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Abstract The acoustic structure of primate loud calls can be used as a powerful,
inexpensive, and noninvasive tool for intra- and interspecific comparative analyses,
reconstruction of phylogeny, and primate surveys. Despite the range of possibilities
offered by acoustic analysis, only few studies so far have focused on quantitative
descriptions of the acoustic structure of primate loud call repertoires. Here we aimed to
assess the vocal repertoire of the solitary Sahamalaza sportive lemur, Lepilemur
sahamalazensis, and to investigate potential communication functions. We recorded
every sportive lemur vocalization we heard during 1000 h of nocturnal observations of
eight collared individuals, as well as opportunistic searches in the Ankarafa Forest,
Sahamalaza Peninsula in northwest Madagascar. In addition, we used playback exper-
iments with four call types to clarify call function. We measured both temporal and
spectral properties to describe calls quantitatively and used cross-validated discriminant
function analysis to validate call types that we identified from a preliminary qualitative
inspection of the spectrograms of 107 calls. We identified six distinct loud call types
with the possibility of a seventh call type, with six loud call types similar to those of
Lepilemur edwardsi and two loud call types similar to those of four other sportive lemur
species. The described call types most likely function in mate advertisement, offspring
care, and territorial defense. Future studies of loud calling of the Sahamalaza sportive
lemur are needed to clarify if certain call types are sex specific and if loud calls could be
used for recognition of individuals to enable noninvasive density measurements and
species monitoring.
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Introduction

The quantitative description of acoustic structure of loud calls, the established term for
prominent and explosive primate vocalizations, can be a powerful, inexpensive, and
noninvasive tool for intra- and interspecific comparative analyses, e.g., mouse lemurs
(Braune et al. 2008; Zimmermann et al. 2000), sportive lemurs (Méndez-Cárdenas
et al. 2008), galagos (Ambrose 2003; Anderson et al. 2000; Masters 1991;
Zimmermann et al. 1988), and tarsiers (Merker and Groves 2006; Nietsch and Kopp
1998), as well as for the reconstruction of phylogeny in cervids (Cap et al. 2008),
anurans (Lehtinen et al. 2011), swifts (Thomassen and Povel 2006), wood-warblers
(Farnsworth and Lovette 2008), and different felids (Peters and Tonkin-Leyhausen
1999). In primates, reconstruction of phylogeny based on vocalization has been used
for Galagonidae (Zimmermann 1990), Lemuridae (Gamba and Giacoma 2006;
Macedonia and Stanger 1994), cheirogaleids (Stanger 1995), as well as for Saimiri
(Ploog 1974), Alouatta (Whitehead 1995), Colobus (Oates et al. 2000; Oates and
Trocco 1983), Cercopithecus (Gautier 1988), and Pongo (Davila-Ross and
Geissmann 2007). Analysis of call structure provides a useful tool for cryptic species,
which are morphologically similar, but differ genetically (Mayr 1978; Templeton
1998), for both noninvasive species differentiation (Méndez-Cárdenas et al. 2008 for
Lepilemur) and acoustic monitoring (Chiroptera: Brigham et al. 1997; Kalko 1995;
O’Farrell 1997; Saunders and Barclay 1992; Orthoptera: Riede 1998; Hylobatidae:
Geissmann and Nijman 2006; anurans: Bridges and Dorcas 2000).

Loud calls are frequently used for species differentiation and acoustic monitoring
(Méndez-Cárdenas et al. 2008; Zimmermann et al. 2000). The species-specificity of
loud calls in strepsirrhine primates (Ambrose 2003; Anderson et al. 2000; Bearder et al.
1995; Zimmermann 1990; Zimmermann et al. 2000), and their species-specific recog-
nition (Braune et al. 2005), imply their importance for sexual selection and speciation
(Rasoloharijaona et al. 2006). Acoustic studies of captive nocturnal and solitary
foraging strepsirrhine primates suggested that loud calls are used by both males and
females for sexual advertisement in the mating context in accordance with the mate
attraction/mate defence hypothesis (Büsching et al. 1998; Hafen et al. 1998;
Zimmermann and Lerch 1993).

Quantitative descriptions of the acoustic structure of loud call types are a prerequisite
for analyses of geographical variation between species of the same genus; individual
differences; behavioral, morphophysiological, and ecological correlates; and evolution-
ary mechanisms (Gamba and Giacoma 2007). However, such descriptions are not
available for many species. This is also true for the cryptic and highly endangered
sportive lemurs (Lepilemur), a genus that has undergone a substantial increase in
species number from just 7 (Harcourt and Thornback 1990; Tattersall 1982) to 26
(Andriaholinirina et al. 2006; Craul et al. 2007; Lei et al. 2008; Louis et al. 2006;
Rabarivola et al. 2006; Ramaromilanto et al. 2009) recently. All sportive lemur species
are now confirmed to be at risk of extinction, with 4 species being Critically
Endangered, 18 Endangered, and 4 Vulnerable (Davies and Schwitzer 2013; IUCN
2014). Many range boundaries of sportive lemurs remain unknown and acoustic
analysis could prove extremely useful for species identification and monitoring.
Sportive lemurs are generally cryptic and difficult to locate, making species identifica-
tion and density measurements problematic. Sportive lemur species have been
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described as highly vocal (Rabesandratana 2006; Rasoloharijaona et al. 2006). So far,
detailed comprehensive descriptions of loud call repertoire are available only for 1 of
26 sportive lemur species (Rasoloharijaona et al. 2006), whereas differences of two call
types (High-pitched call and Ouah) have been described in 4 different sportive lemur
species: Milne-Edwards’ sportive lemur (Lepilemur edwardsi), gray-backed sportive
lemur (Lepilemur dorsalis), Ankarana sportive lemur (Lepilemur ankaranensis), and
Lepilemur sp. (Méndez-Cárdenas et al. 2008).

Here we aimed to investigate the vocal repertoire and calling behavior of the
Sahamalaza sportive lemur (Lepilemur sahamalazensis) from northwestern
Madagascar. The Sahamalaza sportive lemur was recently described based on genetic
and morphometric data (Andriaholinirina et al. 2006). Since it received species status, it
has been included on the list of the World’s Top 25 Most Endangered Primates 2006–
2008 (Mittermeier et al. 2007) and has been listed as Critically Endangered by the
IUCN (Davies and Schwitzer 2013; IUCN 2014). The species is probably limited to the
Sahamalaza Peninsula in northwestern Madagascar (Olivieri et al. 2007), but exact
range boundaries and possible range overlaps with the neighboring Mittermeier`s
sportive lemur (Lepilemur mittermeieri) and gray-backed sportive lemur remain
unclear.

We hypothesized that the Sahamalaza sportive lemur has several types of loud calls,
as described for other sportive lemur species, and predicted that loud calls that sound
different represent statistically different call types. We hypothesized that different loud
call types have different functions and predicted that they are associated mainly with
territorial defense, mating, or offspring care, as described for other solitary primates as
well as other vertebrate and invertebrate species (Ryan and Kime 2003). To assess the
possible function of different call types, we in addition played back four different
sportive lemur loud call types to the Sahamalaza sportive lemurs at night and observed
their responses.

Methods

Study Site

The Ankarafa Forest is situated in the UNESCO Biosphere Reserve and Sahamalaza –
Iles Radama National Park on the Sahamalaza Peninsula, which is located in the Sofia
Region, northwest Madagascar (Fig. 1). The Park, officially inaugurated in July 2007
and managed by Madagascar National Parks (MNP), includes both marine and terres-
trial ecosystems and is the first park that was created under the Programme
Environnemental III of the Malagasy government and the World Bank. The climate
is strongly seasonal, with a cool, dry season from May to October and a hot, rainy
season from November to April. The Ankarafa Forest lies within a transition zone
between the Sambirano domain in the north and the western dry deciduous forest
domain in the south, harboring semihumid forests with tree heights of up to 25 m
(Schwitzer et al. 2006).

There are no large connected areas of intact primary forest left on the Sahamalaza
Peninsula, and the remaining fragments all show some degree of anthropogenic
disturbance and/or edge effects (Schwitzer et al. 2007a, b). The forests and forest
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fragments are separated by grassland with shrubs. All forest fragments were in the
process of regeneration after significant anthropogenic disturbance to the original forest
vegetation over an extended period during the study period (2009–2011). We consid-
ered them to be ≥35 yr old, based on aerial and satellite images and GIS data (Harper
et al. 2007), and to exhibit the key characteristics of post-abandonment secondary
forest (Chokkalingam and de Jong 2001).

Other lemur species in Sahamalaza include the blue-eyed black lemur (Eulemur
flavifrons), the aye-aye (Daubentonia madagascariensis), the western bamboo lemur
(Hapalemur occidentalis), the northern giant mouse lemur (Mirza zaza), and the fat-
tailed dwarf lemur (Cheirogaleus medius). The lemurs of Sahamalaza are highly
threatened by increasing and presumably unsustainable levels of hunting and by forest
destruction and degradation, mainly through land conversion for subsistence agriculture
(Schwitzer et al. 2006; Seiler et al. 2010, 2012).

Data Collection

In two field seasons (July–October 2009; May–August 2010), we fitted eight individual
Sahamalaza sportive lemurs with radio-collars. We used TW3 brass-collar tags and
TW3 button cell collars (Biotrack). We captured the sportive lemurs during the day at
their sleeping sites (tree hole or tree tangle) with a blowpipe using 1-ml cold air-
pressure narcotic syringe projectiles from Telinject. As anesthetic we used Ketasel 50
(50 mg Ketasel ml−1) in the dose recommended by the manufacturer (0.01 ml per 100 g
body mass). We anesthetized the lemurs were for a short period of time to take body

Fig. 1 Habitat map indicating study fragments A–E in the Ankarafa Forest, Sahamalaza Peninsula, northwest
Madagascar.
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measurements (weight; length of head and body, tail, femur, tibia, foot, forearm,
forearm and hand; distance between ears; collection of fecal samples) and to equip
them with radio-collars. We released the lemurs after recovery at their capture site at the
onset of their activity period.

During night observations (18:00–06:00 h) we followed the radio-collared lemurs using
a portable TR-4 receiver (first field season; Telonics, Inc., Impala, AZ) or a Biotrack
receiver (second field season; Biotrack, Dorset, UK) with a three-element yagi-antenna
(Biotrack, Dorset, UK) as well as a GPS device (GPS 60, Garmin Ltd., Schaffhausen,
Switzerland). We recorded vocalizations of radio-collared individuals using a directional
microphone (K6 powermodule andME67 recording head, Sennheiser electronic GmbH&
Co. KG, Wennebostel, Germany) and a PMD-670 digital recorder (Marantz Japan Inc.,
Sagamihara, Japan). Followed collared individuals never vocalized while they were in
sight, so we were unable to relate calls to specific behaviors. Nonetheless we were able to
record vocalizations and immediate behavior of other, uncollared individuals that came into
sight during our night tracking. In total, the eight individuals (one male, seven females)
were followed 666 h at night: Lepilemur (L)1 (male) and L4: 132 h in 11 nights; L3, L5,
L6, and L8: 72 h in 6 nights; L2: 60 h in 5 nights; and L7: 54 h in 4.5 nights. We recorded
every sportive lemur vocalization heard during the night observations.

To avoid misclassifying the vocalizations of other abundant species, e.g., the giant
mouse lemurs (Mirza zaza), as sportive lemur vocalizations, we analyzed only those loud
call types that we had previously recorded from a Sahamalaza sportive lemur. As night
tracking did not prove to be efficient to record sportive lemur vocalizations, we also
conducted opportunistic sportive lemur searches during 68 additional nights (4–5 h each)
and recorded every vocalization, resulting in a total of ca. 1000 h of nocturnal observa-
tions. Background noise by various insects and frogs was high, especially in the early
rainy season (starting October), making it difficult to achieve sufficient recording quality.

Extraction of Vocalization Properties

All vocalizations were stored as wav–files (Sampling frequency: 48 Khz, bit depth 16
bit). Acoustic features of loud call types (see Table III) were extracted using SASLab
Pro (Avisoft Bioacoustics, Berlin, Germany; FFT size 512; Hamming window; overlap
75%, filter bandwidth: 56 Hz, temporal resolution: 1.45 ms). After a preliminary visual
qualitative analysis of the entire recordings, all calls were inspected spectrographically
and only calls that showed in the power spectrum a minimum difference of 10 dB from
the peak of the fundamental frequency to the background noise, were selected for
analyses. Of a total of 214 recordings, 107 calls fulfilled this recording quality.
Although all precautions had been taken by selecting only the highest quality calls,
we cannot completely exclude a certain unquantified influence of background noise on
our characterization of Sahamalaza sportive lemur call properties.

We grouped the recorded signals into distinct categories, first by an acoustic
assessment of the first author and at least two assistants, then by visually comparing
spectrograms on the basis of their temporal and structural properties (Table I). The call
types were determined and named according to the vocal repertoire for Milne-Edwards’
sportive lemurs (Rasoloharijaona et al. 2006). A call was defined as a monosyllabic or
a multisyllabic vocalization separated from others by a gap of silence of at least twice
its call duration. We used the automatic function (automatic parameter measurements;
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parameters as mentioned in Table III, threshold: -20) in SASLab Pro (Avisoft
Bioacoustics, Berlin Germany), which transferred frequency and temporal parameters
(Table I) as a dynamic data exchange (DDE parameter file) to an Excel spreadsheet. All
automatic measurements were reviewed and manually corrected where needed.

Selection of Study Subjects for Playback Experiments

Between September and November 2011, we conducted a total of 245 playback
experiments in four forest fragments (A–D; see Fig. 1). We carried out opportunistic
sportive lemur searches starting at 18:00 h and tried to run playback experiments with
every sportive lemur we found. During each night we distinguished the individuals by
size, special markings, and location; as individual Sahamalaza sportive lemurs have a
range of ca. 0.5 ha and are solitary foragers (Seiler et al. 2014) we avoided conducting
playback experiments more than once in a location where we already conducted a
playback experiment during that night. As nightly ranges of individuals might differ in
following nights, we cannot exclude the possibility that we tested the same individuals
during successive nights and are thus unable to give an exact number of individuals
used for playback experiments. As we found a maximum of 6 sportive lemurs in 3 of
the fragments (A–C), and 7 in another fragment (D) every night, we concluded that we
tested at least 25 individuals. We did not capture the individuals used for playback
experiments and thus are unable to provide information about sex, body mass, or size.
The sportive lemurs were resting at a height of 5.8 ± 2.9 m at the start of playbacks.

Playback Stimuli

We used four types of Sahamalaza sportive lemur loud calls (2-parts, Chuckle, Bark 1,
and Ouah) as playback stimuli. We recorded these and confirmed that they were

Table I Acoustic parameters measured from spectrograms

Acoustic parameter Description

Duration (s) Time between the onset of the first syllable and offset of the last syllable

Mean peak frequency (Hz) Mean frequency at maximum amplitude during the total call duration

Mean minimum frequency (Hz) Mean minimum frequency during the total call duration

Mean maximum frequency (Hz) Mean maximum frequency during the total call duration

Mean bandwidth (Hz) Range between mean minimum and maximum frequencies

Duration to maximum (s) Duration between start and time of maximum frequency

Start peak frequency (Hz) Frequency at the maximum amplitude of the start syllable

Start minimum frequency (Hz) Minimum frequency at the onset of the call

Start maximum frequency (Hz) Maximum frequency at the onset of the call

Start bandwidth (Hz) Range between minimum and maximum start frequencies

End peak frequency (Hz) Frequency at the maximum amplitude of the end syllable

End minimum frequency (Hz) Minimum frequency at the offset of the call

End maximum frequency (Hz) Maximum frequency at the offset of the call

End bandwidth (Hz) Range between minimum and maximum end frequency
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Sahamalaza sportive lemur calls in 2009 and 2010. We recorded a further three call
types during the 2011 field season, so did not use those for playback experiments.We
used four different versions of each loud call type. We equipped all recordings used for
playback with a 5-s fade in and fade out using SASLAB Pro (Avisoft Bioacoustics,
Berlin, Germany). Table II summarizes acoustic parameters of the calls used, and Fig. 2
shows example spectrograms of each call type (generated in SASLAB Pro; 1024-point
Hamming window, 48 kHz sampling rate with 50% window overlap resulting in 47 Hz
frequency resolution, and 10.7 ms temporal resolution). We played back the stimuli
using an iPod Nano, model A1320 (Apple Inc., Cupertino, CA) and wireless loud-
speaker (JBL On Stage Micro II; Harman International Industries, Inc., Stamford, CT;
frequency range 80 Hz–20 kHz). We measured the sound pressure level of call
playbacks in a semi-anechoic chamber in Bristol using 40BF microphone, 26AB
preamplifier, and 12AA power module (all G.R.A.S. Sound & Vibration, Holte,
Denmark) calibrated by D1411E acoustic calibrator (Dawe Instruments, Brentford,
U.K.). Mean sound pressure levels were between 69.8 and 72.6 dB peak-equivalent
SPL re 1 m (Table II).

Playback Procedure

For playback experiments, we hid the equipment behind a bush or in a tree at a
horizontal distance of ca. 5 m from the tree the sportive lemur was found in. The
observer stood ≥5 m away from the playback equipment. Occurrence, frequency, and
duration of behavior (Table III) were documented using focal animal sampling for
5 min each before and after the playback. Before starting the 5 min pre-playback
observation, we waited for the tested individual to settle to the observers’ presence.
Sportive lemurs that are not habituated to human presence are vigilant and constantly
stare at the observer, but return to their usual behavior (Seiler et al. 2014) after some
minutes if the observer remains calm and does not further approach the lemur. We did

Table II Median (interquartile range; Q1–Q3) stimulus length (start of first call unit to end of last call unit),
call duration (duration from call onset to call offset), intercall interval (time gap between call offset and
successive call onset), peak frequency of call (measured from power spectrum), and source level (in dB peSPL
re 1 m) of Bark 1, Ouah, Chuckle, and 2 parts recordings of the Sahamalaza sportive lemur used as playback
stimuli

Call type N Stimulus
length (s)

Call duration (s) Inter call interval (s) Mean peak frequency (Hz) Source
level
(dB peSPL)

Bark 1 4 0.88
(0.67–1.07)

0.86
(0.67 – 1.03)

n/a 2620
(2560–2805)

72.6
(70.5–72.9)

Ouah 4 0.24
(0.22–0.26)

0.21
(0.2–0.24)

n/a 2465
(2396–2560)

69.8
(68.5–70.4)

Chuckle 4 5.1
(4.85–6.3)

1.65
(1.45–1.8)

0.1
(0.09–0.18)

2900
(2900–2950)

70.8
(69.2–71.6)

2-parts 4 6.3
(5.9–7.64)

1.69
(1.23–2.15)

0.1
(0.09–0.18)

2340
(2250–2430)

71.4
(70.5–72.2)

All calls were recorded and played back in the Ankarafa Forest, Sahamalaza Peninsula, northwest Madagascar.
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not use individuals that did not settle to our presence and/or fled for playback
experiments. During the 5-min observation intervals, we noted the exact time
(mm: ss) of the onset and offset of each behavior. After 5 min, we played a pre-
selected call back using a remote control, and started the 5-min post-playback
observation. In addition, we noted immediate behavioral responses (within 5 s) to
playback (see Table III, categories II) and recorded all calls given in response to
the playbacks.

We presented the four different versions of 2-parts a total of 63 times in 4 forest
fragments (A: 15 times; B: 16; C: 16; D: 16) and the 4 versions of Bark 1 65 times (A:
16; B: 17; C: 17; D: 15). We played back the 4 versions of Chuckle 67 times (A: 17; B:
17; C: 16; D: 17 and the 4 different versions of Ouah 50 times in total (A: 13; B: 12; C:
14; D: 11). We presented all calls in a randomized order to avoid repeats of the same
call recordings and presented only one call per individual per night. We played back
each version of 2-parts, Bark 1, Chuckle, and Ouah between three and five times per
forest fragment (A–D).

b Bark 1 Bark 2
Ouah

Tchen-tchen 2-parts

Chuckle High-pitcheda

1 2 3 4 5 6 s
�me 

1 2 3 4 5 6 s

kHz

15

10

5

kHz

15

10

5

ycneuqerf
ycn euqe rf

Fig. 2 Spectograms (lower panel) and oscillograms (upper panel) generated of typical examples for the seven
types of recorded loud calls in the Sahamalaza sportive lemur. (a) Chuckle, High-pitched. (b) Bark 1, Bark 2,
Ouah, Tchen-tchen, 2-parts. Generated in SASLAB Pro; FFT length: 512 points; 1024-point Hamming
window, 48 kHz sampling rate with 50% window overlap resulting in 47 Hz frequency resolution, and
10.7 ms temporal resolution.
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Data Analyses

Vocalization Properties To avoid pseudoreplication, we carried out statistical anal-
yses on the individual mean values of each acoustic property per loud call type. To
test whether the measured acoustic parameters vary significantly between the loud
call types of the Sahamalaza sportive lemur, we performed one-way ANOVAs. We
used the Honestly Significantly Different (HSD) test proposed by J. Tukey as a post
hoc procedure to test all pairwise comparisons among the mean values of the seven
call types (using harmonic means sample size = 10.765). We used discriminant
function analysis (DFA) to test whether the seven loud call types identified on a
qualitative basis identified distinct vocal groups and to identify linear combinations
of predictor variables that maximize the differences among call types (Lehner
1998). We ran the DFA using a stepwise procedure with cross-validation and set
F-value thresholds for acceptance or rejection of independent variables at F = 3.84
and F = 2.71 in all analyses.

Playback Experiments To test for differences in the duration of individual
lemurs’ vigilance (measured as seconds of vigilant behavior) before and after
the playback of conspecific calls, we performed a Wilcoxon signed rank test
(α = 0.025) with each individual’s mean vigilance duration in the 5-min periods

Table III Nocturnal ethogram of the Sahamalaza sportive lemur as observed during playback experiments

I. Behavioral categories in the 5 min before and after call playback

Rest Individual sits or lies inactively, eyes closed or opened, but without attentive
scanning; or no noise and no movement of the vegetation is detectable at the
location of the focal individual.

Rest vigilant Individual stops an ongoing behavior and orients head and eyes toward a specific
direction or component of the environment or scans the environment. Eyes
are wide open, but small movement can occur.

Feeding Individual is eating or processing food, or biting and chewing noises are heard
at the location of the vocal individual.

Autogroomig Individual grooms itself, licking or gnawing its fur.

Locomotion Individual climbs up or down the tree tangle or tree hole (min 50 cm) and/or
jumps to another tree; or movement of vegetation indicates that focal
individual advances.

Out of sight Individual is out of sight in canopy and behavior cannot be classified.

II. Behavioral categories immediately (within 5 s) after call playback

Scanning toward sound Individual rests vigilantly and scans toward sound source.

Approaching Individual moves toward sound source.

Flight Individual moves away from sound source.

Hide Individual climbs into dense canopy.

Freeze Individual stops any movement but stays vigilant; gaze directed toward sound
source; eyes wide open and not blinking; muscles tense.

No change Individual continues behavior displayed before the playback.

We determined durations (in seconds) of category I behaviors within the 5-min intervals before and after each
playback. We used category II to quantify behavior within 5 s after each playback.
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before and after the playback of each stimulus type. To test for immediate
responses, we recorded immediate scanning and movement reactions as soon as
the playback call was presented. As call functions were unknown, we kept
categories for immediate responses broad, rating scanning toward the sound,
freezing and/or fleeing, or approaching as Bresponse^ while no reactions were
rated as Bno response.^ As we were not able to identify individual sportive
lemurs, we rated each experiment as independent data set, but lowered the α-
level to 0.025 to avoid influences of pseudoreplication. We used binomial tests to
test for differences between immediate responses after the playback of call types.
Based on control call playbacks that we conducted during earlier playback
experiments (Seiler et al. 2013), resulting in immediate scan responses in 15
and immediate locomotion in 1 out of 153 playbacks, we set the probability that
immediate responses are just by chance to 1:99 for immediate locomotion and
10:90 for immediate scanning responses (α = 0.025). All statistical tests were
carried out using SPSS 19.0 (SPSS Inc., Chicago, IL).

Ethical Note

This study was conducted with permission from the Madagascan Ministere de
l’Environnement et des Forets (Autorisation de Recherche #231/11/ MEF/SG/DGF/
DCB.SAP/SCB) and adhered to the legal requirements of Madagascar. It was approved
by the Welfare & Research Advisory Board of the Bristol, Clifton and West of England
Zoological Society.

Results

Call Repertoire

Based on spectral and temporal properties, we manually identified seven dis-
tinct loud call types, six of which had a structure similar to those described for
Milne-Edwards’ sportive lemurs and were thus named accordingly (Shrill-
chuckle related, High-pitched call, Bark 1, Bark 2, Tchen-tchen, and Ouah;
Fig. 2; Table IV). As we did not find different types of Shrill-chuckle (as
present in Lepilemur edwardsi), we refer to this loud call type only as Chuckle.
The ANOVA revealed highly significant differences between call types for all
tested properties except Start peak frequency and End maximum frequency
(Table IV).

Classical stepwise DFA with cross-validation correctly classified 77.4% of the
preclassified calls by vocal type (Table V). Although all cases of High-pitched call
and Ouah were correctly classified, lower classification rates (73–82%; see
Table V) were produced for Bark 1, Bark 2, and Chuckle. 2-part calls were
correctly classified in 60% of the cases, with 35% being classified as Bark 2.
Only 40% of Tchen-tchen calls were classified correctly, whilst 60% were classi-
fied as Ouah. Five call parameters contributed to the discrimination of call types
(Table VI).
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Sahamalaza Sportive Lemur Call Types

The Chuckle (N = 15) was a tonal call that consisted of multiple, related, and
parabolically frequency-modulated syllables. It was, together with 2-parts, one of the
longest call types and also had the longest duration to maximum frequency. This call
type had one of the highest mean minimum frequencies and one of the lowest mean
maximum frequencies and consequently one of the smallest mean bandwidths
(Table IV; Fig. 2a).

Chuckle was uttered during the rare agonistic interactions when individuals chased
other individuals away, either from a feeding tree or from sleeping sites. During these
interactions both individuals used this call type. Comparing the 5 min before to 5 min
after the playback of Chuckle (N = 67), subjects did not show significant differences in

Table V Percentages (with call type numbers) of correct and incorrect call type classifications of the stepwise
DFA with cross-validation for calls of the Sahamalaza sportive lemur

Predicted call type

Call type Chuckle High-Pitched Bark 1 Bark 2 Tchen-tchen Ouah 2-parts

Chuckle 73.3 (11) 13.3 (2) 6.7 (1) 6.7 (1)

High-Pitched call 100 (6)

Bark 1 3.6 (1) 82.1 (23) 3.6 (1) 3.6 (1) 7.1 (2)

Bark 2 15.4 (2) 76.9 (10) 7.7 (1)

2-parts 5.9 (1) 35.3 (6) 58.8 (10)

Ouah 100 (22)

Tchen-tchen 40 (2) 60 (3)

All calls were recorded in the Ankarafa Forest, Sahamalaza Peninsula, northwest Madagascar.

Table VI Call parameters contributing to the discrimination of call types of the Sahamalaza sportive lemur in
the Ankarafa Forest, Sahamalaza Peninsula, northwest Madagascar

Call parameters Duration Duration and
distance to
maximum

Duration,
distance to
maximum,
and mean
maximum
frequency

Duration, distance
to maximum,
mean maximum
frequency, and
mean minimum
frequency

Duration,
distance to
maximum, mean
maximum
frequency, mean
minimum
frequency, and
end bandwith

Discriminant function 1 2 3 4 5

Variance % 81.8 10.3 6.5 1.4 0.1

Eigenvalue 14.890 1.867 1.176 0.252 0.015

canonical correlation 0.968 0.807 0.735 0.449 0.112

Wilks λ 0.008 0.126 0.362 0.787 0.985

d.f. 30 20 12 6 2

P < 0.001 P < 0.001 P < 0.001 P = 0.001 P = 0.477
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stationary vigilance or locomotion (Table VII). Nonetheless, in immediate response to
the playback, subjects changed scanning direction and looked toward the sound
(binomial test; P < 0.001), and showed significantly more locomotion away from the
sound (binomial test; P < 0.001). We received two Bark 2 responses and were able to
observe a young individual (about 2 mo old) fleeing to its mother in a nearby tree in
response to Chuckle playbacks.

The High-pitched call (N = 6) was a tonal call that consisted of multiple, nonrelated
(not connected) syllables with an inverse v-shaped frequency modulation. It was very
rare and only recorded late in the year (October–November). It was the longest call type
with a short duration to maximum (Table IV; Fig. 2a). The few individuals uttering
High-pitched call were moving through the forest faster than usual, stopped abruptly,
and uttered the call while stationary and intensively scanning their surroundings, before
locomoting again. We never heard an answer after these call displays in the natural
context.

The Bark 1 (N = 28) was a monosyllabic and tonal call with only little modulation in
frequency. The mean peak frequency was one of the lowest of all call types, as was the
case for the mean minimum frequency as well as the mean maximum frequency
(Table IV; Fig. 2b). Bark 1 was heard mainly after the start of September when infants
were born and was observed only in relation to rearing, e.g., in mother–infant interac-
tions. After playback of Bark 1 locomotion increased significantly, but stationary
vigilance remained the same (Table VII). In immediate reaction to the playback,
subjects changed scanning direction significantly and looked toward the sound (bino-
mial test; P < 0.001); they showed immediate locomotion after Bark 1 (binomial test;
P < 0.001).

Our 65 Bark 1 playbacks elicited two Bark 1 responses, one Chuckle and one Ouah
response.

The Bark 2 (N = 13) was a monosyllabic and tonal call. In contrast to the similar
Bark 1, the syllable started at a very high frequency, which dropped steeply through the
call duration. It was used less frequently as Bark 1. The duration to maximum was

Table VII Vigilance and locomotion of Sahamalaza sportive lemurs in seconds (median with interquartile range,
Q1–Q3) within 5 min before and after the playback of 2-parts (N = 63), Chuckle (N = 67), Bark 1 (N = 65), and
Ouah (N = 50) in the Ankarafa Forest, Sahamalaza Peninsula, northwest Madagascar

2-parts Chuckle Bark 1 Ouah

Vigilance

Before call (s) 227 (112–294) 167 (10–295) 230 (75–300) 167 (47–282)

After call (s) 205 (114–300) 210 (1045–296.5) 268 (140–300) 235 (66–299)

P = 0.719
Z = –0.360

P = 0.038
Z = –2.076

P = 0.403
Z = –0.836

P = 0.211
Z = –1.250

Locomotion

Before call (s) 0 (0–19) 0 (0–15) 0 (0–10) 0 (0–12)

After call (s) 5 (0–108) 0 (0–24) 0 (0–60) 1 (0–45)

P < 0.001
Z = –3.217

P = 0.029
Z = –2.181

P = 0.005
Z = –2.812

P = 0.031
Z = –2.160

We used Wilcoxon signed ranks test with α = 0.025.
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significantly shorter than in Chuckle and 2-parts. Together with Tchen-tchen, this call
type had one of the highest mean peak frequencies. It also had the highest mean
minimum frequency, the highest mean maximum frequency, and a high mean band-
width (Table IV; Fig. 2b). Like Bark 1, Bark 2 was heard mainly during the lactation
period. It was less common than the similar Bark 1.

The 2-parts (N = 17) was a tonal call that consisted of up to nine separated syllables.
The first syllable was longer than the following parts and showed little frequency
modulation. Similar to Ouah, the shorter syllables were inverse u-shaped or had a
downward-modulated frequency contour. It was, like Chuckle, one of the longest call
types and had a long duration to maximum. The mean peak frequency was significantly
lower than in Chuckle and Bark 2 and the mean maximum frequency was one of the
lowest of all call types. This call type was recorded only between April and June (Fig. 2b).

Individuals seen to use 2-parts (N = 17) were stationary and no other individual was
observed in the proximity, but distant individuals in response produced the same call
type.

After playback of 2-parts the amount of locomotion increased significantly, but
stationary vigilance remained the same (Table VII). Individuals changed scanning
direction significantly and looked toward the sound after playbacks of 2-parts (bino-
mial test; P < 0.001) and showed significantly more direct locomotion away from the
sound (binomial test; P < 0.001). With 63 playbacks of 2-parts, we received five vocal
reactions: three 2-parts and two Chuckle. Once a male approached the speaker after
playback of 2-parts, continuously uttering the same loud call in all directions for about
10 min after the playback.

The Ouah (N = 22) was one of the most abundant loud call types. It was a
monosyllabic and tonal call with an inverse u-shaped or downward-modulated fre-
quency modulation. It was one of the shortest calls with a very short duration to
maximum. The mean peak frequency was significantly lower than in Chuckle and
Bark 2. Together with Tchen-tchen this call type had the lowest mean minimum
frequency (Table IV; Fig. 2b).

Individuals uttering Ouah were stationary both during and after calling. No individ-
uals were observed in the proximity when these calls were uttered and no answers of
other individuals were heard. In response to playbacks of Ouah, individuals increased
neither locomotion significantly, nor stationary vigilance (Table VII), but showed
immediate locomotion (binomial test; P < 0.001) and looked toward the sound
(binomial test; P < 0.001). No vocal reaction was ever noted after Ouah playbacks.

The Tchen-tchen (N = 5) was a short tonal call consisting of two hook-like and
related syllables. It was heard only rarely. With Bark 2, this call type had the highest
mean peak frequency. Mean minimum frequency was significantly lower than in
Chuckle and Bark 2 (Table IV; Fig. 2b). Similar to Ouah, individuals uttering this call
type were stationary both during and after calling, no further individuals were observed
in the proximity, and no answers of other individuals were heard.

Discussion

In this study we were able to identify six distinct classes of loud calls with the
possibility of a seventh call type. All loud call types were similar in structure to other
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sportive lemur species’ loud calls, suggesting that sportive lemurs share a similar call
repertoire (Méndez-Cárdenas et al. 2008; Rasoloharijaona et al. 2006). Whereas High-
pitched call, Ouah, Bark 1, Bark 2, and Chuckle were correctly classified in nearly all
cases by the classical stepwise DFA, about a third of 2-part calls were classified as Bark
2, indicating that these call types are similar.

Based on our behavioral observations we consider 2-parts to be a distinct call type.
Like Bark 1, Bark 2 was recorded only during the lactation period and seemed to be
associated with parental care and mother–infant communication.Bark 2 was the loud
call with the highest mean maximum frequency in our study. The acoustic structure of
calls is thought to be related to the caller’s affective state (Fischer et al. 1995; Owings
and Morton 1998; Schrader and Todt 1993) with an increase in pitch with perceived
stress level of the individual (Fichtel and Hammerschmidt 2002). We thus suggest that
Bark 2 is used to warn the offspring of potential danger. Whereas Bark 1 was usually
answered by other individuals, Bark 2 never was, suggesting that Bark 1 functions as a
contact call and Bark 2 as an alarm call from mother to infant.

The overall structure of 2-parts was similar to a duetting sequence described in the
Milne-Edwards’ sportive lemur in which loud calls were most frequent at feeding and
sleeping sites (Rasoloharijaona et al. 2006), with regular pair duets that are often
followed by a synchronization of movements (Méndez-Cárdenas and Zimmermann
2009). The behavior of Sahamalaza sportive lemurs in response to 2-parts (male
approaching the sound and answering with the same call) and our observation that 2-
parts was usually used by two individuals suggests that 2-parts could be used in duets.
As it was recorded only between April and June and thus during the mating period of
the Sahamalaza sportive lemur, this call type might serve for mate attraction. In pair-
living Milne-Edwards’ sportive lemurs duetting is most abundant during the offspring
care period (Méndez-Cárdenas and Zimmermann 2009). It is possible that females in
particular would aim to avoid unknown males during the offspring care period, which
was the time when we conducted playback experiments. At least one case of infanticide
at the onset of the offspring care period is described for Milne-Edwards’ sportive
lemurs (Rasoloharijaona et al. 2000, 2006). This would explain why, during our
playback experiments with this call type, all individuals except one male moved away
from the sound source.

As 60% of Tchen-tchen calls were classified as Ouah, it is possible that this call type
is merely a variation of the Ouah call, which is also supported by our behavioral
observations. The Ouah loud call did result in direct flight responses during our
playback experiments, as well as in an increased vigilance and locomotion. As we
never received answers to this call, we suggest that this call type might function as a
territorial call, transmitting the location of the calling individual. We did not conduct
playback experiments with Tchen-tchen, but observed that, as with Ouah, individuals
uttering Tchen-tchen were stationary and solitary and we heard no answers from other
individuals, suggesting a similar function of the two call types. We were able to record
the Tchen-tchen only five times, and further records are needed to conclude whether
Ouah and Tchen-tchen are distinct call types

If the high frequency of High-pitched call is not due to individual differences or the
affective state of the caller, it may function as an alarm call, like Bark 2, as alarm calls
are usually higher in frequency and shorter and noisier than other call types (Fischer
et al. 2001). Our observations and the reactions of lemurs to playbacks suggest that
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Chuckle is used in agonistic encounters. The high mean minimum frequency of
Chuckle suggests a high level of arousal of individuals uttering this call type, as found
in other alarm calls. The long duration of this call type in combination with our
observations suggest that this call type is used to intimidate and chase away other
individuals, which also might be considered as a type of alarm call.

We found fewer distinct call types than described for pair-living species of the same
genus (Méndez-Cárdenas et al. 2008; Rasoloharijaona et al. 2006). In the Milne-
Edwards’ sportive lemur, some call types are sex specific (Rasoloharijaona et al.
2006). Males used five different call types including Ouah, Chuckle, and Tchen-tchen,
which were also found in the Sahamalaza sportive lemur. Female Milne-Edwards’
sportive lemurs exclusively used Bark 1, Bark 2, and Oaii. Only High-pitched call was
found in both sexes (Rasoloharijaona et al. 2006). Our few observations on calling
individuals suggest a similar sex-specific use of loud calls as found in the Milne-
Edwards’ sportive lemur, but our data set is not sufficient to test this hypothesis. Future
studies should test for sex differences in the calling behavior of the Sahamalaza sportive
lemur. The same is true for individual recognition of sportive lemurs.

In summary, we have described six distinct classes of loud calls with the possibility
of a seventh call type in the Sahamalaza sportive lemur, which are likely to function in
mate advertisement, offspring care, and territorial defense. Future studies of loud
calling of the species are needed to clarify if some call types are sex specific and if
loud calls could be used for recognition of individuals. Once the vocal repertoires of
neighboring Mittermeier’s sportive lemur and gray-backed sportive lemur are known,
the vocal parameters of Sahamalaza sportive lemurs loud calls could be used for rapid
identification of this species to establishing range boundaries in relation to the ranges of
the different sportive lemur species as well as for density measurements and acoustic
species monitoring.
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