
Abstract: The island of Madagascar is one of the
planet’s foremost biodiversity hotspots and it is
threatened with large-scale destruction by
unsustainable human activities. The ruffed lemur, like
all other lemurs, is endemic to Madagascar and
inhabits the eastern rainforests of the island. A captive
breeding project for this species has been underway
since the Sixties and lead to a relatively great
population of captive ruffed lemurs. Part of this
population was recorded for the purpose of this study
and phonetic analysis of the ruffed lemur calls is
presented in this paper. As reported from studies on
human and non-human primate vocal
communication, ruffed lemurs show acoustic cues on
actual (or even exaggerated) vocalizer body size when
emitting inter-group and agonistic vocalizations. The
vocal repertoire of Varec ia  sp. also features
submissive, affinitive and pre-copulation calls,
showing different formant patterns that contradict the
use of the uniform, or flared, tube system as a valid
model of non-human primate phonation.

I. INTRODUCTION

Like other primates, including humans, lemurs are
conspicuously vocal and are capable of modifying both
the shape of the airway and the oscillation of the vocal
fold [11]. Previous studies have shown lemurs of
Madagascar produce a wide range of vocalizations,
comprising alarm calls, several contact calls, mating calls
and screams [12][11]. The thesis that speech differs from
non-human primates vocal communication because of the
lack of a continual articulation, often caused an under
evaluation of non-human primates phonatory processes.
Thus the fact that non-human primates can produce rapid
changes in the vocal tract shape and length has been
rarely investigated. Recent evidences emerging from
studies of various primate species demonstrate that
formants are meaningful acoustic features of non-human
primate calls [16][17][3] and that rapid changes in vocal
tract shape and length are not uniquely human as they can
be assessed from the dynamic pattern of certain acoustic
parameters [15]. First (F1) and second (F2) formants of
non-human primates calls can distinguish, when plotted,
different vocal types, as it happens for human vowels.
This is particularly interesting, although it has been never
investigated, in lemurs. If it is true that non-human
primates share, to a certain degree, with humans the
ability to act voluntary changes in vocal tract shape
during vocalisation, by articulation of the tongue, the
mandible and the larynx, lemurs could represent a
simplified model, as lip protrusion is absent. This paper

provides the first phonetic analysis of a wide range of
calls by ruffed lemurs, previously classified on the basis
of on-screen subjective recognition. We will show ruffed
lemur calls can be described as discrete categories and
how the variation in the first two formants may
characterise vocal type differences.

II. METHODOLOGY

Study animals were captive ruffed lemurs kept in several
institutions across Europe and United States. We
recorded natural occurring vocalization emitted by
Varecia variegata variegata at Parco Natura Viva
(Bussolengo-Vr, Italy), Mulhouse Zoo (France), Rheine
Der Naturzoo and Koln Zoo (Germany), Apenheul
(Apeldoorn, The Netherlands), St. Louis Zoo (USA),
Twycross Zoo, Drusillas Park (Alfrinston) and Banham
Zoo (UK).
The vocal repertoire of the black and white ruffed lemur
is the most studied among lemurs. Previous works [12]
[8] have recognised 16 vocal types, 8 of which we
considered in this study because of their vowel like
acoustic structure and because emitted by adult males.
Pereira and colleagues [12] offered a detailed qualitative
description of both behavioural and vocal repertoire of
the black and white ruffed lemur. Additional works
[11][8] provided important elements that are summarised
in the following brief descriptions. According to Pereira
and colleagues [12], we could consider these
vocalizations as part of 3 broad categories: Loud (High
Amplitude) Call (HA), Moderate Amplitude Calls (MA)
and Low Amplitude Calls (LA).
Roar Shriek Chorus [Roar (HA, abbr. R), Shriek (HA,
abbr. S)] - The chorus is a structurally complex and
variable group call, including simultaneous contributions
by all the adults in the group. This composite vocalization
lasts from 5 to 30 seconds [12] and features two types of
emission. One is a wide-band noisy sound called “roar”
and the other is a frequency modulated narrow-band
component called “shriek”. Both these emissions are
characterized by great amplitude. The roar shriek
choruses resemble the inter-group spacing calls of other
primates (e.g. Alouatta sp., [19]). In captivity, these call
were frequently evoked by sudden extra-group noises,
therefore the fall of metallic boxes, birds’ calls, loud
voices has been recorded as eliciting the chorus.
Bray (MA, abbr. B) - This vocalization is mainly emitted
by males and is more frequent in the breeding season than
in the rest of the year. Black and white ruffed lemurs in
captive semi-free ranging groups emitted brays only in
the reproductive season [12].
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Wail (MA, abbr. W) - This call denotes urgency for re-
aggregation [12]. This vocalization is present only at the
end of the roar shriek chorus. Wail is particularly rich in
harmonic overtones and can appear as a tonal or noisy-
tonal vocalization.
Abrupt Roar (HA, abbreviated AB) - This roaring
vocalization shows a rapid series of 2-5 roar-like sounds.
It was recorded mainly from adult males and often
follows a sudden disturbance or the presence of large
birds particularly in the breeding season [12] [7].
Observations by Simons (in [12]) and Petter (in [13])
showed that abrupt roars could be exchanged during
inter-group communication.
Appeasement call (MA, abbr. AP) - The appeasement call
(the “whine” in [12], assertion/courtship call in [11] is a
vocalization exclusively emitted by males during the
breeding season. Males are emitting this call when
approaching the female to mate. This call is usually
characterized by a clear tonal structure with harmonics
over a noisy variable pattern.
Chatter (MA, abbr. C) - The chatter is a high-pitched
vocalization comprising a rapid series of brief narrow
units. According to Pereira and colleagues [12], this call
is directed towards dominants. The call varies in duration
and in number of units according to the severity of the
agonistic encounter. This call can be referred to a general
voiced bared-teeth display (common in many other
primate species, e.g. Pan sp., [20]) both because of its
acoustic structure and phonation mechanism and its
contextual use. During the emission of the chatter there is
a strong horizontal and vertical retraction of the lips, so
that the teeth are maximally exposed.
Mew (LA, abbr. M) - This vocalization is a tonal
emission and usually shows a moderate to absent
frequency modulation. A slow rise in pitch is often
present in adults. The mew can vary in duration but it
lasts on average 0.8 s [7]. All group members were seen
emitting mews in relaxed context but this emission plays
a key role in the mother-offspring communication since
the early stages after birth [8].
Recordings were made on TDK DA-RXG tapes using a
Sony TCD-D100 Digital Audio Tape recorder and a
Sennheiser ME66 directional microphone with K3U
power module. The sample available for acoustic analysis
consisted of 8750 sounds. For the purpose of conducting
this research, we have chosen 80 high-quality
vocalizations, 10 per vocal type.
Acoustic analyses were performed in Praat 4.3.04, a
toolkit to do phonetic analysis by computer [1]. Praat use
was combined with Akustyk 1.7.6, which is a
comprehensive vowel analysis software package by B.
Plichta (Michigan State University). To characterize
source we measured several features of the fundamental
frequency (F0), by using the F0 contour extraction in
Praat. The F0 contour and formant pattern fitting were
both inferred during a step by step monitored process,
where operator could interrupt the analysis and modify
the analysis parameters. A Praat script was used to
automate file opening and editing as well as file saving of

the measurements. Typical preset values were changed
according to acoustic properties of the different vocal
types, for example 650-1100 Hz was the pitch analysis
range in Chatter, while 180-440 Hz was the range used
for Mews. To characterize vocal tract (filter), we
measured first 2-5 formants, depending on the number of
formants detectable from the spectrogram, using Linear
Predictive Coding (LPC). Formant presets were modified
as well per type. Extensive on-screen examination of all
the vocal types was necessary to determine intra- and
inter-individual variation. Formant analysis in this study
is the result of an application of the Burg’s method [2],
with superimposition over the signal spectrogram. A
number of autocorrelation-based LPC spectra was
overlaid independently derived FFT spectra of the same
vocalization to ensure the goodness of the LPC analysis.
Typical maximum formant was 12000 Hz and number of
formants 3-7. Window length was 0.05 s and dynamic
range 22.0 Hz.

III. RESULTS

Articulatory manoeuvres characterize abrupt roars,
appeasement calls, brays, chatters, shrieks, roars and
wails. Mews, even presenting a different acoustic
structure, are emitted with mouth closed and in absence
of detectable articulation. For each vocalization we
selected a stable portion and calculated mean values of F1
and F2 using LPC coefficients in Praat. Mean values and
standard deviations are shown in Table 1. ANOVA,
applied over data from the acoustic analysis, showed a
significant difference among the first formants [F1 (N =
80, R2 = 0,931, p < 0.001); F2 (N = 80, R2 = 0,925, p <
0,001)] measured in the considered vocal types.
According to Tukey's HSD test for post-hoc comparisons,
F1 and F2 values of this sample differed significantly
between vocal types. Matrixes of pair wise comparison
probabilities are shown in Tables 2 and 3.
Following previous studies [9] [18], we assumed that a
prosimian vocal tract could be simplified as a uniform
tube with cylindrical section and a certain length.
Applying the formula published by Lieberman and
Blumstein [10], we calculated formant values from
different vocal tract lengths. The black line in Figure 1
indicates predicted values of F1 and F2 in case of a
uniform tube model. If Varecia’s vocal tract could be
modelled as a uniform tube, we should expect all of the
vocal types situated along the black line (Fig. 1).

Table 1. Mean values and Standard Deviations for each
vocal type.

F1 (Hz) F2 (Hz)Vocal Type
Mean Std.Dev. Mean Std.Dev.

R 850 124 2010 343

B 1019 91 2085 164

W 1141 83 2694 299

AB 1206 130 3327 377

S 1492 217 5183 301
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AP 2452 191 5110 300

C 2807 143 5118 524

M 3472 631 5855 845

Table 2. Matrix of pair wise comparison probabilities for
the first formant (F1). Significant results for p < 0.05.
 R B W AB S AP C M

R 1,000        

B 0,000 1,000       

W 0,523 0,000 1,000      

AB 0,000 0,063 0,000 1,000     

S 0,000 0,000 0,000 0,000 1,000    

AP 0,062 0,000 0,578 0,000 0,000 1,000   

C 0,164 0,000 0,003 0,000 0,000 0,000 1,000  

M 0,694 0,000 0,671 0,000 0,000 0,151 0,069 1,000

Table 3. Matrix of pair wise comparison probabilities for
the second formant (F2). Significant results for p < 0.05.
 R B W AB S AP C M

R 1,000        

B 0,000 1,000       

W 0,000 0,000 1,000      

AB 0,000 1,000 0,000 1,000     

S 0,000 0,007 0,000 0,008 1,000    

AP 0,000 0,000 1,000 0,000 0,000 1,000   

C 0,000 1,000 0,000 1,000 0,022 0,000 1,000  

M 0,039 0,000 0,053 0,000 0,000 0,018 0,000 1,000

Roar and Bray are reasonably fitting the line, and this
also happens for Wails and Abrupt Roars. We estimated
that these signals are resonating in vocal tracts that
measure respectively 11,68   +  1,69 cm, 10,59   +   0,92 cm,
8,71   +   0,93 cm, 7,57   +  0,75 cm. The Shriek still partially
overlay the uniform tube model predictive line, where a
5,46   +   0,27 cm vocal tract length could be estimated.
Appeasement calls and Chatters are both showing higher
F1 values when compared to Shrieks, with Mews
showing slightly increased F2 and a remarkable increase
in F1. These four vocal types should be emitted from a
vocal tract that is 4,35   +  0,28 cm, 4,12   +  0,40 cm, 3,50   +  0,49
cm, 3,36   +   0.36 cm. At least for 4 of the vocal types, the
uniform tube model does not provide a satisfactory
explanation for vocal tract resonance.

Figure 1. Formant chart of F1 and F2 in hertz-scale. An
elliptically contoured distribution of the data is shown per
vocal type.

IV. DISCUSSION

Vocalization emitted by ruffed lemurs may be properly
characterised by the first formants, F1 and F2. The
formant chart in Fig. 1 shows a clear separation of the
uttering in 2 broad categories, Agonistic, long distance
calls (Bray, Abrupt Roar, Roar and Wails) and Contact,
intra-interaction calls (Mews, Chatter, Appeasement call).
Shrieks show F1 values similar to the first group of calls
but F2 resembles the intra-group ones. In these attempts
to decode phonation mechanism across different vocal
types in lemurs, we show evidence of the ability in these
species to modify vocal tract length at least between
different vocal types. As reported from studies in human
and in non-human primates [4] [6] [14], there could be a
functional value in providing information on actual (or
even exaggerated) vocalizer body size through acoustic
features of vocalization. This could be the case the
Varecia’s vocal behavior in agonistic and inter-group
contexts. On the other hand, it is extremely interesting to
note appeasement calls, usually emitted by male before
copulation, and chatter, denoting submission, share
similar F1 and F2 values; this fact also occurs in Shrieks,
with the all three showing F1 values between 5000 and
6000 Hz. For Shrieks it is plausible to have a vocal tract
length around 5 cm, and the same is possible for
Appeasement calls and Chatters.
The uniform tube vocal tract model seems to explain
properly only part of the vocalisations emitted by ruffed
lemurs. Recent studies about other non-human primates
show that a 3-segment tube model with variable
diameters is predicting better formant pattern in alarm
calls [15]. The evident shift from the uniform tube model
prediction showed by Mews suggests a different
phonation mechanism. In fact this vocalization is always
emitted with mouth closed.



V. CONCLUSION

The vocal repertoire of the ruffed lemurs shows these
prosimians possess the ability to change the configuration
of the vocal tract. Each vocal type is characterized by the
values of formants F1 and F2 and vocalizations within a
given type usually show similar formants. According to
the model suggested in previous studies, we considered
the primate vocal tract during vocalization as a uniform
(or flared) tube and calculated F1 and F2 as the model
would predict. Predicted formants were plotted against
the one we measured. Agonistic long distance calls,
showing longer vocal tract estimation, are situated along
the line (Fig. 1). Other vocalization, whose contextual use
is different, showed higher values in both formants.
These calls show F1 values higher than predicted and do
not fit the black line in Fig.1.
Prosimian primates diverged from the anthropoid branch
(monkeys, apes, and humans) more than 60 million years
ago and these results suggest that, even in lemurs, the
flared tube model do not provide valid predictions when
applied across the vocal repertoire.
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