhine and Tilson 1987). On the contrary, females with dependant infants, 

which are the most sensitive to threats, tend to remain in the rear part of the march when 

they enter waterholes (Rhine 1975). Additionally, related females form the core of their 

group, and strong bonds between males and females do not always exist (Altmann 1980; 

Silk et al. 2006). 

Based on these findings, I addressed predictions about progressions of mandrills 

as below. If mandrills form OMU-based multilevel societies: 

1)  Adult and sub-adult males may display herding behaviours toward reproductive 

females. 

2)  Several small OMU-like clusters of 2 to 30 individuals, which contain one or two 

males and several reproductive females, could be found within the aggregation. 

3)  All reproductive females would be near at least one male. 

On the contrary, if mandrills form non-nested societies: 

1)  Adult and sub-adult males may occur mainly in the front part of the progressions, 

especially when they are on the alert. 

2)  Females with infants may aggregate in the rear part when they proceed with caution. 

3)  Small clusters without an adult and a sub-adult male may be observed. 

In this chapter, I aim to examine these predictions by observing their progressions. 
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2.3. Methods 

 

2.3.1. Data Collection 

 

I conducted the study over 25 months between August 2009 and September 2013. I 

searched for mandrill groups and followed them for as long as possible. Whenever a group 

approached an open place, such as a logging road or a river, I tried to record the progression 

of all members crossing the area using a video camera. When the group divided into several 

subgroups (i.e. aggregations that has been evidently judged as temporary fissions of a larger 

group based on observation and/or auditory information), I focused on one of them for the 

recording. In order to ensure that all the members of one group or subgroup were recorded, 

I confirmed the absence of a preceding or remnant individual by auditory information and 

by observing from the beginning of the passage to at least 5 min after the last individual 

had crossed. After the recording, I also confirmed the absence of other traces within 100 m 

of each side from the crossing point. 

 

2.3.2. Data Analysis 

 

All statistical tests in this paper were two-tailed and conducted using R 3.0.0 software (R 

Core Team 2013). A P value of < 0.05 was considered significant and of < 0.08 was 

considered as a tendency towards significance. 

I carried out five types of analysis using the video images. First, I categorized each 

animal into six age‒sex classes (Table 2.1; Fig. 2.1). When individuals repassed reversely, 

I counted them and subtracted their number from that of the crossed individuals to ensure 
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a precise count. I could not distinguish females with sexual swellings from females without 

a sexual swelling, due to the long distances from the focal aggregations. Pubescent males 

and reproductive females without an infant were indistinguishable from each other until 

their genital parts were displayed, because their body sizes and morphological features are 

very similar (Abernethy et al. 2002). Therefore, these unidentified individuals were 

classified into the two classes in proportions that were consistent with the ratio of identified 

pubescent males to identified females without an infant. In Case 1 (see 2.4.1. Description 

of Each Passage Case), however, it was impossible to sort them since none had clearly 

displayed its genital parts. I also calculated the socionomic sex ratio, or the number of 

reproductive females per adult and sub-adult males, in each case except for Case 1. 

Second, in order to evaluate degrees of alertness against human observers in each 

case, I noted the number of individuals looking at the observers. I also noted appearance 

time from the bushes and arrival time at the other side of the open place for each individual 

to an accuracy of one-tenth of a second, and calculated their crossing speeds. When the 

vigilance levels of individuals are high, their crossing speeds should be fast to avoid 

potential risk. Therefore, I compared them among cases using the Mood’s median test with 

the Bonferroni correction. 

Third, I recorded behaviours related to herding, in other words, aggression (bite, 

grab, approach, and bark), look-back (look at another behind the performer), and facing 

(gaze at each other). I also noted the direction of these behaviours and the age‒sex classes 

of the individuals involved. 

Fourth, I performed randomization tests of 100,000 iterations by case in the 

progression orders, in order to evaluate the concentration of animals belonging to several 

age‒sex classes towards the fore or rear of a progression. Medians of the order in adult 
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males (mAM), sub-adult males (mSM), and females with infants (mFI) were used for the 

test statistic. 

Lastly, I divided each progression into clusters when an inter-arrival time between 

individuals was more than 10 s. I then noted their age‒sex class compositions only when 

they contained 30 individuals or less, which are compatible with the size of OMUs (Grueter 

and Zinner 2004). 

 

2.4. Results 

 

2.4.1. Description of Each Passage Case 

 

I searched for mandrill groups for 432 days, and located them 47 times. I also observed 11 

solitary males and one bachelor group of two adult males. I recorded full members of a 

mandrill group and two subgroups. I showed locations where their progressions were 

observed in Fig. 4.1. I could not confirm if they were the same ones, because I did not find 

any identical individual among cases. I described the circumstances in each case below. 

Case 1 (3 May 2010, 11:02–11:06): a field assistant and I found a group and 

followed it from 10:09. It fissioned into several subgroups and, after a few minutes, crossed 

fallen trees over a river approximately 10 m wide. We focused on one subgroup and 

recorded it during the crossing. Distance of the focal subgroup from us was approximately 

50 m, and the focal subgroup was judged as at least 300 m apart from the other subgroups 

based on auditory information. A total of 169 individuals passed on the same tree during 

the 4 min 20 s period. About 10 min after they arrived at the other bank, they fused with 

the other subgroups, which had apparently gone over other fallen trees. 
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Case 2 (27 November 2011, 9:47–9:51): when two assistants and I walked on a 

logging road that was 2 m wide, we heard long-distance calls of females (i.e. crowing) in 

the bush at a distance of approximately 20 m. We receded approximately 10 m and waited 

in hiding for 5 min. Then a group began to cross the road. The group was distant from us 

at approximately 30 m. A total of 352 individuals passed during the 3 min 50 s period, and 

two of them repassed once reversely. Thus, the total number of members in the group was 

350. We did not hear any other noise or call from outside the focal group. Width of the 

progression was about 10 m. 

Case 3 (25 October 2012, 13:00–13:11): I was driving a buggy car with an 

assistant on a logging road and heard long-distance calls and alert calls of mandrills in the 

bush from one side of the road. Then three individuals (the age‒sex class could not be 

identified) crossed the road and video recording was started from the fourth individual 

crossing. We knew this was a subgroup because we heard other individuals at a distance of 

at least 200–300 m away from the focal subgroup. The crossing was at a distance of 

approximately 30 m away from us. A total of 451 members passed during the 11 min 7 s 

period, and nine repassed once reversely. Thus, the total number in the subgroup was 442. 

Width of the progression was approximately 5 m. 

 

2.4.2. Age‒sex Class Composition 

 

Group or subgroup sizes and age‒sex class compositions of each case with those of 

mandrills in other sites and other terrestrial African papionin species are shown (Table 2.2). 

A group and two subgroups contained 350, and 169 and 442 individuals, respectively. Adult 

males accounted for only 1.4–1.8%, and sub-adult males accounted for 6.5–7.2%. Then the 
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socionomic sex ratios were 4.45 and 4.51 in Case 2 and 3, respectively, which were higher 

than the other African papionin species. 

 

2.4.3. Alertness during Crossing 

 

Only 12 (7.1%) individuals gazed at the observers during the passage in Case 1, while 141 

(40.3%) and 349 (79.5%) animals did so in Case 2 and 3, respectively. The crossing speeds 

were significantly higher in Case 2 (median [min–max] = 3.33 [0.22–6.67] m/s) than in 

Case 3 (1.33 [0.16–5.00] m/s) and Case 1 (0.53 [0.06–1.91] m/s). Further, those in Case 3 

were higher than in Case 1 (Mood’s median test with Bonferroni correlation, Case 1 vs. 

Case 2, P < 0.01; Case 2 vs. Case 3, P < 0.01; Case 3 vs. Case 1, P < 0.01). In Case 1, 

thirteen individuals paused on the tree for a mean of 15.5 s in Case 1, whereas none did so 

in the other cases. These results indicate that the mandrills of Case 2, and subsequently of 

Case 3, were on a high alert due to the presence of the observers, and they crossed the open 

places with caution, whereas those of Case 1 were at a lower degree of alertness. 

 

2.4.4. Herding Behaviour 

 

I observed three instances of grab and 11 of look-backs, but never observed facing. Two 

out of the three grabs were by adult or sub-adult males towards juveniles which overtook 

them, and eight out of the 11 look-backs were performed between reproductive females and 

juveniles or their infants. I did not observe herding behaviours between adult or sub-adult 

males and reproductive females. 
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2.4.5. Progression Order 

 

Patterns of progression orders are presented in Fig. 2.2. In Case 1 (Fig. 2.2a), sub-adult 

males were significantly concentrated towards the front of the progression (randomization 

test, mSM = 36, P = 0.03), but the patterns of the concentration of adult males and females 

with infants were not statistically significant (mAM = 66, n.s.; mFI = 114.5, n.s.). In Case 

2 (Fig. 2.2b), both adult and sub-adult males were concentrated towards the front (mAM = 

17, P < 0.01; mSM = 69, P < 0.01) and females with infants were towards the back (mFI = 

225, P < 0.01). In Case 3 (Fig. 2.2c), females with infants were concentrated towards the 

back (mFI = 303, P < 0.01) and sub-adult males showed a tendency of concentration 

towards the front (mSM = 143, P = 0.076), though the pattern of adult males was not 

statistically significant (mAM = 164, n.s.). 

 

2.4.6. Small Cluster 

 

I detected six small clusters in the progressions. Their compositions were as follows: Case 

1, [1 adult male + 2 pubescent males or reproductive females without an infant + 1 juvenile], 

and [2 females with infants + 3 pubescent males or reproductive females without an infant 

+ 3 juveniles]; Case 3, [1 reproductive female without an infant + 1 pubescent male or 

reproductive female without an infant], [7 reproductive females + 11 juveniles], [2 

reproductive females without an infant + 1 pubescent male or reproductive female without 

an infant + 2 juveniles], and [1 reproductive female without an infant + 2 juveniles]. 

Although the first one can be identical to an OMU, most of the clusters did not represent a 

clear analogy for the OMU of a multilevel society. Indeed, five out of the six clusters did 
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not include adult nor sub-adult males. 

 

2.5. Discussion 

 

When mandrills crossed open areas, they formed very crowded progressions, whose inter-

individual distances were very close even at a low degree of alertness. Every aggregation 

of more than a hundred was in the form of long queue with a width of 10 m or less. Crowded 

groups were also reported in Campo (Hoshino et al. 1984). In terms of age‒sex 

compositions, all three cases included only a few adult males and the socionomic sex ratios 

were more biased towards females than those in the other African papionins, as is the case 

in the other mandrill studies (Table 2.2). Thus, crowded aggregation and female-biased sex 

ratio may be common characteristics in mandrills. Fluctuation in the proportion of adult 

males was not observed, probably due to the limited sample size. The days that I observed 

the progressions correspond with the season of low or moderate number of adult males in 

the group at Lopé, where the fruit phenology is similar to that in Moukalaba-Doudou 

(Abernethy et al. 2002). I also observed solitary males and, just for once, a bachelor group 

of two males in the study site. Possibly high proportion of males wandering outside groups, 

as well as higher mortality of males (Setchell et al. 2005b), may cause the extremely low 

proportion of adult males in the group. Since bachelor mandrill groups have not been 

observed in the other sites (Abernethy et al. 2002; Hoshino et al. 1984; Rogers et al. 1996), 

more information on wandering males is needed.  

 No aggressive or soliciting behaviour was observed between adult or sub-adult 

males and reproductive females within the progressions. Most of the look-backs, by which 

animals identify their followers (Sueur and Petit 2010), were mostly observed between 
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reproductive females and their putative offspring. Moreover, most of small clusters within 

progressions did not have compositions analogous to the OMUs but included only 

reproductive females and immatures, although my definition of the clusters may have been 

too rough to detect OMUs precisely. These results suggest the bonds among females and 

immatures, which is analogous to female-bonded, non-nested societies of savannah 

baboons (Altmann 1980; Silk et al. 2006). Abernethy et al. (2002) also mentioned the 

absence of OMUs in the group, and Bret et al. (2013) suggested a central role of females 

on mandrill group cohesion. 

Females with infants were concentrated towards the back of the progressions in 

Case 2 and 3, when the animals were on a high alert (Fig. 2.2b, c). This pattern was not 

observed in the less cautious Case 1 (Fig. 2.2a). On the contrary, adult males in Case 2 (but 

not in Case 3) were significantly concentrated towards the front, and this was not true in 

Case 1. Further, sub-adult males were significantly or nearly significantly concentrated 

towards the front in all the cases. 

In conclusion, the behaviours and the progression patterns of mandrills in 

Moukalaba-Doudou were not analogous to those in the OMU-based multilevel societies 

but to those in savannah baboons. Although the results should be interpreted carefully due 

to limited sample size, they suggest that mandrills form non-nested societies. 

In the terms of the subgrouping, however, it remains possible that mandrill groups 

are different from the cohesive savannah baboon groups. Indeed, subgroupings were 

observed in two out of the three cases in the present study, as well as in several previous 

studies on both two Mandrillus species (Astaras et al. 2008; Hoshino et al. 1984) and in 

Cercocebus mangabeys (Mitani 1989; Range and Fischer 2004). Abernethy et al. (2002) 

also observed the short-term subgrouping for at least a few days just after their passage of 
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open places, and White et al. (2010) observed regular subgrouping of the same group. We 

should consider the social organization and fission‒fusion dynamics separately (Aureli et 

al. 2008; Grueter et al. 2012), and take into account the possibility that mandrills have more 

fluid fission‒fusion dynamics than typical savannah baboons, as reported in the Guinea 

baboons (P. papio) (Patzelt et al. 2011). We need further observations in relation to the 

duration, scale, and membership of subgrouping to examine the hypothesis. 
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CHAPTER III FEMALE REPRODUCTIVE 

SEASONALITY AND MALE INFLUXES IN WILD 

MANDRILLS (MANDRILLUS SPHINX) 

 

 

3.1. Abstract 

 

The correlates of variation in the number of males in primate groups form a long-standing 

question in primatology. I investigated female reproductive seasonality and the numbers of 

males in groups of wild mandrills (Mandrillus sphinx) in a 25 month camera-trap survey 

with 160 camera locations in the Moukalaba-Doudou National Park, Gabon. I used 1,760 

videos to analyse group composition, including the presence of females with new-born 

infants and with sexual swellings, the number of males present in groups, and male spatial 

positioning in groups. Female reproduction was seasonal, with a peak in the number of 

newborns in the mid-rainy season, and a peak in the number of females with sexual 

swellings in the early dry season. The number of males in the group increased in the dry 

season, with a much greater increase in the number of adult males (seven-fold) than sub-

adult males (two-fold). The peak in the number of adult males, but not sub-adult males, in 

the group lagged significantly behind the peak in the number of females with sexual 

swellings. Moreover, adult males, but not sub-adult males, were filmed with females with 

sexual swellings frequently. In conclusion, reproductive seasonality and male 

dominant/subordinate relationships in mate competition contribute to the number of males 

in a group. 
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3.2. Introduction 

 

The determinants of the number of males in a primate group form a long-standing question 

in primatology (Chapman and Rothman 2009; Kappeler 2000; Kappeler and van Schaik 

2002). The number of females in a social group correlates tightly with the number of males 

(Dunbar 2000; Mitani et al. 1996). Seasonal reproduction results in overlapping fertile 

periods, increasing the number of males in the group (Ridley 1986), within-group 

synchrony of female ovarian cycles is related to an increase in the number of males in a 

group, while asynchrony is linked to a decrease in the number of males (Carnes et al. 2011; 

Nunn 1999). Some species experience seasonal changes in the number of males in a group. 

A field study of red-tailed monkeys (Cercopithecus ascanius) first described a ‘male influx’, 

where multiple males enter a group during the mating season and then mostly depart from 

the group after the mating season (Struhsaker 1977). Since then, researchers have reported 

this behaviour in several Old World monkeys, mainly in species with a one-male multi-

female social organization, such as blue monkeys (C. mitis: Cords et al. 1986; Henzi and 

Lawes 1987) and patas monkeys (Erythrocebus patas: Harding and Olson 1986; Ohsawa 

2003), but also in multimale-multifemale groups of lesser hill langurs (Semnopithecus 

entellus hector: Borries 2000). Females of these species are philopatric and more or less 

seasonal breeders. In Stuhlmann’s blue monkeys (C. m. stuhlmanni), the male influx is 

largely determined by the number of sexually active females (Cords 2000), which suggests 

males might decide whether and when to join and leave the group depending on their 

competitive ability, which varies with their age, rank, and physical features.  

 Mandrills (Mandrillus sphinx) inhabit tropical forests in central western Africa 

and form non-nested, extremely large groups of 300 to over 800 individuals (Abernethy et 
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al. 2002; Chapter II). Female mandrills are constantly gregarious and thought to be 

philopatric (Abernethy and White 2013; Setchell et al. 2008). Studies of a captive colony 

at CIRMF, Gabon, have demonstrated that they have seasonal reproduction with an annual 

peak of females with exaggerated sexual swellings during the dry season and a birth peak 

in the mid-rainy season (Setchell et al. 2002; Setchell and Wickings 2004b), although 

female ovarian cycles are no more nor less synchronised than expected from a chance 

distribution (Setchell et al. 2011a). A wild population at Lopé National Park, Gabon 

(Abernethy et al. 2002), and a released group at Lékédi Park, Gabon (Brockmeyer et al. 

2015), show similar seasonality in the presence of females with sexual swellings, but no 

study has yet examined birth seasonality in the wild. 

Most male mandrills become peripheral to the group after they are about 6 years 

old, when they begin to develop secondary sexual characteristics (Setchell and Dixson 

2002; Setchell et al. 2006b). These males are thought to subsequently emigrate from their 

natal groups to wander independently, as solitary males are often observed in the wild 

(Abernethy et al. 2002; Chapter II). Wild mandrills at Lopé show a seasonal male influx, 

with numbers of fully-grown, adult males increasing six-fold and numbers of developing 

sub-adult males increasing two-fold in the dry season (Abernethy et al. 2002). Captive 

groups at CIRMF also experience an increase in the number of males in female groups 

when females with sexual swellings are available (Setchell 2016). 

The mandrill is one of the most sexually dimorphic primates (Leigh et al. 2005; 

Setchell et al. 2001), and males have a markedly prolonged growth period before attaining 

adult size (Setchell et al. 2001). Consequently, there are remarkable physical differences 

and clear dominant/subordinate relationships between adult and sub-adult males (Setchell 

2003). Males compete physically with no coalitions, and the rate of injury increases from 
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five years to peak at 11 to 12 years, when they attain full body mass (Setchell et al. 2006b). 

At CIRMF, the dominance rank of males also becomes high with age: males first win a 

dominance interaction with an adult male at a mean age of 9.1 years, and some attain the 

top rank at a mean age of 10.8 years (Setchell et al. 2006b). Dominant males aged eight 

years or more mate-guard females with sexual swellings, following them persistently and 

preventing other males from gaining access to them (Setchell et al. 2005a). Top-ranking 

males at CIRMF account for 94% of periovulatory mate-guarding and 69% of paternity 

(Setchell et al. 2005a). Nevertheless, subordinate males including sub-adult males are 

proven to mate with females furtively (Setchell et al. 2005a). 

I examined female reproductive seasonality and variation in group composition 

across the year in groups of wild mandrills in the Moukalaba-Doudou National Park, Gabon. 

It is very difficult to observe the behaviour of wild mandrills directly because of their large 

home range and poor visibility in dense forest. I collected data indirectly by a large-scale 

camera-trap survey over more than two years and conducted demographic analyses using 

a large number of video images obtained from the camera-traps. I addressed four aims: 

1) To examine female reproductive seasonality, based on the number of females with 

new-borns and the number of females with sexual swellings. I predicted that a peak of 

females with new-borns would occur during the mid-rainy season, and a peak of 

females with sexual swellings would occur during the dry season, in accordance with 

previous studies (Abernethy et al. 2002; Brockmeyer et al. 2015; Setchell et al. 2002; 

Setchell and Wickings 2004b). 

2) To examine variation in group composition across the year. I predicted that the 

numbers of both adult and sub-adult males in the group would increase during the dry 

season, but that the number of adult males would increase more than that of sub-adult 
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males, in accordance with a previous study at the Lopé National Park (Abernethy et 

al. 2002). 

3) To test the relationship between peaks in the number of females with sexual swellings, 

adult males, and sub-adult males. I predicted that the peak in the number of adult males 

would coincide with that of females with sexual swellings, while the peak of the sub-

adult males might be less closely related to that of females with sexual swellings, 

because adult males should have a competitive advantage over sub-adult males, in 

accordance with reports from CIRMF (Setchell 2003; Setchell et al. 2006b). 

4) To analyse the spatial positioning of adult and sub-adult males in groups. I predicted 

that adult males would stay in proximity to females with sexual swellings at a higher 

frequency than by chance, but this would be not the case for sub-adult males due to 

their lower competitive ability, based on findings at CIRMF that top-ranking males 

and dominant adult males are responsible for most mate-guarding behaviour (Setchell 

et al. 2005a). 

 

3.3. Methods 

 

3.3.1. Camera Trapping 

 

Y.N., E. F. A.-O., F. L. M.-N., and I conducted a camera-trap survey for 768 days from 15 

January 2012 to 20 February 2014. Prior to the survey, we established 16 line transects of 

2 km and four of 1 km in forested areas (Fig. 3.1). We deployed five to 10 camera-traps 

(Bushnell® Trophy Cam 2010, Kansas, US) along each transect at 200 or 400 m intervals. 

We strapped each camera to a tree 10 m from the line-transect and adjusted it to be parallel 
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to the ground at a height of 30 cm. In total, we deployed cameras at 160 locations. We 

configured all cameras to start in response to the passage of animals and to record a video 

image of 30 s or 60 s at a minimum interval of 30 s (3 min from January to July 2012). 

Longer video recording or shorter interval was impossible because of constraints on the 

instrument setting and battery life. We planted two thin stakes in front of each camera to 

set the ‘counting area’, defined as ‘within 5 m of the cameras’. We visited all transects 

monthly to monitor the cameras and change batteries if needed. 

 

3.3.2. Video Analysis 

 

I used only images containing mandrills for analysis. I defined a visit as consecutive video 

images taken by the same camera at an interval of less than 30 min (O'Brien et al. 2003). 

That is, I regarded two videos filmed at a ≥30 min interval or taken by different cameras as 

two independent visits.  

Based on information from previous studies of captive mandrills (Dixson 2015; 

Setchell and Dixson 2002; Setchell et al. 2001, 2002) as well as my own observations at 

CIRMF and Kyoto City Zoo, I classified recorded animals into nine age–sex classes (see 

also Fig. 2.1): 

- New-borns (0–2 months old): infants with white pelage, clinging to their mothers 

ventro-ventrally. 

- Larger infants and juveniles (3 months to 3 years old): infants and juveniles 

distinguishable from new-borns by their olive pelage. 

- Reproductive females (4 years or older): reproductively mature females that I further 

classified into three categories: females with new-borns, females with (follicular-
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phase) sexual swellings, and females without a new-born and with no (follicular-

phase) sexual swelling. I categorised females with pregnancy swellings, which are 

clearly distinguishable from follicular-phase swellings (Dixson 2015; Setchell and 

Wickings 2004b), as females without a new-born and with no sexual swelling. 

- Pubescent males (4–5 years old): males whose body lengths are similar to those of 

reproductive females (ca. 50‒60 cm) and with small testes. 

- Indistinguishable individuals A: animals that I could not distinguish among pubescent 

males, females with sexual swellings, and females without a new-born and with no 

sexual swelling, because I could not observe their genitals. 

- Indistinguishable individuals B: animals that are not females with sexual swellings, 

but that I could not distinguish among pubescent males and females without a new-born 

and with no sexual swelling, because I could observe their genitals only from the lateral 

side. 

- Sub-adult males (6–9 years old): males whose body lengths are larger than those of 

reproductive females (ca. 60‒70 cm), whose testes are larger than those of pubescent 

males, and whose secondary sexual adornments have begun to develop. 

- Adult males (10 years or older): fully grown males that have attained a body length 

estimated to be 70 cm or more. 

- Unknowns: animals that I could not classify. 

I defined a ‘group visit’ as a visit that contained two or more individuals and 

included at least one reproductive female, juvenile, or infant. I used only group visits in 

analysis. I used only individuals who passed within the counting area for statistical analyses. 

I recorded sexual interactions (i.e. copulations and genital inspections) and inter-

male aggression (i.e. head-bobs, lunges, supplanting, and physical attacks) observed during 
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group visits. I also noted mate-guarding, defined as ‘remaining or walking within 3 m of a 

female with a sexual swelling’. I also categorized the positional relationships of the mate-

guarding pairs as ‘a male precedes a female with a sexual swelling’, ‘a male follows a 

female with a sexual swelling’, or ‘position unclear’. 

 

3.3.3. Statistical Analysis 

 

I performed all analyses using R version 3.2.2 (R Core Team 2015). I examined seasonality 

in group composition and male positioning by constructing generalised linear mixed 

models (GLMMs) with a binomial error distribution and a logit link function, followed by 

model selection using Akaike’s Information Criteria (AIC) (Akaike 1974; Burnham and 

Anderson 2002). I constructed GLMMs using the function ‘glmmML’ in the R-package 

glmmML (Bronstrom 2013). In each model selection procedure, I selected the model with 

the smallest AIC value as the ‘best model’ among biologically meaningful candidate model 

sets, and used models whose AIC differed from the best model (ΔAIC) by less than 2.0 for 

multi-model inference (Burnham and Anderson 2004).  

 

Reproductive Seasonality 

I tested the seasonality of the presence of new-borns and of females with sexual swellings 

using GLMM polynomial regressions. I created data sets by counting the individuals in a 

group visit. Variables in the full model for the new-born seasonality were as follows: 

dependent variable = number of females with new-borns/number of all reproductive 

females; fixed effect = 6th-order polynomial of day of the year (continuous variable of 1–

365, 1 = 1st January); random effect = individual visit (random intercept). Similarly, 
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variables in the full model for the seasonality of female sexual swellings were as follows: 

dependent variable = number of females with sexual swellings/number of all reproductive 

females; fixed effect = 6th-order polynomial of day of the year; random effect = individual 

visit. 

 

Variation in the Number of Males in the Group 

I tested for variation in the number of adult and sub-adult males in the group across the year 

using GLMM polynomial regressions. Variables in the full model for the number of adult 

males in the group were as follows: dependent variable = number of adult males/number 

of ≥4-year-old individuals except sub-adult males (i.e. adult males, pubescent males, and 

reproductive females); fixed effect = 6th-order polynomial of day of the year; random effect 

= individual visit. Variables in the full model for the number of sub-adult males in the group 

were as follows: dependent variable = number of sub-adult males/number of ≥4-year-old 

individuals except adult males (i.e. sub-adult males, pubescent males, and reproductive 

females); fixed effect = 6th-order polynomial of day of the year; random effect = individual 

visit. I did not include new-borns, larger infants or juveniles in the denominators of the 

dependent variables above because births may be seasonal and including these classes may 

make it difficult to obtain a precise estimate of male number. 

Additionally, I tested whether the ratio of females with sexual swellings to adult 

males in each 2-month period (January–February, March–April, etc.) was significantly 

different from 1.0. To calculate the ratios, I went through the following procedure. First, I 

counted the number of individuals for each age–sex class by month. Then, I added the 

numbers of Indistinguishable individuals A and Indistinguishable individuals B to each 

class according to the ratio for identified animals (Chapter II). That is, I calculated the 
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corrected number of females with sexual swellings (SFcrt) in a given month as: 

 

SFcrt = SF + InA × 
SF

PM + SF + NF
 (1) 

 

where SF is the original number of females with sexual swellings, InA is the number of 

Indistinguishable individuals A, PM is the number of pubescent males, and NF is the 

number of females without a new-born and with no sexual swelling. Similarly, I calculated 

the corrected number of females without a new-born and with no sexual swelling (NFcrt) in 

a given month as: 

 

NFcrt = NF + InA × 
NF

PM + SF + NF
 + InB × 

NF

PM + NF
 (2) 

 

where NF is the original number of females without a new-born and with no sexual swelling, 

InB is the number of Indistinguishable individuals B, and the other abbreviations refer to 

the same classes as in the formula (1). Subsequently, I summed the corrected number of 

females with sexual swellings and the number of adult males in each 2-month period, and 

compared them using a two-tailed binomial test. As I conducted this test for the six periods 

separately, I adjusted P values using Holm’s method (Holm 1979). 

 

Relationships between the Timing of Peak Numbers of Females with Sexual Swellings, 

Adult Males and Sub-adult Males 

I tested whether the days when numbers of females with sexual swellings, adult males, and 

sub-adult males reached a peak were different from each other with a bootstrap method 

using the difference between two peaks (in days) as a test statistic. I created each bootstrap 
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sample from the original data set and calculated the day of each peak using the best model, 

then calculated the day difference between the two peaks, obtaining a bootstrapped test 

statistic value. I repeated this bootstrap resampling procedure 10,000 times to construct a 

probability distribution of this value, and calculated the probability that the bootstrapped 

value was equal or larger than the observed one, using this as the P value. As I conducted 

this test for three pairs (females with sexual swellings vs. adult males, females with sexual 

swellings vs. sub-adult males, and adult males vs. sub-adult males), I adjusted the P values 

using Holm’s method (Holm 1979). I considered P < 0.05 as significant. 

 

Male Spatial Positioning and Mate-guarding 

Prior to the analyses described in this section, I adjusted the time length of all the videos to 

30 s by discarding the second half of 60-s videos, to give each video equal weight in the 

analysis. 

 To test whether males appeared at higher rates in videos including at least one 

female with a sexual swelling than those without a female with a sexual swelling, I 

constructed two GLMMs. I created data sets by counting individuals by video image, not 

by visit. Variables in the full model for the adult male-positioning were as follows: 

dependent variable = number of adult males/number of all individuals except new-borns 

and infants clinging to their mothers; fixed effects = presence/absence of a female with a 

sexual swelling (categorical variable), 3rd-order polynomial of day of the year, and 

interactions between the above two effects; random effect = individual visits (random 

intercept). Likewise, variables in a full model for the sub-adult male-positioning were as 

follows: dependent variable = number of sub-adult males/number of all individuals except 

new-borns and infants clinging to their mothers; fixed effects = presence/absence of a 
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female with a sexual swelling (categorical variable), 3rd-order polynomial of day of the 

year, and interactions between the two effects; random effect = individual visits. I did not 

include the 4th or more order of day as a fixed effect in the full models for male positioning 

because the calculations failed to converge when I did so. 

In addition, I extracted videos including at least one female with a sexual swelling 

and one adult male and/or sub-adult male, and tested whether the proportion of adult males 

and sub-adult males showing mate-guarding differed using a two-tailed Fisher’s exact test. 

I considered P < 0.05 as significant. 

 

3.4. Results 

 

The survey period included 64,854 camera-days (daily mean functioning camera = 84.4 ± 

SD 22.8, range: 7‒128). I identified 303 mandrill group visits (i.e. 0.47% of camera-days) 

containing a total of 1,760 video images and counted 5,906 individuals. A group visit 

contained a mean of 5.5 ± SD 6.1 video images and a mean of 19.5 ± SD 24.8 mandrills in 

the counting area. I successfully classified 97.9% of individuals into an age–sex class (Table 

3.1). 

 

3.4.1. Reproductive Seasonality 

 

The proportion of females with new-borns among all reproductive females varied across 

the year, with an annual peak in the mid-rainy season, although I observed at least one 

female with a new-born in all months except July and September (Table 3.1). Correcting 

the numbers of females with sexual swellings and females without a new-born and with no 
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sexual swelling for animals that I could not distinguish (see 3.3. Methods), females with 

new-borns accounted for 32.0% of reproductive females in January and 27.5% in December. 

I counted only 10 females with new-borns in total from March to September (1.2% of 

reproductive females during this period). The best polynomial regression model contained 

the 2nd-order polynomial of day as a fixed effect, and the second best model showed a 

similar regression curve to the best model (Fig. 3.2a; Table 3.2). 

 The proportion of females with sexual swellings among all reproductive females 

showed a peak in the early dry season, although I observed at least one female with a sexual 

swelling in all months (Table 3.1). After correcting for animals that I could not distinguish, 

females with sexual swellings accounted for 29.7% of reproductive females in May and 

20.6% in June, while they accounted for only 3.7% of reproductive females from October 

to February. The best model contained the 3rd-order polynomial of day as a fixed effect, 

indicating that the proportion of females with sexual swellings decreased more gradually 

than it increased (Fig. 3.2b; Table 3.2). The second best model showed a regression curve 

similar to that of the best model. According to the best model, the peak in the proportion of 

females with sexual swellings occurred on the 156th day of the year (5 June). 

 

3.4.2. Variation in the Number of Males in the Group 

 

I observed adult males in the group during all months of the year (Table 3.1). From 

December to February, 16.5% (19/115) of group visits included at least one adult male, and 

the percentage increased to 36.7% (11/30) when considering only visits including 20 or 

more individuals. The proportion of adult males in groups varied across the year, with a 

peak during the late dry season (Fig. 3.2c). The best model contained the 2nd-order 
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polynomial of day as a fixed effect, and the second best model showed a similar regression 

curve to the best model (Table 3.2). According to the best model, the proportion of adult 

males was lowest in January (e.g. 1.4% of ≥4-year-old individuals on 10 January), and 

increased to 8.3% on the day when the number of females with sexual swellings peaked. 

Thereafter, the proportion continued to increase gradually to a peak on the 215th day (3 

August, 9.6%), about a seven-fold increase from January, and subsequently decreased. 

Based on these results, a group size of 350 including 160 pubescent males and reproductive 

females (as recorded at Moukalaba-Doudou, Chapter II) should include 2‒3 adult males in 

January, with the number increasing to 14‒15 around the day of peak numbers of females 

with sexual swellings and about 17 around the day of peak numbers of adult males. 

 The proportion of sub-adult males also varied across the year, with a peak in the 

early dry season (Fig. 3.2d). The best model contained the 2nd-order polynomial of day as 

a fixed effect, and the regression curve of the second best model showed a similar pattern 

(Table 3.2). According to the best model, the proportion of sub-adult males was lowest in 

December (e.g. 10.8% of ≥4-year-old individuals on 20 December), increased two-fold to 

a peak on the 179th day (28 June, 20.8%), then started to decline. Based on these results, a 

group of 350 including 160 pubescent males and reproductive females should contain 19‒

20 sub-adult males in December, with the number increasing to about 42 on the day of peak 

numbers of sub-adult males. 

 The ratio of the corrected number of females with sexual swellings to adult males 

was significantly larger than 1.0 only in May‒June (Table 3.3), the period of the peak in the 

numbers of females with sexual swellings and sub-adult males. The ratios in the other 2-

month periods were not statistically different from 1.0 (Table 3.3). 
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3.4.3. Relationships between the Timing of Peak Numbers of Females with Sexual 

Swellings, Adult Males and Sub-adult Males 

 

The peak in the number of adult males lagged significantly behind both the peak in the 

number of females with sexual swellings (bootstrap test with Holm’s adjustment: N = 

10,000, observed time lag = 59 days, P = 0.013) and the peak in the number of sub-adult 

males (N = 10,000, lag = 36 days, P = 0.026). The lag in the peak in the number of sub-

adult males to the peak in the number of females with sexual swelling was not statistically 

significant (N = 10,000, lag = 23 days, P = 0.13). 

 

3.4.4. Male Spatial Positioning and Mate-guarding 

 

Overall, 21.0% (37/176) of adult males occurred in videos containing at least one female 

with a sexual swelling. The best model included the 2nd-order polynomial of day and the 

presence of females with sexual swellings (Table 3.4), indicating that the presence of 

females with sexual swellings positively affected the proportion of adult males, even after 

the seasonal effect was considered (Fig. 3.3). In addition, the best model (but not the second 

best model) also included the interaction term (Table 3.4), indicating that the proportion of 

adult males was continuously high in the vicinity of females with sexual swellings even 

during the birth season although the proportion of adult males in videos without a female 

with a sexual swelling fluctuated seasonally (Fig. 3.3). In contrast, the presence of females 

with sexual swellings had no effect on the proportion of sub-adult males. Only 10.9% 

(49/451) of sub-adult males occurred in videos containing females with sexual swellings, 

and the best model contained only the 2nd-order polynomial of day as a fixed effect (Table 
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3.4). Although the third best model included the presence of females with sexual swellings, 

the estimated parameter was negative. 

 Among males recorded with one or more females with sexual swellings in the 

same video, more than half of adult males (19/37, 51.4%) showed mate-guarding, whereas 

a significantly lower proportion of sub-adult males (7/49, 14.3%) did so (Fisher’s exact 

test: odds ratio = 6.18, P < 0.001). Of the 19 adult males mate-guarding, 11 followed 

females with sexual swellings, none preceded females with sexual swellings, and 8 of the 

relative positions were unclear. I also observed copulation by adult males three times and 

by sub-adult males twice, and genital inspection of females with sexual swellings once by 

an adult male and twice by sub-adult males. I observed inter-male aggression six times, 

three of which were between an adult male and a sub-adult male. Adult males were 

dominant to sub-adult males in all three cases. The other three cases involved two agonistic 

interactions between adult males, and one case between sub-adult males. 

 

3.5. Discussion 

 

In this chapter, demographic analyses of video images obtained using camera-traps 

revealed seasonal patterns of the presence of new-borns and sexual swellings in a wild 

mandrill population. The results also showed influxes of both adult and sub-adult males 

when many females showed sexual swellings and that the numbers of adult males in the 

group varied more than the number of sub-adult males. Adult and sub-adult males also 

differed in the timing of the peak numbers and in spatial positioning relative to females 

with sexual swellings. 
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3.5.1. Reproductive Seasonality 

 

The analyses of female reproduction showed seasonality, with a peak in the presence of 

new-borns in the mid-rainy season and a peak in sexual swellings in the early dry season, 

generally as predicted (Fig. 3.2a, b). I observed most new-borns between November and 

February (Table 3.1), in accordance with breeding seasonality in captive groups at CIRMF 

(Setchell et al. 2002). This is the period when fruits are most abundant in the study area 

(Takenoshita et al. 2008; see also Chapter IV). Since mandrills prefer ripe fruits (Hoshino 

1985; Rogers et al. 1996), this may be a female reproductive strategy to give birth and begin 

lactation during the best period for nutritional intake, in common with many other tropical 

and sub-tropical primates in Africa and South America (Butynski 1988; Di Bitetti and 

Janson 2000; Janson and Verdolin 2005; Nakagawa 2000). The proportion of females with 

new-borns in January (32.0% of reproductive females, Table 3.1), suggests that females in 

the study population may give birth at least once every three years on average. Although 

this calculated inter-birth interval should be overestimated, it is longer than that observed 

at CIRMF (405 days, Setchell et al. 2002), and similar to that assumed at Lopé (around two 

years, Abernethy and White 2013). 

Most females showing sexual swellings appeared between April and September 

(Table 3.1), as found for captive groups at CIRMF (Setchell and Wickings 2004b) and a 

wild population at Lopé (Abernethy et al. 2002). Birth seasonality was more distinct than 

seasonality of sexual swellings, suggesting that the seasonal pattern of conceptive cycles is 

tighter than that of sexual swellings (female mandrills may take several swelling cycles to 

conceive, Setchell and Wickings 2004b). Nevertheless, I observed both females with sexual 

swellings and females with new-borns in almost all months (Table 3.1), as reported at 



40 

 

CIRMF (Setchell et al. 2002; Setchell and Wickings 2004b). This suggests that 

reproduction is not confined to particular months. Females may cycle outside the usual 

mating season if they lose their infant (Setchell et al. 2002) and are in appropriate physical 

condition to conceive and nurse an infant. Moreover, the proportion of females with sexual 

swellings decreased more slowly than it increased (Fig. 3.2b), probably due to multiple 

cycles in females (Setchell and Wickings 2004b). 

 

3.5.2. Variation in the Number of Males in the Group 

 

The proportion of both adult and sub-adult males increased during the dry season, although 

the increase was much greater in adult males (seven-fold) than in sub-adult males (two-

fold) (Fig. 3.2c, d), in line with findings for mandrills at Lopé (Abernethy et al. 2002). This 

age difference may be at least partially due to the year-round group membership of younger, 

natal sub-adult males which have not yet dispersed (Setchell et al. 2006b). In addition, the 

two age classes may differ in ranging behaviour when they are not in the group. In Japanese 

macaques (Macaca fuscata), younger non-group males sometimes associate with group 

members during the non-mating season, while fully-grown non-group males tend to remain 

solitary during this period (Kawazoe 2016). Solitary sub-adult, but not adult, male 

mandrills may also sometimes visit groups outside the mating season, resulting in the 

observation of sub-adult males in groups in other months. 

  

 

3.5.3. Relationships between the Timing of Peak Numbers of Females with Sexual 
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Swellings, Adult Males and Sub-adult Males 

 

Contrary to the prediction, the peak in the number of adult males lagged behind that of 

females with sexual swellings by about two months (Fig. 3.2). These results may be due to 

a bias derived from partial records of very large groups by camera-trapping, as age‒sex 

classes show positional differences when mandrill groups cross open areas (Chapter II). It 

is, however, unlikely that these positional differences occurred in the groups filmed by the 

camera-traps for two reasons. First, all camera-traps were installed in forested areas where 

the animals are less cautious than in open areas. The positional patterns in the group 

progression are very weak when the animals are less cautious (Chapter II) and only 

juveniles reacted to camera-traps. Second, the video images included foraging and resting 

groups, in which the progression patterns should be unclear, as well as moving groups. I 

therefore suggest that my findings do not result from methodological bias. 

The difference between the peaks in the number of adult and sub-adult males may 

reflect the differences in their joining or leaving the group, or both. I therefore discuss each 

of the two potential factors separately. In terms of joining, some, but not all, adult males 

may have entered groups sometime after the peak in the number of females with sexual 

swellings, while sub-adult males tended to join groups ahead of the increase in the number 

of adult males (Fig. 3.2c, d). This may be due to differences in ranging behaviour when the 

males are outside groups, as discussed above. Solitary males generally travel shorter 

distances or for less time than do group males, for example, yellow baboons (Papio 

cynocephalus: Slatkin and Hausfater 1976) and mountain gorillas (Gorilla beringei: 

Yamagiwa 1986); therefore, if solitary mandrills range entirely independently during the 

non-mating season, it may be difficult to find groups and to monitor the reproductive status 
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of females regularly, because groups are highly nomadic (White et al. 2010) and group 

density is crucially low (White 1994). Non-resident sub-adult males may range not so far 

from groups and regularly visit groups so as not to miss the peak in the number of females 

with sexual swellings. The number of females with sexual swellings significantly exceeded 

that of adult males only in May‒June, the period around the peak in numbers of such 

females (Table 3.3). This suggests that adult males may not be able to exclude sub-adult 

males from all mating opportunities at this time, and therefore it may be the most attractive 

period for sub-adult males to mate with non-guarded females. In contrast, non-resident 

adult males may be more independent because the energy costs of ranging around groups 

should be very high due to their exceedingly large body size, and so they may not always 

find groups in time for the peak in the number of females with sexual swellings, although 

they may have the competitive advantage over sub-adult males once they enter groups. 

In terms of leaving, adult males remain in relatively high proportions for several 

months after the peak of females with sexual swellings, while numbers of sub-adult males 

decrease soon after the peak (Fig. 3.2c, d). This may reflect their competitive ability. Some 

females show sexual swellings after the peak, so it may be beneficial for relatively 

dominant adult males to remain in groups or enter groups after the peak. In contrast, mating 

opportunities for more subordinate sub-adult males may decrease after the swelling peak 

because the number of adult males matches that of females with sexual swellings. The 

limited mating opportunities after the peak in females with sexual swellings may 

discourage sub-adult males from staying with or entering the group. 

 

3.5.4. Male Spatial Positioning and Mate-guarding 
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The results of the spatial positioning were as predicted. The presence of females with sexual 

swellings positively affected the presence of adult males, but had no such effect on numbers 

of sub-adult males, suggesting that adult males are able to successfully approach females 

with sexual swellings, while sub-adult males do so only occasionally even when they are 

in groups (Fig. 3.3; Table 3.4). Moreover, adult males mate-guarded females with sexual 

swellings more often than sub-adult males. Many adult males followed females with sexual 

swellings, and none was followed by such females, indicating that adult males, not females 

with sexual swellings, intend to keep spatial proximity. These results suggest that adult 

males may have a mating advantage over sub-adult males by mate-guarding females with 

sexual swellings effectively (Setchell et al. 2005a), even in extremely large groups. 

Nevertheless, sub-adult males may also mate occasionally with females with sexual 

swellings, possibly siring some offspring, as observed in captivity (Setchell et al. 2005a). 

I observed adult males in groups in all months (Table 3.1), suggesting that some 

adult males join and stay in groups even during the birth season. Result for adult-male 

spatial positioning suggests that adult males are concentrated near females with sexual 

swellings during the birth season, when both are scarce (Fig. 3.3). Because I could not 

identify these adult males, I cannot conclude whether they visit groups only 

temporarily (Abernethy et al. 2002) or whether they live in groups throughout the year, as 

dominant males do under semi-free-ranging conditions and in released animals 

(Brockmeyer et al. 2015; Setchell and Dixson 2002; Setchell et al. 2006b). My data do 

show, however, that some adult males are present in groups even during the birth season, 

perhaps because they are able to increase their chances of siring offspring by mating with 

females swelling outside of the mating season. Long-term studies with direct observation 

are needed to clarify the residence, dominant status, and sexual behaviour of these adult 
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males. 

 

3.5.5. Limitations of the Study 

 

I classified adult and sub-adult males based on their body length and other morphological 

traits, such as facial and genital coloration and development of the rump area. However, the 

development of secondary sexual traits in male mandrills depends on their social 

relationships, with subordinate adult males having supressed development, and body 

lengths also vary (Dixson 2015; Setchell and Dixson 2001; Wickings and Dixson 1992). It 

is, therefore, possible that I categorised some suppressed adult males as sub-adult males 

and some well-developed sub-adult males as adult males, potentially affecting the results. 

Measurement of male secondary sexual adornments (e.g. saturation of red and blue colours 

on faces and rumps, and ‘fattedness’, Setchell and Dixson 2001) will allow us to investigate 

the influx patterns of subordinate male mandrills, enhancing our understanding of primate 

alternative reproductive tactics (Setchell 2008, 2016). 

 

3.6. Conclusion and Perspectives 

 

I document variation in the number of adult and sub-adult males in mandrill groups, and 

differences in their spatial positioning in groups, suggesting that male mating tactics differ 

depending on their age and social status: subordinate sub-adult males join and leave groups 

in response to increases and decreases in the number of females with sexual swellings and 

approach them occasionally; dominant adult males enter groups around the peak in 

numbers of females with sexual swellings, stay for longer, and mate-guard females with 
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sexual swellings; and some adult males are present in groups, and stay in the vicinity of 

females with sexual swellings, during the birth season. Thus, the mating season, out-of-

season breeding and differences in male tactics all contribute to variation in the numbers of 

males in the group. 

 My findings suggest adaptive explanations for the highly female-biased sex ratio 

of mandrill society. The monthly ratio of reproductive females to adult and sub-adult males 

varied between 1.9 and 4.9 seasonally (Table 3.1). Sex ratios were more female-biased 

during the birth season and approached the ratios of the number of reproductive females to 

the number of reproductive males in other African papionins during the mating season 

(agile mangabeys [Cercocebus galeritus agilis]: 2.0 (Devreese et al. 2013), yellow baboons 

[Papio cynocephalus]: 2.7 (Altmann et al. 1985), hamadryas baboons [P. hamadryas]: 2.4 

(Zinner et al. 2001), and geladas [Theropithecus gelada]: 2.0 (Ohsawa 1979)), although the 

ratios of mandrills are far higher when only fully-grown males are considered. This 

suggests that the unusually female-biased sex ratio in mandrills derives from sex 

differences in gregariousness, which are more pronounced during the birth season. Female 

mandrills form the social core of groups (Bret et al. 2013), and their social relationships are 

highly matrilineal, with the dominance rank of daughters being immediately below their 

mothers, as is common in many cercopithecine primates (Dixson 2015; Setchell et al. 2008). 

Collective movements may be therefore adaptive for female mandrills. In contrast, most 

male mandrills leave groups when they are unlikely to mate. This may be because a solitary 

life allows males to avoid intensive male‒male competition and injury (Setchell et al. 

2006b), to use habitats with preferred foods (Hamilton and Tilson 1982) and to reduce their 

travel distance and time (Slatkin and Hausfater 1976; Yamagiwa 1986). Because of their 

large bodies, living in groups may be more costly for male mandrills than for females in 
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terms of intragroup food competition and long-distance movements. The advantages of 

individual ranging may allow male mandrills to compensate for energy lost through male‒

male competition and group ranging, favouring the evolution of their extreme sexual 

dimorphism in body mass and canine size. 
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CHAPTER IV SEASONAL CHANGE IN DIET AND 

HABITAT USE IN WILD MANDRILLS 

(MANDRILLUS SPHINX) 

 

 

4.1. Abstract 

 

Behavioural responses to seasonal food scarcity are widespread in animals. Since larger 

groups suffer from a stronger intragroup scramble feeding competition, highly gregarious 

species would be required to change their behaviours adequately, in response to food 

seasonality. I investigated seasonal changes in diet, habitat use, and ranging distance in wild 

mandrills (Mandrillus sphinx) forming extremely large groups at the Moukalaba-Doudou 

National Park, Gabon. I conducted group follows and the collection of faecal samples for 

over four years, as well as a fruit census and a camera-trap survey. The number of fruit 

clusters fluctuated seasonally, with a fruit-peak season from December to February, and a 

fruit-scarce season from March to August. Relative volumes of faecal remains of fruit fibres 

and intact seeds, which indicated the consumption of pulp, varied according to fruit 

availability, whereas those of cracked seeds were found in large volumes even during fruit-

scarce seasons. The relative volume of woody parts (e.g. roots and subterranean stems) and 

arboreal leaves increased in faecal remains during fruit-scarce seasons, resulting in a high 

dietary diversity. Visit frequency of mandrill groups to transects was positively correlated 

with the availability of mainly-consumed fruits only during seasons of high fruit availability. 

Moreover, mandrill visits were highly concentrated in a few transects where main fruit 

availability was particularly high during fruit-peak seasons, whereas they visited more 
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transects evenly during the other seasons. Despite the seasonal change in habitat use, 

ranging distance did not differ among seasons. Mandrills may respond to seasonal fruit 

scarcity by utilising seeds, woody parts and leaves as fallback foods, increasing dietary 

diversity, and using a vast area, including different habitats, for nomadic ranging. Flexible 

dietary and ranging behaviours allow mandrills to cope with strong scramble feeding 

competition and possibly contribute to the maintenance of their extremely large groups. 

 

4.2. Introduction 

 

Seasonal scarcity in food resources is the norm for many animals, which cope with the 

problem by changing their physiological and behavioural activities (Dawson et al. 2001; 

Leighton and Leighton 1983; van Schaik et al. 1993). Primates also change their feeding 

behaviours during periods of food scarcity, resulting in complex dietary and ranging 

seasonality (Hemingway and Bynum 2005; Tsuji et al. 2013). One of their major dietary 

responses to food scarcity is a dietary switch from high-quality, preferred foods (e.g. fruit 

pulp and young leaves) to fallback foods, which are generally low in quality, but high in 

abundance (e.g. mature leaves, herbaceous plants, and bark) (Nakagawa 1989b; Tang et al. 

2016; Wrangham et al. 1998; Yamagiwa et al. 1994). In addition, some primates increase 

dietary diversity when preferred foods are scarce (Harris et al. 2009; Nakagawa 1989a). On 

the other hand, ranging responses include a targeted shift between habitats (Furuichi et al. 

2001; Sato 2013), nomadic ranging among different habitats (Di Bitetti 2001; Peres 1994), 

and seasonal changes in ranging distance (José-Domínguez et al. 2015; Tsuji 2010). Since 

larger groups suffer from stronger scramble feeding competition (Janson 1988; van Schaik 

and van Noordwijk 1988), these behavioural responses would be particularly essential for 
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species living in large groups. 

 Mandrills (Mandrillus sphinx) are terrestrial monkeys living in central African 

tropical forests. Their group sizes are among the largest in primates: the group sizes in the 

wild vary from 15‒80 animals at the Campo Reserve, Cameroon (Hoshino et al. 1984), to 

20‒250 in the north-eastern parts of Gabon (Jouventin 1975), and 338‒845 at the Lopé 

National Park, Gabon (Abernethy et al. 2002). They have multimale-multifemale social 

organizations with no one-male units (Abernethy et al. 2002; Brockmeyer et al. 2015; 

Chapter II), and the socionomic sex ratio is highly female-biased, compared to other 

African papionins (Chapter II). The number of males in a group is highly varied among 

seasons, with most adult males entering a group only during the mating season, and living 

solitary lives during the birth season, which corresponds approximately to fruit-scarce and 

fruit-rich seasons respectively (Abernethy et al., 2002; Chapter III). In contrast, females are 

constantly gregarious and thought to be philopatric (Abernethy and White 2013; Setchell 

et al. 2008). 

 Mandrills have an omnivorous diet, with a high preference for fruits (Harrison 

1988; Hoshino 1985; Lahm 1986; Rogers et al. 1996; Tutin et al. 1997; White 2007). 

During fruit-scarce seasons, they frequently eat fallen seeds as well as herbaceous plants of 

Marantaceae and Zingiberaceae (Hoshino 1985; Tutin et al. 1997). Wild mandrills at 

Campo also show a high dietary diversity during periods of fruit scarcity (Hoshino 1985). 

Several studies have focused on their dietary seasonality, but none has examined this 

seasonality in a statistically explicit manner. 

 Ranging behaviours of wild mandrills are less explained than their diets. So far, 

only one study at Lopé (White et al. 2010) has assessed the home range of a wild mandrill 

group of ca. 700 individuals, revealing that the group ranged over an area of 182 km2, 
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including the 89 km2 of forested area, for six years. In addition, mandrills prefer primary 

forests and avoid savannahs and marsh (Lahm 1986; Rogers et al. 1996; Sabater Pi 1972; 

White et al. 2010). Seasonality in habitat use of wild mandrills is barely understood. A field 

study at Lopé (Rogers et al. 1996) observed groups more frequently in gallery forests during 

dry seasons than rainy seasons, but a subsequent study in the same area did not confirm 

such tendencies (White 2007). Their seasonality in ranging distance is not understood fully, 

and there are different observations among study sites. A group at Campo ranges shorter 

during minor fruiting seasons than major fruiting seasons (Hoshino 1985); however, in 

gallery forests at Lopé, where Elaeis guineensis fruits are available all year-round, groups 

travels faster during fruit-scarce seasons than fruit-rich seasons, because animals seek these 

fruits during fruit-scarce seasons (White 2007). 

 In this chapter, I investigated how mandrills respond to seasonal fruit scarcity at 

the Moukalaba-Doudou National Park, Gabon, where overall fruit availability fluctuates 

among seasons (Takenoshita et al. 2008). In Chapter II, I obtained three full counts of 

mandrill groups of 169‒442 individuals during non-peak seasons for fruits. I focused on 

their dietary and ranging responses, both of which should be crucial to cope with scramble 

feeding competition among individuals living in such large groups. As direct observations 

of wild mandrills are very difficult, I obtained data on their diets from their faecal samples, 

and used camera-traps to gather data on visit frequencies among habitats. In addition, I 

attempted to follow groups and obtain data on ranging distance. I had three main objectives: 

1)  To examine seasonal changes in food types and dietary diversity, I predicted that the 

relative importance of seeds and herbaceous plants in mandrill diets would increase 

during fruit-scarce seasons (Hoshino 1985; Tutin et al. 1997). I also expected that 

mandrill diets would consist of more diverse food types during fruit-scarce seasons 
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than during fruit-rich seasons, because individuals would compensate for the lack of 

fruits by feeding on various food types more frequently (Hoshino 1985). 

2)  To examine seasonal changes in habitat use patterns of mandrill groups, I predicted 

that correlates of habitat use would differ among seasons: during fruit-rich seasons, 

fruit availability would positively correlate with the frequency of group visits in a 

habitat; during fruit-scarce seasons, herb density would link positively to the frequency 

of group visits. I also examined the effects of other environmental factors, such as 

topography and vegetation types, on patterns of habitat use as reported in mandrills at 

other sites (Lahm 1986; Sabater Pi 1972), and in great apes (Pan troglodytes and 

Gorilla gorilla: Nakashima et al. 2013b) and duikers (Philantomba monticola and 

Cephalophus spp.: Akomo-Okoue et al. 2015) at Moukalaba-Doudou. I predicted that 

mandrills would avoid environments where terrestrial traveling was relatively difficult, 

such as disturbed and riverine forests and highly steep grounds. 

3)  To examine seasonal changes in the ranging distance of mandrill groups, I predicted 

that mandrill groups in my study area, where ripe fruits are seasonally scarce, would 

range slower during fruit-scarce seasons than during fruit-rich seasons, as is the case 

at Campo (Hoshino 1985). During fruit-scarce seasons, mandrills would consume 

more fallen seeds and herbaceous plants, which distribute more evenly than fruiting 

trees, thus, groups would not need to travel for long distances. 

 

4.3. Methods 

 

4.3.1. Fruit Phenology, Herb Density, and Steepness 
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To monitor fruit phenology in the study area, Y. N., E. F. A.-O., F. L. M.-N., and I conducted 

a fallen fruit census once a month from January 2012 to January 2014. We censused 11 line 

transects of 2 km each, which were separated from one another at least for 2 km (Fig. 4.1). 

All fruit clusters that fell within 1 m of the centre of the transects were recorded and 

taxonomically classified. To avoid counting fruits from the same tree multiple times, we 

did not count clusters that fell within 10 m from the previous cluster of the same species. 

 I assessed the herb density in each transect once from July to August 2013. I set 

1-m2 quadrats, 10 m away from the transects, at 50-m intervals (41 quadrats per transect), 

and counted herb stems within the quadrats for four families (i.e. Commelinaceae, 

Marantaceae, Poaceae, and Zingiberaceae, see section 4.4. Results), herbs of which were 

consumed frequently by mandrills at Moukalaba-Doudou. 

 Y.N. measured elevations every 30 m in each transect using the Shuttle Radar 

Topography Mission digital map (SRTM, 90-m resolution). The standard deviations (SD) 

of the elevations were calculated as an indicator of topographic steepness of habitats using 

ArcMap® 9.2 software (ESRI 2006). 

 

4.3.2. Group Follows 

 

I conducted the fieldwork for 25 months, between August 2009 and September 2013. I 

searched for groups by foot patrols in different forested areas six days per week. Once a 

group was found, I followed them at a distance of 50 m for as long as possible. During the 

group follows, locations were recorded every 30 min, using GPS (Garmin GPSmap® 

60csx/62s, Garmin International, Inc., Olathe, KS) to calculate ranging distances. 
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4.3.3. Faecal Sample Collection and Faecal Analysis 

 

During the group follows, I collected faecal samples ad libitum. Whenever possible, I 

collected at least eight faecal samples in each ‘follow event’, which started when I found a 

group, and ended when I lost the group. 

I conducted faecal analysis following a standardized protocol (McGrew et al. 

2009). Faecal samples were washed in a 1-mm2 sieve, until the waste water became clear, 

and dried in the shade. I then sorted the faecal remains into the following nine food types: 

pulp (fruit skin and flesh, as well as intact seeds, which indicated that mandrills consumed 

pulp surrounding the seeds, but not the seeds themselves); seeds (cracked seeds and seed 

coats); leaves (arboreal); herbs (blades and pith); woods (woody parts of liana, bark, roots, 

and subterranean stems); flowers; invertebrates; vertebrates (hairs and feathers); and others 

(soil, stones, and dead leaves). Relative volumes of each food type were measured with a 

five-point scale at 25% intervals (i.e. ‘0’ = 0%, ‘1’ = 1–25%, ‘2’ = 26–50%, ‘3’ = 51–75%, 

and ‘4’ = 76–100%). I also identified fruit remains in faecal samples to a species (or genus) 

level based on their morphological traits, and calculated the occurrence rates of each fruit 

species (or genus) in each follow event. Using the rates, ‘main fruits’ were defined as ‘fruit 

species (or genera), which were found in half or more of the faecal samples in at least one 

follow event in which eight or more faecal samples were collected’. 

 

4.3.4. Camera-Trapping and Calculation of Visit Frequency 

 

Y.N, E.F.A.-O., F.L.M.-N., and I conducted a camera-trap survey for 768 days, from 

January 15, 2012 to February 20, 2014, as a comprehensive study for mammalian ecology 
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(Nakashima 2015; see section 3.3. Methods in Chapter III for more details). 

In this study, I used only the video images that were taken by cameras in 11 

transects where a fallen fruit census was conducted. I used images taken on 30 November 

2013 or before, for the analysis, because the number of deployed camera-traps substantially 

decreased after December 2013. To count the number of mandrill group visits to transects, 

I went through the following procedure: first, I counted ‘group visits’, which were taken by 

the same camera at an interval of < 30 min (O'Brien et al. 2003), contained two or more 

mandrills, and included at least one reproductive female, juvenile, or infant (Chapter III); 

secondly, I pooled group visits which occurred within < 30 min in different cameras in the 

same transect because they were most likely visits by the same group. That is, I regarded 

two group visits, filmed in the same transect at a ≥ 30 min interval, or filmed in different 

transects, as two independent group visits. Subsequently, I counted independent group 

visits with respect to each transect and season, and calculated capture rates (i.e. the number 

of independent group visits divided by the total number of days when cameras worked), to 

indicate visit frequency. Note that I counted group visits only when at least one individual 

passed within 5 m from a camera, in order to control capture probabilities among cameras. 

 

4.3.5. Statistical Analysis 

 

I performed all statistical analyses using R version 3.3.0 (R Core Team 2016). All statistical 

tests were performed as two-tailed tests, and I considered P < 0.05 as significant. I 

constructed GLMMs using the function glmmML (for a binomial error distribution) in the 

R-package glmmML (Bronstrom 2013), and the function glmer (for a gamma error 

distribution) in the R-package lme4 (Bates et al. 2015), followed by a model selection using 
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AIC (Akaike 1974; Burnham and Anderson 2002). In each model selection procedure, I 

selected the model with the smallest AIC value as the best model and used models whose 

AIC differed from the best model (ΔAIC) by < 2.0 for a multi-model inference (Burnham 

and Anderson 2004). 

 

Seasonality in Diet 

I tested the seasonal variation in the relative volume of each food type (except for flower, 

vertebrate and other, which rarely occurred in faecal samples making it difficult to examine 

their seasonality) in faecal samples, using GLMM with a binomial error distribution and a 

logit link function. I defined four seasons according to fruit phenology (i.e. ‘fruit-peak 

season’ from December to February, ‘early fruit-scarce season’ from March to May, ‘late 

fruit-scarce season’ from June to August, and ‘fruit-increase season’ from September to 

November, see section 4.4. Results) because the sample sizes were too small to represent 

monthly values. Applying a ‘grouping method’ (Mori et al. 2009), I explored the best model 

with the smallest AIC among all models under 15 possible groupings of the four seasons, 

in order to examine seasonal differences in relative volumes. This method allowed me to 

predict that relative volumes were identical among seasons that were grouped, but different 

among seasons not grouped. Variables in the full model were as follows: dependent variable 

= relative volume (integer variable); fixed effect = season (categorical variable with ‘fruit-

peak season’ as a control group); random effect = follow event (random intercept). 

To test seasonality in dietary diversity, I constructed a GLMM with a binomial 

error distribution and a logit link function, and applied the grouping method. I used the 

number of food types in a faecal sample as an indicator of dietary diversity. However, I did 

not include flower, vertebrate or other food types because they always occurred in very 



56 

 

small volumes. Variables in the full model were as follows: dependent variable = number 

of food types (integer variable); fixed effect = season; random effect = follow event. 

 

Seasonality in Habitat Use 

I examined the influence of environmental factors on the capture rates using GLMM with 

a Poisson error distribution and a log link function. I created a data set by counting the 

number of group visits by season and transect. Variables in the full model were as follows: 

dependent variable = number of group visits (integer variable); offset = ln (camera-days); 

fixed effects = season, mean number of main fruit clusters, mean herb density, interaction 

between season and mean number of main fruit clusters, interaction between season and 

mean herb density, SD of elevation, riverine forest (categorical variable), and disturbed 

secondary forest (categorical variable); random effect = transect (random intercept). 

Furthermore, I compared the variances of capture rates among seasons, using 

Levene’s test (Levene 1960) to examine whether the distribution patterns of visit frequency 

changed seasonally. High variances of capture rates indicated intensive use of particular 

habitats, whereas low variances meant an even distribution of habitat use. If the result of 

the Levene’s test was significant, I then tested the differences in variance for all pair-wise 

comparisons using an F test with a Holm’s adjustment (Holm 1979). 

 

Seasonality in Ranging Distance 

I tested seasonal variation in ranging distance, using GLMM with a gamma error 

distribution and a log link function. I created data sets by calculating distances of daily 

group follows. I used only group follows that lasted for 3 hours or more between 08:00 and 

17:00, because mandrill groups ranged slowly in the early mornings and late afternoons 
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(Abernethy and White 2013). Variables in the full model were as follows: dependent 

variable = daily follow distance (continuous variable); fixed effects = season (categorical 

variable of September–February [a control group] and March–August), duration of a group 

follow, and interaction between season and duration of a group follow; random effect = 

follow event (random intercept). Here, I categorized months into two seasons, not four, 

because of the small sample size. 

 

4.4. Results 

 

4.4.1. Fruit Phenology 

 

We collected 9,966 fruit clusters during 262 transect-months. We could not conduct the 

census in the other 13 transect-months due to logistic problems. Variations in the number 

of fruit clusters were seasonal. Numbers of fruit clusters were smallest from March to 

August (range of monthly median fruit clusters: 5.5–10.8 clusters/km), increased from 

September to November (13.5–22.0), and reached their peak from December to February 

(28.5–41.0), showing about a five-fold annual variation (Fig. 4.2). 

 

4.4.2. Seasonality in Diet 

 

I analysed 417 faecal samples of mandrills during the group follows (Table 4.1), detected 

31 fruit species and 12 genera, and identified 20 main fruits (Table 4.2). Two fruit food 

types (pulp and seeds) both accounted for a large part of the faecal samples, but their 

seasonal patterns in the diet differed. Pulp had high occurrence rates during fruit-peak and 
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fruit-increase seasons, and substantially decreased during early and late fruit-scarce seasons 

(Table 4.1). According to estimates of the best model, relative volumes of pulp were much 

higher during fruit-peak and fruit-increase seasons (estimated relative volume = 2.48) than 

during early and late fruit-scarce seasons (0.57) (Fig. 4.3a; Table 4.3). In contrast, seed 

maintained high occurrence rates (71.4–87.4) from fruit-peak seasons until late fruit-scarce 

seasons (Table 4.1). Relative volumes of seeds remained high throughout these three 

seasons (1.74), and decreased during fruit-increase seasons, according to the best model 

(Fig 4.3b; Table 4.3). Faeces analysed during fruit-scarce seasons contained large amounts 

of finely crushed seeds, most of which were not identified. I observed several patterns in 

the dietary contribution of the seed species consumed during fruit-scarce seasons (Table 

4.2). Nuts of Coula edulis, and seeds of Diospyros spp. and Discoglypremna caloneura 

were both consumed during fruit-peak and subsequent fruit-scarce seasons. Pods of 

Pentaclethra macrophylla, and seeds of Daniellia klainei and Polyalthia suaveolens were 

fed on during the fruit-scarce season alone. Nuts of Sacoglottis gabonensis were cracked 

and consumed during the fruit-scarce seasons, but not during fruit-increase seasons when 

mandrills consumed only their fruit skin and pulp. 

The amount of fibrous foods (leaves, herbs, and woods) in faeces varied among 

seasons. According to the best model, the relative volume of leaf was higher during early 

and late fruit-scarce seasons (0.87) than during fruit-peak and fruit-increase seasons (0.44), 

although the second best model estimated no seasonal fluctuation (Fig. 4.3c; Table 4.3). 

Herb showed a relatively higher occurrence rate, and larger relative volume during early 

fruit-scarce and fruit-increase seasons than during fruit-peak and late fruit-scarce seasons 

(Table 4.1, 4.3; Fig. 4.3d). Mandrills fed on the pith of Aframomum spp. (Zingiberaceae), 

Marantochloa spp. (Marantaceae), and Palisota hirsuta (Commelinaceae), and blades of 
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forest grasses (Poaceae) in various seasons. Wood consumption showed a clear seasonality; 

during early and late fruit-scarce seasons, occurrence rates were twice as high (Table 4.1) 

and relative volumes six times greater (0.97, Table 4.3; Fig. 4.3e) than those during fruit-

peak and fruit-increase seasons, according to the best model. The second and third best 

models showed similar estimates. 

Invertebrates, mainly ants (Formicidae) and grasshoppers (Acrididae), occurred 

the most frequently among all food types (Table 4.1), although their relative volumes were 

low in all seasons (Fig. 4.3f), probably due to their high digestive efficiency. According to 

the first, third and fourth best models, their relative volumes were stable from early fruit-

scarce to fruit-increase seasons, and decreased during fruit-peak seasons (Fig. 4.3f; Table 

4.3). 

 The number of food types in faecal samples varied seasonally. According to the 

best model, mean number of food types was lowest in fruit-peak seasons (3.48) and highest 

in early fruit-scarce seasons (4.57) (Fig. 4.4; Table 4.3). 

 

4.4.3. Seasonality in Habitat Use 

 

I calculated capture rates in 87 transect-seasons. No camera-traps worked in transect G5 

during the early fruit-scarce season in 2013. I identified 246 mandrill group visits on 54,541 

total camera-days (overall capture rate = 0.0045). Independent group visits occurred in two 

different transects on 14 days (9 days during fruit-peak and fruit-increase seasons, and 5 

days during early and late fruit-scarce seasons). Group visits never occurred in three or 

more transects on the same day. In estimating factors related to capture rates of mandrill 

groups, the best model included all candidate fixed effects, with no other models with ΔAIC 
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< 2.0 (Table 4.4). The numbers of main fruit clusters positively correlated with capture rates 

in fruit-peak and fruit-increase seasons, but such correlations were unclear in early and late 

fruit-scarce seasons, as standard errors of the interaction term were large (Fig. 4.5a; Table 

4.4). Herb densities did not positively correlate with capture rates, even in fruit-scarce 

seasons (Fig. 4.5b). Rather, the correlations were negative, with the clearest negative effect 

in fruit-peak seasons. Moreover, riverine and disturbed secondary forests showed lower 

capture rates than the other forests. Capture rates peaked at an intermediate steepness (SD 

of elevation = 33.2) and were lower in transects where the ground was steeper or less steep. 

Variances of capture rates were significantly different among seasons (Levene’s 

test: F = 14.5, P = 1.1×10-7). Variance of the fruit-peak season was about 10 times higher 

than that of early and late fruit-scarce seasons, and about 3.5 times higher than that of the 

fruit-increase seasons (Table 4.5). Post hoc pairwise comparisons showed that the variance 

of the fruit-peak season was significantly higher than that of the other seasons (F test with 

Holm’s adjustment: fruit-peak vs. early fruit-scarce, F = 10.2, P = 1.5×10-5; fruit-peak vs. 

late fruit-scarce, F = 8.0, P = 6.2×10-5; fruit-peak vs. fruit-increase, F = 3.7, P = 0.018), 

whereas the differences among the other three seasons were not significant (early fruit-

scarce vs. fruit-increase, F = 0.4, P = 0.077; late fruit-scarce vs. fruit-increase, F = 0.5, P = 

0.16; early fruit-scarce vs. late fruit-scarce, F = 0.8, P = 0.59). During fruit-peak seasons, 

no mandrill groups were filmed in more than half of the transects, and capture rates were 

particularly high in certain transects (Table 4.5; Fig. 4.6a, e). On the other hand, during 

most of the other seasons, groups were filmed in more transects, but the capture rates rarely 

exceeded 0.02 and the maximum values were generally low (Table 4.5; Fig. 4.6b–d, f–h). 
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4.4.4. Seasonality in Ranging Distance 

 

I obtained data on group follows meeting the criteria in 26 days (September–February: 12 

days; March–August: 14 days). Both the best and the second best model showed that follow 

duration positively correlated with ranging distance but did not include the interaction term 

between season and duration (Table 4.6). According to the regression curve for the best 

model, groups travelled a mean distance of 7.7 km for nine hours. 

 

4.5. Discussion 

 

In this chapter, I revealed seasonal changes in diets and habitat use patterns of wild mandrill 

groups. During fruit-rich seasons, faecal samples mainly contained fruit pulp, and groups 

intensively used habitats where fruit production was high. In contrast, during fruit-scarce 

seasons, seeds made up a large volume of the faecal samples, woods and arboreal leaves 

increased in their relative volumes, and dietary diversity increased. Additionally, groups 

visited more transects evenly during fruit-scarce seasons than during fruit-peak seasons. 

Despite this seasonal change in habitat-use patterns, ranging distance did not differ among 

seasons. 

 

4.5.1. Seasonality in Diet 

 

Relative volumes of food types, and dietary diversity in faecal samples, generally varied 

among seasons, as predicted. Faecal samples mainly contained fruit pulp during fruit-rich 

seasons (September‒February) (Fig. 4.3a), and a low number of other food types during 
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fruit-peak seasons (Fig. 4.4), suggesting that mandrills at Moukalaba-Doudou prefer pulp, 

like the mandrills at other sites (Hoshino 1985; Lahm 1986; Rogers et al. 1996; White 2007) 

and drills (M. leucophaeus) in lowland forests (Astaras et al. 2008; Owens et al. 2015). 

However, during fruit-scarce seasons (March‒August), the relative volume of pulp 

decreased substantially, whereas that of seeds remained as high as during fruit-peak seasons 

(Fig. 4.3b). Moreover, the relative volumes of woods and arboreal leaves, but not 

herbaceous plants, increased (4.3c, e). These results suggest that mandrills utilise seeds, 

woods, and leaves as fallback foods. Mandrills, as well as drills and Cercocebus mangabeys, 

have large premolars and powerful forelimb flexion, which enable them to process hard 

foods and forage manually on the ground (Fleagle and McGraw 1999, 2002). These 

morphological traits may allow mandrills to glean buried hard seeds and nuts, roots, and 

subterranean stems in the leaf litter, in line with the hypothesis of adaptations for the 

processing of fallback foods (Marshall and Wrangham 2007). Indeed, these food types all 

contributed to an increased dietary diversity during early fruit-scarce seasons (Fig. 4.4). 

In addition, at least some individuals of a particular status, such as lactating 

females, may consume seeds preferentially during these seasons. During the birthing season, 

or fruit-peak season, approximately one third of the reproductive females in a group had 

neonatal infants (Chapter III). They probably suckle their infants for at least six months, 

which coincides with the late fruit-scarce season (Setchell et al. 2002). Seeds are generally 

rich in lipids and protein (e.g. Coula edulis nuts: Tchiegang et al. 1998, Pentaclethra 

macrophylla beans: Achinewhu 1982), which are essential for milk production in mammals, 

including primates (Bronson 1989). Seed consumption may therefore supply nutrients 

essential for females to rear infants. 
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4.5.2. Seasonality in Habitat Use 

 

As I predicted, capture rates of mandrill groups by camera-trapping clearly showed positive 

correlations with fruit availability during fruit-increase and fruit-peak seasons (Fig. 4.5, 

Table 4.4). Moreover, group visits during fruit-peak seasons were highly concentrated in a 

few transects, but were never filmed in many of the other transects, whereas groups during 

the other seasons visited many transects at low visit frequencies (Table 4.5; Fig. 4.6). This 

increase in the number of visited transects during fruit-scarce seasons is not considered to 

be due to group-fission, because both the visit frequencies and the number of days on which 

independent visits occurred in different transects did not increase during fruit-scarce 

seasons. Rather, these results suggest seasonal changes in habitat use patterns of the groups. 

Mandrill groups may show a high selectivity for habitats where preferred fruits are highly 

available during fruit-rich seasons, whereas their habitat use patterns may be less selective 

and more nomadic when the preferred fruits are scarce, causing groups to range over a 

much wider area, covering many transects which are at least 2 km away from each other. 

In contrast, a group at Lopé used gallery forests intensively regardless of the season (White 

2007). At Lopé, gallery forests are abundant in the human-introduced Elaeis guineensis 

(Ukizintambara et al. 2007), whose fruits are available year-round, and are consumed by 

mandrills there most frequently (White 2007). This year-round preferred food may retain 

the Lopé group in the gallery forests. There was no fruit species available year-round in my 

study area (S. Hongo, unpublished data), and therefore mandrill groups here may be 

required to change both diet and habitat use patterns during fruit scarce periods. 

Contrary to my prediction, visit frequency did not positively correlate with herb 

density even during fruit-scarce seasons (Fig. 4.5b, Table 4.4). It is not surprising, however, 
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that mandrill groups at Moukalaba-Doudou did not heavily rely on herbaceous plants to 

compensate for fruit scarcity. Furthermore, this low reliance on herbaceous plants may 

favour a less-selective habitat use by mandrill groups during fruit-scarce seasons, as herb 

densities differed substantially among transects (Fig. 4.5). 

Both high and low steepness, as well as vegetation disturbance, negatively affected 

the frequency of group visits (Table 4.4). I therefore suggested that highly steep grounds 

and dense vegetation hampered their terrestrial travelling. Less steep habitats may also be 

avoided because many of them were near the savannah, which mandrills actively avoid 

(Rogers et al. 1996; White et al. 2010). Furthermore, visit frequency was low in riverine 

forests. Moukalaba-Doudou is one of the Gabonese forests with the highest density of red-

capped mangabeys (Cercocebus torquatus) (Mangama-Koumba et al. 2016), which prefer 

riverine forests (Ehardt 2013) and share many feeding habits with mandrills (Fleagle and 

McGraw 2002; Mitani 1989). Mandrills here may therefore avoid riverine forests to avoid 

inter-species scramble feeding competition. 

 

4.5.3. Seasonality in Ranging Distance 

 

Contrary to my prediction, ranging distances of groups did not differ among seasons (Table 

4.6), despite their dietary shifts. Although my results should be considered as preliminary 

because of the small sample size, these findings may reflect seasonal changes in the degree 

of scramble feeding competition. Fruit-scarce seasons are also the mating season when 

dozens of males enter and remain in groups (Abernethy et al., 2002; Chapter III). Since 

male mandrills weigh three times more than females (Setchell et al. 2001), influxes of these 

males would incur strong feeding competition. Groups may therefore be obliged to range 



65 

 

for longer distances during fruit-scarce than fruit-rich seasons, despite seasonal changes in 

their diet. 

 

4.6. Conclusion and Perspectives 

 

I demonstrated seasonal changes in dietary and ranging behaviours of wild mandrill groups. 

Facing the decrease in fruit availability, mandrills in the study area shifted from being 

highly frugivorous to omnivorous, and utilised seeds and woody parts as fallback foods. 

According to these dietary responses, groups reduced their habitat selectivity and increased 

nomadism, covering vast ranges, which included different habitats. Thus, flexible changes 

in feeding behaviours of mandrill groups allow them to cope with the seasonal food 

resource scarcity, possibly contributing to the maintenance of their extremely large group. 

In this study, my co-workers and I conducted a fruit census for two years, and herb 

density survey in one dry season, both of which covered only part of the study periods when 

I collected data on diets and ranging distances. Although the results showed a regular 

pattern in fruit phenology (Fig. 4.2), it is plausible that the patterns vary across years. To 

confirm if these findings are consistent, longer monitoring for both environmental factors 

and mandrill behaviours are needed. 

Nomadic habitat use during fruit-scarce seasons may also be beneficial for the 

reproductive strategy of females. Since fruit-increase seasons coincide with the mating 

season (Chapter III), nomadic travelling of large groups, which contain a large number of 

sexually receptive females, may favour influxes by many solitary males, which are 

considered to range shorter and less actively (Slatkin and Hausfater 1976; Yamagiwa 1986). 

Accordingly, receptive females may be able to mate with multiple males, including 
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subordinate ones (Setchell et al. 2005a), and choose preferred males (Setchell 2005). As I 

could not examine habitat use patterns of solitary males because of the small sample size, 

future studies need to clarify their distribution, and the relationships in ranging patterns 

between groups and solitary males. 
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CHAPTER V GENERAL DISCUSSION 

 

 

5.1. Summary of the Study 

 

In this thesis, I documented the social organization, reproductive seasonality, male mating 

tactics, and feeding tactics of wild mandrills at the Moukalaba-Doudou National Park, 

Gabon. In Chapter II, I demonstrated that mandrills in the study area formed large, crowded 

groups with highly female-biased socionomic sex ratios during non-mating seasons. In 

addition, I revealed that their progression patterns were not analogous to those of OMU-

based multilevel societies, but instead, to those of non-nested societies in savannah baboons, 

suggesting that mandrills form non-nested societies. 

In Chapter III, I clarified that female mandrills showed moderate reproductive 

seasonality with some out-of-season breeding, and that most, adult males and many sub-

adult males entered into groups only during the mating season. Moreover, the results 

suggested that male mandrills differed in their mating tactics depending on their own 

competitive abilities. Relationships between peaks in females with sexual swellings and 

male influxes, suggested that sub-adult males enter and leave groups in response to the 

number of females with sexual swellings; adult males stay in groups longer after a peak in 

the number of females with sexual swellings; and adult males mate-guard such females 

more frequently than sub-adult males. I concluded that the reproductive seasonality, out-

of-season breeding, and differences in male mating tactics all contribute to the number of 

males in a group. Age‒sex composition of the progression in Case 1 (Chapter II), where 

only three adult males (1.8% of all individuals) and 11 sub-adult males (6.5%) were present 
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in the subgroup, may contradict the results in Chapter III, because this sub-group was 

filmed at the beginning of May, around the peak in the number of females with sexual 

swellings. Although this apparent contradiction concerns only one case of progression, and 

this was a subgroup, we need to confirm the findings in Chapter III with direct observations 

of groups. 

In Chapter IV, I demonstrated that mandrills changed their diet and habitat use 

seasonally in response to fluctuations in fruit availability. Facing a seasonal fruit scarcity, 

mandrill groups at Moukalaba-Doudou utilised seeds, woody matter, and leaves as fallback 

foods. Moreover, they reduced habitat selectivity and increased nomadism, ranging over a 

vast area. I concluded that these flexible dietary and ranging responses allow large mandrill 

groups to cope with strong intragroup scramble feeding competition. Thus, mandrills form 

a unique non-nested society, where females and their offspring change their feeding 

behaviours flexibly to maintain large groups, and most males join and leave groups 

seasonally as a mating tactics. Giving comprehensive consideration to mating and feeding 

tactics, and nomadic ranging of groups during fruit-scarce seasons (i.e. mating seasons) 

may contribute to seasonal influxes of solitary males. 

My unique methods, using camera-trapping and in-depth video analyses, revealed 

the unique non-nested societies of mandrills. On the one hand, seasonal-breeding females 

and immatures maintained extremely large groups by changing their feeding tactics flexibly 

in response to seasonality in fruit availability. On the other hand, most of males entered and 

left groups across seasons as their mating tactic. 

 

5.2. Factors Affecting Female-Biased Socionomic Sex Ratio 
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Based on my findings, I discussed three hypothetical factors, which may influence highly 

female-biased socionomic sex ratios in mandrill groups. First, the female-biased 

socionomic sex ratio may be derived from differences in the gregariousness of the sexes, 

as I discussed in Chapter III (see section 3.6. Conclusion and Perspectives). Mandrills 

exhibit a large sexual dimorphism in body weight (Setchell et al. 2001). Thus, group-living 

may be adaptive for smaller, philopatric females, which have matrilineal female‒female 

relationships (Bret et al. 2013; Setchell et al. 2008). In contrast, a solitary life may be 

adaptive for much larger males during the birth season, because they enjoy highly available 

preferred fruits without scramble feeding competition (Chapter IV), and are able to avoid 

injury from intensive inter-male attacks. Therefore, the female-biased ratio may result from 

male feeding and mating tactics, which deal with both seasonal female breeding and 

feeding competition (Chapter III). Furthermore, such social flexibility in males may result 

in their social organization. I clarified that mandrills formed non-nested societies (Chapter 

II). The year-round formation of OMUs, which require continuous efforts by leader males 

to maintain social bonds with multiple females (Kummer 1968), is not possible when males 

change their social habits across seasons. Instead of herding females and forming OMUs, 

male mandrills compete seasonally against each other, using their large bodies and canines 

(Setchell et al. 2001) and secondary sexual adornments (Setchell and Wickings 2005), 

mate-guard receptive females (Setchell et al. 2005a; Chapter III), and attract females by 

secondary sexual adornments (Setchell 2005), and possibly the odour from their sternal 

gland, which reflects their MHC genotype (Setchell et al. 2010; Setchell et al. 2011b). 

 Secondly, as I mentioned in Chapter II (see section 2.5. Discussion), differences 

in the adult mortality rate of the sexes are observed in captivity (Setchell et al. 2005b). At 

CIRMF, males die at the median age of 17 years, whereas most females live for over 25 
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years (Setchell et al. 2005b). This large sex difference in longevity should clearly affect the 

socionomic sex ratio, and may lead, partly, to a very small number of adult males in a group 

even during the mating season. 

Thirdly, sexual bimaturism leads to sex difference in ages when individuals start 

reproduction and attain full body sizes (Setchell et al. 2001). In captivity, females give birth 

for the first time at the mean age of four, and attain full body length at 7‒8 years old, 

whereas males start to develop their secondary sexual traits at 6 years old, and attain full 

body length at 9‒10 years old. Thus, the age that we consider when calculating socionomic 

sex ratios is younger in females than males for approximately two years, potentially 

resulting in a female-biased ratio. The life histories of wild mandrills, and the proportion of 

solitary males among all males in the population, need to be further investigated in order to 

clarify the significance of the contribution of each factor to this unusual socionomic sex 

ratio in a group. 

 

5.3. Potential Correlates of Extremely Large Group Size 

 

Since the socionomic sex ratio is highly female-biased in mandrill groups, the large group 

size is mainly due to the high gregariousness of females. I suggested that reproductive 

females accounted for about 30‒40% of group animals in the study population (Chapter 

III), suggesting that about 100‒150 reproductive females ranged collectively, as actually 

observed in group progressions (Chapter II). 

I discussed several factors, which allow mandrills to maintain extremely large 

groups. First, the results in Chapter IV clarified that mandrills change their dietary and 

ranging behaviours flexibly among seasons, which may lead to the avoidance of strong 
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scramble feeding competition within their large groups. I noted that the highly nomadic 

ranging of mandrills was supported, apparently, by their adaptations to terrestrial 

locomotion, as sympatric more-arboreal mangabeys or guenons do not form such large 

groups. Secondly, fruit productivity for frugivorous mammals, including primates, is 

generally high in African tropical forests, despite its seasonality, compared to that of South-

Asian tropical forests, which ensured that mandrills maintained large groups (Corlett and 

Primack 2011). Thirdly, the high crowdedness may be another unique characteristic of 

mandrill groups, which may suggest that they maintain large groups under conditions of 

poor visibility in dense tropical forests (Hoshino et al. 1984). I observed ‘crowded’ groups, 

in which inter-individual distances were very close, and at a lower degree of alertness. I 

observed only a few large spaces within progressions (Chapter II). We need to compare the 

crowdedness of groups among different species to understand its contribution to group size. 

Fourth, vocal exchanges of long distance calls, particularly those of crowing calls among 

females, may facilitate and maintain group integration (Hoshino et al. 1984; Kudo 1987). 

 However, I could not identify the adaptive significance of the extremely large 

group size, and so cannot answer the ultimate question, which is, ‘what are the benefits for 

mandrills of such high gregariousness?’ Instead, I discussed several correlates to their large 

groups. 

First, high gregariousness of females may relate to infanticide risk. The 

gregariousness may be advantageous for the avoidance of infanticide by unfamiliar, 

subordinate males that engage in seasonal male influxes (Chapter III). The death of an 

infant during the first six months after birth reduces the inter-birth interval of its mother by 

more than 100 days (Setchell et al. 2002), and there is evidence of infanticide, in captive 

colonies, by newly-introduced males that had no chance to mate with the females there 
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(Setchell et al. 2006b). Extremely large groups may prevent the infanticidal males from 

detecting and approaching infants by the dilution effect and increased vigilance. High 

crowdedness of groups may also help infants to avoid aggressions of the males by the 

‘confusion effect’, which is an anti-predatory strategy of fish schools (Chivers et al. 1995). 

Moreover, enormous gregariousness may be beneficial for females in coalitionary attack 

against unfavourable males (Cords and Fuller 2010; Morelli et al. 2009). In the captive 

colony at CIRMF, researchers observed an incident of violent coalitionary attacks by 

females on a recently immigrated, alpha male, which was injured after a fight against 

another male (Setchell et al. 2006a). Since there is a great degree of sexual size dimorphism 

in body weight (Setchell et al. 2001) and canine size (Leigh et al. 2005), female mandrills 

may need to form large coalitions in order to cope with males (Treves and Chapman 1996). 

Secondly, the formation of extremely large groups may be beneficial to females 

and increase the possibility of polyandrous mating. Polyandrous mating would be difficult 

when the number of females in a group is small, because dominant males guard females in 

ovulation very rigorously, at least when the number of females with sexual swellings is low 

(Setchell et al. 2005a), and because females are not able to synchronise their ovulation 

cycles precisely (Setchell et al. 2011a). Charpentier et al. (2005) reported that the degree of 

paternity skew by alpha males decreased as the number of females increased, even in 

CIRMF colonies consisting of several dozens of individuals. Moreover, forming large 

groups would make group densities low (White 1994), probably resulting in a certain 

number of adult males not being able to find and join groups, as discussed in Chapter III. 

This delay of adult male influxes makes the ratio of females with sexual swellings to adult 

males more than 1.0, resulting in subordinate males mating with females around mating 

peak periods (Chapter III). Females living in large groups are therefore able to mate with 
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many males, including subordinate adult males and sub-adult males, and this polyandrous 

mating may confuse the paternity of infants and increase the chances for females to choose 

males, both of which should be adaptive for females. 

 Lastly, sympatric mammal species need to be considered when evaluating feeding 

competition. The study area had 38 medium- and large-sized mammals (Nakashima 2015). 

Among them, there were group-living species whose feeding behaviours were similar to 

those of the mandrills, such as red-capped mangabeys and red river hogs (Potamochoerus 

porcus). In particular, I observed that a large group of 20–50 red river hogs followed a 

group of mandrills, and fed on fruits that mandrills dropped on the ground (S. Hongo, 

personal observation). It is possible that ‘inter-species contest feeding competition’ occurs 

between mandrills and the species mentioned above, and mandrills may cope with this kind 

of competition by forming enormous groups. 

 

5.4. Future Perspectives 

 

As pointed out previously, the social status and residency of adult males in a group, during 

the birth season, needs to be solved. This will clarify whether the mandrill is an exceptional 

group-living anthropoid that does not form year-round bi-sexual groups, or is just an 

extreme case where the resident males in a group are much lower than in other species, 

though they do have some year-round male‒female associations in common with other 

anthropoids. Camera-trapping will contribute to the elucidation of this question, by 

quantifying the saturations of male facial and genital colours, for example. Moreover, 

genetic analyses of offspring will clarify how paternity is skewed to these adult males. 

 There has been limited research on the fission‒fusion dynamics of mandrill groups 
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(Aureli et al. 2008). Subgrouping has been observed in several mandrill populations, 

including those at Moukalaba-Doudou (Hoshino et al. 1984; White et al. 2010; Chapter II). 

Even though they do not form OMU-based multilevel societies, it is still possible that their 

subgrouping patterns reflect social relationships among females, including kinship, as 

reported in Japanese macaques (Macaca fuscata: Nishikawa et al. 2014), rhesus macaques 

(M. mulatta: Chepko-Sade and Sade 1979), and/or affiliative interactions, as observed in 

mantled howling monkeys (Alouatta palliata: Bezanson et al. 2008). In addition, 

subgrouping patterns of mandrills may change seasonally in response to seasonal changes 

in diets and habitat use (Chapter IV). To investigate fission‒fusion dynamics of mandrills, 

there is a need to develop a method for assessing subgroup sizes based on, for example, the 

frequency, and volume of crowing calls by females, when following them. 

 The methods I used in this study are unique in field primatology. In Chapter II, the 

in-depth analysis of video images of the progressions enabled me to determine the social 

organization of wild mandrills, and observe clear similarities to the progressions of 

savannah baboons. In Chapter III, I conducted demographic analyses using video images 

from camera-traps, which revealed not only female reproductive seasonality, but also 

differences in male behaviours between dominant adult males and subordinate sub-adult 

males. In Chapter IV, I used the capture rate of the camera-traps, which is normally used 

for the estimation of population density, as an indicator of habitat use patterns. Camera-

trapping, combined with in-depth video analyses, will certainly expand our knowledge 

about primate behaviours and societies, as observed in this study, and camera-traps can be 

used not only for the estimation of population density and records on rare behaviours but 

also for several other purposes in field primatology and animal ecology. 

Nevertheless, it is important to highlight a few obvious limitations in the camera-
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trap study. First, distinguishing primate groups from solitary males may be difficult. In 

mandrills, it was relatively easy to distinguish them safely, because of the crowdedness of 

mandrill groups. However, most primate groups are usually less crowded, and we should 

pay special attention to defining each group in videos from camera-traps, as the angle of 

view of camera-traps are typically very narrow. Secondly, we should remember that 

camera-trapping research is not an easy-to-conduct study. The installation of camera-traps 

requires careful attention as well as knowledge of the targeted animals. Maintenance of 

camera-traps is a labour-intensive and costly process. Thirdly, appropriate analyses of 

camera-trap data are impossible without knowledge of statistical modelling. Enormous 

amounts of data can be obtained by installing camera-traps, but this is futile if the 

techniques to analyse the data are not established. More concerning is the fact that 

inaccurate statistical analyses may lead to wrong results, although this is also the case in 

the analysis of the data from direct observation. 

In this study, I was able to clarify behaviours and societies of animals that are 

difficult to observe directly, using sophisticated research methods. I hope that more 

primatologists will start studying difficult-to-observe species such as the mandrill, and 

expand our knowledge of primate socioecology. 
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Table 2.1 Age‒sex classes and references on physical and social development. 

I was capable of conducting the age‒sex classification because I had undergone training at CIRMF, 

Gabon and Kyoto City Zoo, Japan. 

a Abernethy et al. (2002) used a little different categorization from this study: infant was 0‒12 

months old, juvenile was 1‒2 years old, adult female was >3 years old, and males were divided into 

four classes (3‒4 years, 5 years, 6‒9 years [sub-mature male], and >10 years old [mature male]). 

 

Age‒sex class a Estimated age Definition / Physical and social development 

Infant 0‒12 months Smallest individual which hangs onto its mother 

Juvenile 1‒3 years Small animal which travels independently 

Reproductive 

female 

≥4 years Fully grown female. There are two categories. Female with 

an infant (judged as a reproductive female because it has 

an infant). Female without an infant (judged as an 

reproductive female only when genital was observed, 

else indistinguishable from pubescent males) / Average 

females give the first birth at 4.6 years in captivity 

(Setchell et al. 2002) 

Pubescent male 4‒5 years Body size is similar to reproductive females and testes are 

small / Testes descend at 3.8 years and canines appear at 

4.8 years (Setchell and Dixson 2002; Setchell and 

Wickings 2004a) 

Sub-adult male 6‒9 years Body size larger than reproductive females and testes 

volume increased / Testes volume and testosterone level 

increase, second sexual adornment emerge, and most 

males become peripheral at 6-7 years (Setchell and Dixson 

2002) 

Adult male ≥10 years Fully grown male / Attain full body length and mass at 

10 years and some males associate with group (Setchell 

and Dixson 2002) 
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6
 

Table 2.2 Age‒sex class compositions of Mandrillus sphinx and other African papionins. Parentheses mean the percentage of individuals in the 

group. 

The mean values are shown except mandrills. Note that the age‒sex classifications are slightly different among studies and species. -: Not available. a In Case 

1, numbers of adult females without an infant and pubescent males were not calculated because all the individuals of these classes were indistinguishable from 

each other (see 2.3.2. Data Analysis). b Sub-adult males are not included for calculations because their numbers are not available. c These data are based on Fig. 

15.4 in Swedell (2011). Ranges of mean value are shown. d Sub-adult males are included. 

Species Study sites 

[no. of groups] 

Group 

size 

Infant Juvenile Reproductive 

female (RF) 

Pubescent 

male (PM) 

RF or PM Sub-adult 

male 

Adult 

male 

Unknown Socionomic 

sex ratio 

References 

M. sphinx Moukalaba, 

Case 1 

169 10 

(5.9%) 

67 

(39.6%) 

10 

(5.9%)a 

- 68 

(40.2%) a 

11 

(6.5%) 

3 

(1.8%) 

0 - This study 

M. sphinx Moukalaba, 

Case 2 

350 33 

(9.4) 

129 

(36.9) 

124.7 

(35.6) 

35.3 

(10.1) 

 23 

(6.6) 

5 

(1.4) 

0 4.5 This study 

M. sphinx Moukalaba, 

Case 3 

442 47 

(10.6) 

141 

(31.9) 

171.5 

(38.8) 

41.5 

(9.4) 

 32 

(7.2) 

6 

(1.4) 

3 

(0.7) 

4.5 This study 

M. sphinx Lopé [20] 338–845 9–175 

(1.4–25.7) 

100–340 

(19.0–51.2) 

94–288 

(22.9–44.6) 

59-171 

(11.5–24.7) 

 6–32 

(0.8–5.9) 

1-17 

(0.1–3.8) 

 

 

3.0-33.1 Abernethy 

et al. 2002 

M. sphinx Lopé [3] 449–625 38–86 

(8.1–13.8) 

73-200 

(16.3–45.8) 

- - 247–312 

(39.5–57.0) 

56-83 

(11.4–14.3) 

21-30 

(3.4–5.2) 

 - Rogers et al. 

1996 

M. sphinx Campo [4] 15–80 - - - -  - 1-6 

(6.5-8.3) 

 6.5-8.3 b Hoshino et 

al. 1984 

P. hamadryas Eritrea [6] 139.2 12.8 

(8.6) 

39.8 

(26.8) 

58.3 

(42.8) 

-  7.8 

(6.2) 

20.3 

(15.7) 

 2.4 Zinner et al. 

2001 

P. hamadryas Various sitesc 38–146   28.5–58    9–30  1.1–2.8 b Swedell 

2011 

T. gelada Gich Plateau [3] 103.0 13.0 

(18.7) 

31.3 

(22.9) 

37.7 

(37.0) 

2.3 

(1.7) 

 3.3 

(4.4) 

15.3 

(15.2) 

 2.0 Ohsawa 

1979 

T. gelada Various sitesc 60–271   59    16  3.7 b Swedell 

2011 

P. cynocephalus Amboseli [3] 34.3 1.7 

(4.9) 

7.7 

(22.3) 

15.7 

(45.6) 

3.3 

(9.7) 

 1.0 

(2.9) 

5.0 

(14.6) 

 2.7 Altmann et 

al. 1985 

P. cynocephalus Various sitesc 31–80   11.5–22    5–12  1.3–4.4 b Swedell 

2011 

P. anubis Various sitesc 15–115   3.9–38    2.3–17  1.1–9.5 b Swedell 

2011 

P. ursinus Various sitesc 20.5–79   11–31    2–13.3  2.1–10.3 b Swedell 

2011 

Cercocebus spp. Various sitesc 10.5–89   2.2–23    1-9  1.75–4.0 b Swedell 

2011 

C. agilis Bai Hokou [4] 135.5 10.8 

(7.9) 

52.3 

(38.5) 

48.3 

(35.6) 

-  - 24.3 

(17.9) d 

 2.0 Devreese et 

al. 2013 
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Table 3.1 Monthly counts of mandrills (Mandrillus sphinx) by age–sex class, based on a camera trap survey at the Moukalaba-Doudou 

National Park, Gabon (January 2012‒February 2014). 

a Numbers are corrected for indistinguishable individuals (see 3.3.3. Statistical Analysis); 

b Ratio of the number of reproductive females to the number of adult and sub-adult males  

Month Number of individuals (% of the total number of individuals) Socionomic 

sex ratio b 

New-

borns 

Larger 

infant and 

juveniles 

Reproductive females [% of total females] Total 

reproductive 

females 

Pubescent 

males a 

Sub-adult 

males 

Adult 

males 

Unknown Total 

Females 

with a new-

born  

Females with 

a sexual 

swelling a 

Females without a 

new-born and 

with no sexual 

swelling a 

Jan. 89 (10.4) 310 (36.3) 89 [32.0] 3.6 [1.3] 185.2 [66.7] 277.9 (32.6) 105.1 (12.3) 49 (5.7) 8 (0.9) 14 (1.6) 853 4.9  

Feb. 41 (6.1) 275 (40.9) 41 [22.1] 5.8 [3.1] 138.5 [74.8] 185.3 (27.6) 91.7 (13.6) 59 (8.8) 6 (0.9) 14 (2.1) 672 2.9  

Mar. 1 (0.5) 75 (39.7) 1 [1.8] 4.0 [7.0] 51.2 [91.2] 56.2 (29.7) 31.8 (16.8) 18 (9.5) 4 (2.1) 3 (1.6) 189 2.6  

Apr. 4 (2.3) 80 (45.2) 4 [6.8] 7.7 [13.1] 47.0 [80.1] 58.7 (33.2) 14.3 (8.1) 11 (6.2) 5 (2.8) 4 (2.3) 177 3.7  

May 1 (0.2) 184 (44.9) 1 [0.8] 36.4 [29.7] 85.0 [69.5] 122.3 (29.8) 25.7 (6.3) 46 (11.2) 18 (4.4) 13 (3.2) 410 1.9  

Jun. 1 (0.4) 82 (29.9) 1 [0.8] 24.3 [20.6] 92.7 [78.5] 118.0 (43.1) 19.0 (6.9) 33 (12.0) 14 (5.1) 7 (2.6) 274 2.5  

Jul. 0 (0.0) 135 (36.0) 0 [0.0] 17.5 [13.2] 115.4 [86.8] 132.9 (35.5) 36.1 (9.6) 42 (11.2) 19 (5.1) 10 (2.7) 375 2.2  

Aug. 3 (0.8) 147 (37.9) 3 [2.1] 14.9 [10.4] 125.3 [87.5] 143.2 (36.9) 25.8 (6.6) 44 (11.3) 20 (5.2) 5 (1.3) 388 2.2  

Sep. 0 (0.0) 204 (37.4) 0 [0.0] 28.4 [14.4] 169.0 [85.6] 197.4 (36.2) 48.6 (8.9) 60 (11.0) 22 (4.0) 13 (2.4) 545 2.4  

Oct. 11 (1.2) 390 (44.3) 11 [4.4] 12.4 [5.0] 225.3 [90.6] 248.7 (28.2) 98.3 (11.2) 67 (7.6) 46 (5.2) 20 (2.3) 881 2.2  

Nov. 18 (2.9) 319 (50.7) 18 [11.4] 8.2 [5.2] 132.2 [83.5] 158.4 (25.2) 60.6 (9.6) 47 (7.5) 13 (2.1) 13 (2.1) 629 2.6  

Dec. 39 (7.6) 232 (45.2) 39 [27.5] 7.1 [5.0] 95.9 [67.5] 142.1 (27.7) 59.9 (11.7) 22 (4.3) 9 (1.8) 9 (1.8) 513 4.6  

Total 208 (3.5) 2433 (41.2) 208 [11.3] 178.6 [9.7] 1460.6 [79.1] 1847.2 (31.3) 610.8 (10.3) 498 (8.4) 184 (3.1) 125 (2.1) 5906 ‒ 
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Table 3.2 Parameter estimates, AIC, and ΔAIC values for models of female reproductive seasonality and numbers of adult and sub-adult male mandrills in 

groups at the Moukalaba-Doudou National Park, Gabon (January 2012‒February 2014). Models with ΔAIC <2.0 are shown. 

Order AIC (ΔAIC) Parameter estimate / SE 

  
 

Intercept Day Day2 Day3 Day4 Random effect 

Number of females with new-borns among all reproductive females (N = 238) 

1 257.9 (0.0) 1.1 / 0.33 -0.065 / -0.0071 1.7×10-4 / 1.9×10-5 ‒ ‒ 1.2 / 0.23 

2 259.0 (1.1) 0.80 / 0.43 -0.053 / 0.015 8.8×10-5 / 9.2×10-5 1.5×10-7 / 1.6×10-7 ‒ 1.2 / 0.23 

 

Number of females with sexual swellings among all reproductive females (N = 238) 

1 218.1 (0.0) -6.0 / 0.80 0.076 / 0.016 -3.5×10-4 / 9.3×10-5 4.3×10-7 / 1.6×10-7 ‒ 0.63 / 0.19 

2 219.4 (1.3) -5.4 / 1.0 0.050 / 0.034 -6.5×10-5 / 3.4×10-4 -6.8×10-7 / 1.3×10-6 1.5×10-9 / 1.7×10-9 0.64 / 0.19 

 

Number of adult males among ≥4-year-old individuals except sub-adult males (N = 286) 

1 282.2 (0.0) -4.5 / 0.35 0.021 / 0.0040 -4.9×10-5 / 1.0×10-5 ‒ ‒ 0.64 / 0.13 

2 284.0 (1.8) -4.3 / 0.45) 0.016 / 0.010 -2.0×10-5 / 6.5×10-5 -5.2×10-8 / 1.1×10-7 ‒ 0.64 / 0.13 

 

Number of adult males among ≥4-year-old individuals except adult males (N = 290) 

1 385.7 (0.0) -2.1 / 0.16 0.0091 / 0.0022 -2.5×10-5 / 6.1×10-6 ‒ ‒ 0.39 / 0.090 

2 387.6 (1.9) -2.2 / 0.21 0.011 / 0.0057 -3.6×10-5 / 3.7×10-5 1.9×10-8 / 6.6×10-8 ‒ 0.39 / 0.090 
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Table 3.3 Numbers of females with sexual swellings and adult males in mandrill groups, based on 

a camera trap survey in the Moukalaba-Doudou National Park, Gabon (January 2012‒February 

2014), and P values from binomial test with Holm’s adjustment. 

a P values are not adjusted because they are >0.05. 

  

2-month period Number of females with 

sexual swellings 

Number of adult males P value 

January‒February 9 14 0.40 a 

March‒April 12 9 0.66 a 

May‒June 61 32 0.02 

July‒August 32 39 0.48 a 

September‒October 41 68 0.062 

November‒December 15 22 0.32 a 
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Table 3.4 Parameter estimates, AIC, and ΔAIC values for models of spatial positioning in adult males and sub-adult male mandrills in 

groups at the Moukalaba-Doudou National Park, Gabon (January 2012‒February 2014). Models with ΔAIC <2.0 are shown. 

a Interaction terms 

 

  

Order AIC (ΔAIC) Parameter estimate / SE 

Intercept Day Day2 Day3 Females 

with sexual 

swellings 

present 

Day : Females 

with sexual 

swellings 

present a 

Day2 : Females 

with sexual 

swellings present a 

Random 

effect 

Number of adult males among all individuals except new-borns and infants clinging to their mothers (N = 1,627) 

1 761.9 (0.0) -5.4 / 0.38 0.020 / 0.0044 -4.6×10-5 / 1.1×10-5 ‒ 3.1 / 1.0 -0.021 / 0.011 4.1×10-5 / 2.8×10-5 0.67 / 0.14 

2 763.2 (1.3) -5.2 / 0.36 0.019 / 0.0041 -4.3×10-5 / 1.1×10-5 ‒ 0.67 / 0.22 ‒ ‒ 0.66 / 0.14 

 

Number of sub-adult males among all individuals except new-borns and infants clinging to their mothers (N = 1,627) 

1 1409.2 (0.0) -2.8 / 0.17 0.0081 / 0.0023 -2.4×10-5 / 6.3×10-6 ‒ ‒ ‒ ‒ 0.45 / 0.093 

2 1410.5 (1.3) -2.9 / 0.22 0.013 / 0.0058 -5.7×10-5 / 3.8×10-5 6.0×10-8 / 6.9×10-8 ‒ ‒ ‒ 0.45 / 0.093 

3 1411.2 (1.9) -2.8 / 0.17 0.0082 / 0.0023 -2.5×10-5 / 6.5×10-6 ‒ -0.043 / 0.17 ‒ ‒ 0.45 / 0.093 
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Table 4.1. Seasonality in occurrence rates of food types in faecal samples of mandrill 

groups at the Moukalaba-Doudou National Park, Gabon (August 2009–September 2013). 

 

 

 

  

 
Season Total 

Fruit-peak 

 

(Dec.–Feb.) 

Early 

fruit-scarce 

(Mar.–May) 

Late 

fruit-scarce 

(Jun.–Aug.) 

Fruit-

increase 

(Sep.–Nov.) 

No. of faecal 

samples 

88 56 175 98 417 

Occurrence rate (%) 

  Pulp 83.0 67.9 32.0  100.0 63.5 

  Seed 83.0 71.4 87.4  45.9 74.6 

  Leaf 48.9 80.4 59.4  54.1 58.8 

  Herb 53.4 85.7 47.4  75.5 60.4 

  Wood 20.5 58.9 76.6  36.7 53.0 

  Flower 13.6 0.0 0.0  3.1 3.6 

  Invertebrate 60.2 92.9 97.7  84.7 86.1 

  Vertebrate 8.0 5.4 1.1  1.0 3.1 
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Table 4.2. Fruit species or genera found from faecal samples of mandrill groups at the Moukalaba-Doudou National Park, Gabon (August 

2009–September 2013).  

Species or genera 

 

Family 

 

Food type 

 

Season 

Fruit-peak 

(Dec.–Feb.) 

Early fruit-scarce 

(Mar.–May) 

Late fruit-scarce 

(Jun.–Aug.) 

Fruit-increase 

(Sep.–Nov.) 

Aframomum spp. Zingiberaceae P ● ● ○ ○ 

Anthocleista vogelii Gentianaceae P ○    

Anthonotha sp. Fabaceae S    ○ 

Bombax chevalieri Bombacaceae S   ○  

Caloncoba welwitschii Flacourtiaceae P ●    

Ceiba pentandra Bombacaceae S ○    

Cissus dinklagei Vitaceae P    ○ 

Cola spp. Sterculiaceae P, S ●    

Coula edulis Olacaceae S ● ● ○  

Daniellia klainei Fabaceae S  ●   

Desplatsia sp. Tiliaceae P ○   ○ 

Dialium sp. Fabaceae P, S ○   ○ 

Diogoa zenkeri Olacaceae S    ○ 

Diospyros spp. Ebenaceae S ● ○ ○  

Discoglypremna caloneura Euphorbiaceae S ● ●   

Drypetes sp. Putranjivaceae P ○    

Duboscia macrocarpa Tiliaceae P, S ○   ○ 

Ficus spp. Moraceae P ● ● ○ ● 

Gambeya africana Sapotaceae P    ● 

Grewia coriacea Tiliaceae P    ○ 
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Table 4.2. Continued. 

Hexalobus crispiflorus Annonaceae P ○    

Irvingia gabonensis Irvingiaceae P ○    

Klainedoxa gabonensis Irvingiaceae P, S ○  ○ ● 

Laccosperma sp. Arecaceae P  ●   

Landolphia spp. Apocynaceae P, S ○    

Meiocarpidium lepidotum Annonaceae P, S    ○ 

Mimusops zeyheri Sapotaceae P   ○  

Musanga cecropioides Cecropiaceae P ○ ●  ○ 

Myrianthus arboreus Cecropiaceae P    ○ 

Pentaclethra macrophylla Fabaceae S   ●  

Polyalthia suaveolens Annonaceae S   ●  

Porterandia cladantha Rubiaceae P    ● 

Pseudospondias longifolia Anacardiaceae P   ○  

Sacoglottis gabonensis Humiriaceae P, S   ● ○ 

Salacia spp. Celastraceae P ○    

Santiria trimera Burseraceae P ● ○  ● 

Staudtia gabonensis Myristicaceae P   ○  

Synsepalum dulcificum Sapotaceae P    ● 

Tabernanthe iboga Apocynaceae P, S ○    

Treculia africana Moraceae P ○    

Uapaca guineensis Phyllanthaceae P, S   ● ● 

Uvaria sp. Annonaceae P   ○  

Uvariastrum pierreanum Annonaceae P ●    

Food type: P, pulp; S, seed. Season: ○, species or genera found in such seasons; ●, species or genre identified as “main fruit species” for 

mandrill groups (see 4.3.3. Faecal Sample Collection and Faecal Analysis).  
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Table 4.3. Models of seasonality in diet in mandrill groups at the Moukalaba-Doudou National Park, Gabon (August 2009–September 2013). 

Model 

rank 

AIC ΔAIC Grouping a Parameter estimate ± SE 

Fixed effect Random effect 

Intercept Season Follow event 

Fruit-peak 

(Dec.‒Feb.) [a] 

Early fruit-scarce 

(Mar.‒May) [b] 

Late fruit-scarce 

(Jun.‒Aug.) [c] 

Fruit-increase 

(Sep.‒Nov.) [d] 

Relative volume of pulp type 

1 600.3 – (a+d) (b+c) 0.48±0.29 -2.29±0.48 (identical to [b]) (identical to [a]) 1.24±0.20 

2 600.7 0.4 (a) (b+c) (d) 0.08±0.41 -1.88±0.55 (identical to [b]) 0.71±0.55 1.19±0.19 

3 602.1 1.8 (a+d) (b) (c) 0.48±0.29 -2.12±0.62 -2.44±0.60 (identical to [a]) 1.23±0.20 

Relative volume of seed type 

1 585.6 – (a+b+c) (d) -0.26±0.29 (identical to [a]) (identical to [a]) -1.68±0.50 1.28±0.20 

2 585.9 0.3 (a+c) (b) (d) -0.02±0.33 -0.83±0.62 (identical to [a]) -1.90±0.51 1.22±0.19 

3 586.5 0.9 (a+c) (b+d) -0.03±0.34 -1.52±0.47 (identical to [a]) (identical to [b]) 1.28±0.20 

4 587.2 1.6 (a) (b+c) (d) -0.04±0.43 -0.39±0.58 (identical to [b]) -1.89±0.59 1.27±0.19 

5 587.4 1.8 (a+b) (c) (d) -0.35±0.34 (identical to [a]) 0.34±0.63 -1.58±0.53 1.26±0.20 

Relative volume of leaf type 

1 528.1 – (a+d) (b+c) -2.09±0.28 0.81±0.42 (identical to [b]) (identical to [a]) 1.04±0.19 

2 529.9 1.8 (a+b+c+d) -1.78±0.22 (identical to [a]) (identical to [a]) (identical to [a]) 1.09±0.20 

Relative volume of herb type 

1 432.1 – (a+c) (b+d) -1.82±0.18 0.87±0.24 (identical to [a]) (identical to [b]) 0.55±0.12 

2 432.8 0.7 (a+c) (b) (d) -1.82±0.18 1.11±0.32 (identical to [a]) 0.74±0.26 0.53±0.12 

3 433.5 1.4 (a) (b+d) (c) -1.95±0.25 1.01±0.29 0.28±0.36 (identical to [b]) 0.54±0.12 
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Table 4.3. Continued. 

Relative volume of wood type 

1 393.2 – (a) (b+c) (d) -3.19±0.38 2.05±0.44 (identical to [b]) 0.87±0.46 0.73±0.16 

2 394.8 1.6 (a+d) (b+c) -2.69±0.24 1.54±0.34 (identical to [b]) (identical to [a]) 0.78±0.17 

3 394.8 1.6 (a) (b) (c) (d) -3.19±0.38 1.89±0.51 2.19±0.49 0.87±0.46 0.73±0.16 

Relative volume of invertebrate type 

1 130.9 – (a) (b+c+d) -1.73±0.15 0.58±0.16 (identical to [b]) (identical to [b]) 6.07×10-10±0.09 

2 131.4 0.5 (a) (b+d) (c) -1.73±0.15 0.50±0.18 0.65±0.17 (identical to [b]) 2.15×10-5±0.08 

3 131.7 0.8 (a) (b+c) (d) -1.73±0.15 0.63±0.17 (identical to [b]) 0.48±0.19 3.79×10-6±0.08 

4 132.7 1.8 (a) (b) (c+d) -1.73±0.15 0.53±0.22 0.59±0.16 (identical to [c]) 1.40×10-7±0.09 

Number of food types 

1 333.7 – (a) (b) (c+d) 0.32±0.10 0.84±0.17 0.37±0.12 (identical to [c]) 0.14±0.08 

2 335.6 1.9 (a) (b) (c) (d) 0.32±0.10 0.84±0.17 0.39±0.14 0.35±0.14 0.14±0.08 

N = 417. Models with ΔAIC <2.0 are shown. 

a The “grouping” column shows the results of the grouping method: for example, the grouping of the best model for relative volume of “pulp”, 

(i.e. (a+d) (b+c)), indicates that relative volumes during fruit-peak and fruit-increase season, and those during early fruit-scarce and late fruit-

scarce season were estimated to be identical, respectively, but that these two groups were estimated to be different. 
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Table 4.4. Parameter estimates for the best model (AIC = 232.3) of capture rate of 

mandrill groups at the Moukalaba-Doudou National Park, Gabon. 

Variables Parameter estimate ± SE 

Fixed effect 

   Intercept -5.04 ± 0.61 

   No. of main fruit clusters 0.11 ± 0.04 

   Herb density -0.76 ± 0.16 

   Season 

      Early fruit-scarce (Mar.‒May) -0.13 ± 0.64 

      Late fruit-scarce (Jun.‒Aug.) -0.73 ± 0.61 

      Fruit-increase (Sep.‒Nov.) -1.32 ± 0.61 

   No. of main fruit clusters : Season 

      : Early fruit-scarce (Mar.‒May) -0.27 ± 0.22 

      : Late fruit-scarce (Jun.‒Aug.) -0.04 ± 0.24 

      : Fruit-increase (Sep.‒Nov.) 0.30 ± 0.12 

   Herb density : Season 

      : Early fruit-scarce (Mar.‒May) 0.46 ± 0.22 

      : Late fruit-scarce (Jun.‒Aug.) 0.63 ± 0.19 

      : Fruit-increase (Sep.‒Nov.) 0.66 ± 0.18 

   Topographic slope 0.06 ± 0.02 

   (Topographic slope) 2 -9.36×10-4 ± 2.08×10-4 

   River (exist) -1.21 ± 0.28 

   Disturbance (exist) -2.83 ± 0.49 

Random effect 

   Transect (random intercept) 0.15 ± 0.15 

N = 85. There were no other models with ΔAIC <2.0. ‘:’ indicates interaction term. 

 

  



 

 

 

1
0
7
 

Table 4.5. Seasonality in distribution pattern of camera-trap capture rates of mandrill groups at the Moukalaba-Doudou National Park, 

Gabon. 

Season Fruit-peak 

(Dec.‒Mar.) 

Early fruit-scarce 

(Apr.‒May) 

Late fruit-scarce 

(Jun.‒Aug.) 

Fruit-increase 

(Sep.‒Nov.) 

Year 2012 2012‒

2013 

2012 2013 2012 2013 2012 2013 

No. of transects 11 11 11 10 a 11 11 11 11 

Variance of capture rates 1.40×10-4 1.37×10-5 1.75×10-5 3.83×10-5 

Max. of capture rates 0.027 0.035 0.011 0.009 0.008 0.019 0.023 0.015 

No. of transects with 

capture rates > 0.02 

2 3 0 0 0 0 1 0 

No. of transects with 

no. of visits = 0 

7 6 9 1 4 3 5 4 

Capture rates = number of visits of mandrills groups / camera-days; Variance of capture rates were calculated by pooling the values 

for two years. 

a No camera worked in one transect (transect G5) (see 4.4.3. Seasonality in Habitat Use). 
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Table 4.6. Models of ranging distance in mandrill groups at the Moukalaba-Doudou 

National Park, Gabon (August 2009–September 2013). 

Model 

rank 

AIC ΔAIC Parameter estimate ± SE 

Fixed effect Random effect 

Intercept Duration 

(hour) 

Season 

(Mar.-Aug.) 

Follow event 

1 10.8 – -0.42±0.62 0.27±0.10 – 0.00±0.00 

2 12.5 1.7 -0.37±0.63 0.28±0.11 -0.21±0.40 0.00±0.00 

N = 26. Models with ΔAIC <2.0 are shown. 
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Figure 1.1. Maps of (a) the Moukalaba-Doudou National Park and (b) study area. Shaded area in the map (a) shows distribution range of the mandrill 

(Mandrillus sphinx) (IUCN 2008). 
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Figure 2.1 Images of mandrills taken by camera-traps. (a) an adult male, (b) a sub-adult male, (c) a 

pubescent male whose testes are visible, (d) a reproductive female with a new-born, (e) a 

reproductive female with a sexual swelling, (f) a reproductive female without a new-born and with 

no sexual swelling, (g) a juvenile, and (h) a larger infant with olive pelage. 
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Figure 2.2 Cumulative percentage of individuals in each age‒sex class over the passage time. (a) 

Case 1. (b) Case 2. (c) Case 3. Individuals who repassed reversely have not been included. Small 

dots (all classes) mean all individuals that passed the open place other than the dependant infants; 

thus, the classes whose points are located above the small dots tend to concentrate in the front part 

of the progression, and ones below the small dots tend to be in the rear.  
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Figure 3.1 Locations of camera traps in the study area. 
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Figure 3.2 Variation in the proportions of (a) 

females with new-borns, (b) females with sexual 

swellings, (c) adult males, and (d) sub-adult 

males mandrills in groups at the Moukalaba-

Doudou National Park, Gabon (January 2012‒

February 2014). Data points represent individual 

group visits, and the area of data points is 

proportional to denominators. Regression curves 

of the best (solid) and the second best model 

(dashed) are shown. Vertical lines represent peak 

days of females with sexual swellings, sub-adult 

males, and adult males from left to right. Typical 

dry season (white area) and rainy season (shaded 

area) are indicated 
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Figure 3.3 Effects of the presence of a female with a sexual swelling and day of year on the spatial 

positioning of adult male mandrills in groups at the Moukalaba-Doudou National Park, Gabon 

(January 2012‒February 2014). Data points show individual video images, and the area of data 

points is proportional to number of individuals counted, which reflects the relative importance in 

regression. Lines show regression curves of the best model 
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Figure 4.1. Locations of transects in the study area. Locations of research base, caps, 

villages, rivers and road are also indicated. Vegetation types: dark green (transect MD), 

mountainous forest; olive green (transects NK, MB, DB, DT, FD and G5), selectively 

logged primary forest; lime green (transects A and KO), disturbed secondary forest, light 

blue (transects G22 and BV), temporarily inundated riverine forest; light khaki, savannah. 

Blue points indicate locations where I observed the progressions of mandrill 

group/subgroups (Chapter II).  
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Figure 4.2. Seasonality in the number of fallen fruit clusters at the Moukalaba-Doudou 2 

National Park from January 2012 to January 2014. Horizontal lines in boxes show monthly 3 

medians among 11 transects, boxes show inter-quartile ranges, and whiskers show maximal 4 

and minimal values. Colours of boxplots: red, fruit-peak season (Dec.–Feb.); green, early 5 

fruit-scarce season (Mar.–May); blue, late fruit-scarce season (Jun.–Aug.); orange, fruit-6 

increase season (Sep.–Nov.). 7 
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Figure 4.3. Seasonality in relative volumes of (a) pulp, (b) seed, (c) leaf, (d) herb, (e) 

wood, and (f) invertebrate type from faecal samples of mandrill groups at the Moukalaba-

Doudou National Park, Gabon. Area of grey circles represents sample size (range: 1–164). 

Season: FP, fruit-peak season (Dec.–Feb.); ES, early fruit-scarce season (Mar.–May); LS, 

late fruit-scarce season (Jun.–Aug.); FI, fruit-increase season (Sep.–Nov.). Solid, dashed, 

and dotted horizontal lines show the mean relative volumes estimated by the best, the 

second, and the third model, respectively. 
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Figure 4.4. Seasonality in the number of food types in faecal samples of mandrill groups 

at the Moukalaba-Doudou National Park, Gabon. Area of grey circles represents sample 

size (range: 2–72). Season: FP, fruit-peak season (Dec.–Feb.); ES, early fruit-scarce 

season (Mar. –May); LS, late fruit-scarce season (Jun.–Aug.); FI, fruit-increase season 

(Sep.–Nov.). Solid and dashed horizontal lines show the mean numbers estimated by the 

best and the second model, respectively. 
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Figure 4.5. (a) Effects of main fruit availability and season, and (b) effects of herb density and season on capture rates of mandrill groups at 

the Moukalaba-Doudou National Park, Gabon. Data points represent values of individual transect-seasons. Lines show regression curves of 

the best model.  
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Figure 4.6. Capture rates of mandrill groups in each season at the Moukalaba-Doudou National Park, Gabon. Numbers in or below yellow circles indicate 

capture rates. Area of yellow circles is relative to capture rate. X-marks indicate that no mandrill groups were filmed. NA means that no camera worked 




