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ABSTRACT.—Like many owl species, Sunda Scops-Owls (Otus lempiji) are difficult to monitor using
traditional survey techniques, because of their nocturnal habits, secretive nature, and cryptic coloration.
Individual variation in vocalizations could potentially be used to distinguish individuals of this owl species,
as has been demonstrated for many bird species. The objectives of this study were to describe the territorial
call of Sunda Scops-Owls, to determine whether the calls can be distinguished individually, and to examine
whether the calls from the same individuals were stable over time. We analyzed 75 recordings collected
from 12 owls from December 2014 to June 2015 in a lowland forest and oil palm smallholdings in Selangor
State, Peninsular Malaysia. Using two temporal parameters and six frequency parameters derived from
spectrogram, we employed ANOVA tests and found significant differences for all parameters among
individual owls. Discriminant function analysis correctly classified 97.1% of the owl calls to the correct
individuals. Based on the Wilcoxon signed-rank test, all vocal parameters did not vary significantly for the
six birds that were vocally active over two predetermined survey sessions within the breeding period. Our
results demonstrated that Sunda Scops-Owls can be identified individually by their vocalizations. This
implies that assessing vocal individuality can be useful as a noninvasive method for surveying the Sunda
Scops-Owls and the method should be further tested for other little-known owl species in the tropics.

KEY WORDS: Sunda Scops-Owl; Otus lempiji; discriminant function analysis; spectrogram; vocal individuality;
vocalizations.

INDIVIDUALIDAD VOCAL DE OTUS LEMPIJI EN LA PENÍNSULA DE MALASIA

RESUMEN.—Como muchas otras especies de búhos, Otus lempiji es difı́cil de seguir utilizando técnicas de
muestreo tradicionales, debido a sus hábitos nocturnos, su naturaleza sigilosa y su coloración crı́ptica. La
variación individual de las vocalizaciones puede ser potencialmente utilizada para distinguir individuos de
esta especie de búho, tal como ha sido demostrado para muchas especies de aves. Los objetivos de este
estudio fueron describir el reclamo territorial de O. lempiji para determinar si estos reclamos permiten
distinguir individuos y para examinar si los reclamos de los mismos individuos permanecı́an estables en el
tiempo. Analizamos 75 grabaciones de 12 búhos de diciembre de 2014 a junio de 2015 provenientes de un
bosque de tierras bajas y de una plantación de palma de aceite en el estado de Selangor en la Penı́nsula de
Malasia. A partir de dos parámetros temporales y seis parámetros de frecuencia derivados de un
espectrograma, utilizamos tests de ANOVA y encontramos diferencias significativas entre los búhos
individuales para todos los parámetros analizados. Los análisis de función discriminante asignaron
correctamente el 97.1% de los reclamos de los búhos. Basados en el test del signo de Wilcoxon, ninguno de
los parámetros vocales varió significativamente para las seis aves que estuvieron activas vocalmente a lo largo
de las dos sesiones de muestreos durante el periodo reproductor. Nuestros resultados demostraron que los
ejemplares de O. lempiji pueden ser identificados individualmente a través de sus vocalizaciones. Esto implica
que el análisis de la individualidad vocal puede ser útil como método no invasivo para el estudio de O.
lempiji, y que este método deberı́a ser probado en los trópicos para otras especies poco conocidas de búhos.
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Birds utter sounds for different biological reasons,
such as attracting mates, defending territories,
deterring rivals, and communicating with their
social group members. Even relatively short or
simple vocal signals contain enough information
and variations to permit both species and individual
recognition (Catchpole and Slater 2008). Many
avian species have distinct individual differences in
their vocalizations and this allows recognition of
individuals (Galeotti et al. 1993). These individual
variations in vocalization may be adaptive to allow
recognition of mate, parent, neighbors, and strang-
ers (Catchpole and Slater 2008). In addition, such
variations facilitate the identification and monitor-
ing of individual animals within a population in
ecological studies and may also be employed in
conservation measures (McGregor and Peake 1998,
McGregor et al. 2000, Terry et al. 2001).

Individual vocal characteristics can provide a risk-
free, noninvasive way to identify individuals. Tradi-
tional techniques of distinguishing individuals in a
population usually require assessment of individual
differences such as color or pattern, or capturing
and marking individuals with visual tags or a radio
transmitter (Baptista and Gaunt 1997, Bibby et al.
2000, McGregor et al. 2000, Rognan et al. 2009).
However, such techniques often entail intensive
fieldwork and may inadvertently cause negative
effects on the subject (e.g. stress, behavior alteration,
reduced survival or reproductive success; Baptista
and Gaunt 1997, Terry et al. 2005). In addition,
some elusive species may also be difficult to capture
and it may be desirable to avoid any disturbance
associated with capture, especially for threatened
species (McGregor et al. 2000, Laiolo et al. 2007).
Hence, vocal individuality allows an alternative
method that reduces these problems in ecological
studies.

Vocal individuality has been reported in a wide
range of taxa including birds (Gilbert et al. 1994,
Fitzsimmons et al. 2008, Hoodless et al. 2008,
Fernández-Juricic et al. 2009, Policht et al. 2009,
Xia et al. 2012), primates (Oyakawa et al. 2007, Sun
et al. 2011, Feng et al. 2014), canids (Darden et al.
2003, Hartwig 2005), pinnipeds (Charrier and
Harcourt 2006, Opzeeland et al. 2012), cetaceans
(Janik et al. 1994, Mishima et al. 2015), and
amphibians (Bee et al. 2001). For birds, vocal
individuality has been documented extensively in
passerines and seabirds over the last four decades
(Beer 1970, Falls 1982, Freeman 2000, Favaro et al.
2015). By the late 1980s, vocal individuality had been

employed to study secretive or nocturnal species,
which are often widely dispersed and relatively
difficult to locate and capture (Cavanagh and
Ritchison 1987, Eakle et al. 1989, Galeotti and Pavan
1991, McGregor and Byle 1992). Many nocturnal
bird species have sufficient individual variation in
their vocalizations to allow individual identification.
This includes Northern Saw-whet Owls (Aegolius
acadicus; Otter 1996), Eurasian Eagle-Owls (Bubo
bubo; Lengagne 2001, Grava et al. 2008, but see
Delgado et al. 2013), Great Horned Owls (Bubo
virginianus; Odom et al. 2013), Eurasian Pygmy-Owls
(Glaucidium passerinum; Galeotti et al. 1993), Eastern
Screech-Owls (Megascops asio; Nagy and Rockwell
2012), Western Screech-Owls (Megascops kennicottii;
Tripp and Otter 2006), Eurasian Scops-Owls (Otus
scops; Dragonetti 2007), Tawny Owls (Strix aluco;
Appleby and Redpath 1997), Barred Owls (Strix
varia; Freeman 2000), European Nightjars (Capri-
mulgus europaeus; Rebbeck at el. 2001) and Marbled
Frogmouths (Podargus ocellatus; Jones and Smith
1997).

To be useful for assessing vocal individuality, the
recorded vocalizations must have a set of variables
that can be repeatedly measured with both low
within-individual variation and high between-indi-
vidual variation (Terry et al. 2005, Nagy and Rock-
well 2012). The vocalizations should also stay
constant over time to allow reidentification and
monitoring of same individuals over many years
(Delport et al. 2002, Terry and McGregor 2002,
Terry et al. 2005, Nagy and Rockwell 2012). If
vocalizations change, as they do in male Eurasian
Bitterns (Botaurus stellaris) in Italy (Puglisi and
Adamo 2004), reidentification of individuals might
be difficult and this will limit the usefulness of vocal
individuality for long-term monitoring. If vocal
characteristics remain temporally constant, vocal
individuality can further be used in estimating
territory turnover and the levels of site fidelity
(Galeotti and Sacchi 2001, Delport et al. 2002, Grava
et al. 2008), monitoring habitat quality (Holschuh
and Otter 2005), and also evaluating survival and
movement of a population (Gilbert et al. 2002).

The Sunda Scops-Owl (Otus lempiji) is a common
resident in Malaysia, which can be found in forests,
plantations, wooded gardens, suburban, and urban
areas (König and Weick 2008). Although the species
is common, little information is available on its
biology, behavior, habitat requirements, and distri-
bution. The owls’ nocturnal habits and inconspicu-
ous behavior, coupled with difficult field conditions,
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have made monitoring individual owls by traditional
methods difficult. However, Sunda Scops-Owl vocal-
izations can be heard throughout the year (König
and Weick 2008) and hence they may be located
through vocalizations. Analysis of their calls can
potentially be used to identify individuals and
monitor their populations, and this can also
contribute to a better understanding of this species.
Our objectives were (1) to describe the territorial
call of Sunda Scops-Owls, (2) to examine whether
the vocalizations of individual owls could be distin-
guished and if so, to determine which vocal
parameters were most variable, and (3) to determine
whether the vocal characteristics remain constant
over time for the same individual. We achieved the
objectives by analyzing on-site recordings of the owl’s
calls collected over a period of 7 mo at a natural and
a manmade habitat in Peninsular Malaysia.

METHODS

Study Sites. We collected owl recordings from two
sites, Ayer Hitam Forest Reserve (AHFR; 28800N,
1018390E) and oil palm smallholdings at Tanjung
Karang (38230N, 1018130E) located at Peninsular
Malaysia, approximately 63 km from AHFR. The
AHFR is an isolated lowland Dipterocarp forest
located in the southern part of Selangor state with a
total land area of 1176 ha. The oil palm smallhold-
ings in Tanjung Karang, approximately 1456 ha,
were originally a peat-swamp forest about 50 yr ago.
The dominant vegetation in these smallholdings is
oil palm (Elaeis guineensis) intercropped with coco-
nut (Cocos nucifera), banana (Musa sp.), mango
(Mangifera indica), maize (Zea mays), and cassava
(Manihot esculenta). Farm houses were scattered
throughout the area.

We established four recording points in the AHFR
(Fig. 1a) and 20 recording points in the smallhold-
ings in Tanjung Karang (Fig. 1b). Logistics and
difficulty in accessing AHFR during nighttime led to
the disparity in the sample size and the distance
between stations for AHFR. For AHFR, the survey
stations were locations at which previous observa-
tions or captures of owl were made (Najmi-Hanis et
al. 2016), and stations were located at least 250 m
apart. For the smallholdings, the survey stations were
700–850 m apart and the sampling points were
located on oil palm fruit-harvesting paths. The
coordinates of the recording points were obtained
using Global Positioning System (GPS).

No owls in our study were marked or banded. We
assumed that we recorded the same individual from

the same recording point, based on the assumptions
made from previous studies with similar objectives
(Galeotti et al. 1993, Galeotti and Sacchi 2001,
Holschuh and Otter 2005). These assumptions
included (1) individual owls were consistently
singing from the same location, (2) the distances
among recording points were greater than the
diameter of home ranges estimated from a previous
study (i.e., home ranges of 2.40 6 0.28 to 4.00 6

0.78 ha per bird; Najmi-Hanis et al. 2016), so that
individual owls were not double-counted at adjacent
stations, and (3) home ranges did not overlap (as
shown for AHFR; Najmi-Hanis et al. 2016). Thus, we
considered that we recorded the same individual in
the same territory on multiple visits.

Sound Recordings. We recorded owl calls from
December 2014 until June 2015, during the breed-
ing seasons of the owls (König and Weick 2008,
Najmi-Hanis et al. 2016). For each survey point, we
visited and obtained recordings at least three times.
Recordings of the birds were collected between
1900–0100 H. Our surveys lasted 30 min at each
point: the first 3 min and the last 3 min of the survey
were periods of silent listening and observation, and
the remaining time was used to record or broadcast
the calls of the owl. We used playback only when we
did not hear a spontaneous call. Playback comprised
a 2-min recording of male or female calls, repeated
up to three times maximum. However, not all owls
were responsive to the playback stimulus: in our
study, only two individuals responded vocally to
playbacks.

The majority of the calls we recorded were
spontaneous calls. Because the Sunda Scops-Owl in
Peninsular Malaysia has only one type of territorial
call (König and Weick 2008), consisting of a single
whistle without overtones (similar to Sangster et al.
2013), we treated all spontaneous calls we recorded
as territorial calls. We recorded both territorial calls
and duets if paired owls were found at the same
recording point; however, only territorial calls were
used for sound individuality analysis so as to avoid
possible bias due to comparing calls emitted during
duets with territorial calls. We recorded the entire
call for at least 1 min. Recordings were made only
during good weather, with no rain and wind speeds
(,1 m/sec).

We approached vocal birds as closely as possible
to obtain high quality recordings (range was 3–50
m). We recorded calls using a Sennheiser ME66
shotgun microphone with a K6 power module
and MZW 66 foam windshield (Sennheiser,
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Wedemark, Germany) connected to an Edirol R-
09HR digital recorder (Roland, Los Angeles, CA
U.S.A). The recordings were made at a sampling
frequency of 44.1 kHz and stored as 16-bit wave
files.

Sound Analysis. To minimize measurement er-
rors, we only analyzed high-quality spectrograms
with minimal background noise. Of a total of 98
recordings from 12 Sunda Scops-Owls, we analyzed
75 recordings from 12 Sunda Scops-Owls (range¼4–

Figure 1. (a) Locations of four survey points in Ayer Hitam Forest Reserve, Malaysia. (b) Locations of 20 survey points
within oil palm smallholdings in Tanjung Karang, Malaysia.
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14 recordings per owl, x̄ ¼ 6.25 6 2.93 SD). We
measured and analyzed calls using Raven Pro 1.5
(Cornell Lab of Ornithology, Ithaca, NY U.S.A.).
Because the territorial call of Sunda Scops-Owl is a
simple one made up of only a single note, we treated

calls and notes as the same in this study. Recordings
of 1 min contained on average 5.25 6 1.42 calls
(range¼ 3–8 calls). For each call, we measured two
temporal and six frequency parameters from the
displayed spectrograms, by referring to the common

Figure 1. Continued.
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acoustic parameters measured in similar vocal
individuality studies (Galeotti et al. 1993, Galeotti
and Sacchi 2001, Rognan et al. 2009). The temporal
parameters we measured were note duration (ND)
and internote duration (INTD). Internote duration
was measured from the start of the focal note to the
start of the following note. The frequency parame-
ters we measured were the start frequency (SF), end
frequency (EF), lowest frequency (LF), highest
frequency (HF), maximum frequency (MF) and
mean fundamental frequency (MFF) of the note
(Fig. 2). All temporal parameters were measured in
sec and all frequency parameters were measured in
Hz. The frequency range of Sunda Scops-Owl
territorial calls was 350–1350 Hz; thus, we filtered
out all noise below 300 Hz and above 1400 Hz to
focus on the vocal signal. We standardized the
following spectrogram parameter settings for all
spectrograms: Hann window type built with window
size of 256 samples, 3dB filter bandwidth of 248 Hz,
time grid hop size of 128 (50% overlap), and
frequency resolution with 256 DFT and 172 Hz.

Data Analysis. For each individual owl, we ran-
domly selected a minimum of 15 notes (if we only

had single recording session) and up to 40 notes (if
we had multiple recording sessions) for statistical
analyses totaling 285 calls from 12 birds (x̄ ¼ 23.75
calls/bird 6 10.02 SD).

Vocal individuality. To assess whether Sunda
Scops-Owl possessed individually distinct vocal
characteristics, we first calculated the proportion
for individuality coding (PIC) to test whether the
variation among individual owls was greater than
the variation within individual owls. We then
conducted a Model II ANOVA to assess differences
among individual owls, followed by a discriminant
function analysis (DFA) to test whether their calls
could be correctly assigned to the predetermined
individual owls. We carried out ANOVA and DFA
using SPSS software package (Version 16.0, SPSS
Inc. 2007), and considered analyses were significant
when P , 0.05. Results were reported as mean 6 SD
throughout.

We calculated the PIC by comparing the within- to
between-individual coefficients of variation (CV) of
measured characteristics. For each parameter, we
calculated CVi (within individual CV) and CVb

(between individual CV) according to the formula,

Figure 2. Spectrograms of Sunda Scops-Owl territorial call with parameters measured for individual identification. (a)
ND¼ note duration; INTD¼ internote duration; SF¼ start frequency; EF¼ end frequency; LF¼ lowest frequency; HF¼
highest frequency; MF ¼maximum frequency; MFF ¼mean fundamental frequency. Internote duration was measured
from the start of the focal note to the start of the following note. (b). Maximum frequency was measured directly from
spectrogram.
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CV¼100 3 (SD/x̄) 3 (1þ¼N), where SD¼ standard
deviation, x̄¼mean and N¼number of calls for owl
(following Sokal and Rohlf 1995 and Grava et al.
2008). The ratio of CVb to mean CVi (mean value of
the CVi of all individuals) provides a measure of the
PIC. A PIC value .1 indicates that parameter is more
variable among than within individuals and can be
used as a marker for individual recognition (Len-
gagne 2001, Odom et al. 2013).

Based on ANOVA tests, we compared all measured
parameters to evaluate differences in the notes of
individual birds. To determine the levels of correct
classification based on their calls, we performed DFA
using 80% of the data as a learning set to create
discriminant functions and the remaining 20% of
the data as test set to validate the correct assignment
of the prediction. We cross-validated the classifica-
tion with the leave-one-out option and also conduct-
ed a forward stepwise DFA to select the most
important variables in the function.

Vocal stability. Throughout the study period, there
were only six individual birds with calls recorded
from February to April (breeding season). Because
each individual called from the same position or
very near it (,3 m), we assumed each was the same
individual recorded earlier in that territory. To
assess whether the calls of the same individual were
constant over the months, we compared the calls
recorded from the same owl by choosing eight
notes from each of the first and last sessions made
in February and April, respectively. We then
performed a Wilcoxon signed-rank test to deter-
mine if significant variations existed in the vocal
parameters obtained from the same individual and
reported the related P-values following Bonferroni
adjustment. We also conducted a DFA using the
same dataset to test whether the calls can be
assigned correctly to the same owls over a period
of 3 mo. For this, we used the eight notes from the
first recording in February to create discriminant
functions and then classified the last eight notes
from the last recording in April using these
functions.

RESULTS

We found that two survey points in AHFR and six
survey points in the smallholdings in Tanjung
Karang contained one apparently unpaired Sunda
Scops-Owl, and two survey points in AHFR contained
paired Sunda Scops-Owls. This resulted in our
recording 12 owls from both study areas. No Sunda
Scops-Owls were detected at any other survey points,

although other larger owl species were. For study
points that contained pairs, we recorded 17 duets
and found that there were distinct differences in the
pitch of calls for both sexes; we believe the sexes
might be distinguishable by the frequency of their
notes, but we were unable to explore intersexual
differences in this study.

Vocal Characteristics of Territorial Calls. The
territorial call of Sunda Scops-Owls comprised a
single note, lasting 0.23 6 0.03 sec (n ¼ 12 birds,
range ¼ 0.17–0.27 sec). The call was uttered
monotonously in a continuous series at a regular
interval, averaging 12.08 6 3.12 sec (n ¼ 12 birds,
range ¼ 7–21 sec), repeated 3–8 times per minute.
The lowest frequency of the call was 470 6 69 Hz
(min¼ 360 Hz, max¼ 614 Hz), whereas the highest
frequency was 1178 6 105 Hz (min¼1011 Hz, max¼
1393 Hz). The mean fundamental frequency of the
call was 833 6 116 Hz (min ¼ 689 Hz, max ¼ 1034
Hz). Overall, the frequency of the total note ranged
from 400–1300 Hz.

Vocal Individuality. The PICs of all eight param-
eters had a value .1, indicating all measured vocal
characteristics were more consistent within individ-
uals and had greater variations among individuals
than within individuals (Table 1). The ANOVA
performed on all parameters also revealed highly
significant differences (P , 0.001) among individual
owls (Table 1). All parameters were considered to be
individually distinct and may be useful for individual
identification (Fig. 3).

The DFA correctly classified 97.1% of the calls
used in the learning set and 95.7% of the calls used
in the test set as the correct individuals. The
validation procedure also assigned 95.4% correctly.
These results suggested that individual owls can be
separated from one another and classified correctly
based on their vocal characteristics. The parameters
that contributed the most to the first discriminant
function were start frequency and end frequency
(Table 2). Scatterplots of the first two discriminant
functions showed little overlap in the selected
functions among individuals (Fig. 4).

Vocal Stability. All vocal parameters measured
between the two survey periods for the six owls did
not differ significantly (Bonferroni-corrected P .

0.00625; Table 3). Thus, we considered that the
vocal characteristics of these six owls had a low intra-
individual variability. Moreover, the DFA showed
89.6% classification success for the calls collected at
the same recording points during the last recording
session conducted in April based on discriminant
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functions generated from the calls collected during
the first recording session in February. Cross-
validation of the model also resulted in 100%
correct classification. All these suggested that Sunda
Scops-Owl calls were fairly constant, at least within
the 3-mo study period.

DISCUSSION

Territorial calls of Sunda Scops-Owls exhibit
significant individual variations that permit individ-
uals to be reliably identified by vocalizations. All

measured vocal parameters were individually distinct

as indicated by PIC values of .1, as well as the results

of the ANOVA tests. Furthermore, the DFA yielded a

high classification rate (.95%) using a set of eight

parameters. Most vocal characteristics that we

measured were useful for distinguishing individuals,

particularly the start frequency and end frequency.

This corroborated with the findings from PIC, in

which these two vocal parameters showed greater

variations between than within individuals.

Table 1. PIC values and results of ANOVA tests for all parameters measured on territorial calls of Sunda Scops-Owls.
Parameter with PIC . 1 indicates the vocal characteristic is individually distinct. ND¼ note duration; INTD¼ internote
duration; SF ¼ start frequency; EF ¼ end frequency; LF ¼ lowest frequency; HF ¼ highest frequency; MF ¼ maximum
frequency; MFF ¼mean fundamental frequency.

PARAMETER MEAN SD MEAN CVi CVb PIC F-RATIO df P

ND (sec) 0.23 0.03 25.39 49.84 1.96 247 284 ,0.001
INTD (sec) 12.08 3.12 56.08 111.04 1.98 165 284 ,0.001
SF (Hz) 471 70 13.23 62.87 4.75 1458 284 ,0.001
EF (Hz) 486 65 13.36 53.93 4.04 1173 284 ,0.001
LF (Hz) 470 69 13.35 61.14 4.58 1393 284 ,0.001
HF (Hz) 1178 105 11.84 40.64 3.43 551 284 ,0.001
MF (Hz) 836 124 25.28 59.46 2.35 153 284 ,0.001
MFF (Hz) 833 116 20.53 63.53 3.09 164 284 ,0.001

Figure 3. (a) Spectrograms of Sunda Scops-Owl territorial calls from four different owls showing differences between
individual owls. (b) Spectrograms of territorial calls from the same owl showing great consistency within the same owl. All
vocal notes were combined for illustration purposes on the same x-axis.

386 VOL. 50, NO. 4YEE ET AL.



The scatterplot of DFA indicated that calls derived
from the same owl fell close to one another (Fig. 4),
with little overlap with the calls of other individuals.
In addition, with the exception of bird 1, there was a
spatial separation between the owls from the two
study sites: the birds from AHFR fell on the left of
the scatterplot (individuals 5, 6, 7, 8, 10, and 11),

while those from the smallholdings in Tanjung
Karang fell on the right (individuals 2, 3, 4, 9, and
12; Fig. 4). This suggests that the vocalizations of
Sunda Scops-Owls may vary between sites. Appleby
and Redpath (1997) addressed geographic variation
in vocalizations of three populations of Tawny Owls
from southern England and suggested that the
variation was due to habitat influences. Because
the two study sites in this study comprised two
different habitats located approximately 63 km
apart, it seems possible that the Sunda Scops-Owls
had developed local dialects (similar to Appleby and
Redpath 1997, but see Odom and Mennill 2012).
Further study is needed to address this question.

On the other hand, all vocal parameters were fairly
consistent over the two survey periods separated by 3
mo, and individual owls can be classified correctly by
a discriminant analysis. Due to the small sample size
and the short time frame, our data should be
considered preliminary. Nonetheless, our findings

Table 2. Canonical coefficients of the first two discrim-
inant functions.

CANONICAL COEFFICIENT

PARAMETER FUNCTION 1 FUNCTION 2

ND �0.162 0.234
INTD �0.346 0.286
SF 0.553 �0.220
EF 0.386 0.746
LF 0.079 �0.692
HF 0.211 0.707
MF 0.255 0.314

Figure 4. Scatterplots of function 1 against function 2 from the DFA of 12 Sunda Scops-Owls. Calls from individual owls
fell close to each other, with little overlap among owls. Individuals 1, 2, 3, 4, 9, and 12 were recorded in oil palm
smallholdings in Tanjung Karang, while individuals 5, 6, 7, 8, 10, and 11 were recorded in Ayer Hitam Forest Reserve. The
line between individuals 2 and 8 shows the separation of the calls between the two study sites, with the exception of
individual 1.
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suggested that the vocal characteristics of this owl
species may remain constant over time, and this
could be potentially useful for individual bird
recognition and monitoring for a prolonged period,
facilitating further studies on aspects of breeding
ecology such as site fidelity and territory turnover.

Although we did not assess the intersexual
differences in vocalizations of Sunda Scops-Owls,
we suspected that such differences do exist due to
the distinct differences in the call frequency for both
sexes in our recordings of duets. Sexual differences
have been reported in a few owl species, including
Eastern Screech-Owls (Cavanagh and Ritchison
1987), Western Screech-Owls (Herting and Belthoff
2001), Eurasian Eagle-Owls (Grava et al. 2008), and
Barred Owls (Odom and Mennill 2010). The
differences in the vocal characteristics of the sexes
for these owl species were sufficient to provide
reliable sexing. Further study is needed to investi-
gate the sexual differences in vocalization, if any, for
the Sunda Scops-Owl.

Our study was conducted for one breeding season
and the sample size was too small to allow us to
examine the owls’ vocal consistency over a longer
period. In the future, a larger sample size and a
longer survey period are needed to confirm the
stability of their calls. Nonetheless, this study
increased our knowledge of the vocalizations of the
Sunda Scops-Owls. In the future, vocal individuality
and consistency may be useful for researchers
conducting population surveys and monitoring of
breeding ecology of the Sunda Scops-Owl and
potentially of other poorly known tropical owl
species.
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