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Summary

The vocal repertoires of red- and grey-shanked douc langurs (Pygathrix nemaeus and P.
cinerea) have never been described before. Information derived from the recordings of the captive
groups of the Endangered Primate Rescue Center, Cuc Phuong National Park, Vietnam, was used
for a first quantitative description of these species’ calls based on the calculation of pairwise
dissimilarity indexes and cluster analysis. Distinctive features were found across the 8 vocal types
identified for each species. Some of the clusters are feasibly representing call variants belonging
to an acoustic continuum, but others clearly represent distinct types. The potential changes
occurring due to sex- and age-dependent characteristics were not investigated in the present
study.

Nghién ciiu vé am thanh hoc cta hai loai cha va chan nau va cha va
chan xam (Pygathrix nemaeus va P. cinerea)

Tom tat

Nghién cuu vé am thanh hoc cua loai cha va chan nau va cha va chan xam chua tung dugc thuc
hién trudc day. Nhang dd lieu vé tiéng kéu thu thap tu nhing dan cha va nuéi nhét tai Trung tam cuu
ho thu linh trudng, Vudn quéc gia Cuc Phuong, Viet Nam da dugc phan tich mét cach dinh luong can
cu vao cac chi sé khong déng nhat tung cap va theo nhom. Nhing dac diém khac biét da dugc tim
thay 6 8 loai tiéng kéu khac nhau & méi loai. Mot s6 nhom am thanh thé hién su bién thien da dang
cua tiéng kéu trong cung mot dai am vuc, tuy nhien mot sé khac lai thé hién su khac biét ré rang.
Nhting thay déi vé am thanh do su khac nhau vé gidi tinh va dé tudi chua dugc tim hiéu ky trong
nghién cuu nay.

Introduction

The study of primate vocal behaviour can offer important insights into the communication
processes within a species, especially when seen in the light of the ecological and social
information available (Maretti et al., 2010). Knowledge of the vocal repertoire can also be crucial to
understand the biology of a species and set the appropriate policies for its conservation (Laiolo,
2010).
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Previous studies have shown a strong influence of genetics on primate vocal repertoires
(Hammerschmidt & Fischer< 2008) frequently leading to species-specific vocal types (Gamba &
Giacoma, 2005) or showing shared types differing across species by more subtle acoustic
properties basically due to morpho-anatomic variability (Gamba et al., 2012a). Sex-, age- and
individual-specific features of primate calls may also derive from morpho-anatomical or
physiological differences (Gamba et al., 2012b).

In this study we investigated the vocal repertoires of the red- and grey-shanked douc langur
(Pygathrix nemaeus and P. cinerea). We identified the vocal types emitted by captive individuals
using Affinity Propagation (hereafter AP) clustering. The resulting clusters were then confirmed as
discrete vocal categories using multivariate analysis.

The information obtained is feasibly not sufficient to describe the complete vocal repertoire but
largely increase knowledge of the species vocal communication. The description of the vocal types
can be also valuable to recognize these monkeys during acoustic surveys in their natural habitats.

Material and Methods

The animals recorded in this study were housed at the Endangered Primate Rescue Center, Cuc
Phuong National Park, Vietnam. This institution is part of the ‘Vietnam Primate Conservation
Programme’ of the Frankfurt Zoological Society. For each species we had a different number of
study groups and individuals. We recorded 10 individuals of Pygathrix cinerea hosted in 4 different
enclosures, 15 P. nemaeus kept in 3 different enclosures (Table 1).

Table. 1. Composition and sex ratio of the study groups.

Species N males N females N youngsters Total
Pygathrix cinerea 3 4 3 10
Pygathrix nemaeus 4 6 5 15

Recordings

We recorded the animals between March 4" and March 239, 2010. Recordings were collected
using solid-state audio recorders Sound Devices 702 and Marantz PMD 671, equipped with
Sennheiser ME66 (with windshield Sennheiser MZW66) and G.R.A.S. 40 BE microphones. During
all sessions we used the ad libitum sampling method (Altmann, 1974). Vocal signals were recorded
at a sampling rate of 96000 Hz (16 bit depth). All vocalizations were spontaneously emitted and
nothing was done to elicit the emission of vocal signals, no vocal or visual playbacks were used. All
subjects were treated according to the guidelines for animal behaviour studies (Anonymous, 2002).

Acoustic analyses

The recording sessions were split into shorter files using SoundForge 7.0 (Madison Media
Software Inc., Sony Corporation of America, U.S.A.) and Adobe Soundtrack 2 (Apple Inc., U.S.A.).
Once a vocalization was isolated from the recording session file, it has been saved in a new file and
a silence of 0.5 sec was inserted at the beginning and the end. All sounds were normalized using
the function “scale to peak” in the software Praat (Boersma & Weenink, 2006). The files prepared
in this way were then treated in two different ways: (a) they were submitted to a similarity measuring
procedure or (b) they were analysed using a semi-automatic extraction of the acoustic properties.
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The generation of a pairwise similarity index (a) across the species-specific vocalizations was
performed using an implementation of the dynamic time warping. The dynamic time warping is a
procedure of spectrogram alignment increasingly used in bioacoustics to compare sounds
belonging to large datasets. At the basis of this procedure, there is a method commonly used in
speech science relying on the calculation of cepstrum coefficients (Davis & Mermelstein, 1980).
These coefficients provide a representation of the energy distributed at the various frequencies in the
sound spectrum and, even if the computation of cepstral coefficients is usually performed to match
the sensitivity of the human ear, they have been shown to be useful in the study of animal calls
(Trawicki et al., 2005; Clemins & Johnson, 2006; Ranjard & Ross, 2008; Tao et al., 2008; Brown &
Smaragdis, 2009; Ranjard et al., 2010). We used a method currently implemented in a free package
called DTWAVE (University of Auckland). A sequence of cepstrum coefficients was computed for
each call by means of a mel filterbank (Ranjard et al., 2010) using the Hidden Markov Model Toolkit
(Young, 1994). When they were submitted to the Hidden Markov Model Toolkit we used a target rate
of 50000 ns and a window size of 100000 ns. Once all the cepstral coefficients were aligned and
rescaled, the software constructed an average vector sequence. Then the dynamic time warping
calculated the pairwise distances between all the calls in the dataset until only the sequence
representing an average of all call sequences remained (see Ranjard & Ross, 2008).

The measurement of the acoustic properties of each vocalization was performed in Praat in the
perspective of the source filter theory (Fant, 1960; Gamba & Giacoma, 2007; Taylor & Reby, 2010).
To detect source features (MeFO, MiFO, MaFO0, enstFO, sumvar, rangeF0, FOstdev, FOstart, FOend),
Fast Fourier transforms were generated for each call (frequency range: 0-12000 Hz; maximum:
100dB/Hz; dynamic range: 60 dB; pre-emphasis: 6.0 dB/Oct; dynamic compression: 0.0). The
fundamental frequency and its variation were measured by using the autocorrelation method
[“Sound: To pitch (ac)...”]. We adjusted the analysis parameters according to the range of variation
in each vocalization (Gamba & Giacoma, 2005; Gamba et al., 2012a; 2012b).

Slightly different settings were used for those calls showing very low pitch. The files containing these
calls were resampled to 22050 Hz. For these calls we have also used a ‘stop Hann band’ filter in Praat
for frequency between 0 and 100 Hz (smoothing factor: 100 Hz) and were then analysed with specific
settings [(advanced pitch settings) max number of candidates: 35; voice threshold: 0.15; octave-jump
cost: 0.01; voiced/unvoiced cost: 0.15]. All measurements were taken during a step-by-step monitored
process, where the operator could interrupt the analysis and modify the analysis parameters. A Praat
script was used to automate file opening and editing and file saving of the measurements.

Quantitative and statistical analyses

The matrix of dissimilarity indexes generated from DTWAVE was submitted to a clustering
procedure called AP (Frey & Dueck, 2007) using the apcluster package in R (Hornik, 2013). The
algorithm used a squared negative Euclidean distance to measure dissimilarity and identify
clusters. The number of clusters and the number of vocalizations used as exemplars were not user-
defined. The result of the application of AP to measure vocal signal similarity were diagonally
symmetric matrices, one for each species, in which each matrix element quantified the pairwise
agreement between two of the calls. We extracted two parameters from this analysis: the number
of the clusters and the filename of the calls assigned to each cluster. Then, the information
concerning each vocalization and the cluster to which it was assigned was transferred into a table
and used as ‘grouping variable’ in IBM SPSS Statistics 20 for Mac (IBM Corporation, Armonk, New
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York, USA) for a stepwise Discriminant analysis (hereafter DFA). It is to be noticed that neither the
parameters used during the dynamic time warping procedure nor the information derived from the
clustering process were directly related with the acoustic measurements used in the Discriminant
process. We have reported the average percentage of correctly classified instances (CCl) to the
cluster and the cross-validated percentage of correctly classified instances (c.-v.) for each DFA.

Results
Description of the vocal repertoire

High quality calls entered the procedure for the calculation of the pairwise distances using
DTWAVE. We set a procedure for each species.

The vocal emissions of Pygathrix cinerea.

We aimed to understand whether groups of the recorded calls could be identified using the
dissimilarity matrix generated in DTWAVE. The AP analysis yielded 8 clusters (number of samples = 179;
number of iterations = 191; input preference = -3.811533; sum of similarities = -32.84342; sum of
preferences = -34.3038; net similarity = -67.14722). The cluster membership was then used as grouping
variable in the DFA. For P. cinerea we found a significant model and high rate of correct classification [N
= 179, Wilks' Lambda = 0.027, Fy4340 = 139.785, p < 0.001, CCl = 91.1% (c.-v. 89.4%)]. The most
important parameters in this Discriminant model were duration (0.992) and FOstart (0.078).

The spectrograms of the vocal types identified during the clustering process and then validated
using the DFA as discrete categories (Fig. 1, Table 2).

25°10°

Fig.1. The spectrograms of the vocal
types we recorded for
Pygathrix cinerea: (a) Wroo,
(b) Up, (c) Tzii, (d) Trill, (e)
Friii, (f) Trill-wroo, (g) Phre, (h)
Uo-traa. All spectrograms
were generated in Praat with
the following parameters:
window length: 0.025 sec, time
range as shown (0.25-2.00 s);
frequency range: 0-24000 Hz;
maximum: 50 dB/Hz; dynamic
range: 35-55 dB; pre-
emphasis: 6.0 dB/Oct;
dynamic compression: 0.0.
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Table. 2. Description of the Pygathrix cinerea vocal types. The spectrogram of a call resulting near to the vocal type centroid during the multivariate
analysis is shown in Fig. 1.

Wroo Medium-range low-pitched guttural call. The sonograms show a clear formants
structure (Fig. 1a).

Up Low-pitched short harsh vocalization (Fig. 1b).

Tzii High-pitched vocalization showing frequency modulation. Compared to the Trill the
harmonic structure is less visible due to the remarkable chaotic pattern (Fig. 1c).

Trill Short high-pitched vocalization with frequency modulation (Fig. 1d).

Friii Long and harsh high-pitched vocalization with remarkable frequency modulation
(Fig. 1e).

Trill-wroo  |High-pitched vocalization showing with frequency modulation followed by a short
low-frequency emission (with a wroo-like structure, Fig. 1f).

Phre Similar to trill-wroo but shorter and with different fundamental frequency values in
the final portion (Fig. 19).

Uo-traa Vocalization with a high-pitched modulated part preceded and followed by short

low-pitched units (with visible harmonics, Fig. 1h).

The vocal emissions of Pygathrix nemaeus.

The AP analysis of the pairwise distances generated for the calls of Pygathrix nemaeus yielded
8 clusters (number of samples = 264; number of iterations = 143; input preference = -4.804802;
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sum of similarities = -65.32299; sum of preferences = -43.24321; net similarity = -108.56628), which
were then submitted to DFA. The classification process showed a consistent part of the set correctly
assigned to the previously identified clusters (CCl = 84.8%, c.-v. 83.0%) and a significant
Discriminant model (N = 264, Wilks' Lambda = 0.036, Fi4510 = 172.351, p < 0.001). The six
acoustic measures participating primarily to the Discriminant model were duration (0.937), enstFO
(0.118), sumvar (0.062), rangeFO0 (0.149), FOstdev (0.143), and FOstart (0.018). The spectrograms
of the call types identified using AP and classified in the DFA (Fig. 2, Table 3).

Table. 3. Description of the Pygathrix nemaeus vocal types. The spectrogram of a call resulting near to the vocal type centroid during the
multivariate analysis is shown in Fig. 2.

Up Low-pitched and short harsh vocalization (Fig. 2a).

Wroo Low-pitched guttural calls with clear formants structure (Fig. 2b).

Slow Wroo |Low-pitched guttural calls with clear formants structure. They are usually given at
low intensity (Fig. 2c).

Friii Long and harsh high-pitched vocalization with remarkable frequency modulation
(Fig. 24d).
Trill Short high-pitched vocalization with frequency modulation (Fig. 2e).

Ruae-ruae |Long and harsh high-pitched vocalization with frequency modulation. Units with low
pitch occur during the emission (Fig. 2f).

Uo-traa Long and harsh high-pitched vocalization, with frequency modulation preceded
and followed by a low-pitched unit (Fig. 2g).

Trill-wroo Long duration high-pitched vocalization with frequency modulation follow by short
low-frequency emission (with a wroo-like structure, Fig. 2h).

Discussion

The recorded calls of P. cinerea and P. nemaeus showed an acoustic variability that allowed
identifying 8 different vocal types for each species, all of which are distinguishable by visual
inspection of the spectrograms and by ear. As we mentioned before, taking into account that the
dataset has not been checked for sex-, age- or individual-specific characteristics, the vocal types
identified in the present study can potentially represent individually given variants of the same call,
although in most cases spectrographic inspection seems actually to support the discreteness of
most vocal types.

Comparison between Pygathrix cinerea and P. nemaeus

We can notice that calls with similar acoustic structure are present in the repertoire of both
species. Six clusters for each species are showing calls with similar acoustic structure: the up, the
wroo, the frii, the trill, the trill-wroo, and the uo-traa. The ups are very short low-pitched vocalizations
with visible formants. They sound like a burp. The wroos are low-pitched calls showing longer
duration when compared to the ups.

A common acoustic unit across many of the call types is that they include a frill unit. The trills
are high-pitched calls showing remarkable frequency modulation. In addition to the trills, we found
other three vocal types showing a tril-like unit. The friiis are similar to frills, but compared to these,
they are longer in duration and with stronger frequency modulation. The other two vocal types, the
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trill-wroo and the uo-traa sound harsh. They are both high-pitched and showed remarkable
frequency modulation. Moreover is important to highlight that all the vocal types showing a fril--like
structure often occur with subharmonics and other nonlinear phenomena.

Comparison with other species

Qualitatively speaking, we screened the published spectrograms of taxa phylogenetically close
to the genus Pygathrix, as the species belonging to the genera: Nasalis (Messeri & Trombi, 2000;
Srivathsan & Meier, 2011), Presbytis (Wich et al., 2008; Meyer et al., 2012), Simias (Schneider et
al., 2007) and Trachypithecus (Krishnamurthy, 1991).

Messeri & Trombi (2000) recognized six vocal types in Nasalis larvatus using acoustic
measurement partially overlapping those used in this study. Thus the repertoire size of N. larvatus
seems reasonably similar to those found for Pygathrix cinerea and P. nemaeus in the present study.

Previous studies often concentrated on specific aspects of communication signals but only
provided information on context-specific utterances In as contact calls (Rawson, 2009) or male loud
calls of other species (Wich & Nunn, 2002). From these investigations we should expect various
loud call types showing their main energies concentrated in the spectral window with the lowest
background noise (e.g. low-pitched calls) and having a whistle-like structure with scarce frequency
modulation (Schneider et al., 2007). This is not what we have found in the present study, where most
types showed remarkable frequency modulation and a relatively high pitch. It is to be noticed that
very high-pitched calls were recently found in many primate species and our findings support and
even larger presence of these vocalizations in the repertoire of colobines. In fact, Riondato
(unpublished data) also found high-pitched frequency modulated vocalizations in Rhinopithecus
brelichi. The adaptive significance of vocalizations with such a high fundamental frequency is still
unclear but their acoustic structure could actually mediate communication between conspecifics in
a noisy and densely forested environment (Snowdon & Hodun, 1981).

It would be of great relevance to perform further recordings and analyses and more fieldwork
on the study species, including eco-ethological observations, could provide a valuable framework
for generalisation and functional interpretation of the results shown in this paper.
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