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ABSTRACT 

 

Acoustic individuality in the male duet song of wild, non-habituated Bornean Southern 

gibbons (Hylobates albibarbis) was examined and contributing acoustic variables identified. 

176 male duet songs were recorded from nine groups (A, B, C, D, E, F, G, H, I) in a 

rainforest in Central Kalimantan, Indonesia. Each male duet song was analysed for 14 

acoustic variables at three levels of variation, including six note-specific variables (start 

frequency, end frequency, minimum frequency, maximum frequency, average frequency and 

duration), four phase-specific variables (minimum frequency, maximum frequency, duration 

and number of syllables) and four song-specific variables (minimum frequency, maximum 

frequency, duration and number of syllables).  

Principal component analysis was performed to summarise each of these sets of variables into 

a total of six principal components (PCs). Strong acoustic individuality was found in all PCs 

and at all three levels: note, phase and song (all p < 0.001). Furthermore, a particularly high 

magnitude of individuality was found in PC 1 of the song-specific analysis, defined by the 

acoustic variables of duration and number of syllables.  

It is suggested that these acoustic variables may be used by Bornean Southern gibbons for 

individual discrimination. As well as furthering our biological understanding of male gibbon 

song, these findings also have the potential to improve population survey methods which are 

currently prone to error and are hampered by the labour and time-intensive nature of the 

triangulation method. 
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INTRODUCTION  

 

Vocal communication is an important behavioural phenomenon in primates. A whole 

spectrum of abilities exists, culminating in the advanced speech of Homo sapien. 

Chimpanzees produce pant-hoots (Mitani et al., 1996), male orang-utans long call (Lameira 

and Wich, 2008) and gibbons sing (Mitani, 1985). 

Gibbons (family Hylobatidae) are a group of small apes which have several distinct 

behavioural characteristic that can be used to help define the taxon. They are, generally 

speaking monogamous, frugivorous, arboreal and highly territorial primates and can be found 

throughout the rainforests of South and South East Asia (Keith et al., 2009). They live in 

small family groups of up to five individuals, consisting of a mated pair and their offspring 

(Leighton, 1987).  Although there is still considerable debate among taxonomists, there are 

known to be at least 17 species of gibbon in the world (Whittaker, 2009; Insua-Cao et al., 

2010) which are subdivided into four genera: Hylobates, Hoolock, Nomascus and 

Symphalangus (Whittaker and Lappan, 2009). 

All species of gibbon produce loud, complex and stereotyped vocalisations or ‘songs’ 

(Marshall and Marshall, 1976; Haimoff, 1984a; Geissmann 1993, 1995, 2000). These are 

usually produced at dawn or in the early morning, last 10-30 minutes on average and often 

involve a mated pair singing together in the form of a duet, although Kloss’ and Javan 

gibbons do not duet (Dallmann and Geissmann, 2009). Whitten (1982) has shown that Kloss’ 

gibbons sing at times and frequencies which are optimal for sound transmission and hence 

communication with neighbours. Furthermore, there is much debate regarding the function of 

gibbon song. It is thought that two main functions exist: 1) territory maintenance, and 2) pair-

bond maintenance (Thorpe and North, 1965, 1966; Hooker and Hooker, 1969; Thorpe, 1961; 

Chivers, 1974). However, many other sex-specific alternative functions have been proposed. 
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For example, male song may be involved in mate attraction and female song in the 

declaration that the male is already paired (Gittins, 1978, 1979; Whitten, 1980, 1982). 

However, Mitani (1988) has shown that there is currently no evidence to support the theory 

that male song performs an intersexual mate attraction function. Mitani also succinctly 

summarises the function of gibbon song as the conveyance of information regarding the 

species, location and sex of the individual (Mitani, 1988).  

In this project, the Bornean Southern gibbon (Hylobates albibarbis) is used as a model 

species. This species is endemic to Borneo and its geographic distribution is restricted to the 

Southwest of the island. Morphologically speaking, the Bornean Southern gibbon is light 

brown in colour, with dark brown under parts, hands, legs and cap, black fingers and toes and 

a white brow (Hirai et al., 2009). Bornean Southern gibbons produce male solo song bouts 

which usually occur before dawn and female-male duets which occur post-dawn. Duets are 

characterised by the female great call which is preceded and ended by the male duet song.  

The individuality of the female great call has been widely studied in the genus Hylobates, 

perhaps due to its conspicuous nature (Oyakawa et al., 2007; Dallmann and Geissmann. 

2009; Haimoff and Gittins, 1985; Raemaekers and Raemaekers, 1985; Dallmann and 

Geissmann, 2001; Haimoff and Tilson, 1985; Cheyne et al., 2007a). For example, Dallmann 

and Geissmann (2001) found that inter-individual variability of great calls was significantly 

higher than intra-individual variability in female wild silvery gibbons (H. moloch) on Java, 

Indonesia. Oyakawa et al. (2007) found that the song of H. agilis females had a high level of 

acoustic individuality in the climax part of the great call.  

Much less is known about the male counterpart. Mitani and Marler (1989) have examined the 

phonological structure of male song in the agile gibbon (H. agilis) and showed that they are 

produced by reference to a set of rules, which indicate the position and order of elements in 

the song. The only past research concerning individuality in male gibbon song was conducted 
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by Mitani (1987) on male song variation in gibbons from three different populations: 

Müller’s gibbons (H. muelleri) in East Kalimantan, and agile gibbons (H. agilis) in South 

Sumatra and West Kalimantan. Mitani found significant inter-individual variation in male 

gibbon song within populations in all measures. The male song of H. albibarbis has never 

been analysed for individuality. 

Oyakawa et al. (2007) suggest that the function of individual gibbon song, if used in 

recognition, may serve the purpose of maintaining relationships between individuals, as well 

as distinguishing intruders from relatives, hence maintaining both spatial and social 

organisation. If this is true, there should be strong selection for acoustic individuality in 

female gibbon song and likewise in male song.  

This study will quantify the level of individuality found in the male duet song of the Bornean 

Southern gibbon. Song bouts of multiple males will be recorded and specific acoustic features 

analysed for individuality. If the data suggest some level of individuality there will be 

implications for the conservation of the Bornean Southern gibbon (as well as biological 

implications). H. albibarbis is classed as Endangered on the IUCN Red List 2010. It is 

threatened throughout its range by logging, forest conversion and, especially in peat-swamp 

forests, by fire. Long-term monitoring and assessment of population numbers are essential, as 

are simple methods for assessing this. Unfortunately, population survey methods are still 

hampered by the labour and time-intensive nature of the triangulation method, as well as the 

error associated with it (Nijman and Menken, 2005; Brockelman and Srikosamatara, 1993; 

Cheyne et al., 2007b; Hamard et al., 2010a). New methods which may facilitate population 

surveys are worth testing, as many areas where H. albibarbis may occur are unsurveyed and 

outside protected areas.  
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METHOD 

 

Study Site and Subject Animals 

A population of wild Bornean Southern gibbons was investigated in a never-before studied 

rainforest in Central Kalimantan, Indonesia (1°12’ S, 114° 06’ E; see Fig. 1). The forest 

contained a whole gradation of forest types from kerangas (heath) forest and peat-swamp 

forest, to very dense low pole in a relatively small area. Gibbon groups were only found in 

the former two habitat types. Research took place from July 10 to August 30, 2010. The 

average daily temperature during this period was 27.5 ºC and the average daily rainfall was 

12.3 mm. Preliminary triangulation surveys suggested a total of 20 gibbon groups in the study 

area, these were mapped and territory sizes estimated (Hamard, 2010b; see Fig. 2). This study 

focused on nine groups (A, B, C, D, E, F, G, H, I), all living within 2 km of the field station, 

however there were an additional ten groups in the area (J, K, L, M, N, O, P, Q, R, S). All 

groups were wild and non-habituated.  
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Fig. 2. Map of the study site: house symbol, field station; thin black lines, trails; thick black 

line, approximate home ranges of the nine subject groups; dashed lines, approximate home 

ranges of the ten groups that have not been analyzed in the present study. 

 

 

 200m 100m           
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Vocal Recording 

Vocalisations were recorded between 0400 and 0900, when the gibbons were vocally active. 

Two or three researchers walked to a particular listening post in the rainforest, where they 

made recordings of vocal activity using a Zoom H2 Handy Recorder and stand, with a 

sampling rate of 48 kHz and a 16-bit resolution. The recorder was set to the two-channel 

setting (FRONT 90), fixed to a stand and pointed in the direction of vocal activity. Only 

groups which were close enough for a clear recording were recorded. The start time, end time 

and location of the recording was also taken down. The direction of the song was determined 

using a magnetic compass and the distance of the group relative to the listening post was 

estimated. To aid later analysis, the status of duetting and the number of great call repeats 

was also recorded. Groups were identified by the location of the vocalisation (territories tend 

to be well defined) and group composition (number of singers). 

Data was collected on a total of 29 days, resulting in a total recording time of 1,856 minutes. 

Male songs for which the sound quality was poor or the individual identity was ambiguous 

were eliminated from the acoustic analysis. A total of 176 male song bouts were recorded, 

consisting of approximately 20 (and no less than 17) bouts from each of the nine different 

groups (A, B, C, D, E, F, G, H, I). This study focuses on the male song and in particular the 

male duet song of H. albibarbis. Each of the nine subject groups contained one adult male 

whose duet song was recorded; therefore individual male and group names are used 

interchangeably in this paper. 
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Male Bornean Southern Gibbon Song Structure                 

This study focuses on the duet song of the male Bornean Southern gibbon and uses the 

acoustic terminology proposed by Haimoff (1984b). 

Haimoff (1984b) defines a note as “any single continuous sound of any distinct frequency or 

frequency modulation, which may be produced during either inhalation or exhalation”.          

The average note in the song of a male Bornean Southern gibbon has a duration of 0.4 

seconds and a frequency range of 391.7 Hz (see Table 1). 

A phrase is defined as “a single vocal activity consisting of a larger or loose collection of 

notes” (Haimoff, 1984b).  The duet song of the male Bornean Southern gibbon is made up of 

two distinct phases: 1) male phase 1: before the female great call, and 2) male phase 2: after 

the female great call (see Fig. 3).                                                 :

 

Fig. 3. An example sonogram showing the position of the phases in the male duet song of the 

Bornean Southern gibbon. 

Male phase 1 is characterised by having an average of 5.9 notes, an average frequency range 

of 643.0 Hz and an average duration of 3.5 seconds. Male phase 2 is characterised by having 

an average of 3.1 notes, an average frequency range of 372.5 Hz and an average duration of 

2.2 seconds. Therefore phase 1 is long, made up of many syllables and spans a large 

frequency range, whereas phase 2 is short, made up of fewer syllables and spans a much 

smaller frequency range (see Table 1).  

1 2 
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Lastly, a song is defined as “a series of notes, generally of more than one type, uttered in 

succession and so related as to form a recognisable sequence or pattern in time” (Haimoff, 

1984b). The average song of a male Bornean Southern gibbon has a duration of 5.7 seconds, 

a frequency range of 705.2 Hz and consists of 9.0 notes (see Table 1). 

TABLE 1: Summary of Male Bornean Southern Gibbon Duet Song Structure 

Level Average 

duration 

(secs) 

Average 

no. of 

syllables 

Average 

freq. range 

(Hz) 

Note 0.4 N/A 391.7 

Phase 1 3.5 5.9 643.0 

Phase 2 2.2 3.1 372.5 

Song 5.7 9.0 705.2 

 

Acoustic Analysis 

General settings 

Sonograms of the recorded vocalisations were generated using sound analysis software 

(Raven Pro 1.3; see Fig. 4). 

Acoustic variables 

To compare the sonograms and calculate the individuality of the male duet song, a total of 14 

acoustic variables (6 note-specific variables, 4 phase-specific variables and 4 song-specific 

variables) were selected (see Table 2). Acoustic variables were chosen by inspecting 

sonograms and examining the methodologies of similar studies (Oyakawa et al., 2007; 

Mitani, 1987; Cheyne et al., 2007a; Mitani, 1988) so as to ensure comparability and 

continuity. Three levels of acoustic variability were analysed: note, phase and song, to 

capture as much variation as possible. Each acoustic variable was defined by a frequency 

(Hz) or time (secs) component. Note-specific variables were measured for all notes in the 
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song. The average frequency of a note was calculated by averaging the minimum and 

maximum frequencies. Phase specific variables were measured for both phases 1 and 2 (see 

Fig. 5).  

TABLE 2: The 14 Acoustic Variables Used in This Study 

Level Acoustic variable 

Note  Start frequency  

  End frequency  

  Minimum frequency  

  Maximum frequency 

  Average frequency 

  Duration 

Phase  Number of syllables 

  Minimum frequency  

  Maximum frequency 

  Duration 

Song Number of syllables 

  Minimum frequency  

  Maximum frequency 

  Duration 

 

 

 

 

 

 

 

 

 



 

Fig. 4. Representative sonograms for
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Representative sonograms for the nine subject males (A, B, C, D, E, F, G, H, I)

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(A, B, C, D, E, F, G, H, I) 



 

 

 

 

 

 

 

 

  

 

 

 

 

                        

 

 

 

Fig. 5. Representative sonograms of, a) a

specific acoustic variables measured, b) a

phase-specific acoustic variables

specific acoustic variables measured

 

 

 

 

 

 

*Duration of song = Duration 1 + Duration 2

a) 

b) 

c) 

13 

Representative sonograms of, a) a single note from a male duet song and the six note

specific acoustic variables measured, b) a single phase from a male duet song and the four 

specific acoustic variables measured, and c) a single male duet song and 

measured. 

*Duration of song = Duration 1 + Duration 2 

from a male duet song and the six note-

from a male duet song and the four 

single male duet song and the four song-
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Statistical Analysis 

 

Principal component analysis (PCA) was performed to divide the acoustic variables into 

distinct groups, or so-called principal components (PCs). By definition, each PC is 

independent and contributes a certain proportion of the total explained variation found in the 

data set. PCs with significant contributions to variation were deduced from the Scree plot. 

The relative effect of each variable on the associated PC was deduced from the loading 

factor. Only variables with loading factors >  | 0.5 | were considered significant.   

A one-way, random-effects model analysis of variance (ANOVA) was then performed on 

each set of PC scores. Between-individual variation was inputted as the main effect and 

within-individual variation as the error to deduce which PCs contributed most to 

individuality.  

A variance component analysis (VARCOMP) was also performed to generate variance 

components for both within-individual and between-individual variation. Percentages were 

calculated using the sum of both variance components. 

These statistical analyses were performed on note-specific, phase-specific and song-specific 

variables separately. 

All statistical analyses were carried out using Minitab 16.  
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RESULTS 

 

Normalisation 

All acoustic variables were checked for a roughly normal distribution and outliers were 

removed from the data set before statistical analysis was performed (see Appendix for a 

summary of the relevant descriptive statistics). 

PCA and ANOVA: Note-specific, Phase-specific and Song-specific Variables 

Note-specific Variables 

The note-specific acoustic variables measured were: note number, minimum frequency, 

maximum frequency, start frequency, end frequency, average frequency and duration. A total 

of 1,562 notes, from 176 sonograms, from the nine males studied (A, B, C, D, E, F, G, H, I) 

were measured and analysed to deduce whether the songs of H. albibarbis males show 

individuality at the level of the note.  

Firstly, a PCA was performed to summarise the six acoustic variables at the level of the note 

into two PCs that explained 77.9% of the variance in the data (see Fig. 6 and Table 6). PC 1 

was dominated by the variable of average frequency and PC 2 by the variables of start 

frequency, end frequency and minimum frequency (see Table 6). 
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Fig. 6. Mean and 95% confidence intervals of the two note-specific principal component 

(PC) scores for each individual. 

 

Secondly, a one-way, random-effects ANOVA was performed on the PC scores and showed 

significant differences in the means of both PCs across all nine individuals (PC 1: p < 0.001, 

PC 2: p < 0.001). This suggests that the song of H. albibarbis males does indeed show 

individuality at the level of the note and particularly in the acoustic variables of average 

frequency, start frequency, end frequency and minimum frequency. Variance component 

analysis revealed that 13% of the variance is between individuals and 87% is within 

individuals for PC 1. For PC 2, 5% is between individuals and 95% is within individuals. 

Therefore, PC 1 and PC 2 represent a low percentage of between-individual variance and a 

high percentage of within-individual variance (see Table 3).  
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TABLE 3: ANOVA and Variance Component Analysis Results for Note-specific 

Variables 

   
Variance component 

Principal 

component 
F p Between Within 

1 27.23 <0.001 0.4739 (13%) 3.1140 (87%) 

2 10.45 <0.001 0.0598 (5%) 1.0900 (95%) 

  
  

  
 

Phase-specific Variables 

The phase-specific acoustic variables measured were: minimum frequency, maximum 

frequency, number of syllables and duration. A total of 352 phases (phase 1 and phase 2), 

from 176 sonograms, from the nine individuals studied were measured and analysed to find 

out whether the songs of H. albibarbis males show individuality at the level of the phase.  

A PCA was performed to summarise the five acoustic variables at the level of the phase into 

two PCs that explained 88.7% of the variance in the data (see Fig. 7 and Table 6). PC 1 was 

dominated by the variables of duration, no. of syllables and maximum frequency and PC 2 

was dominated by minimum frequency (see Table 6). 
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Fig. 7. Mean and 95% confidence intervals of the two phase-specific principal component 

(PC) scores for each individual. 

 

A one-way, random-effects ANOVA was performed on the PC scores and showed significant 

differences in the means of both PCs across all nine individuals (PC 1: p < 0.001, PC 2: p < 

0.001). This suggests that the song of H. albibarbis males does indeed show individuality at 

the level of the phase, and in all phase-specific acoustic variables measured. Variance 

component analysis revealed that 23% of the variance is between individuals and 77% is 

within individuals for PC 1. For PC 2, 27% is between individuals and 73% is within 

individuals. Therefore, PC 1 and PC 2 represent a low percentage of between-individual 

variance and a high percentage of within-individual variance (see Table 4). 
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TABLE 4: ANOVA and Variance Component Analysis Results for Phase-specific 

Variables 

   
Variance component 

Principal 

component 
F p Between Within 

1 12.85 <0.001 0.6300 (23%) 2.0555 (77%) 

2 14.96 <0.001 0.2543 (27%) 0.7044 (73%) 

  
  

  
 

Song-specific Variables 

The song-specific acoustic variables measured were: minimum frequency, maximum 

frequency, number of syllables and duration. A total of 176 songs, from 176 sonograms, from 

the nine individuals studied were measured and analysed to find out whether the songs of H. 

albibarbis males show individuality at the level of the song. 

A PCA was performed to summarise the four acoustic variables at the level of the song into 

two PCs that explained 81.1% of the variance in the data (see Fig. 8 and Table 6). PC 1 was 

dominated by the variables of duration and number of syllables and PC 2 was dominated by 

minimum frequency (see Table 6). 
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Fig. 8. Mean and 95% confidence intervals of the two song-specific principal component 

(PC) scores for each individual. 

 

A one-way, random-effects ANOVA was performed on the PC scores and showed significant 

differences in the means of both PCs across all nine individuals (PC 1: p < 0.001, PC 2: p < 

0.001). This suggests that the song of H. albibarbis males does indeed show individuality at 

the level of the song and particularly in the variables of duration, number of syllables and 

minimum frequency. Variance component analysis revealed that 52% of the variance is 

between individuals and 48% is within individuals for PC 1. For PC 2, 39% is between 

individuals and 61% is within individuals. Therefore, PC 2 represents a lower percentage of 

between-individual variance and a higher percentage of within-individual variance whereas 

PC 1 represents a higher percentage of between-individual variance and a lower percentage 

of within-individual variance (see Table 5). 
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TABLE 5: ANOVA and Variance Component Analysis Results for Song-specific 

Variables 

   
Variance component 

Principal 

component 
F P Between Within 

1 21.98 <0.001 1.2330 (52%) 1.1350 (48%) 

2 13.32 <0.001 0.4096 (39%) 0.6423 (61%) 

 

 

PC 1 at the song-specific level is the only PC which shows a higher proportion of between-

individual variance than within-individual variance in the variance component analysis, 

suggesting a particularly high magnitude of acoustic individuality in this PC. 

 

TABLE 6: Six Summarised Principal Components and Related Acoustic Variables 

with Their Factor Loadings 

 

Principal 

component 

Level of 

variation Acoustic variable 

Factor 

loading 

Percentage of 

variance 

explained (%) 

1 Note Average frequency 0.510 58.9 

2 Note Start frequency 0.512 

19.0 End frequency 0.539 

Minimum frequency 0.512 

1 Phase Duration 0.516 

65.4 No. of syllables 0.563 

Maximum frequency 0.544 

2 Phase Minimum frequency 0.817 23.3 

1* Song  Duration 0.619 
55.9 

No. of syllables 0.604 

2 Song  Minimum frequency 0.940 25.2 
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DISCUSSION 

 

The aim of this study was to quantify the level of individuality found in the male duet song of 

the Bornean Southern gibbon. This study has summarised 14 acoustic variables, at three 

levels of variation (note, phase and song) and in three different analyses into a total of six 

PCs. All six of these PCs show significant differences between individuals, suggesting that 

the male duet song of H. albibarbis shows a significant level of acoustic individuality at all 

three levels (all p < 0.001). The note-specific acoustic variables which show significant 

individuality are duration, start frequency, end frequency, minimum frequency and average 

frequency. All four phase-specific acoustic variables show significant individuality, and the 

variables of duration, minimum frequency and number of syllables show individuality at the 

level of the song. The only acoustic variable which was not included in the PCs and therefore 

did not show a significant level of individuality is note-specific and song-specific maximum 

frequency. This study also found different magnitudes of acoustic individuality among the six 

PCs. PC 1 of the song-specific analysis (defined by the acoustic variables of duration and 

number of syllables) showed lower within-individual variance and higher between-individual 

variance, suggesting a particularly high magnitude of acoustic individuality. This may be 

because the level of the song is the highest and most interpretable level of variation.  

The dense forest habitat of the gibbon is a challenging environment for sound transmission. 

Whitten (1982) points out that a signal can be weakened by factors such as foliage, air 

turbulence, temperature gradients, ground effects and other animal vocalisations which 

absorb, reflect and refract sound waves. Evidence for a so-called ‘sound window’ in forest 

habitats can be found in several previous studies and is summarised by Waser and Brown 

(1984). In relation to gibbon song, Whitten (1982) suggests that sound transmission is 

maximised when a gibbon produces relatively low-frequency notes, from sites high above the 
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ground and at a time just before dawn. One hypothesis, proposed by Haimoff and Tilson 

(1985), is that selection for individuality on frequency may therefore be limited, to maintain 

the communicative function of the song. Furthermore, there may be greater selection for 

individuality on the durational variables and number of syllables in the song, features which 

are more easily manipulated (Haimoff and Tilson, 1985). The results of this study therefore 

support this hypothesis. This hypothesis may also explain why maximum frequency did not 

show a significant level of individuality at the level of the note and the song. If it is important 

for gibbons to sing within a particular ‘sound window’ and lower frequencies optimise sound 

transmission, then high frequencies such as those sampled in the maximum frequency 

variable are likely to be poorly transmitted through the forest. If so, this may have an effect 

on recordings, making the maximum frequency variable less reliable than the other variables 

measured. It is possible that significant individuality would be found in this variable if this 

error was removed, for example by setting a limit on the distance of the group relative to the 

listening post when recording. 

The findings of this study resemble those from a study on species discrimination of male 

song in three Indonesian populations of agile and Müller’s gibbons, conducted by Mitani 

(1987). Mitani found significant inter-individual variation in male gibbon song, within each 

population and in all measures. The findings of this study are also consistent with other 

studies of individuality in female gibbon song including H. syndactylus (West, 1981), H. 

agilis (Haimoff and Gittins, 1985; Oyakawa et al., 2007), H. lar (Raemaekers and 

Raemakaekers, 1985), H. moloch (Dallmann and Geissmann, 2001), H. klossii (Haimoff and 

Tilson, 1985), H. muelleri (Mitani, 1987) and H. albibarbis (Cheyne et al., 2007a). Haimoff 

and Gittins (1985) focused on the female song of the agile gibbon and found that it showed 

individuality throughout the great call. Raemarkers and Raemaekers (1985) made a similar 

finding to Haimoff and Gittins (1985). Oyakawa et al. (2007) found a high level of acoustic 
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individuality in the female agile gibbon great call, with particular emphasis on the climax 

part. Haimoff and Tilson (1985) found individuality occurring throughout the entire song of 

the female Kloss’ gibbon. Dallmann and Geissmann (2001) found significant individuality 

between great calls of silvery gibbon females. A study on H. albibarbis was conducted by 

Cheyne et al. (2007) and showed that the songs of female Bornean Southern gibbons showed 

individuality in all variables of the great call except duration. Similar studies have also found 

individuality in the vocalisations of different species such as the chuck vocalisations of 

female squirrel monkeys (Boinski and Mitchell, 1997), marmoset long calls (Jorgensen and 

French, 1998) and the vocal repertoires of wild chimpanzees (Mitani et al., 1996). The 

phenomenon of vocal individuality is therefore not exclusive to gibbons. 

The function of gibbon song has long been debated. Gibbons are extremely territorial 

primates with a social structure based around the family unit. This is a very complex and 

demanding social and spatial structure requiring constant maintenance. One hypothesis is that 

individual gibbon song may help maintain this way of life by advertising the individual’s 

presence in space and other important information regarding that individual (Haimoff and 

Tilson, 1985). Furthermore, male and female gibbons experience very different selection 

pressures. While the limiting factor for females is the availability of resources, for the males 

it is the availability of females. It is likely that selection for song individuality also differs 

between the sexes. A possible hypothesis is that selection for individuality in the female song 

exists to allow the female to signal her territory to other groups and hence to defend her 

resources for herself and her offspring. The male, while still needing to advertise his territory 

in the same way, may also use the individuality of his song to attract mates. This would fit in 

with the relatively recent shift in our understanding of gibbon mating systems; from initial 

observations which suggested strict monogamy to further long-term studies which revealed 

the occurrence of extra-pair copulations (Morino, 2009; Palombit, 1994; Reichard, 1995). 
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However, there is no evidence for non-monogamy in the species H. albibarbis (Cheyne, S. 

M., pers. comm., 2011). There is also no evidence to support the theory that male gibbon 

song is involved in inter-sexual mate attraction (Mitani, 1988).  

Whether Bornean Southern gibbons actually use male song to specifically distinguish one 

male individual from another could be tested using playback experiments in future studies. 

Other playback experiments with gibbon song have found evidence for recognition among 

individuals (Mitani, 1984; Raemaekers and Raemaekers, 1985). However, one must always 

consider the possible negative behavioural impacts of playback experiments on their subjects 

before performing them. 

From the perspective of the conservationist, the significant level of individuality found in the 

male song of H. albibarbis will also have important implications. H. albibarbis is listed as 

Endangered on the IUCN Red List 2010 and as a consequence is in need of efficient 

conservation. One of the most important but challenging tasks is that of population surveying. 

Population surveys are a crucial method of monitoring the status of a species and informing 

its conservation. As discussed by Nijman and Mencken (2005), density data and derived 

parameters are needed, as are censuses of primates and other animals. However, forest 

primates, such as gibbons, are particularly difficult to survey accurately (Brochelman and 

Srikosamatara, 1993). Methods of estimating population numbers using the vocalisations 

made by gibbons are already widely used but these rely on simple auditory methods. 

Listeners must stand at particular listening posts and collect the following information: start 

time of each vocalisation, compass direction and estimated distance of each vocalising group 

or individual (Brochelman and Srikosamatara, 1993). In the triangulation method, these 

listening posts are arranged in a triangular layout. However, the triangulation method is 

hampered by its labour and time-intensive nature (Cheyne, S. M., pers. comm., 2010). A 

large sampling error is also associated with this method as a result of factors such weather 
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conditions and day to day variation in singing, only some of which can be compensated for 

by a correction factor (Brochelman and Srikosamatara, 1993). Therefore, this technique can 

be a good way of obtaining a primary indication of density but accurate population estimates 

are also crucial.  

Consequently, any new method which may facilitate accurate population surveys is worth 

testing. This may encourage researchers to survey H. albibarbis in previously unsurveyed 

areas and particularly in unprotected areas where gaps in population data are most 

pronounced due to the lack of a formal framework. This study has shown that there is 

potential for identifying, and by extension surveying, H. albibarbis males simply be 

recording and analysing their songs for the following acoustic features: note-specific 

duration, start frequency, end frequency, minimum frequency and average frequency; phase-

specific duration, minimum frequency, maximum frequency and number of syllables; song-

specific duration, minimum frequency and number of syllables and in particular, song-

specific duration and number of syllables. If each individual male can be identified 

acoustically, then the number of groups can be deduced and the number of individuals 

estimated using a simple equation, such as: 

NI = NM* 

Where, NI = no. of individuals, NM = no. of males and      = average group size 

Average group size can be estimated or observationally deduced if sufficient time and 

resources are available. A method such as this would greatly facilitate accurate population 

surveys of H. albibarbis and would have considerable implications for the conservation of 

this species. 

 

 

 

gs 

gs 
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CONCLUSIONS 

 

1. Significant acoustic individuality was found in the male duet song of the Bornean Southern 

gibbon (H. albibarbis) at all three levels of variation: note, phase and song. 

2. Significant individuality was found in the following acoustic variables: note-specific 

duration, start frequency, end frequency, minimum frequency and average frequency; phase-

specific duration, minimum frequency, maximum frequency and number of syllables; and 

song-specific duration, minimum frequency and number of syllables. 

3. A particularly high magnitude of individuality was found in the acoustic variables of song-

specific duration and number of syllables, possibly due to the need to optimise sound 

transmission through the dense, forest habitat of the gibbon by maintaining a relatively 

constant frequency. 

4. As well as furthering our biological understanding of male gibbon song, these findings 

have the potential to improve population survey methods which are currently prone to error 

and hampered by the labour and time-intensive nature of the triangulation method. 
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APPENDIX 
Note-specific variables: descriptive statistics for each group 

 

 
                       

Variable       Group      N     Mean    StDev  Minimum  Maximum 

start freq.    A        226   585.62    66.57   426.90   781.20 

               B        159   506.69    69.19   324.80   688.40 

               C        215   570.22    52.92   422.80   759.20 

               D        143   521.91    64.63   375.10   679.40 

               E        248   521.40    98.19   332.00   796.80 

               F        148   485.91    67.12   347.40   702.90 

               G        154   517.01    71.26   353.10   706.20 

               H        126   558.21    84.89   330.20   731.80 

               I        143   563.71    65.51   363.30   837.10 

 

end freq.      A        226    983.7    155.0    626.3   1342.2 

               B        159    896.1    708.7    522.6   9501.0 

               C        215    968.7    147.6    650.8   1424.9 

               D        143    896.5    168.8    580.2   1314.5 

               E        248    949.3    225.0    515.7   1523.5 

               F        148    859.6    179.9    499.1   1299.0 

               G        154    866.6    174.3    536.2   1387.6 

               H        126    953.5    217.5    583.7   1324.2 

               I        143    937.1    132.2    576.1   1224.9 

 

max. freq.     A        226    993.3    158.6    626.3   1420.1 

               B        159    847.0    177.6    522.6   1367.9 

               C        215   977.56   144.41   662.30  1431.80 

               D        143    902.0    171.0    605.8   1314.5 

               E        248    954.7    225.8    515.7   1523.5 

               F        148    867.3    186.0    499.1   1436.9 

               G        154    872.3    174.7    536.2   1387.6 

               H        126    955.2    218.3    583.7   1324.2 

               I        143    944.5    128.6    637.3   1234.8 

 

min. freq.     A        226   585.66    66.78   426.90   781.20 

               B        159   506.28    68.27   324.80   638.80 

               C        215   570.62    52.91   422.80   759.20 

               D        143   521.26    64.84   375.10   679.40 

               E        248   520.03   100.44   178.70   796.80 

               F        148   486.24    67.40   347.40   702.90 

               G        154   515.78    69.23   353.10   682.70 

               H        126   558.21    84.89   330.20   731.80 

               I        143   563.52    65.29   363.30   837.10 

 

average freq.  A        226   789.49    96.82   530.25  1089.40 

               B        159   676.63   101.18   456.10   987.00 

               C        215   774.09    75.40   583.15  1048.15 

               D        143   711.64   102.83   495.25   993.05 

               E        248   737.35   147.90   456.95  1056.30 

               F        148   676.76   107.12   452.95   938.65 

               G        154   694.04   101.48   478.05   940.70 

               H        126    756.7    142.0    457.0   1020.4 

               I        143   754.01    78.26   571.45   932.00 

 

duration       A        226  0.44772  0.11539  0.22700  0.82700 

               B        159  0.36780  0.11387  0.18200  0.75900 

               C        215  0.38027  0.09053  0.19700  0.72900 

               D        143   0.4135   0.1436   0.2020   0.9160 

               E        248  0.40718  0.13504  0.20700  0.89600 

               F        148  0.38318  0.11183  0.18100  0.70400 

               G        154   0.3721   0.1244   0.1900   0.7750 

               H        126  0.37266  0.09691  0.21100  0.71200 

               I        143   0.5003   0.1481   0.1820   0.9500 
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Phase-specific variables: descriptive statistics for each group 

 
 
                          

Variable          Group      N    Mean  StDev  Minimum  Maximum 

duration          A         40   3.751  1.720    1.553    8.055 

                  B         39   2.284  0.774    0.411    4.603 

                  C         40   2.950  0.993    1.547    5.951 

                  D         40   2.131  0.957    0.512    4.227 

                  E         39   4.872  2.372    0.887   12.328 

                  F         39   2.263  0.976    0.603    5.096 

                  G         40   2.214  0.798    0.567    4.755 

                  H         34   2.234  1.476    0.515    5.908 

                  I         37   2.674  1.315    0.842    5.745 

 

no. of syllables  A         40   5.625  2.752    3.000   13.000 

                  B         39   3.923  1.476    1.000    7.000 

                  C         40   5.300  1.682    3.000    9.000 

                  D         40   3.600  1.985    1.000    7.000 

                  E         39   6.282  2.523    1.000   11.000 

                  F         39   3.795  1.361    1.000    7.000 

                  G         40   3.875  1.488    1.000    8.000 

                  H         34   3.735  2.428    1.000    9.000 

                  I         37   3.946  1.471    2.000    8.000 

 

max. freq.        A         40  1072.3  137.8    738.6   1420.1 

                  B         39   897.6  229.2    607.0   1367.9 

                  C         40  1073.1  120.2    834.2   1431.8 

                  D         40   911.0  222.4    652.5   1314.5 

                  E         39  1037.0  233.6    692.8   1523.5 

                  F         39   924.3  206.0    652.5   1323.9 

                  G         40   923.8  205.6    652.5   1387.6 

                  H         34   941.0  247.5    583.7   1324.2 

                  I         37  1004.5   94.9    774.4   1234.8 

 

min. freq.        A         40  521.82  48.86   426.90   603.70 

                  B         39  437.71  49.13   324.80   539.50 

                  C         40  515.74  46.77   387.00   616.60 

                  D         40  455.10  53.35   375.10   581.50 

                  E         39   448.3   70.9    332.0    598.7 

                  F         39  419.17  40.86   347.40   501.50 

                  G         40  444.01  61.29   353.10   567.90 

                  H         34   479.1   73.7    330.2    603.1 

                  I         37  507.72  56.08   363.00   610.90 

 

 

 

 

 

 

 

 

 
Song-specific variables: descriptive statistics for each group 

 

 
                          

Variable          Group      N    Mean  StDev  Minimum  Maximum 

duration          A         20   7.502  2.048    3.818   11.310 

                  B         19   4.585  0.651    3.498    5.724 

                  C         20   5.901  1.088    4.439    8.725 

                  D         20   4.262  0.836    3.065    6.009 

                  E         20   9.772  2.548    4.810   14.759 

                  F         19   4.555  1.095    2.664    7.194 
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                  G         20   4.427  1.188    1.854    7.022 

                  H         17   4.758  2.821    1.485   12.000 

                  I         19   5.373  1.784    2.855    8.325 

 

no. of syllables  A         20  11.250  3.059    6.000   17.000 

                  B         19   7.895  0.875    7.000   10.000 

                  C         20  10.600  1.429    7.000   12.000 

                  D         20   7.200  0.951    6.000    9.000 

                  E         20  12.650  2.084    8.000   17.000 

                  F         19   7.579  1.427    5.000   10.000 

                  G         20   7.750  1.585    4.000   11.000 

                  H         17   7.471  3.393    3.000   13.000 

                  I         19   7.947  1.900    6.000   12.000 

 

max. freq.        A         20  1169.1   77.7   1059.3   1420.1 

                  B         19  1101.2  138.9    847.0   1367.9 

                  C         20  1161.2   79.7   1088.1   1431.8 

                  D         20  1122.3   74.8    953.8   1314.5 

                  E         20  1240.4  111.2   1102.5   1523.5 

                  F         19  1106.8  112.9    859.2   1323.9 

                  G         20  1103.8  106.9    896.5   1387.6 

                  H         17  1155.7   90.0   1043.6   1324.2 

                  I         19  1078.8   64.5    934.0   1234.8 

 

min. freq.        A         20  502.07  42.55   426.90   567.10 

                  B         19  406.07  38.14   324.80   495.60 

                  C         20  491.82  44.43   387.00   570.80 

                  D         20  412.74  23.93   375.10   455.60 

                  E         20   387.5   61.5    178.7    488.9 

                  F         19  390.67  23.61   347.40   447.40 

                  G         20  406.00  43.62   353.10   520.50 

                  H         17   425.1   58.4    330.2    497.8 

                  I         19   465.4   88.7    183.4    555.9 

 

 

 

 


