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Abstract: Vocalization playbacks can improve the detection of species that are difficult to locate, by luring animals to a sound 
source or counting vocal responses. This methodology has been used for estimating the species’ population numbers and distribu-
tion boundaries, providing a cost-effective and quick way of surveying those that are threatened.  Sportive lemurs (Lepilemur) 
are cryptic, nocturnal primates endemic to Madagascar.  The number of species in this genus has increased from eight to 26 in 
the past decade, calling for the re-evaluation of distribution boundaries and population densities.  We carried out surveys of the 
Critically Endangered Sahamalaza sportive lemur (L. sahamalaza) in northwest Madagascar, in order to assess the applicability 
of playback in surveys and species censuses.  We presented two conspecific calls (recorded from a single male, unknown to the 
study subjects) and a biologically irrelevant call to 13 radio-collared individuals over the course of ten months and recorded their 
behaviors before and after the playback.  The main response towards the playback was an increase in time spent looking towards 
the speaker.  This differed between call types, with animals looking the longest towards the call that is considered to be involved 
in territorial behavior.  Individuals approached the speaker in less than one-quarter of all trials after presentation of a call, and 
calling in response to a playback was recorded in only 10.3% of the trials.  Sportive lemurs face the challenge of avoiding preda-
tors on the one hand and communicating with conspecifics at night on the other.  Predator avoidance possibly explains the lack 
of pronounced responses towards playbacks.  Our findings point towards the unsuitability of playbacks in population surveys for 
this genus.
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used to lure cryptic species or animals inhabiting inaccessible 
areas towards a speaker or to elicit vocal responses, increasing 
survey efficiency (Bezerra et al. 2010; Plumptre et al. 2013).  
Playback experiments have as such been found to be valu-
able in conservation studies where species census is of impor-
tance and long-term surveys are impractical for financial or 
political reasons (Peck et al. 2011).  By using playbacks, for 
example, researchers were able to document a drastic decline 
in population numbers for the Critically Endangered cotton-
top tamarin Saguinus oedipus in South America (Savage et 
al. 2010).  Other studies have employed playbacks to detect 
and facilitate behavioral observations in gibbons (Raemaek-
ers and Raemaekers 1985; Bryant et al. 2016).

Some limitations to this methodology need to be con-
sidered, however; animals have to be vocally responsive 
or willing to approach a playback device to be detectable 
(Gregory et al. 2004).  Playbacks are, therefore, often com-
bined with traditional survey techniques using line or point 
transects to maximize survey effectiveness (Buckland et al. 

Introduction

Playbacks of vocalizations have provided researchers 
with a non-invasive and often effective way of confirming the 
presence of a target species (Buckland et al. 2006).  This meth-
odology has been applied successfully across a wide variety 
of animal taxa, and is especially useful for birds (Sutherland 
2006, but see Turcotte and Desrochers 2002; Conway and 
Gibbs 2005; Boscolo et al. 2006; Kubel and Yahner 2007).  
Williams et al. (2017) reviewed ten studies that used vocal-
izations to try to attract seabirds to nesting areas.  Seven of 
them showed that birds were more attracted to areas where 
conspecific calls were presented.  Similar results were found 
in mammals such as bats (Hill and Greenaway 2005), ground 
squirrels (Downey et al. 2006), carnivores (Ogutu and Dublin 
1998; Robbins and McCreery 2003), and forest-dwelling pri-
mates can be otherwise hard to detect (Estrada 1982; Dacier 
et al. 2008; Bezerra et al. 2010; Savage et al. 2010; Peck et al. 
2011; Bowles 2014; Salcedo et al. 2014).  Playbacks can be 
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2006; Savage et al. 2010).  For playback experiments to reli-
ably elicit responses (whether by moving or vocal or both), 
the context and timing needs to meet biological requirements.  
This includes choosing the time of the year, season or day 
when animals are most likely to respond (Kubel and Yahner 
2007; Brambilla and Jenkins 2009; Tizzani et al. 2012), and 
the choice of the most salient stimulus, such as alarm or con-
tact calls (Ogutu and Dublin 1998; Turcotte and Desrochers 
2002; Downey et al. 2006).  The sex and even identity of the 
animal that produced the call being used for playback may 
also influence whether measurable responses are elicited 
(Soltis et al. 2002).  While a stranger may elicit the strongest 
response in territorial birds (Brindley 1991), other animals 
may prefer to react to a group member (Biben and Symmes 
1991) or towards an individual of a specific sex (Raemaekers 
and Raemaekers 1985).  The vocal habits of the target species 
also need to be taken into account; for detailed population 
density estimations, additional factors such as likelihood to 
call and the more responsive sex, must be considered (Kubel 
and Yahner 2007; Lin et al. 2007; Ellis 2008; van Niekerk 
2015).  This requires some prior knowledge of the target spe-
cies, which may be difficult to obtain for nocturnal or rare, or 
very cryptic species (Ratcliffe et al. 1998).

Vocalization playback experiments have been success-
fully applied to understand the call function (Fichtel and 
Hilgartner 2013), social behaviors (Cardenas 2009; Kulahci 
et al. 2015), and anti-predator responses of lemurs (Rahlfs 
and Fichtel 2010; Seiler et al. 2013), and passive acoustic 
monitoring has been successfully applied to confirm a lemur 
species’ presence and identify habitat preferences (Hending 
et al. 2017).  No studies to date, however, have investigated 
whether playbacks can be used to conduct population surveys 
of these primates.

Sportive lemurs, Lepilemuridae, are small (600–1200 
g), nocturnal and folivorous primates endemic to Madagas-
car (Mittermeier et al. 2010).  They inhabit different forest 
types throughout the island, but the exact number of species 
is debated (Tattersall 2007) as they are sometimes difficult to 
differentiate based solely on morphology (Mittermeier et al. 
2010).  Over the past decade 26 cryptic species were recog-
nized, increasing the number from just eight described spe-
cies in 2006 (Andriaholinirina et al. 2006). Because of the 
increasing loss of forest habitat across Madagascar (Grinand 
et al. 2013), all but one of the sportive lemurs are now threat-
ened, classed as Vulnerable, Endangered or Critically Endan-
gered by the International Union for Conservation of Nature 
(IUCN).  The weasel sportive lemur Lepilemur mustelinus is 
classified as Near Threatened (IUCN 2018).  Together, this 
large increase in number of species and the threat of extinc-
tion call for a rapid re-evaluation of distribution boundaries 
and population density estimates of the different species (Mit-
termeier et al. 2008).

Sportive lemurs are generally vocal during their active 
time at night and can be distinguished by their calls (Méndez-
Cárdenas et al. 2008).  To assess whether vocalization play-
backs are a suitable conservation tool for a short-term species 

census and assessment, this study focused on a species first 
described in 2006: the Sahamalaza sportive lemur Lepilemur 
sahamalaza1.  This species is Critically Endangered due to a 
very limited range—they occur only on the Sahamalaza Pen-
insula in northwestern Madagascar (Mandl et al. in prep.)—
and low population numbers (Olivieri et al. 2005; Andria-
holinirina et al. 2014).  They seem to be solitary year-round 
(Seiler et al. 2015a), and have a moderate vocal repertoire 
encompassing at least seven different loud call types (Seiler 
et al. 2015b).  While the context of most vocalizations as well 
as the call functions remain unclear due to limited behavioral 
data (Seiler et al. 2015b), two call types uttered by both males 
and females stand out as they elicited vocal and/or locomo-
tive responses in prior playback experiments: the Two-parts 
and the Ouah call (Seiler et al. 2015b). Behavioral observa-
tions and responses to playbacks suggest that the Two-parts 
call is a contact call that is readily answered by individuals 
close by, while Ouah calls prompt an increase in immediate 
locomotion, possibly luring individuals to the source of the 
call or inducing flight responses (Seiler et al. 2015b).  How-
ever, responses were not pronounced, which may have been 
due to inadequate timing of the playback experiments; Saha-
malaza sportive lemurs are very seasonal in their behavior 
and decrease their calling rate and number of vocal displays 
during the austral winter (Mandl et al. in press), which may 
indicate high energetic costs of vocal behavior at this time 
(see Ilany et al. 2013).  Presenting playbacks of vocalizations 
out of context (for example, those involved in mate attraction) 
may therefore elicit fewer or different responses due to their 
costs in relation to the expected benefit.  In addition, Seiler et 
al. (2015b) were unable to control for caller identity during 
previous playback experiments, and as such may have reg-
istered responses that differed depending on which sex was 
involved.

With the overall goal of assessing playback methodol-
ogy as a tool for the conservation of the endangered sportive 
lemurs, we played back vocalizations recorded from a male 
Sahamalaza sportive lemur to 13 radio-collared individuals 
over the course of a year.  If behavioral responses are clearly 
observable and calls of conspecifics consistently lure indi-
viduals towards the calling source and/or prompt calling in 
response, then playbacks of vocalizations can be used in cen-
suses for sportive lemurs.  Given the variable vocal behavior 
and social organization (Seiler et al. 2015a, 2015b), we pre-
dicted that 1) different call types elicited different responses, 
and 2) that males and females would react differently towards 
the calls in different seasons (i.e., females would react more 
strongly towards an unknown male during lactation, while 
males would react more strongly during the mating season 
as unknown males may be intruders (Van Schaik and Dunbar 
1990).  Together these findings could be used to develop a 
methodology for population density estimates.

1First described by Andriaholinirina et al. (2006) as Lepilemur saha-
malazensis but resdescribed and renamed by Andriaholinirina et al. 
(2017) as Lepilemur sahamazala.
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Methods

Study area
The data were collected in the Ankarafa Forest in the 

Sahamalaza – Îles Radama National Park, in north-western 
Madagascar (Fig. 1).  The Ankarafa Forest, the western-
most forest patch in the protected area (14°22'64.2"S and 
47°45'31.5"E), is a mix of dry deciduous and Sambirano 
rainforest vegetation with a canopy of up to 25 m in height, 
as is typical for Malagasy lowland forests (Dumetz 1999; 
de Gouvenain and Silander 2003; Grubb 2003; Volampeno 
et al. 2013).  The climate on the Sahamalaza Peninsula is 
highly seasonal with a hot and wet period between November 
and March and a colder and dry period between April and 
October.  Daily temperature and rainfall were recorded for 
the entire study period with maximum mean temperatures 
reaching 37°C during the day and minimum mean tempera-
tures as low as 16°C during the night.  There was virtually 
no rain between April and October, which is typical for the 
western part of Madagascar where rain mainly falls during 

the wet season (Jury et al. 1995).  In the study period, rainfall 
was highest during January (612 mm) and February (>800 
mm) and totaled 2252 mm over ten months.  Data collection 
took place between October 2015 and August 2016.  Based 
on the climatic data, the year was divided into the following 
sub-seasons (with associated approximative socio-ecological 
periods): early wet = birth season (October–December), wet = 
lactation (January–March), early dry = mating season (April–
June), dry = gestation (July–September).

Study animals
Twelve Sahamalaza sportive lemurs inhabiting the 

Ankarafa Forest were captured during the daytime at their 
resting sites in October 2015.  They were injected with 
anaesthetic (0.1 ml Zoletil 100) by hand or using a Telinject 
blowpipe.  The captured animals were equipped with a micro-
chip (8×1.4 mm ISO FDXB, Micro-ID, West Sussex, UK) 
subcutaneously for future identification in case of recapture.  
All individuals, six females and six males, were fitted with 
cable-tie VHF radio-collars that did not exceed 0.7% of the 
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Figure 1. Location of the study fragment in the Sahamalaza-Iles Radama National Park (shaded light grey in first insert), Sahamalaza 
Peninsula, northwest Madagascar. Vocalizations used as stimuli were recorded in the forest area marked A (S14.376907°, E047.758075°). 
Playback experiments were conducted in the forest area marked B (S14.374185°, E047.763113°). 
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Figure 1. Location of the study fragment in the Sahamalaza- Îles Radama National Park (shaded light grey in first insert), Sahamalaza Peninsula, northwest 
Madagascar. Vocalizations used as stimuli were recorded in the forest area marked A (S14.376907°, E047.758075°). Playback experiments were conducted in the 
forest area marked B (S14.374185°, E047.763113°).
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study animals’ body weights (3.5 g, Biotrack, Wareham, UK).  
Sportive lemurs show no sexual dimorphism, or any other 
obvious characteristics that would aid individual recognition, 
and it was therefore deemed necessary to equip individu-
als with radio-collars to allow for individual identification 
and behavioral observations.  The procedures were done by 
trained veterinarians and the captured lemurs were observed 
for at least six hours before they were released at the site of 
capture at the onset of their normal nocturnal activity period.  
All individuals were checked daily for signs of deteriorating 
health or problems with the collars.  At the end of the study 
period, all individuals were re-captured using the methodol-
ogy described above, the collars were successfully removed, 
and the individuals released into the wild.

Playback stimuli
All lemur calls used for playbacks had been recorded 

from a single male that was radio-collared (according to the 

methodology described above) and observed between Febru-
ary and April 2015.  It proved impossible to obtain record-
ings of sufficient quality and in sufficient numbers to create 
playback stimuli from multiple male individuals, therefore 
the effects of pseudoreplication have to be taken into con-
sideration when viewing the results of this study.  We were 
unable to obtain sufficient calls from female individuals as 
they were less vocal (Mandl et al. in press.).  The calls were 
recorded as WAV files ad libitum during nocturnal observa-
tions with a handheld recorder using the inbuilt microphones 
(R-05 WAVE/MP3 Recorder, 48 kHz sampling rate, Roland 
Corp., Hamamatsu, Japan, microphone response: 20 – 20000 
Hz).  The recordings with the highest quality were selected as 
playback stimuli.  The caller inhabited a different area of the 
forest to the study individuals (Fig. 1 – forest area “A”).  The 
canopy was not fully connected between the areas and it is 
highly unlikely that this individual would have been known to 
the study animals.  Although auditory contact cannot be ruled 
out, visual or direct contact would have been highly unlikely.

Two call types were selected as playback stimuli: the 
Two-parts and the Ouah call.  These calls were described in 
detail by Seiler et al. (2015b) and were selected based on their 
previous assumed call functions as contact and territorial calls, 
respectively.  In addition, these calls were observed to elicit 
auditory and locomotive responses in natural and playback 
settings.  Recordings of a Malagasy Scops Owl, Otilus rutilus, 
were used as a neutral control stimulus.  Malagasy Scops 
owls are small (22–24 cm, about 100 g) nocturnal birds that 
are common in the Ankarafa Forest.  They hunt invertebrates 
and small vertebrates and there have been no observations of 
attacks on sportive lemurs, which are bigger.  These birds call 
frequently during the night and Sahamalaza sportive lemurs 
were never observed to react to their calls even when in close 
proximity.  The Owl call playback stimuli were recorded in 
the same forest using the same equipment as the lemur call 
recordings.

Playback stimuli consisted of four different call record-
ings per call type (N = 12). The sound files were analyzed 
and prepared for playback using SASLab Pro (v5.2.5, Avi-
soft Bioacoustics, Berlin, Germany) (Table 1).  Mean stimu-
lus length, mean call duration, inter-call interval and mean 
peak frequency were measured for each stimulus manually 
and by visually inspecting the spectrograms generated with 
SASLab Pro (Fig. 2).  A three-second silence was added at 
the beginning and end of each file.  Ouah calls were always 
heard multiple times in a calling sequence (Mandl et al. in 
press), so each stimulus contained three individual Ouah calls 
separated by six seconds of silence.  Owl stimuli were also 
presented as naturally occurring multiple calls, separated by 
approximately three seconds of silence.  Two-Part calls were 
presented singly.   Bandwidth filters were applied to the Owl 
recordings to remove insect noise above the maximum fre-
quency range of the Owl calls using a FIR low-pass filter with 
a 4 kHZ cut-off frequency (128 Taps, window type: Ham-
ming). No other filters were applied.

 

 
Figure 2. Spectrograms of one example of each of the three stimulus call types: A = Two-parts, B = Ouah, C = Owl. Generated in Avisoft 
SASLab Pro, FFT length: 1024 points, Flat Top window, 48 kHz sampling rate with 87.5% overlap. y-axis = frequency (kHz), x-axis = time 
(s). The in-between silence added in the Ouah stimulus was shortened in this spectrogram for illustrative purposes. 
 
  

Figure 2. Spectrograms of one example of each of the three stimulus call 
types: A = Two-parts, B = Ouah, C = Owl. Generated in Avisoft SASLab Pro, 
FFT length: 1024 points, Flat Top window, 48 kHz sampling rate with 87.5% 
overlap. y-axis = frequency (kHz), x-axis = time (s). The in-between silence 
added in the Ouah stimulus was shortened in this spectrogram for illustrative 
purposes.
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Figure 3. Set-up of playback trials. A = position of two observers, one 
recording the behaviors and one presenting the playback stimulus, B = position 
of speaker hidden in vegetation, between 1.5 and 2 m above ground level, C 
= position of focal animal with torch directed towards it. Distance between 
observers and speaker was always 5 m. Distance between observers and focal 
animal varied as animals sometimes moved in the course of a trial.

Playback calibration
All call recordings were normalized to maximum ampli-

tude to avoid differences in the recorded call amplitudes 
affecting the playback amplitudes.  We measured the sound 
pressure levels of all stimuli by playing them back in a semi-
anechoic room in Bristol using a 1/4" ultrasound microphone 
(type 4939-L-002) and pre-amplifier (type 2669L, both Brüel 
and Kjær, Nærum, Denmark) with a dual-channel micro-
phone power supply (type 5935-L, Brüel and Kjær, Nærum, 
Denmark).  The set-up was connected to a NI-DAQ BNC-
2110 sound card operated through LabVIEW v.16.0 and 
sound recordings were calibrated by 40 kHz reference signal 
generator (Avisoft Bioacosutics, Berlin, Germany) (Seiler et 
al. 2015b).  Mean sound pressure levels are specified in Table 
1.  One call type, Ouah, was perceived as quieter when heard 
naturally.  The playback loudness for this call was adjusted via 
the loudspeaker to match the discerned difference in loudness 
in the field.  We tested whether all calls were perceived by the 
lemurs by playing back the stimuli to individuals inhabiting a 
different forest fragment from a typical distance of 7 m, and 
recorded behavioral responses to all three call types, confirm-
ing that the calls were heard by the lemurs.

Playback set-up and trials
Playback trials were conducted at night, between 17:30 

and 21:30, during the normal hours of peak activity of both 
lemurs and owls (Ruperti 2007; Gardner et al. 2009).  Study 
individuals were found with the help of radio-telemetry, and 
playback trials were started when the following criteria were 
met: 1) the study individual was clearly visible to the observ-
ers; 2) it had settled to the presence of the observers after a 
habituation period (between 2 and 20 minutes, depending on 
the individual); and 3) there were no vocalizing individuals 
(lemur or owl) nearby.  Animals were usually resting vigi-
lantly (scanning in all directions) at an average height of 5.9 
±2.2 m (mean ±SD, N = 135) above ground.  For practical 
reasons the speaker (Voombox Outdoor Rugged Wireless 
Speaker, DiVoom Technology Co. Ltd., Shenzen, China, fre-
quency range: 100 Hz to 20 kHz) was placed in a bush or 
liana tangle at about 1.5–2.0 m above ground, facing the focal 
individual at an average distance of 7.1 ±1.8 m (mean ±SD, 
N = 135). 

Sahamalaza sportive lemurs sometimes go as low as 
1.5 m above ground level to feed (I. Mandl pers. obs.), we 

therefore deemed the speaker height appropriate for the play-
back experiment.  Two observers stood 5 m away from the 
speaker, looking directly at the lemur from a different angle, 
using a torch, which was dimmed if the lemur was close.  
The speaker was connected to the handheld recorder (details 
above) via 5 m AUX cable, and one observer played back 
the call while the other recorded the behavioral responses of 
the target individual (Fig. 3).  Trials were stopped when the 
focal individual moved out of sight for more than 90 s pre-
playback, moved more than 10 m away from the speaker or 
was not clearly visible when the playback stimulus was due 
to be presented.

For each focal individual, we aimed to play back one call 
from each call type in each season.  One trial consisted of 
presentation of a single stimulus, and stimuli were presented 
semi-randomized and in a balanced order.  Playback trials 
started with a five-minute pre-stimulus period in which no 
playback was presented, followed by the presentation of a 
single stimulus and then a five-minute post-stimulus period.  
Behaviors were recorded continuously with a stopwatch 
throughout the duration of the trial, resulting in a full record 
of behaviors with respective timing/durations.  An ethogram 
of recorded behaviors is shown in Table 2.  Every study 

 

Tables 
 

 
Table 1. Acoustic parameters of the different call type stimuli (N = 4/call type): mean stimulus length = start of first call until the 
end of the last call, mean call duration = duration of individual call from start to end, mean peak frequency for each call type, sound 
pressure level of playbacks at 1 m from speaker. 

 
 
 
 
 
 
 
 
 

 
 
 
 
  

Call Type 
Mean stimulus 

length 
± SD (s) 

Mean call 
duration 
± SD (s) 

Inter-call 
interval 
± SD (s) 

Mean peak 
frequency 
± SD (Hz) 

Mean sound pressure 
level at 1m from source 

± SD (dB peSPL) 

Two-parts 3.0 ±0.3 3.0 ±0.3 N/A 2831 ±1830 75 ±1.5 
Ouah 13.0 ±0 0.4 ±0.1 6.0 ±0 4039 ±1514 50 ±2.2 
Owl 5.5 ±0.6 0.2 ±0.04 0.3 ±0 1006 ±43 74 ±2.0 

 

 

 
Figure 3. Set-up of playback trials. A = position of two observers, one recording the behaviors and one presenting the playback stimulus, B 
= position of speaker hidden in vegetation, between 1.5 and 2 m above ground level, C = position of focal animal with torch directed 
towards it. Distance between observers and speaker was always 5 m. Distance between observers and focal animal varied as animals 
sometimes moved in the course of a trial. 
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individual participated in only one trial per night with at least 
seven days between consecutive trials to minimize possible 
habituation.  Between one and four individuals were tested 
per night during the study period.

One hundred and thirty-five playback trials were con-
ducted on thirteen individuals over the 10-month study period.  
Each of the three call types was presented a total of 45 times 
(between 10 and 12 times per season).  Not every animal 
could be tested in every season because of the disappear-
ance of study animals and bad weather conditions: two males 
were only available for two out of the four seasons, only one 
(M10) could be replaced with an additional male (M15) for 
the remaining two seasons.  The average number of playback 
trials per individual was 10.4 ±2.5 (mean ±SD, range in Table 
3).

Analysis: Inter-observer reliability
Two observers recorded behavioral data for the entire 

study period.  Both spent two weeks training together to adjust 
and agree on behavioral categories prior to data collection.  
Throughout the entire study period, once a week both observ-
ers worked together in the same playback trial to compare 
recording of behaviors and improve conformance.  To further 
measure inter-observer agreement, three playback trials were 
conducted and filmed with animals not participating in the 
study.  Both observers coded behaviors for each second of the 
recordings independently from each other and the resulting 
data were compared.  Although the video quality was variable 
across the recorded trials, behaviors were classed congruently 
in 76.1% of the cases.

Analysis: Behavioral responses
Prior to further analysis, we determined whether presen-

tation of the playback stimuli elicited a change in behavior 
more often than expected by chance.  A chi-square test was 
performed on all trials, comparing the number of trials the 
lemurs changed their behavior within five seconds from the 
start of the stimulus playback to the number of trials they 

changed their behavior within a randomly selected five-sec-
ond time window prior to playback.

We selected “Looking towards the speaker,” “Loco-
motion towards the speaker,” “Locomotion away from the 
speaker,” and “Vocalizing” as relevant behavioral responses 
towards playbacks.  Because individuals often were vigi-
lant prior to playback, the behavior “Looking away/looking 
around” did not sufficiently indicate a potential change in 
focus of attention in response to playbacks.  This behavior 
was therefore grouped together with the remaining, non-
attentional, behaviors. 

To determine whether call type, season, or sex of the 
receiver affected behavioral reactions towards playbacks, 
we computed a mixed model for each behavior.  The time 
each individual spent “Looking towards the speaker” before 
and after the presentation of the stimulus was calculated for 
each trial, the same was done for all non-attentional behav-
iors (“Resting”, “Feeding”, “Grooming”, “Out of Sight” 

Table 2. Ethogram of recorded behaviors during playback trials. 
Behavior Description 

Looking towards the speaker The lemur is alert, scanning around or staring intently while directing its gaze in direction of the 
speaker or slightly below or above it.  

Looking away from the speaker or 
Looking around 

The lemur is alert, scanning around or staring intently while directing its gaze in a direction 
other than where the speaker is located.  

Locomotion towards the speaker The lemur climbs, jumps or crawls more than 0.3 m, decreasing the distance between itself and 
the speaker.  

Locomotion away from the speaker The lemur climbs, jumps or crawls more than 0.3 m, increasing the distance between itself and 
the speaker. 

Resting The lemur sits on a support, is not alert and directs its gaze into one direction, eyes half-closed 
or closed. 

Feeding The lemur is handling food such as leaves, or eats, chewing visibly. 

Grooming The lemur is licking or scratching its fur. 

Vocalizing The lemur utters a call. 

Out of sight The lemur is not clearly visible and its behavior cannot be observed. 

 
  

 

Table 3. Number of playback trials conducted with each study 
individual and list of seasons for which data is missing. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Study animal ID  
(F=female, M=male) 

Number of trials 
participated 

Seasonal data 
missing 

F1 12 - 

F3 12 - 

M4 6 early dry / dry 

F6 12 - 

F7 12 - 

M8 12 - 

F9 12 - 

M10 6 early dry / dry 

M11 12 - 

M12 12 - 

F13 12 - 

M14 9 wet 

M15 6 early wet / wet 

Table 2. Ethogram of recorded behaviors during playback trials.
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and “Looking away from the speaker”) which were grouped 
together. Locomotive behaviors and vocalizing were coded 
as “presence/absence” before and after presentation of the 
stimulus, for every trial.  A generalized linear mixed model 
(GLMM) with a negative binomial error distribution was per-
formed.  “Looking towards the speaker” after stimulus pre-
sentation was the dependent variable, and call type, season 
and sex were set as fixed factors.  Random factors were set to 
be the time spent looking towards the speaker before stimulus 
presentation and individual identity (ID) to control for ten-
dencies to perform this behavior.  Similarly, a linear mixed 
model (LMM) with the same fixed effects was performed on 
the total time spent on all non-attentional behaviors during 
trial.  Random effects were set to be the time spent on these 
behaviors prior to playback presentation and ID.  For locomo-
tive behaviors we computed a GLMM each using binomial 
error distribution and the same fixed effects as stated above.  
Random effects again were ID and whether these behaviors 
occurred prior to stimulus presentation.  The number of trials 
in which animals vocalized either before or after the presen-
tation of the playback stimuli was counted.  Vocalizations 
occurred too infrequently for statistical analysis but calling 
rates were compared between call types, season and sexes.

All analyses were carried out with the statistical soft-
ware R (v3.3.1., R Development Core Team 2016), using the 
following packages: car (Fox and Weisberg 2011), MASS 
(Venables and Ripley 2002), lme4 (Bates et al. 2015), and 
lsmeans (Lenth 2016).  All models were reviewed with diag-
nostic plots of the residuals.  The significance level was set at 
P = 0.05 and, where multiple pairwise comparisons were per-
formed, the P-values were adjusted according to the Holm-
Bonferroni method.

Ethical standards
All procedures were carried out with approval from the 

University of Bristol’s Ethical Review Group (project number 

UB/14/048) under the revised Animals (Scientific Proce-
dures) Act 1986 and approved by Madagascar’s Ministère 
de l'Environnement, de l'Ecologie, de la Mer et des Forêts 
(MEEMF) and Madagascar National Parks (MNP) which 
granted permission for the research to be conducted (permit 
number 37/16/MEEMF/SG/DGF/DAPT/SCBT).

Results

Behavioral responses
The lemurs changed their behavior significantly more fre-

quently within five seconds after the start of the playback stim-
ulus than within five seconds before the playback χ²(1, 271) = 
6.36, P = 0.001.  Reactions towards the playback stimuli were 
often subtle. Overall,“Looking towards the speaker” was the 
most frequent response to a playback of a vocalization.  It 
occurred in 99.2% of all trials after presentation of a stimulus.  
Moving towards and away from the speaker occurred less 
frequently (21.5% and 37%, respectively).  Vocal responses 
were recorded in 10% of all trials.  Table 4 shows the aver-
age times the study lemurs spent on all behavioral categories 
across all trials.

The individuals studied vocalized in only 14 out of 
135 trials (10.3%).  Seasonal differences were pronounced: 
number of calls early wet season = 1, wet = 5, early dry = 8, 
dry = 0 (Fig. 4).  The lemurs vocalized after the playback in 
every case.  In four of the fourteen trials, vocalizations were 
also recorded prior to playback.  In no case did vocalizations 
occur only prior to playback presentation.  Males vocalized 
in 11 trials (six out of seven males studied responded at least 
once vocally), only in three trials did females respond vocally 
(two out of six females),  resulting in an overall low calling 
rate across all trials (Fig. 5).  The study animals responded 
vocally seven times to the Two-parts call, four times to the 
Ouah call, and three times to the Owl call. 

 

 

 
 
Figure 4. number of calls recorded after presentation of a vocalization stimulus across all studied seasons. Differently 
shaded bars stand for different stimulus types. 
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Figure 4. Number of calls recorded after presentation of a vocalization 
stimulus across all studied seasons. Differently shaded bars stand for different 
stimulus types.

Figure 5. Average number of vocalizations uttered by the study individuals 
before and after presentation of playback stimuli (N = 135 trials). Males (N = 7) 
vocalized on average more often than females (N = 6) in response to playback 
stimuli. Error bars illustrate variance around the mean.
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Effects of call type, season and sex on responses
Call type significantly affected how long a study indi-

vidual looked towards the speaker after a playback (Table 
5: for details of all model coefficients please see Appendix).  
The lemurs looked longer after playback of an Ouah call then 
towards the Owl call (P = 0.005), but there was no differ-
ence in looking time between Ouah and Two-parts (P = 0.61) 
or between Two-parts or Owl call (P = 0.07).  Additionally, 
the increase in duration of looking towards the speaker from 
before playback presentation to post-playback was significant 
only for the Ouah call (Wilcoxon Signed-Rank test, Z = -3.1, 
p = 0.001) (Fig. 6). There were no seasonal or sex differences 
in the time the lemurs looked towards the speaker (Table 5).

Locomotion towards the speaker after a playback was not 
affected by call type, season or sex (Table 5), but the study 
animals moved away from the speaker significantly more 
often in the wet season than the dry (P = 0.03) and the early 
wet season (P = 0.02), indicating a seasonal effect (Table 5).  
Neither call type, nor sex of the focal individuals affected 
locomotion away from the speaker after playback.

Non-attentional behaviors varied between call types, with 
a decrease in time spent engaging in these behaviors after pre-
sentation of the Ouah call in comparison to the Two-parts call 
(P = 0.03) (Fig. 7).  Non-attentional behaviors decreased sig-
nificantly after playback presentation for all call types (Two-
parts: t(87.3) = 2.6, P = 0.01, Ouah: t(77.6) = 3.2, P < 0.01, 
Owl: t(87.3) = 2.5, P = 0.01).  Time spent on non-attentional 

behaviors did not differ, however, between the seasons nor 
between the sexes (Table 5).

Discussion

Presenting a playback stimulus did reliably elicit a mea-
surable change in behavior in the present study. The most 
salient response, however, was looking towards the source of 
the sound.  Our first prediction that different call types elicited 
different responses was only partly fulfilled: the study indi-
viduals looked longer towards the Ouah call than towards the 
Owl call, but no significant differences were found in other 
comparisons.  Similarly, after playing back the Ouah calls, 
the study individuals spent less time with non-attentional 
behavior.  The present results suggest that the Ouah call may 
have been the most salient stimulus to produce a behavioral 
response.

As a change in vigilance was the most common response, 
and no call elicited a certain behavior consistently, it is not 
possible to infer call functions from the present playback 
study.  In addition, all vocalization stimuli stemmed from a 
single male individual, therefore creating a certain level of 
pseudoreplication in the dataset that disallows for in-depth 
analysis of call functions.  As the aim of the present study 
was to test playback methods for species census and surveys, 
recording overall behavior towards the stimuli, the effects of 
pseudoreplication may be minimal.  The effects of habitua-
tion towards the stimuli, however, is crucial in the present set-
ting and care has been taken to minimize habituation effects. 

Our aim was to present common calls with presumably 
different functions (Seiler et al. 2015b).  While the differ-
ences found in the response behavior towards the Ouah and 
the Two-parts call were not statistically significant, they may 
have stemmed from a difference in stimulus length as longer, 
or repeated calls, may have induced the study individuals to 
respond more readily (Ghazanfar et al. 2001). The owl call, 
however, included as a biological control to measure whether 
conspecific calls are discerned as biologically relevant, was 
also presented in a sequence of multiple calls, yet the study 
individuals looked longer towards the speaker after a conspe-
cific vocalization, indicating that stimulus length may have 

 

 
 
 

Table 4. Behaviors recorded during the playback trials. The mean time (in seconds 
±Standard Deviation) is listed for behaviors recorded continuously. For behaviors coded as 
presence/absence, the number of trials in which these behaviors occurred is presented. Non-
attentional behaviors include: Resting, Feeding, Grooming, Out of Sight and Looking away 
from the speaker. 

 
Behavior Before Playback After Playback 
Looking towards the speaker 
(mean ±SD, time in s) 

48.3 ±41.52 
(1–181) 

72.5 ±57.4 
(1–253) 

Non-attentional behaviors  
(mean ±SD, time in s) 

181.9 ±68.23 
(4–300) 

145.1 ±58.1 
(21–270) 

Locomotion towards the speaker 
(number of trials) 22 29 

Locomotion away from the speaker 
(number of trials) 44 50 

Vocalizations 
(number of trials) 4 14 

 
 
 
 
  

 

 
 

Table 5. Factors affecting the recorded behaviors during playback trials. Chi-square statistic (χ²), degrees of freedom (df) and 
significance level (P) of all fixed effects (Call type, Season and Sex of the focal individuals) are reported here. P-values in bold 
marked with an asterisk are statistically significant at the level of P < 0.05.  

 
  

Fixed Effects Looking towards the 
speaker 

Locomotion towards the 
speaker 

Locomotion away 
from the speaker 

Non-attentional 
behaviors 

Call type 
χ² = 10.14 

df = 2 
P <0.001* 

χ² = 4.02 
df = 2 

P = 0.13 

χ² = 0.52 
df = 2 

P = 0.76 

χ² = 8.36 
df = 2 

P = 0.02* 

Season 
χ² = 1.28 

df = 3 
P = 0.73 

χ² = 4.54 
df = 3 

P = 0.21 

χ² = 11.08 
df = 3 

P = 0.01* 

χ² = 1.28 
df = 3 

P = 0.18 

Sex 
χ² = 0.02 

df = 1 
P = 0.86 

χ² = 0.93 
df = 1 

P = 0.33 

χ² = 0.45 
df = 1 

P = 0.49 

χ² = 0.81 
df = 1 

P = 0.36 

Table 4. Behaviors recorded during the playback trials. The mean time (in 
seconds ±Standard Deviation) is listed for behaviors recorded continuously. 
For behaviors coded as presence/absence, the number of trials in which these 
behaviors occurred is presented. Non-attentional behaviors include: Resting, 
Feeding, Grooming, Out of Sight and Looking away from the speaker.

Table 5. Factors affecting the recorded behaviors during playback trials. Chi-square statistic (χ²), degrees of freedom (df) and significance 
level (P) of all fixed effects (Call type, Season and Sex of the focal individuals) are reported here. P-values in bold marked with an asterisk 
are statistically significant at the level of P < 0.05. 
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only had a limited effect on attention.  Whether different calls 
from the known repertoire would elicit more pronounced 
responses remains to be tested.

Behaviors important for species censuses, such as luring 
the individuals towards the source of the sound, were not reli-
ably elicited by the presented calls.  Locomotive responses 
only occurred in approximately one-third of all trials, and 
moving towards the speaker was recorded less frequently 
than moving away from it.  Locomotion towards the speaker 
did not vary between call types, sex or seasons, whereas 
locomotion away from the sound source increased in the wet 
season.  This is a period of the year when sportive lemurs are 
in general more active (Ganzhorn et al. 2004; Dröscher et al. 
2016; Mandl et al. 2018), and it is likely that locomotion was 
not affected by the playbacks per se.

Vocal responses, albeit occurring too infrequently for sta-
tistical analysis, varied between call types, seasons and sex 
although the results remain purely descriptive.  Vocalizing 
occurred in approximately 10% of all trials, with the most 
responses recorded after the Two-parts call and no responses 
at all recorded in the late dry season/gestation period, which 
reflects what has been found for this species’ vocal communi-
cation in general (Mandl et al. in press.).  The behavior of the 
sexes only differed in vocalizing; males responded vocally 
more than females.  All other behaviors were not affected 
by the sex of the study individual, contrary to our second 
prediction. 

Sex differences in the responses are expected when 
reproductive costs of tolerance towards conspecifics differ 
(Dufty 1982).  The stimuli used in the playbacks stemmed 
from a single male that was unknown to the study individuals, 

as such representing a male intruder.  Given their presumably 
solitary or pair-living social organization (Seiler et al. 2015a), 
study males would have been expected to react strongly 
towards intruders that potentially constitute competitors, 
especially in the mating season (Tecot et al. 2016), while 
females are expected to repulse unknown males when infants 
are present (Van Schaik and Dunbar 1990).  Overall, however, 
an unknown intruder may have been a poor choice of stimu-
lus as primates may react differently towards vocalizations 
from group-members, neighboring individuals and unfamiliar 
individuals (Herbinger et al. 2009).  Guinea baboons (Papio 
papio), for example, do not respond to playbacks of calls pro-
duced by unfamiliar individuals (Maciej et al. 2013).

This was the first study to determine whether playbacks 
can be used for population surveys in sportive lemurs.  A 
vocal response rate of about 10% may suffice to determine 
whether a species is present, but additional surveys should 
be conducted in this case to confirm absence/presence.  Low 
response rates are insufficient, however, for estimating popu-
lation density from the number of vocal responses (Dacier et 
al. 2008).  Indeed, for sportive lemurs, traditional line tran-
sects have been applied successfully in the past to estimate 
population densities (Lehman 2007; Meyler et al. 2012).  
Additional methods, such as the extrapolation of population 
numbers from sleeping trees (Ruperti 2007) or inferring pop-
ulation size from home ranges (Mandl et al. in prep.) can also 
be used, although these are more time-consuming.

For an accurate species census via playback point counts, 
individuals need to reliably respond vocally and, if sex dif-
ferences persist, the social system must be adequately under-
stood to extrapolate information from recorded responses 

 

 
Figure 6. Times spent looking towards the speaker, before and after presentation of playback stimulus for each call type, across all 
trials (N = 135). Grey boxes present the upper and lower quartiles, the black line is the median. Whiskers represent minimum and 
maximum values within 1.5x inter-quartile range. Asterisks indicate significant differences between measurements at significance 
level P = 0.05. 

Figure 6. Times spent looking towards the speaker, before and after 
presentation of playback stimulus for each call type, across all trials (N = 135). 
Grey boxes present the upper and lower quartiles, the black line is the median. 
Whiskers represent minimum and maximum values within 1.5x inter-quartile 
range. Asterisks indicate significant differences between measurements at 
significance level P = 0.05.

 

 
Figure 7. Times spent engaging in non-attentional behaviors, before and after presentation of playback stimulus for each call type, across all trials (N = 
135). Grey boxes present the upper and lower quartiles, the black line is the median. Whiskers represent minimum and maximum values within 1.5x 
inter-quartile range. Asterisks indicate significant differences between measurements at significance level P = 0.05. 
 
  

Figure 7. Times spent engaging in non-attentional behaviors, before and after 
presentation of playback stimulus for each call type, across all trials (N = 135). 
Grey boxes present the upper and lower quartiles, the black line is the median. 
Whiskers represent minimum and maximum values within 1.5x inter-quartile 
range. Asterisks indicate significant differences between measurements at 
significance level P = 0.05.
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(Thompson 2002).  If the detection radius around the stimu-
lus is known, playback point counts were found to produce 
robust estimations (Plumptre et al. 2013). A comparison of 
population estimates for red-crowned titi monkeys (Plec-
turocebus discolor) acquired from traditional line transects, 
home range analysis and playback point counts revealed that 
the playbacks yielded better results than traditional transect 
counts while being less time consuming (Dacier et al. 2008).

While conventional distance, or transect, sampling is 
generally used to estimate population densities of primates 
(Buckland et al. 2006), detection probabilities can be further 
increased by luring an animal towards playbacks of suitable 
vocalizations (Buckland et al. 2006; Plumptre et al. 2013).  
This methodology is often applied to birds (for example, 
Jakob et al. 2010) but has been shown to be effective for 
diurnal primates.  For example, Savage et al. (2010) success-
fully used a combination of strip transects and lure counts 
to estimate the population density of cotton-top tamarins 
(Saguinus oedipus); a territorial call was used to lure groups 
into a strip transect (Savage et al. 2010).  Contact calls and 
duets provoke responses in other territorial primate species 
such as titi monkeys, Plecturocebus and Callicebus (Dacier 
et al. 2008; Caselli et al. 2015), and gibbons, Hylobates and 
Nomascus (Raemaekers and Raemaekers 1985; Bryant et al. 
2016).  Group-living animals can also be attracted to ‘social 
calls’ that indicate the presence of conspecifics (wild dogs: 
Robbins and McCreery 2003; bats: Hill and Greenaway 
2005).  In predator communities, calls of prey in distress 
were successfully applied to lions (Panthera leo) and hyenas 
(Crocuta crocuta), lure counts (Omoya et al. 2014), and the 
use of alarm calls elicited responses in Richardson's ground 
squirrels (Spermophilus richardsonii) (Downey et al. 2006).  
These results underline the importance of baseline research 
into a species’ behavioral ecology for effective species cen-
suses and, consequently, conservation actions.

In conclusion, while sportive lemurs were found to react 
towards playbacks of conspecific and heterospecific callers 
(Fichtel 2007; Seiler et al. 2013), pronounced reactions are 
rare as these species face the challenge of balancing their 
behavior between a cryptic lifestyle to reduce predation and 
enhanced detectability in a low-visibility habitat (Zimmer-
mann 1995).  As such, even controlled playback experiments 
failed to elicit reliable vocal or locomotive responses, making 
playbacks unsuitable for species census in sportive lemurs.
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Appendix 

 

Values for the individual coefficients of each performed model. Contrasts were set to 
treatment (baseline: CallType = Ouah, Season = dry, Sex = female). AIC = Akaike 
Information Criterion, REML = Restricted Maximum Likelihood. 
 

Looking towards the speaker (negative binomial GLMM) 
Model formula: Looking towards the speaker POST PLAYBACK ~ CallType + Season + Sex + (1 | ID of focal animal) + (1 | Looking 
towards the speaker PRE PLAYBACK)  
Overall model AIC = 1411.5 

 Estimate Standard. Error z value P-value 
(Intercept) 4.25 0.17 23.83 <2e-16 * 
CallType [Two-Parts] 0.15 0.16 0.94 0.34 
CallType [Owl] -0.36 0.16 -2.17  0.02* 
Season [early dry] 0.03 0.19 0.19 0.84 
Season [early wet] 0.13 0.19 0.65 0.51 
Season [wet] -0.09 0.20 -0.46 0.64 
Sex [male] -0.02 0.13 -0.17 0.87 
 
Locomotion towards the speaker (binomial GLMM) 
Model formula: Locomotion towards the speaker POST PLAYBACK ~ CallType + Season + Sex + (1 | ID of focal animal) + (1 | 
Locomotion towards the speaker PRE PLAYBACK) 
Overall model AIC = 136.4 

 Estimate Std. Error z value P-value 
(Intercept) -1.14 1.17 -0.97 0.32 
CallType [Two-Parts] -0.90 0.59 -1.52 0.12 
CallType [Owl] -1.15 0.62 -1.85 0.06 
Season [early dry] 1.09 0.71 1.53 0.13 
Season [early wet] -0.25 0.80 -0.31 0.75 
Season [wet] 0.71 0.75 0.94 0.34 
Sex [male] 0.73 0.76 0.97 0.33 
 
Locomotion away from the speaker (binomial GLMM) 
Model formula: Locomotion away from the speaker POST PLAYBACK ~ CallType + Season + Sex + (1 | ID of focal animal) + (1 | 
Locomotion away from the speaker PRE PLAYBACK) 
Overall model AIC = 177.5 

 Estimate Std. Error z value P-value 
(Intercept) -1.26 0.64 -1.95   0.05* 
CallType [Two-Parts] 0.18 0.47 0.37 0.79 
CallType [Owl] 0.34 0.47 0.72 0.47 
Season [early dry] 0.63 0.55 1.14 0.25 
Season [early wet] -0.01 0.57 -0.01 0.99 
Season [wet] 1.57 0.56 2.81 <0.01* 
Sex [male] 0.26 0.38 0.67 0.49 
 
Non-vigilant behaviors (LMM) 
Model formula: Non-vigilant behaviors POST PLAYBACK ~ CallType + Season + Sex + (1 | ID of focal animal) + (1 | Non-vigilant 
behaviors PRE PLAYBACK) 
REML criterion: 1409 

 Estimate Std. Error t-value P-value 
(Intercept) 179.8 13.66 13.15 

no p-value reported in 
package lme4 

CallType [Two-Parts] -30.25 11.43 -2.64 
CallType [Owl] -3.97 11.61 -0.34 
Season [early dry] -24.10 13.89 -1.73 
Season [early wet] -18.35 13.74 -1.33 
Season [wet] -30.00 14.38 -2.08 
Sex [male] -9.86 10.93 -0.90 

 
 

Values for the individual coefficients of each performed model. Contrasts were set to treatment (baseline: CallType = Ouah, Season = dry, Sex 
= female). AIC = Akaike Information Criterion, REML = Restricted Maximum Likelihood.
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