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Abstract 
Kloss gibbons (Hylobates klossii) are endemic to the Mentawai Islands off the west 

coast of Sumatra in Indonesia. This is the first study of Kloss gibbon behaviour since 

the 1980s and the first detailed study of the Peleonan forest population in the north of 

Siberut Island. This study provides territory and group size estimates for the population, 

examines the sex-specific functions of singing, and assesses a suite of traits that appear 

to function in human predation avoidance.  

 

Kloss gibbons were observed at the Siberut Conservation Programme field site in the 

Peleonan forest over 18 months in 2007 and 2008. Behavioural and GPS data were 

collected for one habituated group of six individuals and for four other groups. Average 

group size in the Peleonan (5.8 individuals) exceeded the group sizes reported for the 

previously studied Paitan River (3.4) and Sirimuri River (4.1) populations.  Delayed 

dispersal may explain this difference as no groups included more than one reproductive 

female but three groups included a sub-adult. The average home range size was 38.8 

hectares, slightly larger than the Paitan population (31-35 ha) but much larger than the 

Sirimuri (11 ha). Low levels of aggression within and between groups in both the 

Peleonan and Paitan populations suggests that competition for space and resources is 

much lower than in Sirimuri where inter-group encounters are more frequent and more 

aggressive. Parents may tolerate mature offspring residing on their territory because 

resource competition is low and because sub-adults may provide a benefit in the 

protection of younger immatures. Groups in the Peleonan were observed fissioning 

during daily activity. I suggest that this is related to predation avoidance through crypsis 

rather than a response to feeding competition because no intra-group aggression was 

observed and groups foraged both as a whole and in sub-groups. 
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Kloss gibbons are one of only two gibbon species in which mated pairs do not duet, thus 

allowing independent analyses of the functions of singing for each sex. The presence or 

absence of male and female singing was recorded for the population (198 days) and for 

a focal group (47 days) along with factors that may influence singing. Rainfall inhibits 

singing in both males and females. Male and female songs likely function in intra-

sexual resource defence because singing is associated with singing by same-sex 

neighbours, and same-sex choruses are more likely to occur after one or more days of 

silence (by that sex). Female songs may also function to defend resources from male 

competitors because females were more likely to sing after dawn and earlier on morning 

when males had sung pre-dawn, and the number of groups singing in female choruses 

was positively correlated with the number of males that had sung earlier. Singing was 

not coordinated within a mated pair, thus vocal coordination of the pair has been lost in 

Kloss gibbons and their songs do not convey information to neighbours about the 

strength of the pair bond.  

 

Humans are the primary predator of Kloss gibbons (there are no felids or raptors in the 

Mentawai Islands). Notes were taken on the behaviour of unhabituated Kloss gibbons 

during 120 encounters with humans. The risk of predation associated with singing (the 

most conspicuous behaviour) is lowered by singing in same-sex choruses, singing less 

often during daylight hours and by males singing their post-dawn songs away from their 

group. Group fission, and infrequent play and grooming, in combination with their 

monochromatic black pelage, makes Kloss gibbons particularly cryptic and lowers their 

risk of detection by hunters. When unhabituated gibbon groups encountered humans, 

they sometimes (31% of 96 encounters with groups) engaged in a coordinated display 

wherein one adult individual acted as a ‘decoy’ by approaching and distracting human 

observers, while other group members fled silently in multiple directions. ‘Decoy’ 
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individuals were always adult-sized and never females with infants, suggesting that 

‘decoy’ individuals put themselves at risk to increase the survival of related immatures 

(and adult females with infants) who have a greater risk of predation. I argue that 

multiple aspects of Kloss gibbon behaviour have evolved in response to a long history 

of predation by humans and that adult males and sub-adults play an important role in the 

protection of younger group members.
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“The Kloss gibbon’s great call is probably the finest music uttered by a wild land 
mammal.” 

- Marshall and Marshall, 1976 
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Chapter 1: Introduction 
 

Gibbons are arboreal apes that belong to the family Hylobatidae and reside in the 

tropical and sub-tropical forests of South-East Asia. They are the least studied of the 

apes and large gaps in our understanding of this primate taxon still remain (Whittaker 

and Lappan, 2009). Gibbons exhibit variation in behaviour and ecology both between 

and within species, highlighting the need for population-level studies (Whittaker and 

Lappan, 2009). Early behavioural studies of the Kloss gibbon (Hylobates klossii) noted 

that they are one of only two gibbon species in which mated pairs do not duet and 

provided evidence that populations vary from one another (Tenaza, 1976; Whitten, 

1982a; Whitten, 1982b). Territory size (and hence group density) varies significantly 

between the first two populations of Kloss gibbons that were studied in detail (Tenaza, 

1974; Tilson, 1980; Whitten, 1982b). This is the first study of Kloss gibbon behaviour 

in nearly thirty years and is also the first study of the Peleonan forest population in the 

north of Siberut Island, Indonesia. The aims of this study were: first, to determine the 

average group size and territory size, and to estimate population size in the Peleonan 

forest. Second, to examine the functions of singing for each sex in H. klossii. And third, 

to describe the behaviours of Kloss gibbons that may be attributed to predation 

avoidance. The behaviour of gibbons in the Peleonan population is compared to the two 

previously studied Kloss gibbon populations and to populations of other gibbon species. 

In this chapter I provide a brief description of the Mentawai Islands and previous 

research on Kloss gibbons, followed by the rationale for the three aims mentioned 

above. 
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The Mentawai Islands 

The Kloss gibbon, is endemic to a cluster of four small islands (Siberut, North Pagai, 

South Pagai and Sipora) collectively called the Mentawai Islands. The islands are 

situated less than 150 kilometres off the west coast of Sumatra, Indonesia (Figure 1.1). 

They cover an area of  approximately 6550 square kilometres (km2) with the northern 

island of Siberut being the largest (4030 km2) (Fuentes, 1996; Fuentes, 2002a). These 

islands were last connected to the Sumatran mainland about 500 000 years ago in the 

late Pleistocene via a land bridge through the Batu islands to the north (Batchelor, 1979; 

Dring et al., 1990; Wilting et al., 2012). During this connection to the mainland, the 

islands were colonised by primates of four genera (Wilting et al., 2012). Presently, the 

Mentawai Islands are home to six endemic primate species, Hylobates klossii (Kloss 

gibbon), Presbytis siberu (sombre-bellied Mentawai Island langur), Presbytis potenziani 

(golden-bellied Mentawai Island langur), Simias concolor (Mentawai pig-tailed langur), 

Macaca siberu (Siberut macaque) and Macaca pagensis (Pagai macaque) (Quinten et 

al., 2015), giving them the highest level of primate endemicity of any island chain in the 

world (Tilson, 1980; Fuentes, 2002a). Like many other island clusters, the Mentawai 

Islands exhibit a high level of endemic fauna (Waltert et al., 2008). The Mentawais also 

exhibit low species diversity and lack some of the large mammals (e.g. rhino, elephant, 

large felids) found on neighbouring Sumatra (Chasen and Kloss, 1927; Tilson, 1980). 

Thus, in addition to wild pigs and deer, the primate species are some of the largest 

bodied mammals native to these islands (Tilson, 1980). Because the Mentawais are 

devoid of the large felids and raptors that sometimes prey on primates on Sumatra, the 

only threat of predation, prior to the arrival of humans, would have been from the 

reticulated python (Tenaza and Tilson, 1985).  Thus the primate species endemic to 

these islands spent nearly half a million years living under conditions of relaxed 

competition and predation prior to the arrival of humans (Tilson, 1980).
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Figure 1.1 The Mentawai Islands and the location of the study site. 

Circle represents the study site. Inset shows the location of the islands within Asia.   



19 
 

The traditional Mentawai culture exhibits characteristics similar to other groups from 

the Neolithic period (Loeb, 1935; Schefold, 1986). This has led to the suggestion that 

the Mentawai Islands were colonised by humans about 2-3000 years ago, prior to the 

arrival of the bronze-age on mainland Sumatra (Schefold cited in: Tenaza and Tilson, 

1985). Humans arrived on Siberut Island first (via Nias Island to the north) and then 

colonised the more southern islands much later (only 200 to 300 years ago) (Loeb, 

1935). The Mentawai peoples settled inland within the forest (Loeb, 1935; Fuentes, 

2002a) and due to the lack of large bodied mammals, the endemic primates became a 

primary protein source for the Mentawai people (Tilson, 1980). The hunting of primates 

is steeped in tradition and, even though other protein sources such as fish, chickens, 

deer and pig are available, primates continue to be hunted (Whittaker, 2006; Quinten et 

al., 2014). In addition to hunting, other threats to the Mentawai primate populations 

include logging and clearing of land for agriculture (Whittaker, 2006). The IUCN 

Redlist classifies both species of macaque as vulnerable, both species of Mentawai 

Island langur and the Kloss gibbon as endangered, and the Mentawai pig-tailed langur 

as critically endangered, with all five species showing an ongoing decline in population 

size (IUCN, 2014). 

 

The Kloss gibbon: description and previous research 

Within the genus Hylobates, Kloss gibbons (Hylobates klossii) are most likely the sister 

species of H. moloch (Israfil et al., 2011). While the body size of Kloss gibbons is 

similar to other species of the genus, they lack the pelage colour variation seen in other 

species and are instead completely black (Geissmann, 2003). Like all gibbons, the songs 

of male and female Kloss gibbons are species- and sex-specific (Marshall and Marshall, 

1976). While Hylobates klossii was first described in 1902 by Miller (1903) and again 

later by Chasen and Kloss (1927), it was not until the 1970s that any detailed studies of 
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the behaviour of the species were conducted. Tenaza and Hamilton (1971) provided 

some preliminary information on the ecology of the Kloss gibbon, suggesting that, like 

other gibbon species, Kloss gibbons live in monogamous families and are primarily 

frugivorous. In 1972, Tenaza (1974) conducted the first detailed study of Kloss gibbon 

behaviour at a site in the central portion of Siberut Island near the Sirimuri River. This 

study found that Kloss gibbons primarily live in nuclear family groups and reside on 

territories of 7 hectares on average, which they defend from same-sex competitors 

(Tenaza, 1975). Tenaza (1976) also noted that mated pairs do not perform vocal duets as 

other species of gibbons do, but rather males and females sing their sex-specific songs 

as solos in chorus (at the same time) with their same-sex neighbours, a fact confirmed 

by later researchers (Whitten, 1982a; Whittaker, 2005a; Keith et al., 2009). He suggests 

that these songs function in territorial defence and that male solo songs, particularly 

those of unmated males, may be for mate attraction, while singing in chorus (where the 

songs of individuals overlap temporally) acts to lower the individual risk of predation 

by Mentawai hunters (Tenaza, 1976).  

 

Tilson’s two-year study in 1973-74 at Sirimuri, provides further details on the 

distribution of the gibbon groups at this site and increases the territory size estimate to 

11 ha. It also describes the different social group compositions and, most importantly, 

how these groups are formed (Tilson, 1980). Both male and female sub-adults were 

observed dispersing to territories contiguous with their parents’ territory (Tilson, 1981). 

Adult gibbons accompanied their sub-adult offspring into areas beyond the territory 

(both unoccupied and occupied) and assisted them in defending these areas and thus 

establishing their own territories (Tilson, 1981). Sub-adult females received aggression 

from their mothers leading to peripheralisation and, in one case, subsequent dispersal of 

the sub-adult (Tilson, 1981). In one group the adult male was replaced by the sub-adult 
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male of the group (presumably his son) (Tilson, 1981). These observations provide 

evidence for flexibility in group formation strategies and suggest that individuals of 

neighbouring groups may be related (Tilson, 1981). 

 

The last long-term field study of Kloss gibbon behaviour prior to the current study was 

conducted by Whitten (1982a) over two years from 1976-78 at the Paitan River site. 

This study provides the first data for a habituated group of Kloss gibbons and found that 

they spend more time eating fruit, have a longer daily path length and spend less time 

engaged in non-singing social behaviour than other Hylobates species (Whitten, 1984a). 

Interestingly, Whitten (1982b) reports much larger territory sizes of 31-35 hectares for 

the Paitan population and did not observe frequent and aggressive interactions between 

groups as at Sirimuri; this demonstrates that the structure of Kloss gibbon populations is 

variable. An analysis of the singing behaviour of Kloss gibbons at this site found that 

both male and female Kloss gibbon songs have frequencies that are suitable for long-

distance propagation of sound, and rain inhibits singing, presumably because it reduces 

sound transmission (Whitten, 1982a). Both sexes sing from emergent trees and the 

songs of each sex are not coordinated within a focal pair (Whitten, 1982a) suggesting 

that songs are for inter-group communication but may not advertise the pair bond as a 

duet might.  

 

More recent short-term studies focus on the phylogeny of H. klossii and conclude that 

there are no significant genetic or vocal differences between populations that could 

suggest there are two or more sub-species of Kloss gibbon (Whittaker, 2005a; Keith et 

al., 2009). Whittaker’s (2005a) phylogeographic study includes a census of gibbon 

populations throughout the Mentawai Islands and provides further evidence for 

variation in group density between populations. In particular, the Peleonan population 
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appears to have a higher group density and larger group sizes compared to other 

populations (Whittaker, 2005b). Whittaker (2005b) states that the total Kloss gibbon 

population has halved since the 1980s and that the continuing threats of hunting and 

habitat loss (due to logging and agriculture) will lead to a continual decline in 

population size. For these reasons, Hylobates klossii was upgraded on the IUCN Redlist 

from threatened to endangered in 2008 (IUCN, 2014). 

 

Size and distribution of gibbon groups in the Peleonan  

Average home range and group size can differ between species of gibbons (Malone and 

Fuentes, 2009) and, as evidenced by studies of the Kloss gibbon, can vary between 

populations of the same species (Whitten, 1982b; Whittaker, 2005b). The studies by 

Whitten (1982b) and Tilson (1981) report average Kloss gibbon group sizes of 3.7 and 

4.3 at the Paitan and the Sirimuri sites, respectively. Kloss gibbon groups of more than 

ten individuals have been observed in the Peleonan forest (Whittaker, 2005b) and larger 

than average groups have also been observed on North Pagai Island (Fuentes, 2000). In 

the current study, groups were observed over 18 months in the Peleonan forest to 

determine whether average group size is larger in this population than in the Paitan or 

Sirimuri and, if so, suggest why. While some gibbon groups contain more than two 

reproductive adults (Srikosamatara and Brockelman, 1987; Lappan, 2007; Reichard, 

2009; Fan et al., 2011) it is more common for groups to consist of an adult pair and 

their immature offspring (Brockelman, 2009). If groups in the Peleonan are larger on 

average than in other populations, then this may be due to either polygyny, polyandry or 

delayed dispersal of mature offspring.  

 

Although the average group size is similar between the Paitan and Sirimuri the average 

territory size, and hence group density, varies between these populations (Whitten, 



23 
 

1982b). In Sirimuri, gibbon territories average 11 ha and thus the population has a 

higher group density and is more crowded than the Paitan population where territories 

are approximately 20.7 ha (Tilson, 1981; Whitten, 1982b). Observations of frequent 

inter-group encounters, and the aggressive territory expansion by two groups support 

the idea that space is more limited in Sirimuri than in the Paitan (Tilson, 1981; Whitten, 

1982b). This study provides estimates for average home range and average territory size 

in the Peleonan population, where ‘home range’ refers to the maximum area which a 

group traverses and ‘territory’ refers to the area to which a group defends exclusive 

access (Burt, 1943; Powell, 2000; Anich et al., 2009). The values for the Peleonan are 

compared to the Paitan and Sirimuri. 

 

In addition to direct observations of gibbon groups and their locations, an auditory 

census was conducted. There are three reasons for this: first, an auditory census 

provides some information about group density in the wider population because only a 

few groups can be observed directly. Second, the values obtained in this study can be 

compared to the values from Whittaker’s (2005b) previous auditory census to determine 

if group density has changed in the five years between the two studies. Third, the 

accuracy of the auditory census methods can be evaluated by comparing the group 

density estimates obtained from the auditory census to group density estimates based on 

the home range and territory sizes observed. 

 

Kloss gibbon singing behaviour 

In all species of hylobatids, individuals produce loud vocalisations termed songs 

(Marshall and Marshall, 1976; Haimoff, 1984). These songs are species- and sex-

specific and individually recognisable (Haimoff and Tilson, 1985; Oyakawa et al., 

2007; Dallmann and Geissmann, 2009; Sun et al., 2011; Wanelik et al., 2013) and in all 
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species, except Hylobates moloch and H. klossii, the male and female of a pair 

coordinate their sex-specific songs to perform a duet (Geissmann, 2002). Due to their 

volume, it is widely accepted that gibbon songs are for inter-group communication 

(Cowlishaw, 1992; Clarke et al., 2006; Dooley and Judge, 2007). Identifying what 

information is communicated has been the focus of several studies and most of these 

studies have been conducted on gibbon species in which mated pairs duet (Mitani, 

1985a; Mitani, 1985b; Cowlishaw, 1992; Clarke et al., 2006; Fan et al., 2009). The 

proposed functions include: mate and territory defence (Raemaekers et al., 1984; 

Mitani, 1985a; Cowlishaw, 1992; Fan et al., 2009), and mate attraction (Tenaza, 1976; 

Whitten, 1984b; Cowlishaw, 1992; Cowlishaw, 1996). The silvery gibbon (H. moloch) 

and the Kloss gibbon (H. klossii) have lost the ancestral behaviour of duetting and only 

sing sex-specific solo songs (Geissmann, 2002). The sex-specific functions of singing 

can be determined by examining the factors that influence singing by males and females 

separately in these species.  

 

In duets individuals advertise the mated status of their mate by singing with them 

(Cowlishaw, 1992). In addition to communicating with neighbouring 

groups/individuals, duet songs may also have an intra-group communication function. 

The investment required by both a male and female to produce a well-coordinated duet 

may maintain and strengthen the pair bond between mates and may increase group 

cohesion (Geissmann, 1999; Geissmann and Orgeldinger, 2000; Fan et al., 2009). A 

well-coordinated duet may also communicate the strength of the pair bond to 

neighbours and therefore relay information about the pair’s ability to coordinate defence 

of their territory (Geissmann, 1999). Kloss gibbons are similar to other species from the 

genus Hylobates in that males sing solo songs, and the female song consists primarily of 

a great-call sequence (Marshall and Marshall, 1976; Haimoff, 1984; Geissmann, 2002). 
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What is absent in this species is the male component of the duet song (Geissmann, 

2002). The fact that Kloss gibbon pairs do not duet raises the question of whether vocal 

coordination within pairs is lost completely in Kloss gibbons, or whether the two parts 

of the duet have been displaced temporally. Vocal coordination within a pair would 

provide evidence that songs have an intra-group communication function and that they 

advertise the mated status and pair bond to competitors. A lack of vocal coordination 

within a pair would suggest that the mate defence and pair bond advertisement functions 

have been lost in Kloss gibbons with the loss of the duet. The songs of the male and 

female of the focal pair in Whitten’s (1982a) study were not associated with one 

another, thus suggesting that Kloss pairs do not exhibit vocal coordination. I examine 

the song production within a pair in the Peleonan to further investigate whether the solo 

songs of male and female Kloss gibbons represent a temporally separated duet. 

 

Singing also announces the presence of gibbons on a territory and therefore may act to 

exclude other individuals (usually of the same sex) from the territory (Tenaza, 1976; 

Mitani, 1984; Raemaekers and Raemaekers, 1985a). In addition to announcing their 

presence, the songs of male gibbons may contain information about the physical quality 

of an individual and therefore their ability to physically defend both mate and territory 

(Whitten, 1984b; Cowlishaw, 1996). By advertising their location (and potentially their 

physical fitness), males may avoid physical encounters with competitors, and unmated 

males may attract females (Whitten, 1984b; Cowlishaw, 1996). Tenaza (1976) 

suggested that both male and female Kloss gibbon songs defend the territory from 

same-sex competitors and that male songs have a mate attraction function because 

unmated males sing for longer and more often than mated males. Whitten (1982a) 

suggests that the characteristics of singing behaviour in Kloss gibbons with respect to 
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their environment are related to the propagation of sound and therefore communication 

between groups.  

 

In Chapter 3 I describe and examine the singing behaviour of Kloss gibbons in the 

Peleonan forest and compare the results to previous studies. By investigating the factors 

that influence singing, both within a focal group and the population, I provide evidence 

for (or against) some of the proposed functions of singing for males and for females. If 

songs advertise and defend the territory, then gibbons may be expected to sing on a 

regular basis and to be more likely to sing if their same-sex neighbours are singing. I 

investigate whether gibbons are increasingly likely to sing after one or more days of 

silence and/or if their same-sex neighbours are singing. I also investigate whether 

singing by gibbons of one sex stimulates gibbons of the opposite sex to sing in the 

subsequent singing period. If males and females from neighbouring groups stimulate 

each other to sing this would provide evidence for inter-sexual communication either for 

mate attraction or for defence of the territory from opposite sex competitors. I also 

examine whether the production of male and female songs is coordinated within a focal 

pair. 

 

Predation avoidance by Kloss gibbons 

One aspect of gibbon ecology that has received little attention is predation. Most gibbon 

species are not subject to strong predation pressure (Uhde and Sommer, 2002) and 

direct observations of predation on gibbons are limited (Morino, 2010). Due to the lack 

of large felids and raptors, the primates endemic to the Mentawai Islands experienced 

relaxed predation pressure following colonisation about 500 000 years ago until the 

arrival of humans 2000 to 3000 years ago (Loeb, 1935; Batchelor, 1979; Tilson, 1980; 

Tenaza and Tilson, 1985; Harrison et al., 2006). Humans have hunted the Mentawai 
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primates since their arrival on Siberut Island and Kloss gibbons are unique among their 

conspecifics in that humans are their primary predator (Tenaza and Tilson, 1985; 

Mitchell and Tilson, 1986). Kloss gibbons currently suffer the lowest rate of predation 

by humans of all the Mentawai primates (Paciulli, 2004; Quinten et al., 2014); however, 

low current predation rates may reflect an effective, evolved response to past predation 

pressure (Zuberbühler, 2007; Morino, 2010; Quinten et al., 2014). In fact, Kloss 

gibbons are the most difficult Mentawai primate to capture (Quinten et al., 2014). In 

addition, taboos governing the hunting of Kloss gibbons may cause underreporting in 

questionnaire surveys of Mentawai hunters, leading to lower estimates of current 

predation rates (Paciulli, 2004; Quinten et al., 2014). Even low rates of predation place 

significant selective pressure on animals, like the Kloss gibbon, which have a slow 

reproductive rate (Uhde and Sommer, 2002), thus it is important to incorporate the 

potential impact of predation when examining their behaviour. 

 

This study provides a unique opportunity to directly observe the anti-predator responses 

of unhabituated Kloss gibbons because researchers should elicit the same responses as 

do hunters. Previous studies have described the behaviours of Kloss gibbons that can be 

related to avoiding predation by humans (Tenaza and Tilson, 1977; Tenaza and Tilson, 

1985). Upon detecting humans, Kloss gibbons sometimes emit an alarm call that is 

distinct from both the male and female solo songs (Tenaza and Tilson, 1977). These 

loud alarm calls can be heard, not only by group members, but also by neighbouring 

groups and is therefore a form of inter-group communication (Tenaza and Tilson, 1977). 

Tenaza and Tilson (1977) suggest that these alarm calls evolved via kin selection to 

alert related individuals in neighbouring groups. Mentawai hunters climb lianas to shoot 

sleeping primates and Kloss gibbons preferentially choose liana-free sleeping trees and 

compete with Mentawai langurs for access to them, presumably to lower their risk of 
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predation (Tenaza and Tilson, 1985). Hunters pursue gibbons while they are singing and 

thus, by singing at the same time as their neighbours (chorusing), gibbons may lower 

their individual risk of predation (Tenaza, 1976). During encounters with humans, adult 

male Kloss gibbons tend to remain between humans and their family members and 

sometimes attempt to distract human observers (Tenaza, 1974). In Chapter 4, I examine 

the characteristics of Kloss gibbon behaviour that may be attributed to avoiding 

predation by humans. Specifically I discuss how the behaviour of Kloss gibbons lowers 

their risk of detection, pursuit and capture by hunters during singing, daily activity and 

encounters with humans. 

 

Summary of aims and structure of thesis 

This is the first long-term study of the Kloss gibbon population residing in the Peleonan 

forest in the north of Siberut Island. The aims of this thesis are to: 

1. Determine the average size of groups, home ranges and territories in the 

Peleonan and make comparisons to the previously studied populations of Kloss 

gibbons; 

2. Provide an estimate of the group density and population size for the Peleonan 

forest using the auditory census method, and to evaluate the effectiveness of this 

method by comparing the results to direct observations of home ranges and 

territories; 

3. Examine the functions of singing by male and female Kloss gibbons; and 

4. Document the reaction of Kloss gibbons to human observers and discuss how 

the behaviour of Kloss gibbons may be related to reducing the risk of predation 

by humans. 
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In Chapter 2 I describe the distribution of groups within the population and provide an 

estimate of average group size. I also discuss the distribution of singing locations within 

the territory and describes some unique characteristics of the Peleonan groups. In 

Chapter 3 I provide a description of the singing behaviour of Kloss gibbons and 

investigate the factors that influence singing in males and females respectively, by 

examining singing within the population and for a focal pair of gibbons. In Chapter 4, I 

describe the reactions of Kloss gibbons to human observers and also discuss how 

several characteristics of the non-singing behaviour (described in Chapter 2) and 

singing behaviour (from Chapter 3) of Kloss gibbons reduces the risk of predation by 

humans. Given the evidence for behavioural plasticity within the family Hylobatidae, it 

is important that the results of single, short-term, population-level studies are not 

extrapolated to characterise a species on the whole; the results of multiple studies of 

different populations should be collated in order to capture the full range of variation 

within and between species to provide a greater understanding of gibbon ecology 

(Whittaker and Lappan, 2009). For this reason I draw upon the results of previous Kloss 

gibbon research, where possible, to provide a greater understanding of Kloss gibbon 

behaviour. 
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CHAPTER TWO: 

SIZE AND DISTRIBUTION 

OF KLOSS GIBBON GROUPS 
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Chapter 2: Size and distribution of Kloss gibbon groups 
 

Introduction 

Gibbon groups reside on territories which they defend from neighbouring groups with 

loud sex-specific songs and by chasing unwanted intruders when encountered (Tenaza, 

1976; Mitani, 1985a; Mitani, 1987; Cowlishaw, 1992; Palombit, 1993; Bartlett, 2003). 

Average territory size, and hence group density of populations, varies intra- and inter-

specifically (See table 12.3 in Malone and Fuentes, 2009) so multiple populations must 

be sampled to capture the full extent of variation within and between species (Whittaker 

and Lappan, 2009). Herein I provide values for average home range, territory and group 

size for the Kloss gibbon population residing in the Peleonan forest and make 

comparisons to the existing data for two other Kloss gibbon populations. In addition, the 

results of an auditory census of the population are compared to the estimates of home 

range size to evaluate the census methods used. Unique characteristics of the Peleonan 

population are also described. 

 

Group size 

The two previously studied populations of Kloss gibbons, at the Sirimuri River (Tenaza, 

1974; Tilson, 1980) and at the Paitan river (Whitten, 1982b), are located about seven 

kilometres apart within the central portion of Siberut Island, the largest in the Mentawai 

Island chain (Figure 2.1). The average group size at the Paitan and Sirimuri populations 

is similar at 3.7 and 4.3, respectively (Tilson, 1981; Whitten, 1982b). These group sizes 

are comparable to those of other hylobatid populations (Malone and Fuentes, 2009); 

however, much larger groups of Kloss gibbons have been observed in at least two other 

areas. Fuentes (2000) observed a cohesive group of nine Kloss gibbons on North Pagai 

Island and Whittaker (2005a) observed groups of up to 15 individuals during a 
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population survey in the Peleonan forest. Given that the average inter-birth interval for 

gibbons is more than two years (Tilson, 1981; Palombit, 1995; Reichard, 2003; 

Reichard and Barelli, 2008; O'Brien and Kinnaird, 2011) and that gibbons mature and 

disperse from the natal home at eight to ten years of age (Chivers and Raemaekers, 

1980; Brockelman et al., 1998), groups of six or more individuals are expected to be 

rare. It is possible that the observations of large groups of Kloss gibbons are affiliative 

interactions or associations between two groups (Fuentes, 2000; Whittaker, 2005b). If 

Kloss gibbons do, in fact, live in larger groups, it could reflect either an exception from 

social monogamy or delayed dispersal of mature offspring. I examine the size and 

composition of Kloss gibbon groups in the Peleonan to determine whether groups in this 

population are indeed larger on average than in other gibbon populations. 

 

Variation in home range and territory size between populations 

Although group sizes are similar, group density varies considerably between the Paitan 

and Sirimuri populations due to differences in territory size (Whitten, 1982b). A home 

range encompasses the entire area that a group traverses and uses, while a territory is the 

area to which a group defends exclusive access (Burt, 1943; Whitten, 1982b; Powell, 

2000; Anich et al., 2009). Whitten (1982b) recorded the day ranges of three groups in 

the Paitan population and used the outermost points of travel for each group to 

determine home range boundaries and total area. This resulted in home range estimates 

for that population of 31-35 hectares (ha) (Whitten, 1982b). Whitten (1982b) used the 

paths traversed by the focal group during 85% of their travel to estimate their territory 

size as this equated to the area most heavily used by the group. This provided an 

estimate of 20.7 ha (calculated as two thirds of the 31 Ha home range of focal group 

BG4, see Whitten, 1982b).  
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Figure 2.1 Location of Siberut Island in South-east Asia and the location of the study site in the Peleonan (SCP) and the two sites where Kloss gibbons 

were studied previously (Paitan and Sirimuri). 
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Neither Tilson (1980) nor Tenaza (1974) provide an estimate of average home range 

size that varies from their territory size estimate (see Tilson, 1981; Tenaza and Tilson, 

1985); however, the territories of Sirimuri groups abut each other and Tilson (1980) 

states that home range boundaries based on the outermost points of travel are similar to 

the territory estimate, therefore I use the territory values for the Sirimuri population for 

group density comparisons. Tilson’s (1980) estimated territory boundaries were 

calculated from singing sites as well as from locations where aggressive inter-group 

encounters or displacements of solitary individuals by group residents were observed 

because this denotes the area to which a group defends exclusive access. Sirimuri 

groups occupy territories of 11 ha on average (Tilson, 1981); about half the size of the 

Paitan territories. Group density is therefore higher in the Sirimuri population than in 

the Paitan (Whitten, 1982b); approximately 2.85 groups per kilometre square in the 

Paitan based on home range size and 9.1 groups per kilometre square in the Sirimuri 

based on territory size. Why territories are smaller and group density is higher in the 

Sirimuri population is unknown. Methodological differences are unlikely to explain the 

differences because Whitten (1982b) also observed that group density is significantly 

higher at Sirimuri than at Paitan. That inter-group encounters in the Sirimuri population 

are reported to be more frequent and aggressive does suggest that competition for space 

is greatest in that population and that the territory size observed may represent the lower 

limit for Kloss gibbons (Tilson, 1981; Whitten, 1982b). 

 

A more recent survey of Kloss gibbon populations estimated that minimum group 

density ranges from 0.88 to 2.65 groups per km2 (equating to estimated home ranges of 

114 and 38 ha respectively), the latter value being for the Peleonan forest (Whittaker, 

2005b). The variation in Hylobates klossii group density highlights the importance of 

population-level comparisons because a single population may not be representative of 
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the entire species and, therefore, single populations should not be used to estimate the 

total population size of a species. In this study I provide estimates for home range and 

territory size in the Peleonan population and suggest reasons for the variation between 

populations. In Chapter 3 I provide evidence that both male and female Kloss gibbon 

songs have a resource defence function and therefore the sites where a group sings 

should represent locations to which they are defending exclusive access. I use the 

outermost singing locations of focal groups to estimate territory boundaries and area. 

This is comparable to the methods employed by Tilson (1980) for the Sirimuri, as 

described above and this method has also been used in bird species which use songs to 

defend territories (Anich et al., 2009). The songs of gibbons can be heard at long 

distances and therefore probably defend space beyond their immediate position of a 

singing gibbon so estimates of territory based on song sites are likely to be conservative. 

Home ranges for focal groups are calculated from the outermost points where 

individuals of a group were observed and are therefore similar to the methods used by 

Whitten (1982b). 

 

Territory defence 

The loud songs of gibbons advertise the presence of individuals or a group on a territory 

to other gibbons within the population (Raemaekers et al., 1984; Mitani, 1985a; 

Cowlishaw, 1992; Fan et al., 2009). In the Sirimuri population Kloss gibbon females 

appear to sing on the boundaries of their territories to demarcate these boundaries to 

neighbouring conspecifics (Tenaza, 1976). However, there is no evidence of females 

doing this in the Paitan population (Whitten, 1982b). The high group density at Sirimuri 

may mean that competition for space is much higher than at Paitan, thus Sirimuri 

females may sing from territorial boundaries in order to defend the maximum extent of 

the territory.  I examine the male and female singing locations for a focal group in the 
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Peleonan to determine whether singing locations are concentrated on the periphery of 

the territory as this may provide some indication of how strong the competition for 

space is in this population.  

 

In addition to singing, gibbons defend their territories by evicting trespassing 

conspecifics (Brockelman and Srikosamatara, 1984). Adult individuals, primarily 

males, may chase and fight unwanted intruders (Palombit, 1993; Reichard, 2003). The 

physical cost of these altercations can be high and potentially fatal (Palombit, 1993). In 

lar gibbons (Hylobates lar), not all inter-group interactions are aggressive, some may be 

neutral or include grooming and play among members of different groups (Bartlett, 

2003). In the Sirimuri population, inter-group encounters frequently consisted of 

aggressive chasing and fighting (Tenaza, 1975; Tilson, 1981; Whitten, 1982b), whereas 

in the Paitan, inter-group encounters were much rarer (only three in a year of 

observation for a focal group) and were less aggressive (Whitten, 1982b). Whitten 

(1982b) suggests that the higher rate of inter-group aggression at Sirimuri is due to the 

high group density and increased competition for space. The cost of losing/sharing parts 

or all of the territory and its resources to/with neighbouring groups may far outweigh 

the cost of frequent physical defence of a territory when the territories of groups barely 

encompass enough resources to sustain a group (Whitten, 1982b). Herein I describe the 

nature and frequency of inter-group interactions observed at the Peleonan site for 

comparison to the Sirimuri and Paitan. 

 

Census 

Seven populations of Kloss gibbons located across the four Mentawai Islands were 

surveyed by Whittaker (2005a) between 2001 and 2003 using the auditory sampling 

method in combination with approaching groups to determine group size. This is the 
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most comprehensive survey of the species so far and provides a total population 

estimate of less than 25 000 remaining Kloss gibbons, far fewer than previous estimates 

(Whittaker, 2005b). Of the populations surveyed the highest group density (2.65 groups 

per km2) was found in the Peleonan forest of Northern Siberut, an area that is not 

formally protected by the Indonesian government (Whittaker, 2005b; Erb et al., 2012b). 

A survey of the Peleonan forest in 2005, using the line transect method, estimated Kloss 

gibbon group density to be 3.5 groups per km2 with an average group size of 2.2 

individuals (Waltert et al., 2008), much lower than the group size estimate of 10 

individuals provided by Whittaker’s (2005b) study. A 2010 census of the Peleonan 

which used both the line transect and auditory census methods provides group density 

estimates that are similar for both methods (5 to 5.5 groups per km2) but larger than 

previous estimates (Höing et al., 2013). It is unlikely that size and density of gibbon 

groups in the Peleonan has varied considerably within a single decade. Rather, the 

differences in survey results for this population most likely reflect the differences in 

survey methods.  

 

Line transect surveys are commonly used to provide density estimates for populations 

of forest-dwelling primates (Plumptre and Cox, 2006). While this method is effective 

for many species of primates, it may not be the most appropriate method for censusing 

gibbon populations (Brockelman and Ali, 1987). Line transect surveys can 

underestimate gibbon group density because gibbon groups are small and difficult to 

detect in the canopy (Brockelman and Ali, 1987). Gibbons are also particularly adept at 

detecting humans and fleeing from them before accurate counts can be made 

(Brockelman and Ali, 1987; Dooley and Judge, 2014). Gibbons sing loud songs that can 

be heard over a kilometre away by humans and can be used to provide estimates of 

group density using the methods described by Brockelman and Ali (1987). This method 
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has been used to estimate densities for populations of several gibbon species 

(Brockelman and Srikosamatara, 1993; O'Brien et al., 2004; Wei et al., 2004; 

Whittaker, 2005b; Buckley et al., 2006; Jiang et al., 2006; Phoonjampa and 

Brockelman, 2008; Brockelman et al., 2009). While auditory censusing can provide a 

fairly accurate estimate of gibbon group density, it does not provide information on 

group size which is necessary for estimating individual density (Cheyne et al., 2008). 

When combined with either line transect survey results or observations of the size of 

groups studied within a population, an auditory census can provide more individual 

reliable density estimates (Whittaker, 2005a; Cheyne et al., 2008; Höing et al., 2013). 

An auditory census was conducted towards the end of the data collection period to 

provide an estimate of the group density and population size for the Peleonan forest. I 

compare my estimates of group density using this method to direct observations of 

home range sizes in an attempt to evaluate the accuracy of the auditory census method.  

 

The aims are as follows:  

1. To obtain estimates of average home range, territory and group size for the 

Peleonan population of Kloss gibbons through observations of groups and by 

conducting an auditory census;  

2. To examine the use and defence of a territory by a focal group via observations 

of singing locations and inter-group encounters along with feeding locations and 

daily travel; and 

3. To compare the results to other Kloss populations to elucidate possible reasons 

for any differences between populations. 
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Methods 

Site description 

This study was conducted at the Siberut Conservation Programme (SCP) field site in the 

Peleonan forest in the northern part of Siberut Island (1°01.031'S, 98°50.166'E), the 

most northern of the four Mentawai Islands (Figure 1.1). The SCP site covers an area of 

32.5 km2 of largely primary tropical lowland evergreen forest and 12.5 km2 of peat 

swamp forest near the coast (Quinten, 2008; Hadi et al., 2009; Erb et al., 2012a). This 

study was conducted within the 11 km2 core study area surrounding the SCP field camp 

where the forest is mostly undisturbed except for a few locations where trees have been 

taken for traditional use, and some areas peripheral to the core study area where local 

people have cleared the forest for small farms. The forest is protected through 

agreements between the traditional owners of the land and the Indonesian government 

(Erb et al., 2012b). Annual rainfall on Siberut averages around 4000 mm without any 

distinct annual seasons and temperature varies between a mean minimum of 22 oC and a 

mean maximum of 31 oC with 80 to 95% humidity (Whitten, 1982c). Elevation at the 

core study area ranges from 2 to 182 metres above sea level (Hadi et al., 2009). The 

terrain of the core study area is hilly due to the many streams and rivulets that drain the 

area.  

 

Locating gibbons  

Observations were conducted over the course of 18 months from June 2007 until 

December 2008 with the help of a research assistant and four local field guides on 

rotation. My field assistants and I used three methods for locating gibbons. First, we 

approached gibbons while they were singing. Typically, males sing before dawn 

between 0400 and 0600 hours and females sing in the mid-morning between 0700 and 

1000 hours; males occasionally sing after dawn (Tenaza, 1976; Dooley et al., 2013). 
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Kloss gibbon songs can be heard over a kilometre away by humans on the ground and 

male and female songs are acoustically different (Tenaza, 1976; Whitten, 1982a). For 

the first 14 months of the study we listened for male singing from the camp and then 

approached either the nearest singing male or a male from a focal group. If there was no 

clearly audible singing, we entered the forest at 0530 to begin searching the radiating 

transect system and food sources. If not already following gibbons when female singing 

in the population began, we approached the closest group of singing females. Like 

traditional Mentawai hunters, we used the sound of the gibbon song to mask the sound 

of our approach and paused and remained silent during any pauses in the song. 

Observations of singing gibbons were conducted while we were hiding and we 

maintained a distance of at least 20 metres from the tree in which the gibbons were 

singing. The loud songs of Kloss gibbons are a form of inter-group communication 

(Tenaza, 1976; Whitten, 1982a; Dooley et al., 2013). Frequently interrupting the 

singing behaviour of gibbon groups can have an adverse effect on their territorial 

advertisement and defence. For this reason every effort was made not to disturb gibbons 

during singing. Once the gibbons finished singing we attempted to follow them.  

 

Second, we located gibbons by walking along the radiating transect system at the site 

and pausing at 200m intervals for 15 minutes or more to facilitate hearing soft 

vocalisations or foliage movement that suggested gibbons were nearby. Depending on 

personnel numbers, two teams would walk along adjacent transects to ensure a greater 

sampling area. Third, we visited and waited at known feeding trees that were fruiting. 

Gibbons visited fruiting trees on consecutive days when fruit was available and we 

often encountered gibbons by visiting the same tree over several days. While all three 

methods for locating gibbons resulted in contact with gibbons, approaching gibbons 

when they were singing was the most successful. 
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Habituation 

Kloss gibbons are extremely wary of humans, probably because they have been hunted 

by humans for at least 2000 years (Tilson, 1981). For this reason, habituation methods 

differed somewhat from those suggested by Cheyne (2010) because my field assistants 

and I made every effort not to behave like local Mentawai hunters during our encounters 

with gibbons. Since local hunters use stealth to approach and hunt gibbons (and the 

other primates), remaining silent and continuing to hide after detection by the gibbons 

could appear threatening. When detected by the gibbons, we stopped, stood up so the 

gibbons could see us clearly, avoided eye contact and spoke to each other at the volume 

of a normal conversation. We feigned indifference to their presence by pretending to 

forage. Direct eye contact would cause unhabituated gibbons to produce alarm notes but 

our ‘fake foraging’ behaviour seemed to elicit curiosity and sometimes delayed the time 

until gibbons fled. On one occasion I was observed by an unhabituated adult gibbon for 

over ten minutes while ‘fake foraging’, though this was after the other group members 

had left the area.  

 

During habituation the aim was to maximise contact time with a group without 

appearing threatening, stressing the group, or changing their natural travel paths. For 

this reason, if gibbon(s) fled, we did not chase them and we waited until they were 

100m or more away before following them. When enough personnel were present for 

two search teams, the team that found the gibbons first was able to direct the other team 

to a position to intercept the travelling path of the group so that the gibbons approached 

the second team. This method may have slowed habituation, but I believed it to be the 

least invasive method of habituation for this species. After seven months of employing 

this technique, we were able to follow a focal group (group A) for several hours at a 
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time. However, the adult female of this group who had an infant with her was less 

tolerant of our presence when the adult male and/or sub-adult female were not nearby.  

 

We also made progress towards habituation with two other groups: B and N. Group N 

was the focus of observations between June and October 2007. This group had been 

followed by a student for several months prior to my study. By the end of August my 

field assistants and I were able to observe them for several hours without alarm or 

flight. After a week without contact, on the 21st of September, we observed the adult 

female in this group carrying a new infant estimated to be less than two weeks old. 

Following the birth of the infant, group N became intolerant of our presence. The 

difficult terrain, lack of transects in the area and concern for the groups stress levels led 

us to abandon this group in October in favour of habituating groups A and B. Between 

November 2007 and May 2008 both groups were followed and observed. From May to 

September 2008, group A was the focus of habituation and observation. From 

September to December and occasionally throughout the rest of the research period, two 

other groups (C and D) were located and observed on several occasions and groups 

bordering the territories of groups A, B and N were also sighted but I was unable to 

collect data on their group size and composition. The amount of time and total number 

of observation days for groups A, B, C, D and N are presented in Table 2.1. 
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Table 2.1 Contact time with groups by days and months 

Group Contact time 

(hours) 

Number of 

observation days 

Number of separate 

observation months 

Number of 

GPS points 

A 258.6 123 13 537 

B 52.2 58 14 106 

N 12.1 28 6 73 

C 2.6 14 8 24 

D 2.3 8 4 18 

 

Data collection 

The observation of wild gibbons for this research was approved by The Indonesian 

Institute of Sciences (LIPI) and by The University of Western Australia Animal Ethics 

Committee. For each gibbon encounter, the date, time, number of individuals and (if 

possible) the age and sex class of visible individuals was recorded. The monochromatic 

black pelage of Kloss gibbons makes it difficult to differentiate individuals. Adult males 

were identified by the singing of the male song and/or the presence of a scrotum. 

Individuals were classified as female if they participated in singing the female song as 

both the adult and immature females within a group sing the female song together 

(Dooley et al., 2013). Females were classified as adult if they had elongated nipples as 

this demonstrated they had suckled infants and were reproductively mature. Similar to 

Palombit (1992a), the age classification of immatures was based on the level of 

independence from their mother and body size. Individuals were classified as infants if 

they were still carried by their mother. Juveniles are no longer carried by their mothers 

but tend to travel with them. Sub-adults are of adult size but still reside on the natal 

territory, and sub-adult females do not have elongate nipples. Adolescent body size is 

intermediate between juveniles and sub-adults but adolescents exhibit more 

independence from their mothers in travelling and foraging than do juveniles.  
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At the locations where gibbons were encountered, notes on which activity they were 

engaged in (singing, foraging, resting, travelling, social grooming or play) were 

recorded. If they were foraging, the type of food they were eating (leaves, ficus fruit, 

other fruit or invertebrates) was noted. I took ad libitum notes during inter-group 

encounters. GPS coordinates were recorded for the locations where gibbons were 

observed using a Garmin GPSmap® 76Csx handheld GPS. My research assistant and I 

recorded GPS points directly at the locations where we had observed gibbons and we 

also projected GPS points to locations where we observed gibbons at an estimated 

distance from us when we were following them or unable to approach. GPS points were 

projected by using the inbuilt compass in the GPS unit to determine the direction of the 

location of interest and then estimating the distance from our location to that point. To 

ensure we were fairly accurate, we practised projecting waypoints for trees at varying 

distances (e.g. 10m, 20m, 50m) until the projected waypoints were within a couple of 

metres of the actual locations and we were confident of our distance estimates. When 

listening for singing by gibbons, I projected waypoints to the estimated locations of 

singers and then took a GPS point at the location of the singer to determine the accuracy 

of my estimate. I was able to estimate the location of singers, based on the volume of 

their song, to within an error of 50 metres when they were 600 metres or less away from 

my starting location. For gibbons that were greater than 600m away, the margin of error 

increased 

 

Data analysis 

Coordinates were imported into ESRI® ArcGIS 10.1 for analysis. Minimum convex 

polygons (MCPs) representing maximum home range estimates for groups A, B and N 

were calculated in Geospatial Modelling Environment (GME) Version 0.7.2.1 and 

mapped in ArcGIS. MCPs estimating home ranges were calculated from all locations 
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where members of a group were observed except for inter-group encounters. GPS points 

for inter-group encounters were excluded because it was not possible to identify 

individuals by group on those occasions. The territory estimate for group A was based 

on an MCP calculated from all song sites for this group (both male and female), as both 

sexes in this species use songs to defend space (see chapter 3) and therefore these sites 

represent areas to which they defend exclusive access. To determine if either males or 

females were primarily advertising and defending the boundaries of their territory 

through singing and therefore had more singing sites located in the periphery of the 

territory, chi-square goodness of fit tests were conducted. Observed values are the 

number of song sites for each sex located in the outer 77m of the territory (13.72 ha, 

50% of total territory area) and the inner portion of the territory (13.72 ha, 50% of the 

total territory area). Expected values were based on even distribution of singing sites 

proportional to area (i.e. the total number of male pre-dawn song sites was 12, so the 

expected number of sites for the peripheral portion of the territory, which was 50% of 

the total area, is 12 x 0.5 = 6 song sites). The comparison between the periphery and the 

inner portion of the home range for the group A male and female includes locations of 

direct sightings and projected coordinates. Direct sighting locations were considered 

separate singing locations provided they were ≥30m away from the next nearest song 

site. A buffer zone of 50 metres was included around each projected singing site as this 

was the typical margin of error in estimating the location of singing gibbons up to 600 

metres away from my position. Where the buffer of projected coordinates overlapped 

with other direct or projected song sites they were combined and deemed one position. 

 

Census methods 

Optimally, population surveys should be conducted after several months of 

familiarisation with the focal species and their environment (Brockelman and Ali, 
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1987). I conducted an auditory census of Kloss gibbon groups in the Peleonan in the last 

four months of the study from late July to late November 2008. In the preceding 12 

months I gained experience in estimating the distance to a singing gibbon’s location by 

approaching singing males and groups of females.  

 

Typically males sing their solo songs between 0400 and 0600 hours, though the 

majority of singing occurs in the hour before dawn, and females sing their solo songs 

after dawn between 0700 and 1000 hours (Tenaza, 1976). Kloss gibbons sing in same-

sex choruses with their neighbours, and females are accompanied by their immature 

female offspring in singing the female great call. On 60 days I manned a listening post 

from 0515 until 1000 hours and recorded the number of separate individual males or 

groups of females heard in the male and female choruses respectively, estimated the 

distance from the listening post to the location of the singers, and took projected GPS 

coordinates for the estimated locations. After collecting census data during a male 

chorus I then approached the nearest singing male to determine his actual position and 

to collect data on the group composition if possible, before returning to the listening 

post to await female singing. After collecting census data for the female chorus I again 

approached the nearest group and attempted to follow them, while remaining hidden, to 

obtain data on their home range and group composition.  

 

While Kloss gibbons sing in chorus where the where the songs of neighbours overlap, in 

the Peleonan, the phrases of their songs are not usually synchronised (see Chapter 3). 

This feature, in combination with the direction and volume of songs (an estimate of 

distance), enabled me to differentiate between individual males or groups of females to 

census individuals/groups engaged in a chorus. Individual males/groups of females that 

mapped over 500m apart were considered separate groups as per Whittaker (2005a). 
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Seven listening posts were used within the core study area, four were located on ridges 

and three in the centre of large flat low-lying areas (Table 2.2, Figure 2.2). Multiple 

listening posts were used to cover a broader area of the field site.  

 

Table 2.2 Number of days spent at each listening post (LP) 

Listening 

Post 

(LP) 

Flat or 

elevated 

(F/E) 

Elevation 

(metres) 

Number of 

days at each 

LP 

Max number of 

consecutive 

days for males 

Max number of 

consecutive days 

for females 

T10-400 E 85 12 5 5 

Camp F 22 30 4 4 

T2-400 E 67 3 3 3 

T7-600 F 32 10 3 3 

T1-400 E 108 3 2 2 

T14-300 E 78 2 2 2 

T16-800 F 29 2 1 1 

   Total = 62   
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Figure 2.2 Location of the seven listening posts at the SCP site.  
Map of terrain contours from Google Maps.
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Group density was calculated using Brockelman and Ali’s (1987) equation: 

𝐷 =
𝑛

𝑝(𝑚)𝐴
 

Where D is group density, n is the total number of groups heard within A, the 

designated listening area in km2. A correction factor p(m) accounts for the probability 

(p) that all groups within the listening area sing during the sample period (m). Not all 

gibbon groups sing on every day, therefore p(m) is required to provide a more accurate 

estimate of group density. 

 

I set the sample period (m) to one day. Ideally, if separate groups of gibbons can be 

identified by their vocal characteristics then n should be set as a cumulative count of 

groups singing over a sample period of enough days that all groups are heard during the 

sample (this varies according to the different singing rates of each species and indeed 

each population) (Brockelman and Ali, 1987). Alternatively, if groups cannot be 

recognised from one another, n should be set to the highest number of groups heard 

singing on a single day (m = 1). Because Kloss gibbons sing in chorus, it is difficult to 

identify the vocal characteristics of each group that would facilitate a cumulative count 

of groups singing over several days. However, as mentioned above, chorusing did 

enable me to record the number of different adult males/groups of females singing in a 

single chorus with a high level of accuracy, because I could hear multiple singers from 

disparate directions and at different volumes (and therefore distances) at the same time, 

limiting the chances of counting the same group twice. For this reason n is set to the 

highest number of adult males or groups of females heard in a single day’s male or 

female chorus respectively. Setting n to the highest number of singers heard on one day 

(m = 1) still requires several days at a listening post because Kloss gibbons do not sing 

every day (Tenaza, 1976; Whitten, 1982a) and the same number of groups do not 
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always engage in each chorus (i.e. some choruses are larger than others) (Tenaza, 1976; 

Dooley et al., 2013).  

 

Listening posts were manned for two to five consecutive days and a total of two to 

thirty days each (Table 2.2). While Kloss gibbon males and females do not sing every 

morning they are more likely to sing when neighbours are singing (Dooley et al., 2013). 

For this reason I set p(m), the probability of all groups of females singing on the 

morning with the highest number of groups recorded, to 1 to calculate a minimum 

estimate of group density and likewise for adult male singing. Individual males and the 

females of a group do not always sing when their same sex neighbours sing (see 

Chapter 3), thus setting p(m) to 1 provides a minimum estimate of both adult male and 

group density. Choruses did not always consist of the same number of males/groups of 

females i.e. some choruses were larger than others. Due to the infectious nature of 

gibbon songs it is likely that on those mornings when the largest number of individuals 

were heard, all individuals in the area were in fact singing and as such the minimum 

estimate of group density is unlikely to significantly underestimate actual group density. 

In order to compare to Whittaker’s (2005b) values I also calculated a maximum 

estimate with p(m) set to 0.85 to account for the fact that some groups may remain 

silent during a chorus. 

 

I set the listening radius to 600m because I was able to estimate the location of gibbons 

based on their song volume up to 600 metres away with a margin of error less than 50 

metres. The topography of an area can affect the audibility of gibbon songs i.e. the 

songs of gibbons on one side of a ridge may not be heard from the lower slopes of the 

opposite side (Phoonjampa et al., 2011). To account for this, the listening posts used in 

this study were either located on ridges or in low-lying flat areas which were more than 
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600 m from the opposite slope of any ridges in all directions (see contour lines in Figure 

2.2). Whittaker’s (2005a) 2003 census of the Peleonan used a listening radius of 600m, 

making the results of this study comparable to that earlier census. A 600m listening 

radius equates to a listening area (A) of 1.13 km2.  

 

Mated female Kloss gibbons sing, as do immature females that are still on the natal 

territory, but females which have dispersed from the natal territory do not generally sing 

unless they are mated (Tilson, 1981). Thus, female singing denotes the presence of a 

group and for this reason I used the counts of the number of separate groups of females 

singing (adult plus immature female offspring singing simultaneously and in synchrony 

with each other) for my calculations of group density estimates for the Peleonan (also 

see Whittaker, 2005b). The counts of the number of males heard singing in a male 

chorus were used to provide an estimate of the density of adult males in the Peleonan. 

Immature males do not sing while on the natal territory but both mated and unmated 

adult males that have dispersed do sing (Tenaza, 1976). 

 

Results 

Group sizes and composition 

The average group size was 5.8 individuals for the five groups observed, and three 

groups had more than two adult sized individuals; however, I did not observe any 

groups containing more than one reproductive female (Table 2.3). In addition to an 

adult pair, group A contained a sub-adult female who was larger than the adult female 

but lacked the elongate nipples seen on females that have suckled infants. For this 

reason I assume she was sexually mature and nulliparous at the time of the study. This 

female was present over the 14 months of observations of the group. The sub-adult 

female sang with the adult female and the adolescent female. I never observed any 
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aggression between the adult female and the sub-adult female that would indicate 

peripheralisation by the adult female, nor any aggressive interactions (e.g. open mouth 

threats, chasing, hitting or biting) between any members of group A. In early contacts 

with this group the adult male and sub-adult female were often the rear guards or 

distractors during the group’s response to myself and my assistants. They were also the 

first individuals to become habituated to our presence, probably due to our increased 

contact time with them.  

 

Table 2.3 Group sizes and age/sex composition for Kloss gibbon groups at the SCP site 

Group Total # 

gibbons 

Age Class 

Adult Sub-adult Adolescent Juvenile Infant Unknown 

Immature 

A 6 1 (m), 1(f) 1 (f) 1 (f) 1 (m) 1 (?)  

B 51 1 (m), 1(f)     2 (f), 1(m) 

N 7 1 (m), 1(f) 1 (f)  1 (m) 1 (?) 1 (f), 1 (?) 

C 6 1 (m), 1(f) 1 (?)    3 (?) 

D 5 1 (m), 1(f)     1 (f), 2(?) 

x̄ 5.8       
1On several occasions six gibbons were observed in this group but this was not 

consistent across the study period. 

? Sex unknown. 

 

Home range and Territory estimates 

The minimum convex polygon (MCP) created from all direct sightings of group A 

individuals provides a home range estimate of 43.7 ha (Figure 2.3). The MCP for group 

B has an area of 38.9 ha and the MCP for group N has an area of 33.7 ha (Figure 2.3) 

resulting in an overall home range average of 38.8 ha. There was a 3.3 ha  area of 

overlap between the home ranges of group A and B. Group A individuals were observed 

in this area when group B was not present and vice versa (group A on 18 separate days, 
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group B on 10 separate days). Three of the four inter-group interactions between groups 

A and B also occurred in this overlap. MCPs created from all singing locations for a 

group (both male and female) provide an estimated territory size of 27.4 ha for group A 

(Figure 2.4) and 34.7 ha for group B (Figure 2.5) and an average of the two of 31 ha. 

 

Territory defence: singing locations and inter-group encounters 

Female and male singing sites were distributed throughout group A’s territory (Figure 

2.4), although the male was not observed singing in the western most portion of the 

territory. Neither pre-dawn male singing sites nor female singing sites for group A were 

concentrated on the periphery (Figure 2.6 and Figure 2.7, Table 2.4) (song sites for 

group B were not analysed because there were fewer observations of this group).  

 

I observed four inter-group interactions during the study, all of which were between 

group A and group B. Three of these encounters took place in the 3.3 ha area of overlap 

between the home ranges of both groups and one was in the north-eastern part of group 

A’s home range near the home range border of group B (Figure 2.8). It was difficult to 

identify individuals from group A during inter-group encounters because of the 

monochromatic black pelage of the gibbons and the fact that observations were made 

from hiding because group B was not habituated. However, I was able to count the 

number of individuals present and therefore confirm that individuals belonging to 

separate groups were within 10 m of one another due to the total number of individuals. 

No play or grooming was observed during these encounters, nor was aggressive chasing 

and fighting observed. On one occasion (described in chapter 3) female song synchrony 

between the two groups occurred. Prior to this, I observed the adult male singing a post-

dawn song away from the rest of the group A members and after the conclusion of his 

song the adult female of group A began to sing ≥100 metres away. The adult male 
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travelled towards the location of the female and I followed him to the group. Shortly 

thereafter, I heard singing by group B near the boundary of group A’s home range. The 

two groups approached each other (Figure 2.8, interaction 2) and the females of both 

groups synchronised the great call phrase of their songs. Following the conclusion of 

the song, the two members of both groups were within two adjacent trees and I 

observed (from hiding) individuals resting in close proximity, moving within the 

canopy as if foraging (though I did not observe any eating) and an embrace between two 

adult-sized individuals. An embrace was also observed during the third inter-group 

interaction. 
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Figure 2.3 Locations of all gibbon sightings per group and MCPs representing home ranges of groups A, B and N.
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Figure 2.4 MCPs representing group A’s home range and territory.  
Home range based on all sightings. Territory based on song sites.
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Figure 2.5 MCPs representing group B’s home range and territory. 
Home range based on all sightings. Territory based on song sites.
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Table 2.4 Chi-square goodness of fit table for location of female and male singing trees 
within the centre and the periphery of the home range of group A.  

Sex Number of singing locations 

Observed Expected1 

Female 

 Central half 8 8.5 

 Peripheral half 9 8.5 

 
2

(1) = 0.059, P = 0.081 

Male 

 Central half 6 6 

 Peripheral half 6 6 

  
2

(1) = 0.0, P = 1.0 

 

Both the central portion and the 77 metre peripheral portion of the territory each have an 
area of 13.72 ha and therefore each portion encompasses 50% of the total territory. 
1 Expected values are based on even distribution of singing locations throughout home 
range area.
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Figure 2.6 Location of male pre-dawn singing sites for group A.  
Projected way points have a 50m buffer to account for the margin of error in projecting waypoints. Peripheral half is 77 metres inwards from the 
territorial boundary to the central half of the territory.
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Figure 2.7 Location of female singing sites for group A.  
Projected way points have a 50m buffer to account for the margin of error in projecting waypoints. Peripheral half is 77 metres inwards from the 
territorial boundary to the central half of the territory.
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Figure 2.8 Locations of the inter-group interactions between group A and group B relative to their home ranges and territories. 
The points for each interaction represent locations where gibbons were during the interaction.
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Food sites 

Kloss gibbons in the Peleonan population were observed eating fruit (ficus and non-

ficus fruit), leaves and invertebrates (termites and caterpillars). Feeding trees were 

distributed throughout group A’s home range (Figure 2.9); however, food sources did 

change from week to week depending on which trees were fruiting. Without detailed 

productivity data I cannot comment on food availability over time within group A’s 

home range, however on most observation days they were observed foraging, and 

during most observations of foraging, fruit was available and eaten by the gibbons (see 

Table 2.5 for summary data for the five months with the most observation time for 

group A). I gained the impression that there was fruit available within the home range 

on most days during the study; however, I cannot comment on the quantity or energy 

value of fruits available. 

 

Table 2.5 Number of days and hours of observation for group A over five months and 
the number of days on which foraging was observed and type of food was identified. 

Month 

in 2008 

Total 

number of 

days of 

observation 

Total hours 

of 

observation 

Total number of days 

Foraging 

observed 

Food-types 

consumed 

unidentified 

Fruit 

consumed 

Leaves 

consumed 

April 13 18.2 11 0 11 3 

May 22 56.1 22 6 13 3 

June 21 53.2 17 10 7 0 

July 14 45.2 14 4 10 1 

August 18 48.8 15 3 10 4 

Total 88 221.4 79 23 51 11 
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Figure 2.9 Locations of trees where group A individuals were observed feeding within their home range and territory
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Travel 

Group A travelled an average of 1349 metres each day within the home range (n = 3 

follows of >8 hours duration). Individual members of gibbon groups were not always 

together during daily activity. If all members of a group were not detected at the 

beginning of a follow, or if during a follow group members split into two or more 

groups, I classified the few individuals present as a sub-group, provided there were no 

other gibbons visible within 30 metres nor any sound or movement that indicated more 

group members were nearby. This group fission was observed in groups A, B and N 

(with whom my field assistants and I had the most contact and therefore knew their 

group size). Full groups were present on 50% or fewer separate follows (Grp A: 36%, 

N= 161 follows; Grp B: 38%, N=58 follows; Grp D: 50%, N=34 follows). Group A 

engaged in foraging just as often when in sub-groups as when all group members were 

present (83% of 58 follows of full group, 82% of 103 follows of partial group). I did not 

observe open mouth threats, biting or chasing during follows of either full or partial 

groups when foraging, suggesting that intra-group feeding competition is low. In 

addition, when I observed either the full group or sub-groups of group A, individuals 

were usually within 10 metres of one another.  

 

The sub-adult female and adult male from group A were the most habituated individuals 

in group A and as a result, were observed in most follows. While I have no measure of 

time spent in different group compositions I have examined the number of follows for 

which the sub-adult female and adult male are in different group compositions as an 

estimate. During approximately half of the follows with the sub-adult female, she was 

with the whole group (Table 2.6). When she was part of a sub-group she was with the 

adult male on eight follows and with the adult female on five follows. I did not observe 

aggression between the adult female and sub-adult female, nor any indication that she 
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was being spatially peripheralised from the group. In contrast, the adult male was 

observed on his own during more follows, but was with the full group on a similar 

percentage of follows (54%, see Table 2.6). On most follows of the adult male in a sub-

group he was either accompanying the sub-adult female alone or was in a trio with the 

sub-adult female and the adolescent female (73% of sub-group follows). Similarly, the 

sub-adult female was observed in a dyad with a younger immature individual 

(presumably a sibling) during four follows (Table 2.6). The adult female was never 

observed without her infant and nor were the adult female, adult male and sub-adult 

female observed together without the rest of the group’s members (immatures) present. 

I only observed the adult female without the adult male present on five follows (on five 

separate days). The locations where she was observed without her mate are shown in 

Figure 2.10 relative to the group’s home range and territory. On two follows she was 

observed outside of the territory (Figure 2.10). Both of these areas are >50 metres away 

from all locations where gibbons from neighbouring groups were observed and 

therefore may not be areas where the home range overlaps with, or closely borders, a 

neighbouring group’s home range or territory. 
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Table 2.6 Follows of the adult male and sub-adult female from group A in different 
compositions of group A individuals 

Number of followsa Focal Individual 

 Sub-adult female Adult male 

Total 41 39 

Alone 4 (10%) 7 (18%) 

With whole group  20 (49%) 21 (54%) 

With sub-group 17 (41%) 11 (28%) 

Accompanying individuals 

Adult F, infant, juvenile M &/ adolescent F 3 2 

Adult F & infant 2 0 

Adult M 5 -- 

Sub-adult F -- 5 

Adolescent F 2 0 

With 1 unidentified immature from group A 2 1 

Adult M and adolescent F 3 -- 

Sub-adult F and adolescent F -- 3 
 

a For the purposes of this analysis, if group fission occurred during a follow, the 
observations after fission were considered a separate follow. 
M and F stand for male and female respectively 
-- Not applicable 
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Figure 2.10 Locations where the adult female of group A was observed during follows without the adult male present, relative to the home range and 
territory of group A and the home range of group B.
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Auditory census 

No more than three groups were heard engaging in a female chorus within 600m from a 

given listening post on any day. This coincides with estimates derived from male 

singing. The minimum and maximum estimate for both group and male density is 2.65 

groups/km2 and 3.12 groups/km2 respectively. The average group size in the Peleonan 

population was 5.8 individuals (Table 2.3). This provides a density estimate of 15.6 to 

18.4 gibbons/km2. Applying this estimate to the 32.5 km2 primary lowland forest of the 

Peleonan provides a population estimate of 507 to 598 gibbons. The estimated number 

of gibbons in the 32.5 km2 area of the Peleonan based on an average home range size of 

38.8 ha (0.388 km2), is 83.8 groups (2.6 groups per km2) and 486 individuals. 

 

Discussion 

Group size 

The average Peleonan group size of 5.8 individuals exceeds that of the Sirimuri (4.1 

individuals per group; Tilson, 1981) and the Paitan (3.4 individuals per group; Whitten, 

1982b). While groups of six gibbons have been observed at Sirimuri (Tilson, 1981) and 

in populations of other gibbon species (e.g. H. agilis, Mitani, 1990; H. lar, Bartlett, 

2003; Symphalangus syndactylus, Lappan, 2007), this is greater than the average for 

most gibbon populations (see table 12.3 in Malone and Fuentes, 2009). The exceptions 

are populations of Nomascus spp. (N. concolor jingdongensis, Fan et al., 2006; N. 

hainanus, Zhou et al., 2008; N. nasutus, Fan et al., 2011) where groups consisting of six 

or more individuals are common because most groups contain two reproductive 

females. I cannot assume that the five groups observed are representative of the entire 

Peleonan population; however, I encountered groups of this size beyond my study area 

and received anecdotal reports from local field guides of groups of five or more 

individuals further afield. Whittaker (2005a) also observed relatively large gibbon 



69 
 

groups in the Peleonan beyond the current study area and reported seeing groups of up 

to 15 individuals; however, she concedes that these may have been encounters between 

two groups. If I had not been able to identify group A prior to the inter-group 

encounters I observed, I would have classified the 11 individuals present as belonging 

to a single group due to the absence of aggression during each interaction. 

 

There are at least two possible explanations for why gibbon groups are larger in the 

Peleonan forest than in other populations. Mature offspring may be delaying dispersal, 

or the larger groups may be polygynous bi-female groups as seen in Nomascus spp; I 

never saw any groups with two adult males. At least two of the groups observed 

contained a sub-adult female and, while I cannot rule out the possibility that these 

groups were polygynous, these females remained nulliparous over the course of 12 

months or more of observation and were never observed copulating with a male. For 

this reason I suggest that these sub-adults are the offspring of the resident pairs and have 

delayed dispersal from the natal territory.  

 

Lack of available space or mates can delay the dispersal of mature offspring 

(Brockelman et al., 1998). Parents may tolerate the presence of adult offspring if the 

survivorship of those offspring is increased by delaying dispersal, because this increases 

the parents’ direct fitness. Additionally, individuals may tolerate their adult offspring on 

the natal territory if there is little cost to their own survival and reproduction or if the 

sub-adult provides some other fitness benefit to their parents (Koenig et al., 1992; 

Emlen, 1995; Brockelman et al., 1998). A lack of available mates for mature female 

offspring may result in delayed dispersal because mature, unmated gibbon females do 

not generally disperse and establish territories on their own (Tilson, 1981). It appears 

that competition for space and resources is lower in the Peleonan population because I 
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did not observe aggression between or within groups (including group A which 

contained a sub-adult). Whitten (1982b) suggests that a gibbon territory needs to 

encompass a diverse array of feeding tree species (which produce fruit asynchronously) 

so that there is food available throughout the year, and that when food is available it is 

usually enough to sustain a group of six gibbons. Given that there was fruit available 

within group A’s territory during most days of observation and that no aggression was 

observed during feeding bouts, it is likely that there is enough food to sustain a group 

with three adult-sized individuals. Parents may tolerate sub-adults remaining on the 

natal territory because it does not lead to increased feeding competition.  

 

Sub-adult females who delay dispersal, may also increase their inclusive fitness by 

assisting their parents and acting as ‘helpers at the nest’ in the socialisation of immature 

siblings through play and grooming, and by protecting vulnerable group members from 

predation (Koenig et al., 1992; Emlen, 1995; Brockelman et al., 1998). There is 

evidence that the sub-adult female of group A does assist in the protection/socialisation 

of younger siblings because she was observed accompanying immatures without the 

adult female or adult male present, and was a rear-guard along with the adult male 

during encounters with humans, prior to habituation (the responses to humans are 

discussed further in chapter 4). Helping behaviour by sub-adults can also improve the 

reproductive success of the adult pair and thus lead to increased parental tolerance of a 

sub-adult remaining on the natal territory (Koenig et al., 1992).  

 

Group density 

Home ranges in the Peleonan average 38.8 ha and are slightly larger than the 31-35 ha 

home ranges of the Paitan population (Whitten, 1982b). The group density estimate for 

the Peleonan based on average home range size is 2.57 groups per square kilometre and 
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is less than the density estimates of 2.85 and 9.1 groups per square kilometre for the 

Paitan and Sirimuri, respectively (Tilson, 1981; Whitten, 1982b). I used the outermost 

points where groups were observed to create minimum convex polygons to estimate 

home ranges in this study. This is similar to Whitten’s (1982b) method of using the 

outermost lines of travel (from day ranges) to estimate the home range boundary. Thus 

the difference in home range size between the two sites is unlikely to be a result of 

methodological differences. It is possible that individuals of group A, which had the 

largest home range and was observed most often, engaged in more exploratory forays 

during the time of this study, leading to a larger home range estimate. Only three groups 

were sampled for each population so it is possible that inter-group variation has resulted 

in averages that differ between the two sites; a larger number of groups for each site 

may provide more similar home range estimates between the sites.  

 

The territory estimate of 27.4 ha for group A is larger than both the 20.7 ha Paitan 

territories and the 11 ha Sirimuri territories (Tilson, 1981; Whitten, 1982b). The loud 

songs of gibbons advertise the presence of individuals or a group on a territory to 

nearby conspecifics (Tenaza, 1976; Tilson, 1980; Raemaekers et al., 1984; Mitani, 

1985a; Cowlishaw, 1992; Fan et al., 2009; Dooley et al., 2013). The territories of 

Sirimuri groups were calculated from the locations where individuals sang and 

physically excluded gibbons that were not part of the group, as this denotes the area to 

which a group defends exclusive access (Tilson, 1980). I never observed aggressive 

physical defence of space in the Peleonan so my territory boundary estimates are based 

solely on the outermost singing locations. While my home range and territory estimates 

for the Peleonan are larger than Whitten’s (1982b) estimates for the Paitan population, 

the values for the Peleonan and Paitan are more similar to each other than either is to the 

Sirimuri population. It appears that group density is much higher in the Sirimuri 
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population and, given the higher rate of aggressive inter-group encounters, it is possible 

that space is limited and groups are crowded in the available space (Whitten, 1982b). 

The presence of floating males in the Sirimuri population also suggests that this 

population is at carrying capacity (Tenaza, 1975). 

 

The MCP method does not account for the amount of time a group spends in areas and 

may include points which were exploratory forays and/or attempts to expand the 

territory (Grueter et al., 2009). Future studies could compare territory estimates based 

on the area a group spent the most time in (e.g. kernel home range analysis), to territory 

estimates based solely on locations where singing and physical defence occurred, in 

order to evaluate how accurate the latter method is. A gibbon group generally needs to 

be habituated in order to record their GPS location at regular time intervals to facilitate 

kernel home range analysis. Determining the locations at which a group sings however, 

does not require that the group is habituated, because researchers can orient towards and 

locate gibbons when they sing in order to record singing locations. If territory estimates 

based on song sites closely approximate the area in which a group spends the most 

amount of time, then this method could be applied to gibbon populations in which 

groups are unhabituated or that are difficult to habituate to human presence (as H. 

klossii is due to human predation). 

 

Defence of territory 

While the sample size is small, the day range of 1349 metres for group A is similar to 

the 1508 metre day range of Whitten’s (Whitten, 1982b) focal group at Paitan. That the 

day range is more than twice the diameter of the home range (calculated from a circle of 

27.4 ha, the same area as the territory) suggests it is possible for the group to defend 

exclusive access to the area (Brockelman et al., 2014). In the Paitan population, most 
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pre-dawn singing locations for males are located on the periphery of the territory, 

whereas female song locations are distributed more evenly over the territory (Whitten, 

1982a). In contrast, females in the Sirimuri population sing on the boundaries of their 

territories, presumably to advertise territorial boundaries to neighbouring groups 

(Tenaza, 1976). In this study of the Peleonan population, both male and female singing 

sites for group A were distributed evenly between the central and peripheral halves of 

the territory. There is strong evidence that Kloss gibbon songs function in defence of the 

territory (see Chapter 3 and Tenaza, 1976). By singing, an individual communicates 

his/her location and hence occupation of that space. The fact that female song sites are 

concentrated on territorial boundaries in the Sirimuri, but not in the Paitan or Peleonan, 

suggests that there is greater pressure to defend the full extent of the territory in 

Sirimuri. Competition for available space and resources appears to be higher in the 

Sirimuri than either the Paitan or Peleonan because group density is higher and the 

territorial boundaries of neighbouring groups are closer (Tilson, 1981; Whitten, 1982b), 

in which case, encroaching neighbours feeding within territorial boundaries may deny 

the resident group vital food resources. While the loud songs of gibbons likely defend 

the area beyond the tree from which they sing, individuals produce a louder signal to 

their neighbours when singing on territorial boundaries than when singing from the 

central area of the territory and, therefore, this may be more effective at excluding 

unwanted intruders.  

 

The locations in which group A individuals sang were most likely related to elevation 

(as at Paitan) and probably chosen for better sound propagation (Whitten, 1982a). 

Future studies could examine the location of song sites not only in relation to 

elevation/tree height and territorial boundaries but also to the location of feeding trees, 

i.e. are song sites close to important food sources and are gibbons more likely to sing 
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from a particular song tree when fruit is available nearby? This would require a full 

record of the location of all trees of the species on which Kloss gibbons feed within a 

group’s home range, and a measure of the importance of particular food sources 

(energetic value of food types or time spent consuming sources) along with data on 

song sites and their use. 

 

The infrequent and neutral inter-group encounters observed in the Peleonan are similar 

to those observed by Whitten (1982b) in the Paitan population, and differ from the 

frequent chasing and fighting between males on territorial borders in the Sirimuri 

population (Tilson, 1981; Whitten, 1982b). The lack of intra- and inter-group 

aggression in the Peleonan again suggests that competition for space and resources is 

lower than at Sirimuri. The area where the home ranges of group A and B overlapped 

contained several Campnosperma auriculatum trees (‘tumu’ in the local Mentawai 

dialect) which were a favourite non-ficus fruit the gibbons were seen eating whenever it 

was available. Despite the presence of an important food source, neither group defended 

exclusive access to the area and all four neutral inter-group encounters occurred in or 

near this area. While inter-group aggression is common in gibbons, there are also 

reports of affiliative and neutral interactions between neighbouring groups. Bartlett 

(2003) reported that neutral and affiliative interactions between neighbouring groups of 

H. lar accounted for a total of 23 percent of all inter-group interactions. Gibbon groups 

may tolerate and socialize with neighbours on territory boundaries because members of 

neighbouring groups are close relatives (Reichard and Sommer, 1997; Bartlett, 2003). 

Tilson (1981) documented Kloss gibbons dispersing from their natal territory to 

neighbouring territories, so members of group A and B may be related and thus interact 

less aggressively during encounters than might groups who are completely unrelated. 

This could also account for the observation of female song synchrony between these 
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groups. One of the original aims of this study was to determine the genetic relationships 

of individuals within and between groups using both mitochondrial and nuclear DNA 

extracted from faecal samples; unfortunately, due to changes in permit procedures and 

ongoing permit delays it has not been possible to export the samples to Australia for 

analysis to determine whether the sub-adult female of group A is the daughter of the 

adult pair or whether any of the members of group A are related to members of group B. 

This remains an area for future research.   

 

Group fission 

A unique aspect of Kloss gibbon behaviour observed in the Peleonan but not at Sirimuri 

or Paitan is the fissioning of groups during daily activity. With a few exceptions, 

members of a gibbon group are generally within several metres of one another during 

daily activity (Tenaza, 1975; Tilson, 1980; Whitten, 1982b; Bartlett, 2009a). Sub-adults 

may be peripheralised by their same-sex parent and therefore travel at a distance behind 

the rest of the group (Tilson, 1981; Leighton, 1987; Zhou et al., 2008). In the Sirimuri, a 

sub-adult female was observed travelling with her father up to 300 metres away from 

the group (Tilson, 1981) and adult males were observed singing post-dawn songs 100 

metres away from their families (Tenaza, 1975). Most notably, groups of Nomascus 

concolor, which exhibit similar group sizes to those seen at the Peleonan, also split into 

sub-groups during daily activity (Fan and Jiang, 2010). Fan and Jiang (2010) suggest 

that group fission in large bi-female N. concolor groups may be a response to increased 

foraging pressure caused by the presence of two reproductive females in a group. I did 

not observe groups with two reproductive adults and groups appear to be larger due to 

the delayed dispersal of mature offspring. If food patches were too small to 

accommodate three adult-sized individuals and up to four small immatures (including 

an infant) at the same time, then peripheralisation of sub-adults by these groups would 
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significantly reduce competition at food sources and would require less intra-group 

coordination than fission. In this study I did not observe aggression towards the sub-

adult female of group A from either parent and, during fission, the sub-adult was 

sometimes in a sub-group with the adult female (Table 2.6). Thus there is no evidence 

that the sub-adult is being peripheralised by the adult female (or the adult male). There 

are several other reasons why group fission does not appear to simply be a response to 

increased foraging pressure in larger groups in the Peleonan. Group A foraged just as 

often as a sub-group as they did as a full group and there was no aggression observed at 

feeding sites when all members foraged together. I also observed group A foraging as a 

whole group in the same trees they foraged in when only part of the group was present 

though I don’t have the data to compare rates. Tilson (1981) observed groups of six 

gibbons but did not report fissioning by these groups. Further data on both foraging 

behaviour and group fission is required before foraging pressure can be ruled out as the 

only cause of group fission in Kloss gibbons. In chapter 4, I discuss further why it is 

unlikely that feeding competition is the main selective pressure driving group fission 

and posit that group fission makes gibbon groups more cryptic and is an adaptive 

response to a long history of predation by humans. 

 

The patterns of sub-grouping observed in group A provide some preliminary evidence 

relative to some of the common hypotheses for why social monogamy has arisen in 

gibbons. Firstly, the adult female of group A was often without the adult male during 

daily activity. This suggests that mate guarding by males to ensure paternity certainty is 

not the primary reason why social monogamy has evolved in Kloss gibbons (Malone 

and Fuentes, 2009). It does not appear that the male is responsible for maintaining close 

proximity with his mate, which would be expected if mate guarding is the primary 

reason for the association between adult males and adult females. This female carried an 



77 
 

infant and, when she travelled without her mate, she did not venture into areas where it 

was more likely that she would encounter non-group individuals. Additionally, the adult 

male was always present when the group ventured into the area where inter-group 

encounters were observed. This provides preliminary evidence to support the hypothesis 

that females tolerate males residing on their territory because they provide a benefit to a 

female and her offspring by defending the territory from competitors and potentially 

infanticidal males (Malone and Fuentes, 2009). Alternatively, if an infant-carrying 

female lowers her risk of costly physical altercations simply by avoiding locations 

where interactions with non-group individuals could occur, there may be little cause for 

mate guarding by the adult male.  

 

The hypothesis that social monogamy in gibbons is a result of the need for paternal care 

of infants is often rejected because gibbon males do not provide direct care to offspring 

in the form of carrying (with the exception of some siamang fathers) or feeding. 

However, some forms of indirect care may have a significant impact on the survivorship 

of offspring. These include, defence of the territory, protection from predation or 

infanticide, and socialisation of older offspring (Brockelman, 2009). The fact that the 

group A adult male was often observed accompanying the sub-adult female and 

adolescent female during fission lends some support to the idea that fathers protect their 

offspring. Kloss gibbon males also appear to play a role in protecting their mates and 

offspring from human predation and this is discussed further in Chapter 4.  

 

Census 

The minimum group density values from the 2008 auditory census in this study are the 

same as Whittaker’s (2005b) values using the same methods, for the same forest, five 

years prior. Thus, there appears to be no change in group density. In this study, the 
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minimum group density estimate of 2.65 groups per km2 provided by the auditory 

census was similar to the density estimate of 2.6 groups per km2 based on average home 

range size of 38.8 ha (calculated from direct observations of three groups), suggesting 

that the census methods used provide density estimates that equate to the actual density 

of groups observed within the same area.  

 

Group density based on average home range size is likely to be a minimum estimate of 

group density because there is some overlap between home ranges. Likewise, auditory 

census estimates based on the assumption that all groups in the area are heard during the 

sample (i.e. p(m) = 1; see methods section of this chapter) probably underestimate 

actual group density. Density estimates based on direct observations of territory (for 

which there is no overlap between groups) rather than home range size, and density 

estimates calculated from auditory census data using a value of less than one for p(m), 

may provide more accurate estimates of group density. Group density for the Peleonan 

based on the average territory size of 31 ha and, in auditory census calculations, based 

on a p(m) of 0.85 (i.e. 85% of groups are heard during the sample day) yield estimates 

of 3.2 and 3.12 groups per km2 respectively.  

 

I suggest that these values represent the maximum group density for Kloss gibbons in 

the Peleonan for two reasons. First, using territory size as an estimate of group density 

makes the assumption that the territories of neighbouring groups abut each other, but 

the observations of the territories (and home ranges) of groups A and B in this study 

suggest that this is not the case. Second, while Kloss gibbons do not always sing when 

their neighbours are singing, they are more likely to sing if their same-sex neighbours 

are singing (see Chapter 3), and this may be additive, e.g. proclivity to sing may 

increase if several neighbours are singing rather than just one neighbour. Both male and 
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female Kloss gibbons also are more likely to sing after several days of silence. These 

two factors influence the proclivity of groups to sing, and suggest that when there are 

many groups engaged in a chorus, it is likely that the majority of groups in the area are 

singing. Calculating density estimates from the census equation where n equals the 

largest number of female groups heard singing on a single morning (as opposed to other 

sample days on which fewer groups were heard), and p(m) equals 0.85 or above, better 

approximates the actual number of groups in the given area. 

 

In 2010, Höing et al. (2013) used both a line transect survey and an auditory census to 

estimate individual density in the Peleonan. While both methods in their study provided 

similar values for cluster density (which equates to group/sub-group density), their 

values are more than 1.5 times greater than the maximum group density values (based 

on observations of territories) from my 2008 study. I suggest that methodological 

differences are the main reason for the differing values between mine and Höing et al.s 

(2013) study rather than a large increase in group density over the two intervening 

years. 

 

 While line transect surveys may be appropriate for many primate species, they tend to 

underestimate group size in gibbons, because gibbons are more difficult to detect and 

are adept at fleeing from researchers before accurate counts can be made (Brockelman 

and  Srikosamatara, 1993). This problem is compounded in the Peleonan population 

where gibbon groups fission regularly, thus leading to underestimates of group size, and 

overestimates of group density, during line transect surveys. This may explain why 

Höing et al. (2013) calculated cluster density as 5.5 clusters per km2 while my 

maximum estimate of group density is 3.2 groups per km2. It is likely that Höing et al.s 

(2013) clusters include both sub-groups and groups. This is supported by the fact that 
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the average size of the clusters observed by Höing et al. (2013) is 2.7 individuals per 

cluster rather than the average 5.8 individuals per group observed in my study. In fact, 

Höing et al. (2013) observed a group of eight gibbons on three separate occasions over 

the entire course of their study but did not observe these larger group sizes during their 

line transect surveys. Interestingly, Höing et al.s (2013) individual density values are 

14.89 individuals per km2 which is quite similar to my minimum density estimates of 

15.1 to 15.37 individuals per km2 based on home ranges and census data. 

 

While groups tend to fission during daily activity, all members of a group are generally 

present (and easier to detect) when the females of a group sing, therefore I suggest that 

approaching gibbon groups during female singing and counting number of individuals 

present should be used to provide estimates of group size rather than line transect 

surveys. Group density estimates should be obtained either through direct observation 

of groups over a long period of time, which is less feasible when time and funds are 

limited, or, through the use of auditory census methods which record the number of 

groups of females singing (because unmated Kloss females do not sing and therefore 

female singing denotes the presence of a reproductive group). 

 

Höing et al.’s (2013) auditory census provided a cluster density of 5.01 groups per km2, 

much larger than the maximum group density values of 3.12 from the census in this 

study. Our methods differ in that Höing et al. (2013) used triangulation from two to 

three listening posts to count groups while I used direction and distance estimates from 

a single listening post (after evaluating the accuracy of my distance estimates). 

Additionally, n in Höing et al. (2013) is based on a cumulative count of the number of 

groups heard singing over several days, while n in my study is based on the greatest 

number of individuals heard on a single day. While these methodological differences 
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could result in different density estimates, I suggest that the main reason for this 

difference is that the p(m) values (proportion of total groups counted within sample 

period m) used by Höing et al. (2013) were much lower than the p(m) values of 0.85 to1 

that I used. Even if the total count of groups (n) and the listening area (A) used was the 

same for two studies, the study with the lower p(m) values will produce a higher 

estimate of cluster/group density when used in the equation:   

𝐷 =
𝑛

𝑝(𝑚)𝐴
 

The inclusion of p(m) is vital in preventing underestimates of group density because 

some groups may remain silent during an auditory census period and need to be 

accounted for. Ideally, p(m) needs to be calculated from accurate estimates of the 

average singing frequency for the species and population (i.e. how often on average do 

groups sing) (Brockelman and  Srikosamatara, 1993). It can also be calculated using the 

average proportion of total groups heard singing per day over a sample period of several 

days (e.g. see Jiang et al., 2006). It is important that groups are able to be differentiated 

from one another so that the cumulative count of the total number of groups heard 

(during the sample period) does not include double sampling of some groups. If double 

sampling does occur, the calculation of p(m) will be lower than it should be, and, when 

combined with an inflated n, will lead to large cluster density estimates. This deserves 

further investigation in future studies that evaluate the census methods appropriate for 

gibbons. Recently, Distance software has been used to estimate group density because it 

incorporates a detection probability function (see Gilhooly et al., 2015). Future studies 

of Kloss gibbon populations using Distance, in combination with auditory census, could 

provide more accurate density estimates than auditory census methods alone. 

 

In summary, Kloss gibbon groups in the Peleonan have slightly larger home range and 

territory sizes than groups in the Paitan; however both populations have much larger 
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territories than the gibbon groups in the Sirimuri population (Tilson, 1981; Whitten, 

1982b). This suggests that there is little competition for space and resources in the 

Peleonan because inter-group interactions were infrequent and neutral, male and female 

singing locations were not concentrated along the periphery of the focal group’s 

territory and intra-group aggression was extremely rare. Average group size was greater 

in the Peleonan than either the Paitan or Sirimuri populations. I suggest that this is due 

to delayed dispersal of mature offspring. Additionally, the low competition for space 

and resources along with the benefits of predation avoidance that sub-adults may 

provide could increase tolerance of mature offspring by the adult pair. Finally, I 

recommend that the auditory census method should be used in combination with 

approaching groups during female singing to obtain accurate group size estimates. The 

results of this study provide further evidence for variation between populations and 

highlight the importance of population-level studies of gibbons as one population may 

not be representative of an entire species.  
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CHAPTER THREE: 

FUNCTIONS OF KLOSS 

GIBBON SONGS  

 
 

 

This chapter has been published as Dooley HM, Judge DS, Schmitt LH. 2013. Singing 

by male and female Kloss gibbons (Hylobates klossii) in the Peleonan forest, Siberut 

Island, Indonesia. Primates 54:39-48 

 

The final publication is available at: 

http://link.springer.com/article/10.1007/s10329-012-0326-2 
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Chapter 3: Functions of Kloss gibbon songs 
 

Abstract 

Kloss gibbons (Hylobates klossii) are endemic to the Mentawai Islands in Indonesia and 

are one of only two gibbon species in which mated pairs do not sing duets. This is the 

first long-term study of the factors influencing the singing activity of Kloss gibbons 

within a northern Siberut Island population and follows two previous studies in central 

Siberut nearly 30 years ago. We collected data on the presence/absence of male and 

female singing within the study area on 198 days and within a focal group on 47 days. 

Rainfall during the time period in which they normally sing inhibits singing in both 

males and females. Our study supports the hypothesis that male and female songs 

function in intra-sexual resource defence, as singing is associated with singing by same-

sex neighbours, and same-sex choruses are more likely to occur after one or more days 

of silence (from that sex), suggesting there is pressure  for individuals to communicate 

with same-sex neighbours regularly. Singing was not coordinated within a mated pair, 

suggesting that vocal coordination of the pair has been lost with the loss of the duet and 

that Kloss gibbon songs do not convey information to neighbours about the strength of 

the pair bond. On days when males sang pre-dawn, females were more likely to sing 

after dawn and earlier in the morning. Additionally, the number of groups singing in 

female choruses was positively associated with the number of males that had sung in the 

pre-dawn male chorus. We suggest that female songs have an inter-sexual territory 

defence function as well as an intra-sexual function. 

 

Key words: Hylobates klossii, singing, territory defence, pair bond advertisement, mate 

attraction 
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Introduction 

Gibbons are arboreal and territorial rainforest apes that frequently live in nuclear family 

groups (though this is flexible) (Whittaker and Lappan, 2009). Both males and females 

produce loud vocalisations termed ‘songs’, which are sex- and species-specific 

(Marshall and Marshall, 1976; Cowlishaw, 1992), function in inter-group 

communication (Mitani, 1985a; Cowlishaw, 1992; Clarke et al., 2006; Dooley and 

Judge, 2007) and can maintain intra-group cohesion (Geissmann and Orgeldinger, 2000; 

Fan et al., 2009). Each song is made up of multiple repeated phrases (themselves made 

up of combinations of notes) (Clarke et al., 2006) and is followed by a period of silence 

lasting at least five minutes (Geissmann et al., 2005). In most Hylobates species (H. lar, 

H. agilis, H. albibarbus, H. pileatus and H. muelleri) mated pairs alternate their sex-

specific phrases to form a duet (Geissmann, 2002; Geissmann and Nijman, 2006). Two 

species (Hylobates moloch and H. klossii), however, do not duet and only sing solo 

songs (Tenaza, 1976; Cowlishaw, 1992; Geissmann, 2002). Kloss gibbon males have 

been reported to occasionally utter soft ‘whistle’ notes between the great call phrases of 

a female’s song (Haimoff and Tilson, 1985); however, they are not regarded as 

significant contributions to the female song and thus do not constitute a duet 

(Geissmann, 2002).  

 

Studies of non-duetting species may help to elucidate the sex-specific function(s) of 

gibbon songs. Whereas the structure of male H. moloch solo songs have been analysed 

in detail (Geissmann et al., 2005), there is little information on the social factors that 

influence male and female silvery gibbon singing. The most recent study of the singing 

behaviour of Kloss gibbons was almost 30 years ago (Whitten, 1982a; Whitten, 1984b). 

Although the ecology of male singing has been analysed in detail for one population 

(Whitten, 1982a; Whitten, 1984b) there is little in the published literature on the 
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function of female songs or the social factors that influence singing. We evaluate the 

potential functions of male and female Kloss songs using both population and focal 

group analyses in a previously unstudied population in the Peleonan forest in the north 

of Siberut Island. 

 

 All Hylobates males sing solo songs; however, the duration and daily occurrence vary 

among species -- from 44 minutes every 2 days in H. klossii (Whitten, 1982a) to as little 

as 12 minutes once every 12 days in H. moloch (Geissmann and Nijman, 2006). In 

duetting species, males sing in duet with their mates as well as alone; however, the duet 

is completely absent in H. moloch and H. klossii leaving only the solo song for these 

males (Geissmann, 2002). Only H. moloch and H. klossii females produce solo songs on 

a regular basis (Tenaza, 1976; Whitten, 1982a; Geissmann, 2002; Geissmann and 

Nijman, 2006). In the other five species, females may infrequently produce short solo 

songs but generally only sing in duets with their mates (Cowlishaw, 1992; Geissmann, 

2002).  

 

Kloss gibbon males sing at the same time as their neighbours, producing a ‘chorus’ in 

which the songs of several individuals overlap temporally (Tenaza, 1976). Both mated 

and unmated males (holding territories and transient) sing (Tenaza, 1976); however, 

there are no song characteristics reported to distinguish mated and unmated males from 

each other. Adult male Kloss gibbons sing in the hour before dawn from the crowns of 

their sleeping trees and finish around dawn (Whitten, 1982a). Typically, members of the 

group who shared the sleeping tree are present while a male gives his pre-dawn solo 

(Tenaza, 1976). Occasionally males also sing after dawn, though not routinely (Tenaza, 

1976; Whitten, 1982a). Female Kloss gibbons sing after dawn in the early to mid-

morning, similar to when females of other species duet with their mates (Tenaza, 1976; 
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Whitten, 1982a). During female songs, the adult male is near the adult female but does 

not sing and – as with other Hylobates – the adult female is accompanied in song by 

immature females in the group, including sub-adult females who have not dispersed 

from the natal territory (Tilson, 1981; Whitten, 1982a). Kloss females sing in chorus, 

overlapping their songs with females from nearby territories, whereas in the other 

Hylobates species, groups do not overlap their songs (H. muelleri, Mitani, 1984; H. 

pileatus, Brockelman and Srikosamatara, 1993) or, if they do sing at the same time, 

avoid overlapping great calls (H. lar, Raemaekers et al., 1984; H. moloch, Geissmann 

and Nijman, 2006). H. moloch and H. klossii probably evolved from a duetting ancestor 

and have lost or temporally displaced the male part of the duet (Geissmann, 2002). 

 

Most studies of the functions of gibbon songs focus on species that duet and provide 

evidence for potential functions of singing that include pair bond formation and 

maintenance (Geissmann, 1999), territory defence (Raemaekers et al., 1984; Mitani, 

1985a; Cowlishaw, 1992; Fan et al., 2009), mate attraction (Cowlishaw, 1992; 

Cowlishaw, 1996), mate defence (Raemaekers et al., 1984; Cowlishaw, 1992) and 

advertisement of the pair bond (Cowlishaw, 1992; Geissmann, 1999). Songs may have 

multiple social functions that differ between males and females and between duets and 

solos (Tenaza, 1976; Raemaekers et al., 1984; Cowlishaw, 1992). Within Hylobates, 

there is some variation in song length, time of day and daily occurrence of songs 

between populations (see Chivers, 1974 for variation across H. lar populations) and 

species (e.g. H. agilis pairs duet roughly twice a day, Gittins, 1984; while H. pileatus 

pairs duet roughly once every 2.3 days, Brockelman and Srikosamatara, 1993). Singing 

function may vary between species (Geissmann et al., 2005).  The behavioural plasticity 

displayed by gibbons highlights the need for inter-population as well as inter-specific 

comparisons (Malone and Fuentes, 2009; Whittaker and Lappan, 2009).  
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Gibbon songs are individually recognisable (Haimoff and Gittins, 1985; Haimoff and 

Tilson, 1985; Dallmann and Geissmann, 2001) and loud enough that neighbouring 

groups can hear each other. In some species (H. lar, H. klossii, H. agilis, H. muelleri), 

singing by one individual/group can elicit singing in others (Tenaza, 1976; Whitten, 

1982a; Raemaekers and Raemaekers, 1984; Mitani, 1985a; Mitani, 1988).  Tenaza 

(1976) reported that at least 95% of both male and female Kloss songs occurred in 

chorus and that individual songs were longer when produced in chorus with other 

gibbons than when alone. Multiple studies indicate that gibbon songs function in inter-

group communication (Tenaza and Tilson, 1977; Raemaekers and Raemaekers, 1985b; 

Clarke et al., 2006; Dooley and Judge, 2007) though the question of what is being 

communicated remains.  

 

Vocal coordination in a pair 

In duetting gibbon species, the act of singing with a mate may advertise the mated status 

of an individual’s partner to sexual competitors (Cowlishaw, 1992) and the duet itself 

may advertise the strength of the pair bond to neighbouring groups, as pairs with 

stronger pair bonds produce more coordinated duets (Geissmann, 1999). This raises the 

question of whether the vocal coordination of a pair remains in the two solo singing 

species, H. moloch and H. klossii, even though male and female songs are separate in 

time. Are the solo songs of a mated male and female the equivalent of a temporally 

separated duet, or has the vocal coordination of Kloss gibbon pairs been lost with the 

loss of the duet? We investigate the song production of a focal pair to examine male and 

female song coordination. 
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Territory defence 

Evidence for intra-sexual aggression in gibbons includes eviction of same-sex intruders 

(Tenaza, 1975; Mitani, 1984; Palombit, 1993; Reichard and Sommer, 1997; Bartlett, 

2009a), peripheralisation of maturing same-sex offspring (Tilson, 1981; Leighton, 

1987) and stronger reaction to playbacks of same-sex songs than songs from the 

opposite sex (Mitani, 1984; Raemaekers and Raemaekers, 1985a; Mitani, 1987). Female 

songs, either solo or duet, may communicate occupancy of a territory to other females, 

leading to the strong response of resident females to female songs played within their 

home range (Mitani, 1984; Raemaekers and Raemaekers, 1985a; Mitani, 1987). Tenaza 

(1976) suggests territorial defence is a function of female Kloss songs because females 

at the Sirimuri River site usually sang on territorial boundaries. Similarly, by singing, 

males advertise their occupancy of a territory to other males. Several studies suggest 

that male gibbon songs communicate something about physical quality because male 

songs are longer and sung more often than female songs (Whitten, 1984b; Cowlishaw, 

1996). Communicating physical ability through vocalisations may enable male 

competitors to assess the potential outcome of a physical altercation without actually 

engaging in one (Cowlishaw, 1996). Whitten (1984b) suggests that this is the case for 

male Kloss gibbons.  

 

If a gibbon advertises physical quality and/or occupancy of a territory by singing, same 

sex neighbours may respond with songs to establish their own quality and position and 

thus avoid confrontation. For this reason, we expect a positive relationship between an 

individual singing and same-sex neighbour singing. If male and female songs are a 

mechanism of territorial defence by advertising the singer’s presence to neighbours, 

there may be pressure to communicate regularly. A gibbon that is silent for too long 

may incur more territorial incursions, and hence the physical cost of defence, than one 
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who sings more often. Thus, elapsed time since a male chorus last occurred may be a 

factor influencing the probability that a male chorus will occur on any given day (and 

likewise for females). We predict longer elapsed times will increase the likelihood of 

singing occurring in the population. 

 

Mate attraction 

Long-range vocalisations by males attract mates in birds (Eriksson and Wallin, 1986; 

Searcy and Andersson, 1986; Johnson and Searcy, 1996) and primates (Wich and Nunn, 

2002). If male gibbon songs are purely for territory defence there should be no 

difference in the rate of singing or song length between mated and unmated males who 

hold territories. However, in several gibbon species (including H. klossii), unmated 

males (both territory holding and transient) sing more frequent and longer bouts 

(Tenaza, 1976; Raemaekers et al., 1984; Mitani, 1987; Mitani, 1988), suggesting that 

songs also play a role in attracting mates (Tenaza, 1976). The female solo songs of 

some bird species are attractive to males (Langmore et al., 1996; Levin, 1996; 

Langmore, 1998) and male Barbary macaques (Macaca sylvanus) can determine a 

female’s reproductive phase from her call (Semple and McComb, 2000). At the least, 

the act of female gibbons singing advertises their presence and location and thus may 

attract males. Given that dispersed unmated/widowed Kloss females rarely sing (Tilson, 

1981) but that sub-adult females do sing from the natal territory (with the resident 

female) (Whitten, 1982a), singing by non-group males may stimulate sub-adult females 

to initiate female songs in response. Singing by sub-adult females may increase the 

signal for attracting unmated males or they may sing to strengthen the intra-sexual 

territory defence signal or simply to develop and practise the female song. 

 



91 
 

Rainfall and temperature 

Multiple studies indicate that overnight or morning rainfall inhibits gibbon singing 

(Whitten, 1982a; Kappeler, 1984; Raemaekers et al., 1984; Mitani, 1985a; Mitani, 

1988; Brockelman and Srikosamatara, 1993; Buckley et al., 2006; Cheyne, 2008). 

Cheyne (2008) suggests that rainfall is associated with lower ambient temperature, 

increasing energy requirements and that singing is sacrificed for foraging time. Low 

temperature prior to dawn on dry mornings may have the same effect (Whitten, 1982a). 

Background noise generated by rainfall also can mask sounds and reduce the audible 

distance of animal vocalisations (Lengagne and Slater, 2002; Schneider et al., 2008). 

Gibbons may not sing when it is raining because songs would not be heard and it would 

defeat the purpose of singing (Raemaekers et al., 1984; and see Srikosamatara and 

Brockelman 1983 with regards to a similar effect of wind). The primary focus of this 

study was to investigate the social influences on singing within our population, we also 

assessed the effect of rain and temperature as confounding variables and subsequently 

controlled for them as necessary.  

 

We evaluated whether singing by a mate, same-sex neighbours or opposite-sex 

neighbours increases the probability of individual singing. We investigate whether 

singing in this population is influenced by the time since the last chorus (and the size of 

the chorus) or by singing from the opposite sex. We hypothesised that if singing is 

stimulated by same-sex neighbours and/or is more likely to occur after one or more days 

without singing, then Kloss gibbon songs function to advertise presence to same-sex 

neighbours/competitors and to defend territories. If Kloss gibbon individuals are more 

likely to sing after their mate has sung, we propose that vocal coordination within pairs, 

and hence the advertisement of the pair bond, exists in this species despite the loss of 

the duet. A finding that singing is not coordinated within a pair but that singing by one 



92 
 

sex is associated with opposite sex singing in the community would support either a 

mate attraction or inter-sexual territory defence function of Kloss gibbon songs. We 

compared our results to the previous studies of Kloss gibbons to augment understanding 

of the functions of male and female songs and the behavioural plasticity within this 

species. 

 

Methods 

Observations were made on 198 days between July 2007 and December 2008 at the 

Siberut Conservation Programme (SCP) field site in the Peleonan Forest in the north of 

Siberut Island, Indonesia (1°01.031'S, 98°50.166'E). Three forms of singing data were 

collected: singing behaviour of a focal group (comparable to Whitten, 1982a), the 

presence/absence of singing in the population and the number of individuals singing in 

choruses during a census period. We directly observed five gibbon groups, all of which 

had an adult male and an adult female. We do not know the mated status of individuals 

further afield that we only heard and did not see. 

 

We recorded the presence or absence of male and female singing on 198 days (July 

2007 to June 2008) between 0430 and 0600 hours from the field camp and 0600-1000 

hours from within the forest. Dawn varied between 0603 and 0629 hours. Whereas it 

was not always possible to distinguish precisely the number of male and female 

individuals singing each day, the observer (HD) was able to distinguish days of 

complete silence from days with one or more males or females singing. The variable for 

the presence of singing (males and females) is binary, where 0 is the complete absence 

of singing and 1 is the presence of one or more individuals singing. Males sang in the 

hour before dawn, and the majority of female singing occurred between 0700 and 1000 

hours. We defined the pre-dawn male singing period as 0400-0600 hours and the female 
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singing period as 0700-1000 hours. Post-dawn male singing occurs less often than pre-

dawn male singing and often does not result in a chorus; thus, all data presented for 

male singing are from the pre-dawn singing period unless noted. There were two 

occasions when females sang in the mid to late afternoon; however, for the purpose of 

this study, these songs were excluded due to rarity. 

 

On 81 days between July and November 2008, in addition to the presence/absence data, 

HD also recorded the number of individuals (of each sex) singing and (where possible) 

the start and end time of their songs between 0530 and 1000 hours from one of seven 

listening posts situated on hills (four posts) or in clearings (three posts) distributed 

through the study area in order to provide a wide listening area for the SCP site. We 

could hear up to eight groups from each of these listening posts with some overlap 

(some groups could be heard at all listening posts, some could be heard only from one 

post). We could not match the songs of males to their mates and vice versa. There were 

46 days on which the same listening post was used for both the male and female singing 

periods (on the other 35 days, listening posts varied because groups were contacted 

between the male and female singing periods). The average duration of male and female 

songs was calculated from songs which were estimated to be no more than 300 m from 

the researcher’s position for males and 450 m for females (as females are louder). The 

preliminary and fainter notes of songs are not audible at distances greater than these.  

 

We noted the singing activity of a habituated focal group (group A) between 0530 and 

1030 hours for 47 days between March and October 2008, including 19 consecutive 

days in July-August 2008.  This group consisted of 6 individuals - an adult male, an 

adult female with an infant, a sub-adult female (adult size but lacking the elongate 

nipples of an adult female that has nursed an infant), an adolescent female and a 
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juvenile male - residing on a territory of roughly 40 hectares with an estimated three 

neighbouring groups adjoining. The extent of group A’s territory was determined over 

the 4 months preceding the data collection period, and the observations were made from 

within this group’s or their neighbour’s territory, ensuring all songs from group A could 

be heard. 

 

Data loggers recorded precipitation in mm continuously over each day; minimum and 

maximum temperatures (°C) were recorded at 30-minute intervals at the field station. 

Data loggers were sometimes non-functional and consequently automated weather data 

are not available for all days. The researcher (HD) also noted the presence or absence of 

rainfall on all days. Rainfall variables (total millimetres in time period) were not 

normally distributed and were log transformed with 0 mm converted to 0.5 mm 

(McDonald 2009). Windiness was not quantified; however, days that we noted as very 

windy were also rainy. 

 

Single sample t-tests were used to compare daily singing rates and average song 

durations for each sex from this study site to the Paitan River (Whitten, 1982a) and 

Sirimuri River (Tenaza, 1976) rates (Townend, 2002). To investigate which factors 

influence the occurrence of singing, we examined contingency tables and conducted 

chi-square tests for independence. Expected values for contingency tables were 

calculated as: (∑row x ∑column)/N. 

 

To control for the influence of weather, the following variables were examined for each 

sex prior to analyses of social variables: overnight rainfall prior to the singing period 

and rainfall and minimum temperature during the singing period. Temperature variables 

were normally distributed, therefore independent samples t-tests were used to compare 
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minimum temperature during the singing period on mornings with singing to mornings 

without singing (for each sex) to determine whether temperature was a significant 

influence. If the t-test for temperature or a chi-square test for the effect of a rain variable 

(e.g. rainfall 0400 - 0600 hours Y/N) was significant, we included the corresponding 

continuous rain variable (e.g. millimetres of rainfall 0400 to 0600 hours) and the 

temperature variable together in a forward selection stepwise regression. If only one 

weather variable was significant we used a simple linear regression. Mann-Whitney U-

tests were performed to investigate the relationship between the start times of male and 

female songs. For the 81 days with actual numbers of singers, two-tailed Spearman rank 

correlations were used to determine whether there was an association between the 

number of male and number of female singers on the same day.  

 

Where a weather variable was shown to inhibit the occurrence of singing by either sex, 

all days with such weather were excluded from all analyses of social factors influencing 

the occurrence of singing. All statistical analyses were performed in SPSS Version 17.0.   

 

Results 

Mean duration of male songs was 44.5 minutes (N = ten songs, from at least four 

individuals) and the mean duration of female songs was 15.4 minutes (N = 20 songs 

from at least five groups). The mean duration of male songs at the Peleonan did not 

differ significantly from the Sirimuri (41.9 min) or Paitan (44 min) sites. Peleonan 

female songs were similar in length to the songs of females from the Sirimuri 

population (16.2 min) but were shorter than those at the Paitan River (20 min; t19 = -

4.089, P = 0.001). 
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The adult male from group A sang before dawn on 25 of 58 days of observation (0.43 

songs per day). In contrast, the adult female from this group sang on only 14 of those 58 

days (0.24 songs per day) and was accompanied by the immature females of the group 

on all occasions. The male was near the female on all 17 occasions when we directly 

observed her singing. Group members were present when the male sang pre-dawn, 

though due to the low light, it was difficult to determine whether the entire group was 

present. The daily occurrence of male (m) and female (f) singing at the Peleonan site 

was similar to that at the Paitan River (songs per day m = 0.59, f = 0.23) and Sirimuri 

River sites (songs per day m = 0.40, f = 0.22). 

 

Individuals do not participate in every chorus. On 6 of the 20 days when neighbouring 

males sang, the male of group A remained silent. On 8 of the 19 days when 

neighbouring females sang, the females in group A remained silent.  

 

Influence of temperature and rainfall on singing 

On days when males sang, the temperature was lower than on silent days (Table 3.1). 

Males were less likely to sing when it rained in the hours before or during the singing 

period (Table 3.1).  

 

Overnight rainfall (millimetres; 1900-0400 hours), pre-dawn rainfall (millimetres; 0400-

0600 hours) and minimum temperature (°C; 0400-0600 hours) were included in a 

forward stepwise logistic regression. The final model indicated that rainfall during the 

singing period inhibits singing [β = -3.13, Wald’s 2
(1, 128) = 11.07, P = 0.001, odds ratio 

(OR) = 0.043]. Subsequently, only days without recorded rainfall between 0400 and 

0600 hours were included in analyses of the social factors influencing male singing (this 

removed 6 days on which males sang).  
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As with males, females were less likely to sing on mornings when it rained in the 

normal singing period (Table 3.2). Unlike males, female singing was not influenced by 

rainfall before the singing period or by minimum temperature during the singing period 

(Table 3.2).  

 

The more rain that fell between 0700 and 1000 hours, the less likely it was that females 

sang at that time (β = -0.364, Wald’s 2 (1, 123) = 6.504, P = 0.011, OR = 0.695). Thus, 

only days without rain between 0700 and 1000 hours were included in analyses of 

social covariates for female singing (this removed 8 singing days from the sample). 
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Table 3.1 Incidence of male singing in the population by rain and temperature (days) 

 Rainfall 1900-0400 hours Rainfall 0400-0600 hours Mean minimum temperature (°C) 
0400-0600 hours (SE, N, Range) 

Yes No Yes No  
 
Male singing 

 
17 (40%) 

 
64 (74%) 

 
3 (14%) 

 
78 (73%) 

 
22.5 (0.067, 122, 20.7-24.3) 

No male Singing 25 (60%) 22 (26%) 18 (86%) 29 (27%) 23.0 (0.083, 69, 20.8-24.3) 

 
2

(1) = 13.99 
P < 0.001 


2

(1) = 25.95 
P < 0.001 

t(189) = 4.087 
P < 0.001 

 
Yate’s corrected chi-square probability values (P) below each 2 x 2 contingency table; t-test values (P) below temperature column. Significant values 
in bold. SE standard error.
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Table 3.2 The incidence of female singing in the population by rain and temperature (days) 
 
 Rainfall 1900-0700 hours Rainfall 0700-1000 hours Mean minimum temperature (°C) 

0700-1000 hours (SE, N, Range) 
Yes No Yes No  

 
Female singing 

 
23 (46%) 

 
38 (52%) 

 
5 (23%) 

 
56 (55%) 

 
23.16 (0.086, 94, 21.2-24.9) 

No female singing 27 (54%) 35 (48%) 17 (77%) 45 (45%) 23.13 (0.084, 90, 20.9-24.9) 

 
2

(1) = 0.44 
P = 0.51 


2

(1) = 7.74 
P = 0.005 

t(182) = -0.3 
P = 0.765 

 
Yate’s corrected chi-square probability values (P) below each 2 x 2 contingency table; t-test values (P) below temperature column. Significant values 
in bold. SE standard error 
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Population-level analyses of male and female singing 

Analyses of presence/absence data for the occurrence of singing within the population 

suggest that each sex was more likely to sing if there was no singing for more than one 

day by same-sex individuals in the population (Table 3.3).  

 

Table 3.3 Incidence of singing on days without rainfall during the singing period (0400-
0600 hours for males and 0700-1000 hours for females) and days since singing last 
occurred in the population for males and for females (days).  

Singing  Singing last occurred 
Yesterday 2 days prior >2 days prior 

Males    
 Yes 58 (76%) 15 (54%) 12 (86%) 

 No 18 (24%) 13 (46%) 2 (14%) 

 
2

(2) = 6.73 (P = 0.035) 

Females  

 Yes  23 (40%) 25 (71%) 8 (80%) 

 No 34 (60%) 10 (29%) 2 (20%) 

 
2

(2) = 11.28 (P = 0.004) 
 
Yate’s corrected chi-square probability values (P) below each 3 x 2 contingency table (0 
= singing occurred yesterday). Significant values in bold. 
 

The presence of male singing in the population was not associated with presence of 

female singing the previous morning (Table 3.4). Conversely, female singing was more 

likely to occur on mornings when males had already sung (either before or after dawn) 

(Table 3.4). The number of females heard singing on a morning (between 0700 and 

1000 hours) was positively correlated with the number of males heard singing before 

dawn on the same morning (r = 0.467, P = 0.001, N = 46). Additionally, there was a 

trend for the female chorus to start earlier (0801 hr) on mornings when males had 

already sung before dawn than on mornings with no male pre-dawn singing (0822 hr) (Z 

= -1.767, P = 0.077, N = 67). 
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Table 3.4 Incidence of singing on days without rainfall during the singing period (0400-
0600 hours for males and 0700-1000 hours for females) and singing by opposite sex 
within the population for males and for females (days).  

Singing Opposite sex sang in previous singing period 
Yes No 

Males 
 Yes 44 (68%) 37 (76%) 
 No 21 (32%) 12 (24%) 
  

2
(1) = 0.83 (P = 0.362) 

Females 
 Yes 68 (64%) 14 (40%) 

 No 38 (36%) 21 (60%) 

  
2

(1) = 6.307 (P = 0.012) 

 
Yate’s corrected chi-square probability values (P) below each 2 x 2 contingency table. 
Significant values in bold. 
 

Typically, males sing before dawn but occasionally they sing later in the day. Pre-dawn 

singing occurred on 64% of 192 pre-dawn observation days and post-dawn singing only 

occurred on 28% of 198 post-dawn observation days. Thus, we are unable to examine 

male post-dawn singing in the same detail as pre-dawn singing. Post-dawn songs lasted 

from 10 min to 1 hour and occurred any time during daylight hours, but most often 

between 0700 and 1100 hours. On 33 out of 56 days when post-dawn male singing 

occurred, only one male sang, and there was no chorus. This differs from the more 

common pre-dawn choruses. There was no association between the occurrence of male 

pre-dawn singing and post-dawn singing (2
(1) = 2.470, P = 0.116, N = 142).  

 

There were 35 days on which both male post-dawn singing and female singing occurred 

in the population and on 31 of those days, male and female songs occurred within one 

hour of each other but overlap of the songs of males and females was never more than a 

few seconds. Post-dawn male singing was as likely to occur after female singing (51%) 

as before (49%).  
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Focal group analyses of male and female singing  

Singing was not coordinated within a pair. Neither the adult male nor the adult female 

of group A was more likely to sing if their mate sang during the singing period 

immediately prior (Table 3.5). Nor was singing in either sex associated with singing by 

opposite-sex neighbours (Table 3.5); however, there was a strong positive association 

between singing in group A and concurrent singing by same-sex neighbours (Table 3.5). 

On one occasion, we observed the females in group A singing in synchrony with 

females from a neighbouring group. On this occasion, the females of the neighbouring 

group started to sing near the boundary of group A’s territory, the group A females then 

started to sing and synchronised their ‘great call’ phrases with the neighbouring 

females. The two groups approached each other on the shared boundary at the 

conclusion of the song. A total of 11 individuals, including at least five adult-sized 

individuals, were present. In the brief time we observed these gibbons before we were 

detected by unhabituated individuals (causing them to flee), there was no aggression or 

chasing, and we witnessed an embrace between two unidentified adults.  

 

Singing by same-sex neighbours encourages individuals to sing but singing by mates 

does not. Both males and females are more likely to sing following one or more days of 

silence. At the population-level, neither pre-dawn nor post-dawn male singing is 

associated with females singing earlier; however, females are more likely to sing, and to 

sing earlier, after males, and larger male choruses are associated with more females 

singing subsequently. 



103 
 

Table 3.5 Incidence of singing on days without rainfall during the singing period (0400-
0600 hours for males and 0700-1000 hours for females) in the habituated group by mate 
singing and by neighbour singing (days).  

Focal 

singing  

Mate sang before Opposite sex 

neighbours sang 

before 

Same sex neighbours 

singing 

Yes No Yes No Yes No 

Males       

 Yes        3 (38%) 16 (53%) 6 (50%) 13 (52%) 14 (70%) 4 (17%) 

 No 5 (62%) 14 (47%) 6 (50%) 12 (48%) 6 (30%) 20 (83%) 

 
2

(1) 0.63 (P = 0.69)a 0.01 (P = 0.91) 12.84 (P < 0.001) 

Females    

 Yes 8 (38%) 6 (22%) 5 (28%) 6 (24%) 11 (58%) 1 (3%) 

 No 13 (62%) 21 (78%) 13 (72%) 19 (76%) 8 (42%) 28 (97%) 

 
2

(1) 1.44 (P = 0.23) 0.08 (P = 1.0)a 18.15 (P < 0.001)a 

 
Yate’s corrected chi-square probability values (P) below each 2 x 2 contingency table. 
For contingency tables with expected values <5, probability values (P) are for two-sided 
Fisher’s exact test. Sample size for male and whether his mate or female neighbours 
sang is smaller because of fewer consecutive days with data for female singing the day 
before. Sample sizes vary due to some days with missing data. Significant values in 
bold. 
a Two-sided Fisher’s exact test P value
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Discussion  

This study did not set out to examine the effects of weather on singing per se, but 

because these aspects of the physical environment can confound analyses of social 

context, we took rainfall and temperature into consideration. Consistent with previous 

studies of other species (Raemaekers et al., 1984; Buckley et al., 2006; Cheyne, 2008), 

rainfall during the singing period inhibits both male and female Kloss gibbon singing. 

Rain during the singing period has a greater inhibitory effect on both male and female 

Kloss gibbon singing than either overnight rainfall or low temperatures in the Peleonan 

(in fact temperatures are lower on mornings when males sing). This suggests that the 

energy cost associated with maintaining body heat on wet and/or cold nights is not the 

main factor influencing gibbons’ proclivity to sing. Rainfall at the SCP field site can 

reach a sound pressure level of 66 decibels and thus increase background noise 

(Schneider et al., 2008). Gibbon songs function in inter-group communication, therefore 

if individuals cannot hear each other, the energetic cost of singing is wasted and 

neighbours are not stimulated to respond if the songs are inaudible (Srikosamatara and 

Brockelman, 1983; Raemaekers et al., 1984). Because rain influenced singing, we 

analysed social influences on singing by including only non-rain-associated samples. 

 

Vocal coordination within a pair 

Consonant with Whitten’s (1982a) findings for a focal group, neither the male nor the 

female in our focal group was more likely to sing if their mate sang previously. Vocal 

coordination within a pair appears to have been lost in Kloss gibbons with the temporal 

separation of male and female songs. Duets may advertise the pair bond to neighbours 

and as such be a form of mate defence (Cowlishaw, 1992; Geissmann, 1999). It can be 

argued that with the loss of the duet, mate defence is no longer a function of Kloss 

gibbon songs. Adult females without mates (due to mate loss or not yet finding a mate) 
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rarely sing (Tilson, 1981), therefore the act of singing itself may advertise mated status 

of females. Male songs, on the other hand, may not provide any information about 

mated status because both mated and unmated males sing (Whitten, 1982a) and mated 

males do not coordinate with their mate (Whitten, 1982a; this study). However, males 

and females do sing regularly, so the simple act of a mated male and female singing 

from their shared territory on a regular basis, even though temporally separated, may 

serve to advertise their mated status and deter sexual competitors. Although solo songs 

of male and female Kloss gibbons may convey information about their own mated 

status, the lack of song coordination within pairs suggests that songs do not advertise 

pair bond strength to sexual competitors in this species.  

 

Territory/resource defence 

Our data support the hypothesis that both male and female Kloss gibbon songs likely 

function in defence of the territory from same-sex competitors. If songs announce the 

presence of an individual or group within a territory and thus discourage other groups 

from entering the occupied territory, it follows that individuals/groups need to sing (and 

be heard) regularly to avoid territorial incursions and the cost of physical defence. This 

appears to be the case in Kloss gibbons as both males and females are more likely to 

sing after a day or more of silence. Additionally, the male and female of group A were 

more likely to sing on mornings when their same sex neighbours were singing. 

 

Tenaza (1976) suggests: “…by singing in synchrony two countersinging females 

cooperatively produce stronger auditory stimuli than either could alone.” This may 

further discourage other females from trespassing onto the shared boundary (Tenaza, 

1976). Tilson (1981) documents that both male and female sub-adults in the Sirimuri 

River population sometimes disperse to territories adjacent to their parents’. If 
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neighbouring groups are related, inter-group cooperation in the form of female song 

synchrony may be more common. Alternatively, female song synchrony on territorial 

boundaries may enable competing neighbours to assess each other, especially given the 

physical display performed during the female song (Tenaza, 1976). Group density 

varies across the three Kloss gibbon study sites; (Sirimuri River 9.1 groups km2, Tilson, 

1981; Paitan River 2.5 groups km2, Whitten, 1982b; Peleonan 2.65 groups km2, 

Whittaker, 2005a). If female song synchrony is related to increased competition for 

territories, it would explain why female synchronised singing was observed most 

frequently in the Sirimuri River population (highest group density) but not observed at 

all at the Paitan River and only once at the SCP site. 

 

Mate attraction/inter-sexual defence of territory 

Females are more likely to sing, and to sing earlier, on mornings when males have 

already sung. Also, more females sing on mornings when there has been a large male 

chorus. This suggests that male singing stimulates a vocal response in females. This 

may be because females in the population are stimulated by their own mates to sing, but 

we doubt this is the case because we found no evidence of vocal coordination in the 

group A pair. Admittedly, our sample size is small (48 days) but Whitten (1982a) also 

found no evidence of females coordinating their songs with their mates in his larger 

sample (76 days) from the Paitan River population. If both group A and Whitten’s 

(1982a) focal group are representative of female Kloss gibbon singing behaviour, then it 

is unlikely the relationship between male and female singing in the population reflects 

individual females responding to their own mates. It is also unlikely that the relationship 

between male and female singing is due to similar ecological conditions on a given day, 

as the male and female from group A would have experienced similar environment but 

their singing is not correlated.  
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There are at least two possible explanations for why male singing stimulates females to 

sing in this population. Females may be defending their territories from individuals of 

both sexes. Unmated males do not sing while they remain in their natal territory 

(Tenaza, 1976) and thus cannot attract females until they disperse. If females require the 

food resources within a territory for themselves and their offspring (Cowlishaw, 1992), 

there may be some competition between females established on territories and unmated 

males looking to occupy space. Unmated males do sing once they have dispersed from 

the natal territory (Tenaza, 1976) and this would advertise their presence and/or their 

attempts to defend space to nearby gibbons of both sexes. Tilson (1981) observed a 

widowed territory holding female exclude several unmated males from her territory, 

suggesting that females defend their territories from unwanted intruders of either sex. 

This female also rarely sang (one song roughly every 22 days, Tilson, 1981). Perhaps 

only females who have the added support of a mate or group sing to deter competitors 

of both sexes.  

 

Alternatively, Kloss gibbon solo female songs may have a mate-attraction function. But 

this is counter indicated by Tilson’s (1981) observations that unmated, widowed and 

dispersed sub-adult females rarely sing. This suggests that the act of singing by adult 

females effectively advertises their mated status and should not attract males. This 

argument is countered by the observation that unmated, sexually mature sub-adult 

females do sing while still on the natal territory (Tilson, 1981; Whitten, 1982a; this 

study) and their songs are fully developed enough to synchronise with the song of the 

adult female. The songs of non-group males may stimulate sub-adult females to initiate 

female songs. The fact that there is no association between non-group male singing and 
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female singing in group A, which contained a sub-adult female, suggests this is not the 

case.  

 

Optimally, playback experiments in which male solo songs are played from within and 

on the boundary of a group’s territory in order to examine female response to intruding 

males would contribute to our understanding of the potential functions of Kloss songs. 

Observations of the singing behaviour of undispersed sub-adult females and their 

responses to the songs of non-group males may help to evaluate the female mate-

attraction hypothesis. However, the response of unhabituated Kloss gibbons to humans 

and their monochromatic pelage (making differentiation of individuals extremely 

difficult), make such studies extremely challenging. 

 

The absence of duetting in Kloss gibbons enables us to evaluate the separate influences 

on male and female singing. By investigating the social influences on singing both 

within a group and across the population, we can examine some of the proposed 

functions of Kloss gibbon songs. That both sexes are more likely to sing when same-sex 

neighbours sing provides evidence of same-sex territorial defence. This is corroborated 

by the sex-specific regularity of singing. We suggest that mated females are defending 

territories from non-group males, because females are more likely to sing and sing 

earlier on mornings when males have sung and more females participate in the female 

chorus following a large male chorus. Temporally separated and no longer coordinated 

songs within pairs suggest that Kloss songs do not convey information about the 

strength of the pair bond to other groups.
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Chapter 4: Predation avoidance by Kloss gibbons 
 

Abstract 

Kloss gibbons (Hylobates klossii) are endemic to the Mentawai Islands in Indonesia and 

have been subject to human predation for more than 2000 years in the absence of any 

other significant predators. We investigate the behaviour of Kloss gibbons that may be 

attributed to avoiding human predation. We observed Kloss gibbons in the Peleonan 

forest in the north of Siberut Island, the northernmost of the Mentawai island chain, 

over 18 months in 2007 and 2008, and collected data on their singing behaviour, the 

number of individuals present during different conditions and their responses to 

humans. We examine behaviours that may reduce the risk of predation by humans 

during singing (the most conspicuous gibbon behaviour), daily non-singing activities 

and encounters with humans. The individual risk of being stalked by hunters is reduced 

by singing in same-sex choruses and the risk of successful capture by hunters during 

singing is reduced by singing less often during daylight hours and by leaving the 

location of male pre-dawn singing before full light (reducing the visual signal to 

hunters). Groups in the Peleonan also fission during non-singing daily activity and 

rarely engage in play or grooming, enhancing the crypticity of their monochromatic 

black pelage in the canopy. We also observed a coordinated response to the presence of 

humans, wherein one adult individual acted as a ‘decoy’ by approaching and distracting 

human observers, while other group members fled silently in multiple directions. 

‘Decoy’ behaviour occurred on 31% of 96 encounters with unhabituated Kloss gibbons 

that detected our presence. ‘Decoy’ individuals may put themselves at risk to increase 

the survival of related immatures (and adult females with infants) who have a greater 

risk of predation. We argue that, in combination, these behaviours are an evolved 

response to a long history of predation by humans. 
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Key words: Hylobates klossii, anti-predator behaviour, predation, human hunting, 

crypsis 

 

Introduction 

Predation plays a significant role in the evolution of primate social systems and 

behaviour (van Schaik, 1983; Isbell, 1994; Stanford, 2002). The act of predation can be 

divided into three phases: search, pursuit and handling (Colquhoun, 2007). The anti-

predation strategies of prey should minimise the success of a predator at each of these 

three phases (Colquhoun, 2007). While the cryptic nature of most predators of primates 

makes direct sightings of predator-prey interactions rare (Isbell, 1994; Enstam, 2007; 

Morino, 2010; Fichtel, 2012), the reactions of primates to humans can be observed 

directly. Humans pose a threat to most primate species due to the hunting pressure they 

impose (Peres, 1990; Isbell, 1994; Zapata-Ríos et al., 2009; Fichtel, 2012), but, despite 

the strong selective pressure of long-term human predation experienced by multiple 

primate species, human predation is rarely included in analyses of anti-predator 

behaviour (Fuentes and Hockings, 2010; Papworth et al., 2013). Kloss gibbons 

(Hylobates klossii) have been subject to human predation for over 2000 years in an area 

devoid of other diurnal predators and with few large mammal prey species (Tenaza and 

Tilson, 1985). Herein we describe the reactions of Kloss gibbons to humans and 

examine the suite of behaviours exhibited by this species that may be attributed to 

avoiding human predation. We advance the hypothesis that an array of behavioural 

traits exhibited by Kloss gibbons is the result of selective pressures associated with 

human predation.   
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Predation is one of the strongest selective pressures faced by most animal species; 

failing to avoid predation severely reduces fitness (Lima and Dill, 1990). All gibbon 

species, including Kloss gibbons, appear to suffer lower rates of predation than other 

primate species (Tenaza and Tilson, 1985; Uhde and Sommer, 2002; Paciulli, 2004), but 

this does not diminish the significance of predation as a selective pressure on this group 

of primates. Low current predation rates may be a reflection of effective predation 

avoidance strategies of prey species (Zuberbühler, 2007; Morino, 2010). In addition, it 

is predation risk not rate that propels and maintains current predator avoidance 

behaviours in prey populations (Hill and Dunbar, 1998). Prey animals seek to lower 

their predation risk by reducing their encounter rate with predators and by lowering the 

chance of a successful attack when encounters occur (Stanford, 2002; Colquhoun, 

2007). Predation risk may vary both geographically and temporally; thus, predator 

avoidance strategies will vary depending on the predation risk associated with an 

environment, time of day or even the behaviour of a predator itself (Cowlishaw, 1994; 

Hill and Dunbar, 1998; Lima and Bednekoff, 1999; Miller and Treves, 2007; Papworth 

et al., 2013).  

 

The impact of even low levels of predation on animals with low reproductive rates is 

significant (Uhde and Sommer, 2002). Gibbons have a prolonged juvenile period and 

individuals may not reproduce until after 8 years of age (Chivers and Raemaekers, 

1980; Brockelman et al., 1998). Additionally, a single wild female may produce as few 

as five offspring in her lifetime (Tilson, 1981; Palombit, 1995; Reichard, 2003; 

Reichard and Barelli, 2008; O'Brien and Kinnaird, 2011). The loss of even one 

offspring to predation can significantly reduce a female gibbon’s inclusive fitness (Uhde 

and Sommer, 2002). The cost to male gibbons is also high as males’ reproduction is 

usually limited to that of one female (Brockelman, 2009). Thus, gibbons should exhibit 
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behaviours that reduce the encounter rate with predators and reduce the risk of 

successful predation upon encounter. Common anti-predator behaviours in gibbons 

include: choosing sleeping trees which reduce the risk of predation (Tenaza and Tilson, 

1985; Reichard, 1998; Fan and Jiang, 2008; Phoonjampa et al., 2010), alarm calling and 

vocal signals that relay information about predators to neighbouring conspecifics 

(Tenaza and Tilson, 1977; Clarke et al., 2006) and the harassment of some predators 

(Kappeler, 1981; Uhde and Sommer, 2002). Given that other primates display the 

ability to evolve behavioural responses to human hunters within a few generations 

(Bshary, 2001; Croes et al., 2007) and that gibbons exhibit behavioural plasticity and 

the ability to problem solve  (Beck, 1967; Cunningham et al., 2006; Geissmann, 2009), 

we expect to see a suite of behaviours in Kloss gibbons that have evolved in response to 

2000 or more years of predation by humans.  

 

Predators of hylobatids include: reticulated pythons (Python reticulatus), large felids, 

such as the clouded leopard (Neofelis nebulosa) and tiger (Panthera tigris corbetti), 

some large raptors that pose a threat to immature gibbons, such as the mountain hawk 

eagle (Spizaetus nipalensis) and changeable hawk eagle (Spizaetus cirrhatus), and 

humans (Homo sapiens) (Kappeler, 1981; Tenaza and Tilson, 1985; Uhde and Sommer, 

2002; Morino, 2010; Clarke et al., 2012). Felids, raptors and snakes may employ a ‘sit-

and-wait’ strategy or stalk and ambush unsuspecting prey (Uhde and Sommer, 2002). 

Human hunters rely on stealth to approach prey, but the distance at which hunters can 

‘strike’ prey is greater than that of other predators, because they use projectile weapons 

such as rifles or traditional bow and arrows (Miller and Treves, 2007). For this reason, 

gibbons that have suffered human predation pressure may have been selected to respond 

differently to humans than to other potential predators. In response to circling raptors, 

gibbons drop down in the canopy and avoid exposed branches and, following the 
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detection of a stationary raptor within the canopy or a python or felid, gibbons may 

produce alarm calls and harass the predator for more than ten minutes (Kappeler, 1981; 

Uhde and Sommer, 2002; Clarke et al., 2012). Alarm calls and harassment may deter a 

predator by signalling discovery (Curio, 1978; Zuberbühler et al., 1999; Crofoot, 2012). 

Human hunters, on the other hand, may still capture alert prey if they expose themselves 

or approach a hunter (Miller and Treves, 2007). In most species, gibbons will flee in 

response to humans (Kappeler, 1981; Cheyne, 2010; Clarke et al., 2012). Likewise, we 

expect Kloss gibbons to limit their exposure to humans, both by reducing the risk of 

detection and also by responding in a way which reduces the risk of successful capture. 

 

While most species of gibbons are subject to some human predation (Geissmann, 2007; 

Phoonjampa and Brockelman, 2008; Fan and Huo, 2009; Geissmann et al., 2009; 

Qingyong and Xuelong, 2009; Whittaker, 2009), H. klossii are the only species for 

which humans are the primary predator (Tenaza and Tilson, 1985). Kloss gibbons have 

been subject to human predation for more than 2000 years (Tenaza, 1976; Tenaza and 

Tilson, 1977; Tenaza and Tilson, 1985; Tenaza and Mitchell, 1985). The Mentawai 

Islands are devoid of large felids and raptors and, as a result, the primates endemic to 

these islands experienced a relaxation in predation pressure from the time they 

colonised the islands roughly 500 000 years ago until the arrival of humans 2000 to 

3000 years ago (Loeb, 1935; Batchelor, 1979; Tilson, 1980; Tenaza and Tilson, 1985; 

Harrison et al., 2006). Since their arrival, humans have relied on primates as a protein 

source, due to the paucity of large bodied mammals on the islands (Tenaza and Tilson, 

1985; Whittaker, 2006). The hunters of the Mentawai Islands are primarily diurnal 

predators that rely on sound and vision to detect, stalk and kill their prey (Tenaza, 1976; 

Tenaza and Tilson, 1985). We expect that Kloss gibbons will minimise visual and aural 

cues during daily activity to avoid detection by humans and that they will exhibit 
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behaviours that minimise the risk associated with conspicuous activities, such as 

singing.  

 

Behaviours minimizing the risk associated with singing 

Loud calls of many species are exploited by predators to facilitate locating and pursuing 

prey (Ryan et al., 1981; Tuttle and Ryan, 1982; Mougeot and Bretagnolle, 2000; 

Bshary, 2001). Like all hylobatids, Kloss gibbons sing loud songs that can be heard by 

humans up to one kilometre away and, when females sing, they engage in a visual 

display of branch-shaking and swift, acrobatic brachiation within the singing tree 

(Tenaza, 1976; Whitten, 1982a; Dooley et al., 2013). Thus singing is the most 

conspicuous Kloss gibbon behaviour.  In fact, Mentawai hunters orient to singing 

gibbons then use the volume of the songs to mask the sound of their approach (Tenaza, 

1976). In most hylobatids, mated males and females coordinate their sex-specific songs 

to produce a duet, Kloss gibbons however, only sing solo songs (Geissmann, 2002). 

Both sexes sing in same-sex choruses where their solo songs overlap but are not 

generally synchronised with the songs of neighbouring conspecifics (Tenaza, 1976; 

Whitten, 1982a; Dooley et al., 2013). Typically males sing before dawn between 0400 

and 0600 hours and females sing in the mid-morning between 0700 and 1000 hours; 

males occasionally sing after dawn (Tenaza, 1976; Dooley et al., 2013). Female Kloss 

gibbons sing less often than other Hylobates species (Cowlishaw, 1992). We examine 

how the singing behaviour of Kloss gibbons minimises the risk of human predation. 

 

Crypsis 

Crypsis is a common strategy for avoiding detection by predators (Kappeler, 1981; 

Reichard, 1998; Uhde and Sommer, 2002). Unlike most other gibbon species, Kloss 

gibbon pelage is monochromatic black without the face rings and pelage variation of 
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other gibbon species (Geissmann, 2003). For animals with trichromatic vision (such as 

humans), it is difficult to see dark monochromatic pelage in the low and backlit forest 

canopy (Sumner and Mollon, 2003). As a result, Kloss gibbons are well camouflaged in 

the forest canopy during periods of minimal movement. We expect that, due to a long 

history of human predation, Kloss gibbons will remain cryptic during non-singing 

activity and will, therefore, spend little time engaged in behaviour that causes canopy 

displacement or makes them more visible to predators. 

 

Response to humans 

Like other predators, human hunters rely on stealth to successfully hunt gibbons 

(Tenaza and Tilson, 1985). When Kloss gibbons detect humans they often emit an alarm 

call, which is loud enough to alert neighbouring groups and may elicit an alarm call in 

response (Tenaza and Tilson, 1977). Unlike the modified duet calls given by Hylobates 

lar in response to predators (Clarke et al., 2006), the alarm calls of H. klossii are distinct 

from the male and female songs and Tenaza and Tilson (1977) argue that they evolved 

via kin selection, as individuals from separate groups are often related (Tenaza and 

Tilson, 1977). This behaviour effectively reduces immediate predation risk as hunters 

tend to give up a hunt when gibbons alarm because alert gibbons are difficult to capture 

and other primate species in the nearby area are also alerted (Tenaza and Tilson, 1977).  

 

In addition to alarm calling by Kloss gibbons following the detection of humans, we 

also expect to observe behaviours which not only minimise the individual risk of 

capture by hunters, but also protect other group members because gibbons live in family 

groups. Individuals at greatest risk of human predation are likely to be females 

burdened with infants, as they can be slow and clumsy (Anderson, 1986; Reichard, 

1998; Miller and Treves, 2007) and, more recently, because infants may be targeted for 
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the pet trade (Whittaker, 2006). Independent immatures may also be at high risk, not 

because they are the preference of hunters (their smaller size would logically make them 

less desirable to hunters looking for meat; Peres, 1990; Zapata-Ríos et al., 2009), but 

because their inexperience in navigating and negotiating the forest canopy makes them 

an easier target than more adept adults (Reichard, 1998). In groups of related primates, 

adult males are more likely to mob predators, reducing the risk to immatures and 

females with infants (Anderson, 1986; Cheney and Wrangham, 1987; van Schaik and 

Noordwijk, 1989; Stanford, 1995; Arlet and Isbell, 2009). There is some suggestion that 

male Kloss gibbons may distract humans while other individuals flee (Tenaza, 1974). 

Herein we describe the distinctive reactions of Kloss gibbons to us as human observers.  

 

Methods 

Site  

This study was conducted at the Siberut Conservation Programme (SCP) field station in 

the Peleonan forest in the north of Siberut Island, Indonesia (1°01.031'S, 98°50.166'E, 

Figure 4.1). Over the course of 18 months from June 2007 until December 2008, at least 

five separate gibbon groups (A, B, C, D and N) were observed by the primary 

researcher (HD), a research assistant and four local field guides. The primates within the 

research area have been protected from hunting since 2003, under an agreement with the 

SCP and the traditional land owners. 
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Figure 4.1 Location of Siberut Island relative to Southeast Asia. Inset shows the field sites for this (Peleonan (SCP)) and previous studies (Paitan and 

Sirimuri) of Kloss gibbons.
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Locating gibbons 

We located gibbons by walking along transects and pausing at 200 m intervals for 15 

minutes or more (to listen for vocalizations or canopy movement), by visiting known 

feeding trees that were fruiting, and by approaching gibbons while they were singing. 

Kloss gibbon songs can be heard over a kilometre away by humans on the ground and 

male and female songs are acoustically different (Tenaza, 1976; Whitten, 1982a). For 

the first 14 months of the study we listened for male singing from the camp and then 

approached either the nearest singing male or a male from a focal group. If there was no 

clearly audible singing, we entered the forest at 0530 to begin searching the radiating 

transect system and food trees. If not already following gibbons when females sang, we 

approached the closest group of singing females. In the last 4 months of the study we sat 

at one of seven listening posts (three in clearings and four on ridges) from 0515 to 1000 

hours and conducted a census. We recorded the number of individual males or groups of 

females heard in the male and female choruses respectively, individual song duration 

when we could hear all song components for an individual and total chorus duration 

(from the beginning of the first audible song to the end of the last). While individuals 

from different groups sing at the same time, the phrases of their songs are not 

synchronised. This feature, in combination with the direction and volume of songs (an 

estimate of distance), enabled us to differentiate between individual males (or groups of 

females) to census individuals/groups engaged in a chorus. We then approached the 

closest singing individuals. Like traditional Mentawai hunters, we used the sound of the 

gibbon song to mask the sound of our approach and paused and remained silent during 

any pauses in the song. Unlike hunters, we made every effort not to disturb gibbons 

during singing by keeping our distance and remaining hidden until the singing ended. 

Over the course of the study period a group of six gibbons (group A) became habituated 
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to our presence and we made progress towards habituation of two more groups (N and 

B). 

 

Data collection 

For each encounter we noted the date, time, number of gibbons, sex and age class (if 

known) and activity observed (including their reaction to us). Their monochromatic 

black pelage makes Kloss gibbons difficult to differentiate. Adult males were identified 

by the presence of a scrotum and/or male song. Adult females were identified by 

elongated nipples (indicating previous suckling). Individuals were also classified as 

female if they participated in singing the female song; immature females within a group 

sing with their mother (Dooley et al., 2013). Age class follows the classification 

methods of Palombit (1992b).We recorded GPS coordinates when we located gibbons 

using a Garmin GPSmap® 76Csx handheld GPS unit. We observed gibbons from 

hiding throughout the study but on 120 of the 164 occasions when we encountered 

unhabituated gibbons we were detected. We knew when gibbons detected us because 

one individual would orient and emit alarm notes in our direction which probably 

alerted nearby gibbons. We defined an ‘interaction’ as seeing gibbons and, in turn, 

being detected by them.  

 

During ‘interactions’ we noted the distance between us and the gibbons (never less than 

10 horizontal metres) and took ad libitum notes on their reaction to us. When gibbons 

detected us, they reacted with varying degrees of tolerance, which we classified into 

four categories: 1 = gibbons did not leave the area, 2 = gibbons left after 10 minutes or 

more, 3 = gibbons left in under 10 minutes and 4 = gibbons fled immediately. When we 

lost gibbons and did not find them again for at least an hour, we classified the next set 

of observations as a separate ‘follow’.   
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Groups A, B and N consisted of 6, 5, and 7 individuals respectively. If at the beginning 

of a follow we detected fewer than the total number of individuals for a group we 

classified this as a sub-group provided we could not detect any other gibbons within a 

30 metre radius of the gibbons we were observing, nor see or hear any incidental 

movement in the canopy or gibbon vocalisations that suggested other group members 

were nearby.  

 

The observation of wild gibbons for this research was approved by The Indonesian 

Institute of Sciences (LIPI) and by The University of Western Australia Animal Ethics 

Committee. Research was conducted in accordance with the laws of the Republic of 

Indonesia and the American Society of Primatologists’ (ASP) principles for the ethical 

treatment of nonhuman primates. 

 

The data presented are primarily descriptive. We compare the number of individuals 

sighted between the different song types (pre-dawn male singing, female singing, and 

post-dawn male singing) in order to examine the advantages of having more or fewer 

individuals present during each singing condition. Unhabituated Kloss gibbons 

sometimes responded to our presence with a distraction display which we term ‘decoy’ 

behaviour and describe in more detail below. We compare the number of individuals 

sighted when a ‘decoy’ response occurred and when no ‘decoy’ response occurred. Data 

were not normally distributed, so for comparative analysis of the number of individuals 

sighted during different conditions we performed Mann-Whitney U-tests. Because we 

have multiple samples of each group in our comparisons, we conducted Kruskal-Wallis 

tests to determine if there were significant differences among groups (using group ID as 

a categorical independent variable) for the number of individual’s present within each 



122 
 

condition (pre-dawn male singing, female singing, post-dawn male singing, ‘decoy’ 

response to humans, no ‘decoy’ response). There was a significant difference among 

groups for the number of immatures present during interactions where no ‘decoy’ 

occurred (Kruskal-Wallis: X2 = 14.94, df = 5, P = 0.011, N = 62); however, groups A, B 

and N were not significantly different from each other so observations of these three 

groups were pooled for the Mann-Whitney U-test comparing number of immatures 

present during ‘decoy’ and no ‘decoy’ responses. For all other comparisons there was 

no significant difference between groups for any of the conditions so observations were 

pooled for Mann-Whitney U-tests.  

 

Spearman’s rank correlation was used to examine the relationship of observer-gibbon 

distance to the graded reaction of gibbons. All statistical analyses were conducted in 

SPSS version 17.0. GPS points were mapped in ESRI ArcGIS version 10.1. Geospatial 

Modelling Environment (GME) Version 0.7.2.1 was used to create minimum convex 

polygons representing maximum home range estimates for groups A, B and N based on 

all sightings of these groups (Figure 4.2). 

 

Results 

Behaviours minimizing the risk associated with singing 

Kloss gibbons sing in same sex choruses where a large portion of an individual’s song 

overlaps temporally with the songs of his/her neighbours. On average, 4.4 males sang 

during a male chorus (±SD 1.1 males, N = 18 choruses) and the mean duration of 

individual songs was 44.5 minutes (±SD 14.1 mins, N = 10 songs). The overlap of songs 

resulted in an average total chorus duration of 65.8 minutes (±SD 22.3 mins, N = 21 

choruses). On average, 4.6 groups sang in the female chorus (±SD 1.4 groups, N = 19 

choruses) and the mean duration of individual songs was 15.4 minutes (±SD 5 mins, N 
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= 20 songs). The total duration of female choruses averaged 39 minutes (±SD 13 mins, 

N = 19 choruses) due to groups singing at the same time.   

 

On average, male pre-dawn choruses ended 11.9 minutes before dawn (±SD 13.1 mins, 

N = 21) and members of a group then tended to move away from the singing site (also 

the sleeping tree) in the low light before dawn. This made it very difficult for us to see 

and follow gibbons after locating a male singing pre-dawn. All group members are 

generally present when a male sings pre-dawn and when females of a group sing post-

dawn; males sing from the sleeping tree and individuals in a group come together in the 

same tree during female singing.  Despite the fact that all group members are generally 

present, on 7 of the 27 occasions when we approached a male singing during the pre-

dawn darkness, we were unable to see any gibbons once it became light. On the 20 

mornings when we did see gibbons following a pre-dawn male song, we visually 

detected fewer individuals (X = 2.4 individuals, ±SD 1.4) than during and following a 

female post-dawn song (X = 4.2 individuals, ±SD 1.3, Mann-Whitney U-test: Z = -4.1, 

P < 0.001, N = 58). 

 

In comparison to pre-dawn singing by males, post-dawn singing by males occurs less 

often, is less likely to result in a chorus (see Dooley et al., 2013) and is also shorter on 

average at 31.2 minutes (±SD 14.4 mins, N = 16 separate songs). We visually observed 

males singing after dawn on nine occasions. On seven of the nine occasions when we 

encountered males singing their solo songs during daylight hours, only part of their 

group was present and on only three of those occasions were immatures present. There 

were fewer individuals present when the male sang post-dawn (X = 2.6 individuals, 

±SD 1.5) than when the females of the group sang in the mid-morning (X = 4.2 

individuals, ±SD 1.3, Mann-Whitney U-test: Z = -2.8, P = 0.006, N = 47). Once when 
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we observed the male from our focal group singing alone in the late morning, he 

travelled over 100 metres to join the rest of his group after he concluded singing. 

  

Female singing is the most conspicuous Kloss gibbon behaviour because it provides an 

auditory signal during daylight as well as a visual display of shaking branches and rapid 

movement in the canopy during the climax of the great call. Kloss gibbon females have 

the lowest daily frequency of singing (0.24 songs each day) of all Hylobates females 

(Table 4.1). While song duration was similar, and even longer than some other species 

(e.g. H. moloch and H. pileatus), the overall time spent in diurnal vocal activity for 

Kloss females was lower (3.7 mins of singing each day; Table 4.1). 
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Table 4.1 Song durations and daily frequencies for Hylobates klossii females in comparison to females of other Hylobates gibbon species. 

Species Females Source 

 Average 

Duration (mins) 

Frequency 

(each day) 

Mean Mins 

each day 

Hylobates klossii 15.4 

20 

21 

0.24 

0.18 to 0.27 

0.22 

3.7 

3.6 to 5.4 

4.6 

This study 

Paitan River, Siberut Island, Indonesia (Whitten, 1982a) 

Sirimuri River, Siberut Island, Indonesia (Tenaza, 1976) 

H. moloch 7 

9.5 

1.2 

0.6 

8.4 

5.7 

Dieng mountains Central Java, Indonesia (Geissmann and Nijman, 2006) 

Ujung Kulon-Gunung Honje Nature reserve, West Java, Indonesia (Kappeler, 1984) 

H. agilis  17 

-- 

1.9 

0.62 

32.3 

-- 

Sungai Dal & Ulu Muda Forest Reserve, Gunung Bubu Forest Reserve, Malaysia (Gittins, 1984) 

Sabangau Catchment, Central Kalimantan (Buckley et al., 2006) 

H. pileatus 11 to 13.8 

-- 

-- 

0.43 

-- 

-- 

4.7 to 5.91 

Chipat, Cambodia & Botum Sakor, Cambodia (Traeholt et al., 2006) 

Khao Soi Dao Wildlife Sanctuary,  Thailand (Brockelman and Srikosamatara, 1993) 

H. muelleri 15.63 1.03 16.1 Kutai game reserve, Kalimantan, Indonesia (Mitani, 1985a) 

H. lar 11.5 

24.4 

1.3 

0.51 

15 

12.4 

Khao Yai National Park, Thailand (Raemaekers et al., 1984) 

Ulu Gombak Field Studies Centre, Malaysia (Chivers, 1974) 

-- Data deficient 
1Values calculated from values for duration and daily frequency of songs reported by Brockelman and Srikosamatara (1993) and Traeholt et al. (2006).
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Crypsis 

Groups in the Peleonan consisted of 5.8 individuals on average (N = 5 groups, range: 5-

7). We observed group fission in the three groups with whom we had the most contact 

time (A, B and N). Full groups were present on 50% or fewer separate follows (Table 

4.2). When examining only the first observation of a day for focal group A (to control 

for any effect of gibbons having seen humans earlier in the day), the entire group was 

present on only 46% of first daily observations (N = 35 days).  The juvenile and 

adolescent from group A were always accompanied by either the adult female, adult 

male or sub-adult female and there was no pattern of subgroup membership that would 

indicate that fission was due to peripheralisation of one or more individuals. Group A 

engaged in foraging just as often when they were a partial group as when all group 

members were present (83% of 58 follows of full group, 82% of 103 follows of partial 

group). We did not observe any highly-aggressive behaviour during follows of either 

full or partial groups that would indicate strong competition for food. 

 

We rarely observed gibbons engaging in non-vocal social behaviour. Of 214 

observation days (328 hours of visual contact), social grooming was only observed on 

four occasions and play on only six occasions. All instances of play were brief and 

occurred during periods of foraging. All four observations of grooming included two or 

more individuals sitting close together on a large branch, alternating between grooming 

and resting. We cannot calculate the average duration of these grooming bouts, because 

three of the four observations were of unhabituated gibbons who became aware of our 

presence and fled. We only observed social grooming once in the habituated focal 

group; it was a prolonged bout occurring within a sleeping tree at 1700 hours and 

consisted of two grooming dyads.
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Table 4.2 Percentage of separate follows of H. klossii groups when whole or partial 
group was present 

Group % follows Full group % follows Partial group Total number of follows 

A 36 64 161 

B 38 62 58 

N 50 50 34 

 
Response to humans 

Kloss gibbons responded to our presence by emitting alarm notes (which sometimes led 

to a full alarm call), leaving the area quickly and sometimes by engaging in a distraction 

display described below. Only humans elicited an alarm call from the gibbons. In 

accordance with Tenaza and Tilson’s (1977) description of alarm calling in Kloss 

gibbons, alarm calls by gibbons in the Peleonan also consisted of sirening and alarm 

trills. We did not see large reticulated pythons capable of capturing immature or adult 

gibbons during our time at the site and we never observed Kloss gibbons mobbing 

snakes. We rarely saw raptors in the air and never observed any gibbons responding to 

them. Kloss gibbons sometimes encountered other primates and foraging pigs but we 

never observed them alarm call, flee or engage in a distraction display in response to 

these animals. 

 

This study included 120 interactions with unhabituated gibbons who detected us; in 

72% of these interactions gibbons fled immediately. The closer we were to unhabituated 

and partially habituated gibbons when they detected us, the more likely they were to 

flee immediately rather than stay in the area for ten minutes or more (Spearman’s rho = 

0.328, P < 0.001, N = 228). The mean distance between humans and gibbons during 

interactions when gibbons fled was 34.5 metres (±SE 1.6 m). 
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On 30 occasions we observed a behaviour, not previously described for any gibbon 

species, which we term ‘decoy behaviour’. Upon detecting humans, gibbons gave alarm 

notes that sometimes led to a full alarm call. This alerted other group members who also 

vocalised and, in the case of a full alarm call, often alerted neighbouring groups who 

then alarm called in response. Subsequently, one adult individual would approach us 

and, on a lower branch in full view, perform a display of exaggerated shifting of body 

weight from side-to-side while observing us and emitting loud alarm notes. During this 

display, other group members split into sub-groups and dispersed covertly in various 

directions. Lastly, the distracting or ‘decoy’ individual also would flee. The ‘decoy’ 

individual was always an adult male or a sub-adult; adult females with infants never 

acted as the ‘decoy’ individual. When group members fled in different directions, young 

immatures were always accompanied by older/larger individuals. We observed this 

‘decoy’ behaviour in five groups over the course of the study (Figure 4.2), and it 

accounted for 31% of 96 interactions with unhabituated gibbons in groups (more than 1 

individual present). During the majority of ‘decoy’ reactions, all gibbons left the area 

within 5 minutes of detecting us.  A ‘decoy’ reaction was more likely to occur when 

there were more individuals and more adult sized individuals present (Table 4.3).  
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Figure 4.2 Locations where ‘decoy’ behaviour was observed for each group and the home ranges of groups A, B and N (minimum convex polygons 
created from all sightings for each group).  
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Table 4.3 Number of individuals, immatures and adult gibbons relative to the 
presence/absence of ‘decoy’ responses to human presence. 

 
 Decoy N Min Max X SD Mann-Whitney 

U-test 

Z P 

Number of individuals Yes 30 3 6 4.7 0.99  
-3.755 

 
<0.001 

No 66 2 6 3.8 1.22 

Number of adultsa Yes 30 1 3 2.0 0.54  
-2.257 

 
0.024 

No 64 0 3 1.7 0.65 

Number of immaturesb Yes 25 1 4 2.1 0.83  
-2.194 

 
0.028 

No 53 0 3 1.6 0.84 

 a Total number of observations varies because, for some observations, we were unable 
to determine the age class of fleeing individuals. 
b Mann-Whitney U-test conducted on groups A, B and N only because there was no 
significant difference between these groups for number of immatures present within 
each condition. 
 
Discussion  

The Kloss gibbon (H. klossii) is endemic to the Mentawai Islands in Indonesia and has 

been subject to human predation for over 2000 years in the absence of other significant 

predators (Tenaza, 1976; Tenaza and Tilson, 1977; Tenaza and Tilson, 1985; Tenaza 

and Mitchell, 1985). Kloss gibbons offer a unique opportunity to examine the human 

avoidance strategies of a gibbon species whose evolved behavioural defences are not 

constrained by responses to other predators and thus may be more specialised to human 

predation. The behaviours that we suggest lower the risk of human predation include: 

chorusing, singing less during daylight hours, males singing away from group members 

during post-dawn male songs and being present but silent when females of the group 

sing, group fissioning during daily activity, spending less time engaged in conspicuous 

behaviours such as play and social grooming and, finally, responding to humans by 

fleeing immediately, alarm calling and/or engaging in a ‘decoy’ display. 

 



131 
 

Behaviours minimizing the risk associated with singing 

In all populations studied so far, Kloss gibbons have been observed to sing their solo 

songs in chorus with same sex neighbours (Tenaza, 1976; Whitten, 1982a). By singing 

at the same time as neighbours, individuals can lower their individual risk of predation 

via the dilution effect (Tenaza, 1976). Chorusing presents auditory signals from 

multiple and diverging sources to hunters localizing prey by song.  This makes it more 

difficult for hunters to discriminate and orient to a singer’s location than if there was 

only one individual singing. Larger aggregations of individuals in some animal species 

can lead to a ‘confusion effect’ on predators, limiting their ability to home in on one 

individual (Tuttle and Ryan, 1982; Landeau and Terborgh, 1986). Chorusing in Kloss 

gibbons may cause an auditory ‘confusion effect’. Alternatively, chorusing may occur 

because individuals are stimulated to sing by hearing their neighbours singing, but the 

overlap of songs with neighbours comes at the cost of signal clarity to conspecifics. In 

fact, H. moloch females avoid singing at the same time as neighbours presumably for 

this reason (Geissmann and Nijman, 2006). Perhaps H. klossii males occasionally risk 

singing post-dawn because chorusing is less likely to occur at this time. 

 

The pre-dawn songs of male Kloss gibbons provide an auditory signal to hunters. By 

singing their regular solo songs completely in the dark before dawn, Kloss gibbon males 

eliminate the visual signal for hunters making it harder for them to pursue and capture 

gibbons. Weather conditions in the early hours of the morning provide the perfect 

environment for the propagation of sound and this may explain why males sing pre-

dawn (Whitten, 1982a). However, gibbons in the Peleonan left pre-dawn singing 

locations rapidly before first light, and Kloss gibbon groups in the Paitan River 

population travel furthest to the first feeding tree on days when resident males sing pre-

dawn  (Whitten, 1982a). This limits visual detection by hunters and suggests that male 
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pre-dawn singing and the behaviour accompanying it is, in part, due to avoiding human 

predation and not just a response to optimal weather conditions. 

 

In contrast to male pre-dawn singing, female singing occurs during daylight and 

provides hunters with both an auditory and visual signal that may be detected from a 

long distance (Tenaza, 1976). Female singing in all gibbons, whether in duet or solo, 

includes a visual display of branch-shaking and acrobatic brachiation (Gittins, 1984; 

Haimoff, 1984; Geissmann, 2000). Solo singing by females is the most conspicuous 

behaviour displayed by Kloss gibbons and therefore they should limit the time they 

spend engaged in this behaviour under the threat of predation. Kloss gibbon females in 

all three populations studied so far, sing less often than females of other species (Table 

4.2). Perhaps without the vocal stimulation of a mate (as in duetting species) Kloss 

females are not enticed to sing as often. If this is the case, female H. moloch (the other 

species in which duetting is absent) should also have a low daily singing frequency, but, 

they appear to sing as often as females from duetting species (Table 4.2). Alternatively, 

a reduction in the time spent engaging in this conspicuous behaviour may be a response 

to long-term human predation.   

 

The absence of the duet in Kloss gibbons reduces the risk of predation by humans. 

During female Kloss gibbon songs, immature females join the adult female in singing 

and displaying; as a result, all females in a group are vulnerable during female song. In 

duetting gibbon species, however, males not only sing during duets, but may also 

engage in the visual display during the great call of the females (Gittins, 1984; Haimoff, 

1984; Geissmann, 2000). However, male Kloss gibbons are present during the female 

song but do not sing and we never observed males engaging in the visual display. Given 

that duetting behaviour is likely to be ancestral (Geissmann, 2002), why do male Kloss 
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gibbons remain with their mates during the female song, but not sing or display with 

them? There are two advantages of males being present but remaining silent: firstly, 

males can remain vigilant throughout the song and thus offer the advantage of early 

detection of hunters. Secondly, there are periods of silence between the female great call 

phrases, because the male component is missing and during these silent periods, 

gibbons of either sex may listen for the approach of hunters. Perhaps the loss of the duet 

in Kloss gibbons is a response to a long period of human predation pressure, where the 

duet was the most conspicuous and the riskiest behaviour in all phases of predation.  

 

Occasionally males also sing during daylight hours. Unlike female songs, male songs do 

not contain a visual display; thus, while the auditory signal to a hunter is strong, the 

visual signal is not. Males sit relatively still while singing and can remain vigilant and 

detect approaching predators (Tenaza, 1976). While males of other gibbon species sing 

solo songs within the vicinity of other family members (Mitani, 1988), we observed 

Kloss gibbon males singing  away from other group members during post-dawn songs. 

Tenaza (1976) also observed males in the Sirimuri River population singing away from 

family members during post-dawn solos. We suggest that this is reduces the risk to their 

mate and offspring. 

 

Crypsis 

Many primates employ a cryptic strategy to avoid detection by predators (Isbell, 1994; 

Colquhoun, 2006; Miller and Treves, 2007; Fichtel, 2012). We suggest that group 

fission and low levels of social behaviour observed in Kloss gibbon groups in the 

Peleonan is part of a cryptic behavioural strategy to avoid detection by hunters. Kloss 

gibbons spend less time engaged in social interactions such as grooming or play than 

other gibbon species (Fuentes, 2000), making them more cryptic during daily activity. 
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We rarely saw play interactions, even though the three most observed all included a 

juvenile and adolescent, age classes for which play is common (Reichard and Sommer, 

1997; Bartlett, 2003; Burns et al., 2011). By spending little time grooming and playing, 

Kloss gibbons reduce visual and aural signals because canopy displacement is 

minimised (playing) and individuals are not clustered together (grooming) thereby 

making them more cryptic during daily activity.  

 

In other gibbon species and the two Kloss gibbon populations previously studied, family 

members are usually within visual contact throughout daily foraging and travelling 

(Tenaza, 1975; Tilson, 1980; Whitten, 1982b; Bartlett, 2009a), but Kloss gibbons in the 

Peleonan frequently forage and travel in subgroups. In the Peleonan forest, average 

group size is close to six individuals, whereas in other populations of Kloss gibbons, 

average group size is fewer than four individuals (Tilson, 1981; Whitten, 1982b). Larger 

groups of animals suffer an increased risk of detection by predators; however this cost is 

usually outweighed by the advantage of decreased individual risk of predation due to 

both dilution (Hamilton, 1971; Anderson, 1986; Wrona and Dixon, 1991) and increased 

vigilance, leading to earlier detection of, and response to, predators (van Schaik et al., 

1983). The advantages of living in larger groups are constrained by living in nuclear 

family groups (Brockelman, 2009). Larger gibbon groups are unlikely to be more 

vigilant because of the high proportion of immatures, and the advantages of dilution 

effects would not outweigh the increased cost of being detected by predators because 

the loss of a closely related group member to predation lowers an individual’s inclusive 

fitness. By fissioning during daily activity, Kloss gibbons in the Peleonan reduce the 

risk of detection by human hunters. 
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It might be argued that resource competition and energy constraints result in fission and 

the low levels of play and grooming exhibited by these gibbons. Living in large groups 

can increase competition for food resources such that when predation pressure is lower, 

foraging group size may also be lower (Link and Di Fiore, 2013). Larger bodied 

primates generally have a lower risk of predation and they are therefore able to fission 

into smaller groups during foraging to reduce resource competition (Isbell, 1994; 

Lehmann et al., 2007; Bettridge et al., 2010; Link and Di Fiore, 2013). We cannot rule 

out energy constraints as the cause of group fission and low levels of play and grooming 

in Kloss gibbon groups without detailed information on feeding patch sizes and the 

energetic quality of foods eaten by these groups. However, we suggest that fission of 

gibbon groups it is part of a cryptic strategy and not a response to foraging pressure in 

the absence of high predation risk for several reasons. It is unlikely that the ‘larger’ 

body size of Kloss gibbons (approximately 5.8 kilograms, Tenaza and Hamilton, 1971) 

reduces their risk of predation by humans because hunters preferentially choose larger 

prey animals, hunt cooperatively and are able to capture prey with the use of projectile 

weapons (Peres, 1990; Isbell, 1994; Miller and Treves, 2007; Kumpel et al., 2008; 

Zapata-Ríos et al., 2009). Furthermore, resource competition is unlikely to be the 

selective pressure driving these groups to fission because gibbons foraged as a whole 

group just as often as they did in sub-groups. Group and home range sizes (five to seven 

individuals on 33.7 to 43.7 hectares, Figure 4.2) seen in the Peleonan are also within the 

range seen in other gibbon populations for which there are no descriptions of group 

fission (Malone and Fuentes, 2009) nor any evidence of higher food availability than in 

the Peleonan. Additionally, if groups were experiencing foraging pressure, we might 

expect to see intra-group aggression and peripheralisation of sub-adults rather than 

group fission, because adult-sized offspring would be competitors for food; however, 

intra-group aggression was rare and the sub-adult female from group A was often seen 



136 
 

foraging with the adolescent female and adult male. For these reasons we hypothesise 

that the group-fission behaviour of Kloss gibbons described here is related to crypticity 

and reducing the risk of detection by humans.  

 

Response to humans 

Following the detection of predators, gibbons of other species may alarm call and 

increase the distance between themselves and the predator (Uhde and Sommer, 2002; 

Clarke et al., 2012). The similar responses of unhabituated Kloss gibbons to our 

presence suggests that they regarded us as predators. The fact that we only observed 

Kloss gibbons alarm calling in response to humans and never in response to inter-

specific food competitors or non-threatening terrestrial animals (e.g. pigs) also suggests 

that Kloss gibbons recognise humans as a threat. This is supported by our observations 

of Kloss gibbons rapidly fleeing an area following the detection of humans.  

 

The ‘decoy’ behaviour we observed in the Peleonan population has not been described 

previously for H. klossii or other gibbon species. This behaviour appears to lower the 

success of hunters in both pursuit and capture of Kloss gibbons. The ‘decoy’ reaction to 

predators demonstrated by Kloss gibbons, where one individual acts as a distractor to 

allow the escape of more vulnerable (and highly related) group members, draws 

parallels to the nest distraction behaviours of some bird species (Montgomerie and 

Weatherhead, 1988; Bures and Pavel, 2003). In gibbons, acting as a distractor to reduce 

the risk of predation to more vulnerable family members will increase an individual’s 

fitness, particularly if that individual is more adept at avoiding being captured than 

other group members. This accords with our observations that only adult males and sub-

adults acted as ‘decoys’ during our encounters with unhabituated gibbons.  
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Kloss gibbons differ from other gibbon species in that humans are their primary 

predator (Tenaza and Tilson, 1985). We propose that many behavioural differences 

observed between Kloss gibbons and other gibbon species may be attributed to this long 

history of human predation pressure. Specifically, chorusing, the loss of the male part of 

the duet, and a reduction in the time spent singing during daylight hours all reduce the 

risk associated with the most conspicuous hylobatid behaviour. Lower levels of non-

vocal social activity and fission during daily activity in combination with 

monochromatic black pelage serve to lower risks of detection at closer distance. Upon 

detection, a coordinated decoy response to humans serves to lower the risk of capture by 

human hunters. While one behavioural difference alone may not be attributed to an 

evolved response to human predation, as a whole, the suite of behaviours exhibited by 

Kloss gibbons does suggest an evolved response to a long history of human predation 

pressure.  
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CHAPTER FIVE: 

CONCLUSIONS 
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Chapter 5: Conclusions  
 

This is the first study of Kloss gibbon behaviour since the research conducted by 

Whitten (1982b) nearly thirty years ago, and the first long-term study of the Kloss 

gibbon population in the Peleonan forest. Previous studies highlighted some of the 

unique aspects of Kloss gibbon behaviour including the absence of duetting (Tenaza, 

1976; Whitten, 1982a), variation in territory size (Tenaza, 1975; Tilson, 1981; Whitten, 

1982b) and group size between populations (Whittaker, 2005b), and behaviours which 

facilitate the avoidance of human predation, including a human-specific alarm call 

(Tenaza and Tilson, 1977) and the choice of liana-free sleeping trees (Tenaza and 

Tilson, 1985). This led to the following aims:  

1. Determine the average size of groups, home ranges and territories in the 

Peleonan and compare the values to the Sirimuri and Paitan Kloss gibbon 

populations; 

2. Estimate of the group density and population size for the Peleonan forest using 

auditory census methods, and to evaluate the effectiveness of the methods used 

to census Kloss gibbon populations; 

3. Examine the social factors influencing singing in male and female Kloss gibbons 

to suggest the functions of singing for each sex; and 

4. Document the reactions of gibbons to humans (their primary predator) and to 

discuss how the behaviour of Kloss gibbons may reduce the risk of predation by 

humans. 

In this chapter I summarise the main findings of this research and discuss some of the 

wider implications of the results. Some of the similarities and differences between Kloss 

gibbon populations and between Kloss gibbons and other gibbon species are also 

discussed with suggestions for future research. 
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Characteristics of the Peleonan population: distribution and size of groups 

The gibbon groups in the Peleonan consist on average of 5.8 individuals which live on 

home ranges of 33.7-43.7 ha and defend access to territories of approximately 31 ha. 

Average group size is less than the estimated 10 individuals per group previously 

suggested by Whittaker (2005b) for the Peleonan but is still larger than the average for 

the Paitan (3.4), Sirimuri (4.1), and most populations of gibbons (Tilson, 1981; Whitten, 

1982b; Malone and Fuentes, 2009). Even though the groups observed in the Peleonan 

were larger than those in the Paitan, the average size of home ranges in the Peleonan is 

only slightly larger than the 31-35 ha  home ranges in the Paitan population (Whitten, 

1982b). Perhaps the availability of gibbon food sources in the forests of Siberut is high 

enough that larger groups do not require significantly larger home ranges than smaller 

groups do (Whitten, 1982b; Whittaker, 2005b). The lack of any significant intra- or 

inter-group aggression suggests that competition for resources is lower in the Peleonan 

than in the Sirimuri river population where aggressive inter-group encounters are more 

frequent and groups live on the smallest territories reported for Kloss gibbons (roughly 

11 ha),  (Tenaza, 1975; Tilson, 1981; Whitten, 1982b). 

 

Territory size was estimated from the locations in which the male and females of group 

A sang to provide an estimate of the group’s territory because there is evidence that the 

songs of each sex are for defence of resources (Tenaza, 1976; Whitten, 1982a; Dooley 

et al., 2013) and therefore singing sites directly relate to the area to which groups are 

defending exclusive access. The 31 ha average territory estimate obtained from this 

method is slightly larger than the 20.7 ha territories in the Paitan river Kloss gibbon 

population (Whitten, 1982b); however, this may be due to methodological differences 

and the small sample sizes for each population. Territory estimates based on the 
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proportion of time the group spent in different areas (kernel analysis) could be 

compared to territory estimates based on singing locations to determine if the latter 

method closely approximates the core area in which a group spends the most time. The 

fact that the estimates of home range and territory size for the Paitan and Peleonan are 

more similar to each other than to the much smaller territories reported for the Sirimuri 

again supports the idea that competition for space is highest in the Sirimuri. Overall the 

variation in group density and group size between the Kloss gibbon populations studied 

highlights the importance of population-level studies in providing a greater 

understanding of the ecological flexibility of gibbons.  

 

The auditory census method (Brockelman and Ali, 1987; Whittaker, 2005b) yielded 

group density estimates for the Peleonan similar to the density estimates based on the 

average home range size (calculated from long-term, direct sightings of gibbon groups). 

Thus, this is probably the most accurate census method for estimating the size of Kloss 

gibbon populations, provided several conditions are met. First, observers must be 

familiar with the singing behaviour of the study species and be able to estimate 

accurately the distance to a singer based on the volume of their song. Second, group 

density values should be calculated using the number of groups singing the female song 

within the sample period because female song is the best indicator of group presence; 

unmated females do not generally sing (Whittaker, 2005a). And third, to provide group 

size estimates, groups should be approached during female singing because during this 

behaviour all members of the group are generally present. Group size and estimates 

based on line-transect surveys underestimate group size because Kloss gibbons are 

particularly cryptic and groups in the Peleonan often fission during daily activity.  
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The sex-specific functions of singing in Kloss gibbons 

The suggested functions of gibbon loud songs include the maintenance and 

advertisement of the pair bond (Geissmann, 1999; Geissmann and Orgeldinger, 2000), 

defence of the territory and/or mate from neighbouring competitors (Mitani, 1985b; 

Raemaekers and Raemaekers, 1985a; Cowlishaw, 1992; Dooley and Judge, 2007; Fan 

et al., 2009) and mate attraction (Cowlishaw, 1992; Cowlishaw, 1996). The absence of 

the duet in Kloss gibbons facilitated an exploration of the potential functions of singing 

for each sex. Both male and female Kloss gibbons were more likely to sing when their 

same-sex neighbours were singing and were more likely to sing after several days of 

silence. Gibbon songs convey information about their location and occupation of a 

territory to neighbours (Cowlishaw, 1992). By singing regularly, individuals may avoid 

the cost of territorial incursions from neighbours. This supports the hypothesis that both 

male and female Kloss songs are for the defence of resources from same-sex 

neighbours. 

 

Two other features of the songs of Kloss gibbon females may be related to territory 

defence. First, immature females (including sub-adults) sing in synchrony with the adult 

female during the female song, whereas immature males do not sing until they disperse 

from the natal territory (Tenaza, 1976; Dooley et al., 2013). This sex difference 

suggests that singing by immature females is not simply for practise of the adult song. 

The vocal contribution by immature females to the adult female’s song may increase the 

volume of the song and thereby produce a stronger signal of territory ownership that can 

be heard at a greater distance. Second, in the Peleonan and Sirimuri populations, 

females from neighbouring groups have been observed synchronising their great call 

phrases when they meet on shared territorial boundaries (Tenaza, 1976; Dooley et al., 

2013). If a stronger signal leads to better defence of space then this may explain why 
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Kloss females sometimes engage in this vocal synchrony with neighbours because the 

females of both groups may produce a stronger signal to other groups about the shared 

ownership and defence of an area (Tenaza, 1976). If females were coordinating their 

songs with their neighbours in order to assess the resource holding potential of their 

neighbours, alternating, rather than synchronising, song phrases (as males do at 

Sirimuri, Tenaza, 1976) would better facilitate this. Observations of individuals 

dispersing to territories neighbouring their parents’ (Tenaza, 1975; Tilson, 1981) 

provides evidence that individuals in neighbouring groups may be related and this could 

be the reason why females from neighbouring groups synchronise their songs on shared 

boundaries. 

 

At the population-level, females appear to be defending resources not only from female 

competitors but from male competitors as well; females were more likely to sing if male 

singing had occurred earlier in the morning (but not if their own mate had sung) and the 

number of groups of females that sang was positively correlated with the number of 

males singing earlier on the same morning. If dispersing/unmated males require 

exclusive access to a territory in order to attract a mate (and sing to advertise and defend 

space) (Tenaza, 1976; Tilson, 1981) or if neighbouring groups are attempting to expand 

their territories (Tenaza, 1975; Tilson, 1981), then females established on territories 

should be stimulated to sing and advertise their occupancy of a territory in response to 

the songs of both sexes. Alternatively, singing by males may stimulate females in the 

population to sing because female singing has a mate attraction function. Two pieces of 

evidence argue against this interpretation: 1) unmated females do not sing unless they 

are on the natal territory, 2) group A, which contained a sub-adult female, was not more 

likely to sing in response to a neighbouring male singing.  
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Gibbon duet songs may have a mate defence function because it advertises mated status 

to competitors (Cowlishaw, 1992). Duetting requires coordination by the adult male and 

adult female and therefore may advertise the strength of the pair bond and the pair’s 

ability to coordinate defence of their territory (Geissmann, 1999). Kloss gibbons do not 

duet, and neither the current study nor Whitten’s (1982a) study of the Paitan population 

found any evidence of song coordination within mated pairs. Thus, there is no evidence 

that Kloss gibbon songs convey information about the strength of the pair bond to 

neighbouring groups. Mate defence, however, cannot be ruled out as a function of Kloss 

gibbon songs because the act of singing from the same area as an individual of the 

opposite sex on a regular basis may, in itself, advertise that there is a mated pair 

occupying the territory.  

 

Playback experiments could investigate further the functions of singing in male and 

female Kloss gibbons and elucidate the factors that stimulate each sex to sing (e.g. 

songs of known or unknown individuals of each sex played from within or on the 

boundary of a group’s territory). In particular it would be interesting to examine the 

responses of female gibbons to recordings of male songs to investigate further whether 

inter-sexual territory defence is a function of female songs. However, it may be difficult 

to evaluate the non-vocal reactions of individuals to playback recordings (such as 

approaching the speaker) because individual identification is difficult in H. klossii. 

Future studies could also investigate whether groups containing sub-adult females 

experience fewer territorial incursions because, presumably, the number of females 

singing in a group is related to the volume of the group’s female song, and this may 

produce a stronger signal of territory ownership and the capacity for territorial defence. 

To determine whether the songs of sub-adult females function in mate attraction, future 

studies with a larger sample size than the current study could examine whether the daily 
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frequency of singing is higher in groups that contain a sub-adult female than those that 

don’t.  

 

Human predation avoidance 

One new finding is that gibbon groups in the Peleonan frequently split into sub-groups 

during daily activities. Group fission is a common response to foraging pressure in 

larger groups of primates when food resources are small and widely distributed, because 

group fission reduces feeding competition (Asensio et al., 2008; Link and Di Fiore, 

2013). This does not appear to be the sole reason for fission in Peleonan Kloss gibbon 

groups because gibbons foraged as a whole group as often as in sub-groups and were 

observed foraging in the same trees in both conditions. While the average group size of 

5.8 individuals in the Peleonan is larger than the average for most gibbon populations 

(Malone and Fuentes, 2009), groups of five or more gibbons have been observed in 

other populations for which group fission has not been reported (Tilson, 1981; Mitani, 

1990; Bartlett, 2003; Lappan, 2007). It is unlikely that available food sources are 

smaller in the Peleonan forest than in other gibbon habitats. I did not observe any 

aggression during whole group foraging, nor any aggression directed at the sub-adult 

female in group A, who would have been a significant competitor for food for the adult 

pair, and inter-group interactions were infrequent and neutral despite the fact that all 

four encounters observed occurred in an area with several feeding trees. I suggest that 

group fission in Peleonan Kloss gibbon groups is part of a cryptic strategy to avoid 

detection by human predators because smaller groups create less noise and canopy 

displacement than larger ones and are therefore more difficult to detect.  

 

Although other diurnal social primates respond to predation pressure by aggregating in 

larger groups (which increases early detection of predators and reduces an individual’s 
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risk of predation) (Hamilton, 1971; Anderson, 1986; Wrona and Dixon, 1991), this is 

not a viable strategy for gibbons because they live in closely related family groups. In 

family groups, the benefits of aggregating in larger groups do not outweigh the cost of 

increased risk of detection by predators because the loss of an individual to predation 

significantly lowers the inclusive fitness of the remaining group members, and the high 

proportion of inexperienced immatures makes it unlikely that early detection of 

predators is better in large family groups. Cryptic behaviour and colour is an alternative 

anti-predation strategy to reduce the risk of detection (Kappeler, 1981; Uhde and 

Sommer, 2002; Miller and Treves, 2007; Ouattara et al., 2009). The predation 

avoidance benefit of crypsis explains why nocturnal primates that suffer predation tend 

also to be solitary foragers (Hill and Dunbar, 1998). White-footed sportive lemur 

(Lepilemur leucopus) mates avoid each other spatially, even though competition for 

food within pairs is low (Dröscher and Kappeler, 2014). This spatial avoidance of mates 

is most likely related to avoiding predation via a cryptic strategy (Dröscher and 

Kappeler, 2014).  

 

Group fission has been observed in only one other species of gibbon, Nomascus 

concolor jingdongensis, for which it is suggested to be a response to feeding 

competition (Fan and Jiang, 2010); however, unlike the H. klossii groups observed in 

the current study, the N. concolor jingdongensis groups consisted of two reproductive 

females. Thus, intra-group feeding competition may be higher in polygynous groups 

than in groups that are larger due to delayed dispersal by sub-adults, because each 

reproductive female requires resources for themselves and their offspring (Fan and 

Jiang, 2010). It must be noted that N. concolor jingdongensis, like H. klossii, has 

suffered from a long history of human predation making them particularly wary of 

humans (Fan and Jiang, 2010). Perhaps group fission in this species is not only related 
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to intra-group feeding competition but also to decreasing the risk of detection by 

hunters. Further research on foraging behaviour and fission is required to determine 

whether feeding competition is a major factor influencing group fission in both species. 

 

Hunters use the songs of Kloss gibbons to locate and approach them (Tenaza, 1976). 

Several features of Kloss gibbon singing behaviour reduce the risk of detection or 

capture by hunters. Mated pairs do not duet and instead only sing solo songs, males 

generally sing their solos in the pre-dawn darkness, females sing during daylight but 

less often than do females of other species, and both sexes sing in same-sex choruses 

where the songs of neighbours significantly overlap (Tenaza, 1976; Whitten, 1982a; 

Dooley et al., 2013). Chorusing lowers the individual risk of predation because many 

groups are producing the auditory signal at the same time (Tenaza, 1976). The loss of 

the duet frees the adult male to remain vigilant while his mate and immature daughters 

engage in the energetic female song and display. Males reduce the visual signal to 

hunters by singing in the pre-dawn darkness and lower the risk of predation for group 

members by moving away from them when they occasionally sing the male song after 

dawn song (Chapter 4; Tenaza, 1976). And females reduce the average daily risk of 

detection by singing less often.  

 

Kloss gibbons in all populations produce a human specific alarm call (Tenaza and 

Tilson, 1977) and groups in the Peleonan engaged in a coordinated distraction display in 

response to human observers. Thus, humans are recognised as a predator and have been 

for long enough that these behaviours have evolved in response. While this is the first 

study to document ‘decoy’ behaviour, Tenaza (1974) previously noted that Kloss 

gibbon males may act as a distractor of human observers in the Sirimuri. The number of 

times that ‘decoy’ reactions were observed and the observation that group members flee 
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in separate directions (while ensuring that young immatures are accompanied by an 

older group member) are most likely related to the larger group sizes in the Peleonan. 

The fact that only males and sub-adults exhibited the ‘decoy’ behaviour suggests they 

play a significant role in the survival of the adult female and small immatures in the 

group. Overall, further studies of the effect of human predation (and predation by other 

species) on gibbon behaviour are needed. 

 

Pair-bond 

Geissmann (2002) suggests that the two species that do not duet, H. klossii and H. 

moloch, both evolved from a duetting ancestor and subsequently lost the behaviour of 

duetting. H. klossii males sing solo songs, as do all males from the Hylobates genus, but 

the male part of the duet has been lost (Geissmann, 2002). Gibbon duets are suggested 

to increase the social cohesion of groups (Fan et al., 2009) and maintain the pair bond 

(Geissmann, 1999; Geissmann and Orgeldinger, 2000). In addition, the pair bond may 

be maintained through social grooming, close proximity between mates and behavioural 

synchrony, thus, these behaviours are used as measures of pair bond strength 

(Geissmann and Orgeldinger, 2000; Fuentes, 2002b).  

 

Kloss gibbon pairs do not duet, there is no vocal coordination within pairs and, in the 

Peleonan, individuals may be separated from their mate during group fission and 

therefore spend less time in proximity and behavioural synchrony than pairs of other 

gibbon species (Chapters 3 & 4; Whitten, 1982a). In addition, Kloss gibbons appear to 

spend less time engaged in non-singing social behaviour than other species (Chapter 4; 

Fuentes, 2000). Although this might suggest that Kloss gibbon pairs have weaker pair 

bonds and that groups have less social cohesion than other gibbon species, other aspects 

of Kloss gibbon behaviour indicate that coordination and cohesion does exist. First, 
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even though males do not sing with their mates, they are present when the adult female 

sings (along with all members of the group) and immature females sing with their 

mother suggesting that female singing in Kloss gibbons increases social cohesion, 

similar to duets in duetting species (Fan et al., 2009). Second, during group fission, 

members of a sub-group were usually within 10 metres of one another and exhibited 

behavioural synchrony because they foraged within the same trees and travelled 

together. Fission and lower levels of social behaviour are more likely related to the 

avoidance of human predation (as discussed in chapter 4) rather than a by-product of a 

weak pair bond and low social cohesion within groups. Reproductive output is probably 

one of the best indicators of pair bond duration and thus strength (van de Pol et al., 

2006). The high number of immatures in group A (4 immatures) (and in the other 

groups observed), points to a long and successful period of association between the 

adult male and adult female (though genetic analysis would be required to confirm 

parentage). The absence of behaviours that are typically used to measure pair bond 

strength should not be taken as evidence for weaker pair bonding in Kloss gibbons, or 

perhaps in any gibbon species. 

 

Monogamy 

The Hylobatidae is one of the few mammalian families that exhibits a monogamous 

mating system (Kleiman, 1977; Fuentes, 1998). While the monogamous mating and 

social system of gibbons is flexible, as evidenced by polygynous (Zhou et al., 2008; Fan 

and Jiang, 2010; Fan et al., 2011) and polyandrous groups (Symphylangus syndactylus, 

Lappan, 2007; H. lar, Reichard, 2009), and extra-pair copulations (H. lar, Palombit, 

1994; Reichard, 2003), monogamy is the most common mating/social system observed 

in gibbons (Brockelman, 2009). Female gibbons have high parental effort because they 

are the primary carers of their immature offspring (Brockelman, 2009) and gibbons 
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have a prolonged juvenile period (Reichard and Barelli, 2008). As a result, their 

reproductive output is affected more by the availability of resources for themselves and 

their offspring rather than the availability of a mate (Bartlett, 2009b). Conversely, male 

reproductive success may be more strongly influenced by the ability to obtain a mate 

and ensure the paternity of future offspring (Brockelman, 2009). If females are widely 

dispersed due to their resource requirements, male gibbons may not be able to mate 

guard and monopolise the reproductive output of more than one female and thus may be 

limited to social monogamy (Reichard, 2003; Bartlett, 2009b). This hypothesis does not 

account for the potential benefits the male may provide in both rearing and protecting 

his offspring. The fact that only adult males and sub-adults were observed performing 

the ‘decoy’ display suggests that adult males play a vital role in protecting their 

offspring from human predation. During fission, the adult male in group A was often 

with at least one immature from the group and maintained close proximity to them. 

And, during female singing, this male was once observed resting on a branch next to the 

semi-dependent infant while the adult female displayed. Thus, adult male Kloss gibbons 

may play a significant role in the survival and perhaps rearing of their offspring. Males 

may associate with a single female not simply because they cannot defend exclusive 

access to more than one, but because male presence increases the survivorship of 

offspring and thus a male’s long-term fitness. Were Kloss gibbon males simply 

associating with a single female to monopolise her reproductive output and increase 

paternity certainty, then the fissioning behaviour observed in the Peleonan groups that 

often separates the adult male from the adult female for extended periods of time, and 

the absence of the male part of the duet, seem counterintuitive. 
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Group size and delayed dispersal 

Whittaker (2005b) was the first to suggest that the Kloss gibbon groups in the Peleonan 

forest are larger than the average seen for all gibbon populations. The average group 

size of 5.8 observed herein is much smaller than Whittaker’s (2005b) estimate of ten 

individuals per group, but it is still at the upper end of the range of gibbon group sizes 

for other Kloss gibbon populations and populations of other gibbon species (Malone 

and Fuentes, 2009). Three of the groups observed in this study contained more than two 

adult-sized individuals; in two of the groups (A and N) the extra adult sized individual 

was a sub-adult female. The presence of 3 adult-sized individuals raises questions about 

the social organisation of these groups. No groups had more than one reproductive 

female (determined by the presence of a dependent infant or elongate nipples from 

suckling an infant), thus delayed dispersal is the most likely cause of these larger group 

sizes. 

 

While gibbons are often characterised by intra-sexual aggression that leads to the 

peripheralisation of mature offspring by the same-sex parent (Ellefson, 1974; Tilson, 

1981; Leighton, 1987; Brockelman et al., 1998), it is not uncommon for gibbons to stay 

within their natal group for several years after reaching sexual maturity (Brockelman et 

al., 1998; Barelli et al., 2007). If potential mates and/or territories are not available, sub-

adults may delay dispersal (Wittenberger and Tilson, 1980; Brockelman et al., 1998). 

Sexual maturity may precede socially maturity and the ability to navigate the wider 

social environment to obtain and defend a mate and territory (Burns et al., 2011). When 

the cost of dispersal (e.g. high risk of death due to low resource availability or lack or 

reproductive success due to low mate availability) outweighs the cost of remaining in 

the natal territory (increased aggression from same-sex parent and delayed 

reproduction), delayed dispersal is beneficial for the sub-adult (Brockelman et al., 
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1998). While remaining on the natal territory, sub-adults may contribute to their 

inclusive fitness by assisting in the protection and social development of younger 

siblings (Koenig et al., 1992; Brockelman et al., 1998). Parents may tolerate sub-adults 

remaining in the natal territory for several reasons. First, increased survivorship of 

sexually mature offspring, due to delayed dispersal, increases direct fitness. Secondly, if 

there are enough food resources within the territory to sustain more than two adults (and 

younger immatures) then adult offspring will not be competitive consumers and may be 

tolerated until a mate or territory is available for dispersal (Emlen, 1995). Lastly, if the 

presence of adult offspring is advantageous to the parents in some way, such as the 

defence of resources, assistance with younger offspring or the avoidance of predation 

(e.g. acting as a ‘decoy’), then they should be tolerated by the adult pair (Koenig et al., 

1992; Emlen, 1995; Brockelman et al., 1998).   

 

In 258.6 hours of observation (over 123 days) of group A, I did not observe aggression 

directed towards the sub-adult female of group A by either the adult female or adult 

male. My observations of this group provide evidence for some of the benefits afforded 

to the adult pair by the delayed dispersal of their presumed daughter. The sub-adult 

female sang the female song with the adult female and due to her age and experience 

produced a song that was similar in quality to that of the adult female; this suggests that 

sub-adults may assist in the defence of resources. The sub-adult also played a role in the 

protection and socialisation of the immatures of the group; on several occasions during 

group fission, she was observed travelling and foraging with a younger immature 

together in the absence of other group members. During ‘decoy’ displays she either 

accompanied immatures when they fled, or was one of the rear guards and one of the 

last to flee, though I cannot say for sure if she was ever the ‘decoy’ individual because it 

was difficult to distinguish her from the adult male during the quick and animated 
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display. Regardless, this sub-adult appeared to contribute to the protection of immatures 

in the group. These contributions by the sub-adult may explain why she was tolerated 

by her parents. Faecal samples were collected in the field for the extraction and analysis 

of DNA that could determine the genetic relationships of individuals within and 

between groups. Unfortunately, due to continuous permitting delays these samples have 

not been exported to Australia for analysis and this remains an area for future research. 

In addition to genetic analyses, a longer-term study of the groups in the Peleonan could 

also shed light on the social organisation of groups and provide a greater understanding 

of Kloss gibbon behaviour and dispersal patterns. 

 

Conservation 

Over the course of this study, the IUCN red list status of Hylobates klossii was raised 

from vulnerable to endangered, following the reassessment by Whittaker (2005b) of the 

population size, habitat availability and current threats to species survival. The threats 

facing Kloss gibbons and all Mentawai primates include: habitat loss due to logging and 

forest clearance for agriculture, and hunting pressure (Whittaker, 2005b). A 465 km2 

sanctuary zone in the Siberut National Park (located in the central-west portion of the 

island) is the only area of the Mentawai Islands that is formally protected by the 

Indonesian government. Unfortunately, even within the boundaries of the park, 

researchers have reported habitat loss and hunting and that park personnel are not 

present for large portions of time (Whittaker, 2005b). The Peleonan forest in the North 

of Siberut Island has relatively high densities of the endemic primate species making it 

an incredibly valuable area for conservation and research. At the end of the data 

collection period for this study, the Peleonan was receiving protection from the Siberut 

Conservation Programme in cooperation with the local land owners. The Indonesian 

Department of Forestry had also placed a hold on a logging concession granted for the 
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Peleonan forest. Unfortunately, the Siberut Conservation Programme was suspended in 

December of 2013. It is therefore increasingly likely that the Peleonan primate 

populations will experience a decline due to increased hunting and habitat loss without 

the continued presence of the SCP or any other active conservation programmes.  

 

Summary 

The main findings of this study are as follows: 

1. Kloss gibbon groups in the Peleonan are larger on average than other 

populations of Kloss gibbons and most other species of gibbons and this is most 

likely due to a pattern of delayed dispersal by sub-adults. 

2. Kloss gibbon home range and territory size varies across populations. The 

Peleonan exhibits the largest home ranges and territories which are slightly 

larger than in the Paitan and considerably larger than in the Sirimuri.  

3. The songs of Kloss gibbons do not advertise the strength of the pair bond. 

4. Both male and female songs function in the defence of resources from same sex 

competitors and the songs of females probably function to defend resources 

from neighbouring males as well. 

5. Kloss gibbons in the Peleonan fission during daily activity making them more 

cryptic and less easily detected by human hunters.  

6. Kloss gibbons in the Peleonan perform a coordinated ‘decoy’ distraction display 

in response to humans which may serve to lower the risk of capture by hunters. 

7. Both sub-adults and adult males play a significant role in the protection of 

family members during interactions with humans because these individuals act 

as ‘decoys’ and accompany immature group members during group fission. 
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