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Abstract: The song structure of p�leated g�bbons (Hylobates pileatus) was stud�ed �n e�ght locat�ons �n southwestern Cambod�a. 
Male and female vocalizations were recorded daily between 07:00 and 13:00 for five consecutive days at each. The results showed 
that peak call�ng act�v�ty occurs around �0:00, w�th sl�ght var�at�on between d�fferent locat�ons. A female’s song �s typ�cally made 
up of approximately seven to eight phrases of great calls (average = 7.63 ±2.36), each lasting an average of 13.25 ±6.09 seconds. 
Match�ng male call phrases are relat�vely stable at ��.55 ±3.82 seconds and are pos�t�vely correlated w�th the durat�on of match�ng 
female songs, whereas solo male call phrases are shorter, �0.66 ±9.�6 w�th no correlat�on to female songs. The number of great call 
phrases, the sequences, and duration in female songs varied significantly between individuals from different localities. This sug-
gests that g�bbon develop local d�alects and that songs const�tutes an �mportant parameter �n pa�r format�on and soc�al structures.
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Introduction

G�bbons (Hylobat�dae) occur �n most of eastern As�a, 
from northwest Ind�a �n the west, to Ch�na �n the east and Java 
(Indonesia) in the south. They generally exhibit monogamous 
social structures with well-defined territories (Mackinnon and 
Mack�nnon �977; Ch�vers �984; Le�ghton �987; Brockelman 
et al. �998) and d�st�ngu�sh themselves from other pr�mates by 
produc�ng long and loud song bouts (Ha�moff �984; Brock-
elman et al. �998; Ge�ssmann �999, 2002). G�bbon duets 
are well-timed and complex vocal interactions that influ-
ence pa�r-bond�ng behav�or (Ch�vers �976; Brockelman and 
Sr�kosamatara �984; Raemakers et al. �984; Palomb�t �994; 
Ge�ssmann �995, �999, 2000, 2002). Most of the duets and 
�nd�v�dual calls are d�st�nctly d�fferent from each other; so 
much so that a tra�ned l�stener can eas�ly d�st�ngu�sh between, 
for example, two different vocalizing couples (Geissmann 
pers. comm.). Some species, for example siamang (Hylo-
bates syndactylus), exhibit particularly complex vocal struc-
tures, and it is consequently considerably more difficult to 
d�st�ngu�sh between two d�fferent songs w�thout help from an 
aud�ogram (Ge�ssmannn �999, 2000).

Maples et al. (�989) and Ge�ssmann (�999, 2000) pro-
v�ded ev�dence that the duet of s�amangs (H. syndactylus) 
plays an �mportant role �n pa�r bond�ng. Such duets are the 

result of learned behav�or, pr�mar�ly through �ntens�ve adap-
t�ve vocal �nteract�on between a male and a female (Maples 
et al. �989; Ge�ssmann �999, 2000). Th�s suggests that g�b-
bons have a larger song reperto�re than normally recorded 
in the field and that song activity can be adapted to a new 
partner. Although �t �s well known that two or more groups 
of g�bbons can be d�st�ngu�shed from the�r songs alone, �t �s 
poss�ble that even �nd�v�duals d�ffer �n the�r song compos�-
t�on on d�fferent days. It has been suggested that �t �s poss�ble 
to bu�ld a phylogenet�c relat�onsh�p on the bas�s of acous-
t�c reperto�re (Ge�ssman 2002; Konrad 2004). Takacs et al. 
(2005) revealed that a phylogenet�c relat�onsh�p based on 
acoust�c reperto�re alone does not necessar�ly match that of 
a phylogenet�c relat�onsh�p us�ng DNA sequences. Neverthe-
less, d�fferences �n female great calls can be eas�ly detected 
�n an aud�ogram, and d�fferences — �f any — �n song com-
pos�t�on, durat�on, t�me, and structure should be poss�ble to 
record directly in the field.

The p�leated g�bbon, Hylobates pileatus, �s found �n 
Tha�land, Cambod�a, and Laos west of the Mekong R�ver 
(Lekagul and McNeely �988; Corbet and H�ll �992; Traeholt 
et al. 2005). It �s abundant �n both logged and v�rg�n forests 
of western Cambod�a, and duets usually �n the morn�ngs 
(Traeholt et al. 2005). Th�s study was undertaken �n conjunc-
t�on w�th Fauna and Flora Internat�onal’s Cambod�a Pr�mate 
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Programme and examines the differences in the song structure 
of p�leated g�bbons �n a number of s�tes �n Cambod�a.

Methods

G�bbon songs were recorded from e�ght locat�ons (Table 
1) for five consecutive days at each. All locations were in 
heav�ly logged, evergreen forest, although Plot � �n Ch�pat 
was significantly more degraded than the others.

We recorded g�bbon duets between 07:00 and �3:00 from 
three d�fferent l�sten�ng posts form�ng an equ�lateral tr�angle 
of � km on each s�de. For each duet we recorded t�me started 
and ended, durat�on, date, temperature, weather cond�t�on, and 
locat�on (us�ng a global pos�t�on�ng system) of both males and 
females. When a female was s�lent for �5 m�nutes we cons�d-
ered her great call as term�nated (�.e., when the female started 
another great call �n the �6th m�nute follow�ng term�nat�on of 
the prev�ous call we cons�dered �t a new song). A male call 
that was part of a duet was a match�ng call. Male calls that 
were not part of a duet we refer to as non-match�ng calls. We 
defined a song as consisting of a number of call phrases (i.e., 
a female’s great call �s repeated several t�mes �n the space of 
a complete song). Among the g�bbons �n Ch�pat and Botum 
Sakor we recorded the number of phrases by one-zero sam-
pling with 1-minute intervals. An example is given in Table 
2. The durat�on of each female and male call phrases was 

Table 1. The e�ght survey locat�ons �n Cambod�a. 

Location Coordinates Habitat

Saml�ng � �03º52′ �6.�3′′ E, 
��º�6′�9.75”N

Secondary tall evergreen forest

Saml�ng 2 �03º49′ �9.84′′ E, 
��º�7′ �3.8�′′N

Secondary tall evergreen forest

Ch�pat � �03º28′ 27.3�′′ E, 
��º29′ 44.23′′N

Secondary evergreen, low and open 
canopy

Ch�pat 2 �03º29′ 37.63′′ E, 
��º29′ 3�.8�′′N

Secondary tall evergreen forest

K�r�rom �04º02′ 26.80′′ E, 
��º�8′ 52.03′′N

Secondary tall evergreen and 
sporad�c grassland

Phnom Prom �03º58′ �0.98′′ E, 
��º23′ 25.66′′N

Secondary evergreen forest

Botum Sakor � �03º20′ 38.8�′′ E, 
��º�4′ 28.89′′N

Secondary tall evergreen forest

Botum Sakor 2 �03º22′ �4.77′′ E, 
��º�0′ ��.9�′′N

Secondary tall evergreen forest

measured �n seconds. We used the t-test (two-sample, unequal 
var�ance: p value of 0.05 to accept a null hypothes�s) to test 
for any stat�st�cal d�fferences �n song durat�on, number of call 
phrases, and durat�on.

Results

The pileated gibbon exhibits clear diurnal calling activity 
(F�g. �). Peak call�ng occurred at �0:00 (sample s�ze = �0� 
recorded songs; F�g. �). There was, however, a sl�ght d�ffer-
ence �n call�ng act�v�ty among the Ch�pat g�bbons, who called 
equally frequently between �0:00 and ��:00 (F�g. �). 

Although all the females’ great calls were typ�cal of the spe-
c�es, the number of call phrases �n each song, the�r sequences, 
and durat�on var�ed cons�derably (Table 3). Th�s was apparent 
not only between d�fferent �nd�v�duals, but also �n the day-
to-day act�v�ty for the same �nd�v�dual. The sequences of call 
phrases of the song of female BS1, for example, differed con-
s�derably (Table 3). She could produce e�ght great calls over 
�� m�nutes �n one song (sequence 7 �n Table 3), and two s�ngle 
phrases over �� m�nutes �n another (sequence 5 �n Table 3).

A female pileated gibbon’s song is made up of approx-
�mately 7–8 phrases of great calls (Table 4; average = 7.63 
±2.36). Each phrase lasts for an average of �3.25 ±6.09 sec-
onds (F�g. 2a). The length of match�ng male call phrases �s 
relat�vely stable at ��.55 ±3.82 seconds (F�g. 2a; h�gh = 24 

Table 2. An �llustrat�on of the one-zero sampl�ng of three d�fferent p�leated g�bbon songs from western Cambod�a. To save space the table �s �ncomplete (�.e., �t only 
conta�ns a number of zeros after the last recorded phrase of each respect�ve g�bbon song). In real�ty, each song was cons�dered term�nated after �5 m�nutes (�5 × 0) 
of s�lence by the female.

Gibbon
No of 

phrases
Duration 

(min.)

� � � � � � � � 0 0 0 0 0 0 0 0 0 7 7

2 � 0 � 0 � 0 � 0 � 0 � 0 0 0 0 0 6 ��

3 � � 0 � � 0 � � 0 � 0 0 0 0 0 0 7 �0
Minute � 2 3 4 5 6 7 8 9 �0 �� �2 �3 �4 �5 �6

Figure 1. The d�urnal call�ng act�v�ty of p�leated g�bbons from e�ght d�ffer-
ent local�t�es �n western Cambod�a. We d�d not record any song act�v�ty after 
�2:00.
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Table 3. An example of one-zero sampling of gibbon songs from Chipat (CHP) and Botum Sakor (BS). CHP3 = gibbon #3 from Chipat, BS1 = gibbon #1 from Botum 
Sakor. *) The duration of this song exceeded the number of columns available in this table. Hence the number of phrases (7) does not match the counted number in 
Table 4.

Gibbon
No. of 

Phrases
Duration 

(min.)

� CHP� � � � � � � � 0 0 0 0 0 0 0 0 0 0 0 0 7 7

2 CHP3 � 0 � 0 � 0 � 0 � 0 � 0 0 0 0 0 0 0 0 6 ��

3 BS� � 0 � � 0 0 � 0 � 0 0 0 0 0 0 0 0 0 0 5 9

4 BS� � � 0 � 0 � 0 � 0 � 0 0 0 0 0 0 0 0 0 6 �0

5 BS�*) � 0 0 0 0 0 0 � 0 0 0 � 0 0 0 0 0 0 � 7*) 32*)

6 BS� � 0 � � � � 0 � 0 0 � 0 0 � 0 0 � 0 � �0 �9

7 BS� � � � 0 � 0 � � � 0 � 0 � 0 0 � 0 0 0 �0 �6

8 BS4 � 0 0 � 0 0 � 0 0 � 0 0 0 0 0 0 0 0 0 4 9
Minute � 2 3 4 5 6 7 8 9 �0 �� �2 �3 �4 �5 �6 �7 �8 �9

seconds, low = 7 seconds), whereas male call phrases that 
are not part of a duet song are relat�vely shorter, �0.66 ±9.�6 
seconds but with much higher fluctuation (Fig. 2a; high = 73 
seconds, low = 2 seconds). There are no significant differences 
�n the phrase durat�on of matched and unmatched male calls, 
although two phrases of unmatched calls lasted for 45 and 
73 seconds, respect�vely. These appear to be uncharacter�st�c 
song act�v�ty, and om�tt�ng these two calls from the stat�st�cal 
analysis results in a significant difference in the phrase length 
of matched and unmatched male calls (p<0.005, t-test). Fur-
thermore, the lengths of matched phrases were pos�t�vely cor-
related w�th those of female call phrases (F�g. 4; k = 0.�568), 
whereas the length of unmatched call phrases were nega-
t�vely correlated w�th the length of female call phrases (k = 
–0.0303). The sequences of call phrases �n a complete female 
song d�ffered between �nd�v�duals �rrespect�ve of the�r loca-
t�on (Table 4). D�fferences were also recorded w�th�n �nter-day 
call act�v�ty of the same female (F�g. 2b), however, there were 
no significant differences in average number of phrases per 
song and the total song durat�on between groups from d�ffer-
ent local�t�es (Table 4, F�g 2c). Botum Sakor g�bbons, how-
ever, used significantly longer call phrases in their songs than 
their conspecifics in Chipat (p<0.00�, t-test) (F�g. 3). W�th�n 
the Botum Sakor population there is also a significant differ-
ence between the longest and shortest female phrase durat�on 
(p<0.005, t-test). 

Discussion

Commun�cat�on w�th�n and between couples of p�leated 
gibbons consist of complex structures of call phrases of dif-
ferent durat�on, frequency, and number. There �s no doubt that 
frequent call�ng plays an �mportant role �n the soc�al structure 
of gibbons but it is not yet clear to what extent such songs play 
a role �n pa�r format�on. It has been suggested that songs play 
a cruc�al role �n pa�r format�on of s�amangs, Symphalangus 
syndactylus, and that couples often adjust the�r call�ng to each 
other (Maples et al. �989; Ge�ssman �999, 2000, 2002). Th�s 
could suggest that there �s a cont�nuous evolut�on of song pat-
terns among Hylobat�dae, and that g�bbon groups that become 
�solated for a per�od of t�me w�ll develop d�st�nctly d�fferent 
song patterns. Although d�fferences �n �nd�v�dual female great 
calls can eas�ly be detected �n an aud�ogram and even be noted 
by an experienced listener in the field, it is less clear if there 
are any structural d�fferences �n songs of g�bbon groups from 
one local�ty compared w�th another.

Our findings revealed that the number of great call 
phrases per female song was relat�vely constant throughout 
the study area (Table 4); however, this does not exclude the 
poss�b�l�ty that d�fferences �n number of call phrases can be 
found between groups of g�bbons much farther apart. For 
example, pileated gibbons in Thailand may use significantly 
more phrases than p�leated g�bbons �n southern Laos. The cur-

Table 4. The number of call phrases and total song durat�on of three female H. pileatus songs in Chipat and five individuals in Botum Sakor, Cambodia. Numbers in 
parentheses refer to the number of recorded songs assigned to the respective individual. For example, BS1 (5) denotes that we recorded five songs from Botum Sakor 
G�bbon Number �.

Location Gibbon No. of phrases Average Average/min Song duration (min) Average song duration (min)

Chipat
CHP� (�) 7 �.00 7.00 7.00

CHP2 (�) �0 0.77 �3.00 �3.00

CHP3 (�) 6 0.46 �3.00 �3.00

Average/song 7.67 ±�.70 Average (N = 3) ��.00 ±2.83

Botum Sakor

BS� (5) 38 7.6 0.44 86.00 �7.20

BS2 (�) 8 0.73 ��.00 ��.00

BS3 (2) �9 9.5 0.83 23.00 ��.50

BS4 (4) 26 6.5 0.52 50.00 �2.50

BS5 (�) 8 0.89 9.00 9.00

Average/song 7.62 ±2.50 Average (N = �3) �3.77 ±6.55
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rent data do not allow us to draw any definite conclusions, 
and consequently, the question remains open as to what extent 
the number of phrases per song can be used as a parameter 
to d�st�ngu�sh between d�fferent groups or even subgroups of 
p�leated g�bbons. 

Female p�leated g�bbons show d�st�nctly d�fferent �nd�v�d-
ual song patterns �n relat�on to phrase durat�on and frequency. 
Although we found no significant differences in the total song 
durat�on of g�bbons from d�fferent areas (F�g. 2c), we were able 
to detect significantly longer call phrases among Botum Sakor 
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Figure 2a–c. Call phrases and song durat�ons of female and male Hylobates pi-
leatus �n western Cambod�a. The average phrase durat�on of females, match�ng 
male’s phrases and un-match�ng male’s phrases are �llustrated �n F�gure 2a, the 
�nter-day call act�v�ty of a s�ngle female �s �llustrated �n F�gure 2b, and the total 
female song durat�on from each survey locat�on �s �llustrated �n F�gure 2c.

Figure 3. Phrase durat�on of female great calls �n two study s�tes, Ch�pat and 
Botum Sakor. Botum Sakor females’ call phrases are significantly longer than 
the Ch�pat counter parts (p<0.00�, t-test).

Figure 4. Correlat�on between male and female call phrases. There �s a pos�-
t�ve correlat�on between male phrases that �s part of a duet (correlat�on factor 
= 0.�568) where as there �s negat�ve correlat�on between female phrases and 
“un-matched” male phrases (correlat�on factor = -0.0303).
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groups than Ch�pat groups (p<0.00�, t-test) (F�g. 3). It was not 
possible, however, to confirm any differences between female 
call phrase durat�on �n the same area, wh�ch was partly due to 
cons�derable �nter-day �nd�v�dual act�v�ty (�.e., the �nd�v�dual 
inter-day fluctuation diluted the effect of variation between 
two �nd�v�duals from two d�fferent local�t�es; F�g. 2b). It �s not 
clear what induces the inter-day fluctuation in the duration and 
sequence of female call phrases. There was, however, a s�gn�f-
�cant d�fference between g�bbon songs �n terms of the longest 
and shortest phrase durat�on (p<0.005, t-test), suggest�ng that 
there may be specific local dialects between subpopulations of 
pileated gibbons and that such dialects are possibly reflected 
�n the durat�on of respect�ve call phrases.

There are indications that male calling structure is signifi-
cantly affected by female great call phrases. Male calls that 
follow female great call phrases (“matched” call phrases) last 
significantly longer than “solo” male calls (p<0.005, t-test) 
and the�r lengths are pos�t�vely correlated w�th the female 
phrase length (k = 0.�568). In contrast, the length of male solo 
calls are negat�vely correlated w�th the length of female call 
phrases (k = –0.0303). Furthermore, male calls that form part 
of a duet song fluctuate less in terms of duration. This lends 
support to Ge�ssmann’s theory (Ge�ssmann �984, �999, 2000, 
2002) that duet songs are developed through �ntens�ve adap-
t�ve vocal �nteract�on between males and females, and that 
such songs const�tute a cruc�al part of g�bbon soc�al structure. 
From a conservat�on po�nt of v�ew, th�s suggests that harvest-
ing of either sex may lead to delayed reproductive perfor-
mance partly due to prolonged pa�r format�on. Th�s, comb�ned 
w�th some g�bbon spec�es’ slow d�spersal rate and reluctance 
to leave their territory even with significant disturbance (Johns 
�985, �986), �nd�cates that any harvest of establ�shed pa�rs of 
p�leated g�bbons as pet an�mals should rema�n proh�b�ted unt�l 
further studies are able to quantify to what extent the speed of 
new pa�r format�on �s dependant on song compat�b�l�ty and 
adaptab�l�ty.
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