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ABSTRACT

Anthropogenic noise and changes in environmental gradients resulted from urbanisation have been shown to alter
vocalisation of urban birds in previous studies. This study examined the vocalisation of the Oriental Magpie Robin
(Copsychus saularis; locally known as Murai Kampung) in relation to anthropogenic noise and environmental factors
in the urban, suburban and rural areas in Peninsular Malaysia. We measured four ambient factors (i.e. ambient noise,
temperature, relative humidity and light intensity) and two landscape factors (i.e. distance to building and distance to
major roads) between January and June 2017 from six locations. A total of 147 recordings comprising territorial songs
of the bird were obtained and transcribed into spectrograms. Six parameters, namely low frequency, high frequency,
frequency ranges, length of strophe, number of elements per strophe, and time interval between strophes were derived from
spectrograms for each recording. In urban areas, low frequency of the songs was found to have increased significantly
as compared to those recorded in suburban and rural areas. The difference in noise, temperature and relative humidity
in urban and suburban environment had led to both single and interaction effects towards the Oriental Magpie Robin’s
song parameters, i.e. low frequency, length of strophe, time interval between strophes and number of elements per
strophe. The results evidenced the ability of the Oriental Magpie Robin in regulating and altering their song structure
according to its surrounding environment. This implies its vocal plasticity which is important in ensuring the efficiency
in transmission of songs and is likely to explain why the bird is less susceptible to urbanisation.
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ABSTRAK

Kajian terdahulu telah menunjukkan bahawa bunyi antropogenik dan perubahan faktor persekitaran yang berpunca
daripada pembandaran telah mengubah penyuaraan burung bandar. Kajian ini bertujuan untuk meneliti perkaitan
antara penyuaraan Murai kampung (Copyschus saularis) dan bunyi antropogenik serta faktor persekitaran di kawasan
bandar, pinggir bandar dan luar bandar di Semenanjung Malaysia. Kami mengukur empat faktor persekitaran (iaitu
bunyi persekitaran, suhu, kelembapan relatif dan keamatan cahaya) dan faktor landskap (iaitu jarak ke bangunan
dan jarak ke jalan utama) antara bulan Januari dan Jun 2017 di enam lokasi terpilih. Sejumlah 147 rakaman yang
mengandungi nyanyian wilayah burung tersebut telah diperoleh dan ditukarkan kepada spektogram. Enam parameter
iaitu frekuensi rendah, frekuensi tinggi, julat frekuensi, panjang strof, bilangan unsur per strof dan selang masa antara
strof telah dihasilkan daripada spektrogram untuk setiap rakaman. Di bandar, adalah didapati bahawa frekuensi
rendah telah meningkat secara ketara berbanding dengan di kawasan pinggir bandar dan luar bandar. Perbezaan bunyi
antropogenik, suhu dan kelembapan relatif di bandar dan pinggir bandar telah menyebabkan kesan tunggal dan kesan
interaksi terhadap parameter nyanyian burung Murai, iaitu frekuensi rendah, panjang strof, selang masa antara strof
dan bilangan unsur dalam setiap strof. Hasil kajian ini telah membuktikan keupayaan Murai kampung untuk mengawal
serta mengubah struktur nyanyiannya berdasarkan kepada keadaan persekitaran. Ini juga menunjukkan keplastikan vokal
burung tersebut adalah penting untuk menjamin keberkesanan nyanyian dan ini juga menjelaskan mengapa nyanyian
burung Murai kampung adalah kurang dipengaruhi oleh keadaan perbandaran.

Kata kunci: Faktor ambien dan landskap; kekerapan; penyuaraan; perbandaran; spesies burung

INTRODUCTION . C o
NTRODUCTIO sustainable and can threaten biodiversity (Faeth et al. 2011,

Malaysia is one of the countries in Southeast Asia that has
undergone rapid urbanisation over the last half of a century.
In 2010, Kuala Lumpur and Putrajaya have successfully in
achieving 100% urban population by means of having all
their residents living in urban areas (Hasan & Nair 2014).
However, rapid and unplanned urban growth is often not

McKinney 2006; Puan et al. 2019). Undeniably, urban
areas are a source of pollution (Seress & Liker 2015).
In terms of noise pollution, noise level at several areas
in Malaysia have exceed the limits set by World Health
Organisation (WHO) (i.e. 55.0 dBA for daytime and 45.0
dBA for night time) (World Health Organisation 1999)
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and Department of Environment (DOE), Malaysia (i.e. 60.0
dBA for daytime and 45.0 dBA for night time (Department
of Environment Malaysia 2007). For birds that rely on
vocalisation for territorial defence, searching for a mate
and communication, anthropogenic noise has been found
to affect their vocalisations (Lowry et al. 2013; Luther et
al. 2016; Mendes et al. 2011; Potvin et al. 2011) and even
reproductive rate (Halfwerk et al. 2011).

Past studies have demonstrated that bird species
altered their vocalisations in response to anthropogenic
noise include House Finch (Carpodacus mexicanus) in
Mexico (Bermidez-Cuamatzin et al. 2009), Great Tit
(Parus major) in Netherlands (Halfwerk and Slabbekoorn,
2009), Europe Blackbird (Turdus merula) in Spain
(Mendes et al.2011), Silvereye (Zosterops lateralis; Potvin
et al. 2011) and Noisy Miner (Manorina melanocephala;
Lowry et al. 2013) in Australia, Ash-throated Flycatcher
(Myiarchus cinerascens; Francis et al. 2010) and White-
crowned Sparrow (Zonotrichia leucophrys; Luther et al.
2016) in North America as well as White-breasted Whistler
(Pachycephala lanioides) in Europe, North America
and Australia (Hu & Cardoso 2009). Such behavioural
adaptation occurs when signal transmission through
vocalisation has been masked by anthropogenic noise.

Besides anthropogenic noise, signal transmission
during communication for birds can also be affected by
ambient factors (Job et al. 2016; Nicholls & Goldizen
2006; Turcokovd et al. 2010) and landscape factors (i.e.
distance from forest or habitat type) (Arroyo-Solis et al.
2013; Barker & Mennill 2009; Lowry et al. 2013; Polak
2014; Sprau et al. 2012). The presence of light could trigger
an early start of dawn chorus of Spotless Starling (Sturnus
unicolor) and House Sparrow (Passer domesticus) in the
city of Seville, Spain (Arroyo-Solis et al. 2013). The early
start of dawn chorus or nocturnal singing by the urban
European robin (Erithacus rubecula) in Sheffield, England
suggested that such behaviour occurred to reduce total
time spent singing against acoustic composition taking
advantage of quieter condition at night to improve signal
(Fuller et al. 2007).

Besides light, temperature is capable in controlling
noise level (Pudjowati et al. 2013). When the temperature
increases, the molecule will vibrate faster and does the
sound waves (Slabbekoorn 2004). Hasan and Badri (2016)
found that weather condition (i.e. high temperature during
day and moderate to low temperature at night) affected
the singing and foraging activities of the House Sparrows
at King Saud bin Abdul Aziz University, Saudi Arabia.
In addition, in terms of landscape level factors, the pitch
and temporal structure of avian vocalisation can also
be influenced by habitat types through which the signal
passes (Nicholls & Goldizen 2006). Depending on sound-
reflecting surface such as vegetation, birds living in dense
vegetated habitat tend to have songs with more slowly
repeated notes and low frequency than those living in open
habitats (Naguib 2003).

The Oriental Magpie Robin (Copsychus saularis),
locally known as Murai Kampung, is a common songbird

that can be found in many open habitats (Danmek &
Sitasuwan 2017; Davison & Yeap 2010; Dunmak &
Sitasuwan 2007; Koli 2014; Robson 2000; Wanniarachchi
& Wijesundara 2016; Wells 2010). It is very vocal in
urban areas and this makes it an ideal species to examine
the effects of urban environmental factors on its acoustic
communication involving flexible song traits (McCarthy
et al. 2013). Previous studies done in India (Koli 2014)
and Sri Lanka (Wanniarachchi & Wijesundara 2016)
only focused on various song structures of the Oriental
Magpie Robin but not the effect of ambient noise toward its
vocalisation. In view of the rapid urbanisation happening
in Malaysia, this study examined the vocalisation of the
Oriental Magpie Robin in response to anthropogenic noise
and environmental factors found in the urban, suburban
and rural areas in the country.

MATERIALS AND METHODS

STUDY SITES

The Oriental Magpie Robin’s songs were recorded from
six sampling sites, i.e. Kampung Kundur Hulu, Negeri
Sembilan (2°32°N, 102°2’E), Kampung Minching, Negeri
Sembilan (2°34’°N, 102°3’E), Universiti Putra Malaysia,
Serdang, Selangor (2°59°N, 101°42°E), Putrajaya
Botanical Garden (2°56’N, 101°41°E), Kuala Lumpur
City Centre Park, Kuala Lumpur (3°09’N. 101°42°E)
and Bukit Jalil Technology Park, Kuala Lumpur (3°02’N,
101°42°E) (Figure 1).

Kampung Kundur (88.18 ha) and Kampung Minching
(2.43 ha) are located at the remote area in the state of
Negeri Sembilan, Peninsular Malaysia. Both villages are
surrounded by farms and oil palm plantations. Universiti
Putra Malaysia (715.16 ha) is located at Serdang, Selangor
about 22 km to the south of Kuala Lumpur and it is surrounded
with trees, buildings, highways and roads. Putrajaya
Botanical Garden (92 ha) is located at the north of Precint
1, Putrajaya about 33 km to the south of Kuala Lumpur.
Both Universiti Putra Malaysia and Botanical Garden
Putrajaya are classified as a suburban as they are located
more than 8 km from the city centre, i.e. Kuala Lumpur.

The 20 ha Kuala Lumpur City Centre Park is located
at the centre of Kuala Lumpur, Peninsular Malaysia while
Bukit Jalil Technology Park which is 280 ha is located
at southern Kuala Lumpur, Peninsular Malaysia. Kuala
Lumpur City Centre Park and Bukit Jalil Technology
Park represented urban areas that are surrounded by many
commercial buildings, main roads and residential areas.
Furthermore, urban area can be defined by its dense and
permanent human populations and intensive landscape
planning as well as relatively high level of pollution.

MEASURING VOCAL AND ENVIRONMENTAL VARIABLES

The study was carried out between January and June
2017. All study sites were visited three times during the
Oriental Magpie Robin’s breeding season (Davison &
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FIGURE 1. Location of study sites at rural, suburban and urban areas in Peninsular Malaysia (A = KLCC Park, Kuala Lumpur;
B = Bukit Jalil Technology Park, Kuala Lumpur; C = Universiti Putra Malaysia, Selangor; D = Botanical Garden Putrajaya;
E = Kampung Minching, Negeri Sembilan and F = Kampung Kundur, Negeri Sembilan)

Yeap 2010). At each site, five points with a distance of at
least 100 m apart were established based on the presence
of singing birds. The songs of the bird were recorded
using a microphone (K6 Speiseadapter Powering Module)
with Mzw 66 foam windshield (Senheiser, Wedemark,
Germany) connected to recorder (Olympus LS14 Linear
PCM Recorder) in the morning and evening for 10 to 15
min at each point, when weather permitted. The surveyor
(SH) approached singing birds as close as possible to
obtain high quality recordings with the range of 10-50 m
from the perching tree. The recordings were stored as a
16-bit wave file. Playbacks were used when there were no
spontaneous calls.

Ambient level factors including temperature,
relative humidity and light intensity were recorded using
anemometer (Lutron LM-8010) whereas ambient noise
was measured using Sound Level Meter (Pro’sKit MT-
4018, North America) for three times at a range of 1.2 m
above the ground to avoid any reflecting surface (Aziz et
al. 2012). Landscape level factors including distances to
buildings and distance to major roads were measured using
ruler tool in Google Earth Pro.

From all recordings, most songs were territorial songs
and hence these songs were chosen to be analysed. Eight
song parameters; low frequency (LF), high frequency (HF),
mean low frequency (LF), mean high frequency (HF), mean
frequency range (RF), mean length of strophe (LS), mean
number of elements per strophe (EPS), and mean time
interval between strophes (IS; Table 1), were derived using

Raven Pro 1.5 (Cornell Lab of Ornithology, Ithaca, New
York, USA).

DATA ANALYSIS

By using SPSS software, this study used Kruskal-Wallis
test to compare ambient noise and song parameters among
the six sampling areas and time periods (i.e. morning and
evening). Dunn’s post hoc test was performed for pairwise
comparison to determine which sites contributed to such
a difference, if any. Box-plot graph was also used to
visually compare mean low and high frequencies of the
songs at six different areas. The Mann-Whitney U test was
performed to test for differences in vocalisations between
morning and evening sessions. Non-parametric tests were
chosen after the data obtained was not normally distributed
(Kolmogorov-Smirnov tests; P < 0.05).

In order to examine the impact of urbanization
development on the Oriental Magpie Robin’s vocalisation,
two sets of generalized linear mixed models (GLMMs)
were performed. The first set of the GLMMs examined the
differences of Oriental Magpie Robin’s vocalisation at
different locations and time periods. The Oriental Magpie
Robin’s song parameters (low and high frequencies,
frequency range, length of strophe, element per strophe
and time interval per strophe) were fitted as dependent
variable, locations (urban, suburban or rural) or time
periods (morning or evening) as fixed factor and, ‘sampling
point within site’ as a random factor.
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TABLE 1. Definition of song parameters

Song parameters

Definition

Low frequency

High frequency

Range of frequency

Length of strophe

Time interval between strophes
Number of elements per strophe

Lowest frequency of a song

Highest frequency of a song

Difference between high and low frequencies

Length of a verse in a song

Time interval between verses (strophes) in a song
Number of elements in each verse (strophe) of a song

The second set of GLMMs examined the effect of
distance to nearest main road or highway (DTR), distance to
the nearest building (DTB), ambient noise (N), temperature
(T),relative humidity (RH) and light intensity (L) on the song
parameters. The song parameters were fitted as response
variables while DTR, DTB, N, T, RH and L were fitted as
fixed factors with sampling point as a random factor. Two
sets of GLMMs used ‘Imer’ function with Gaussian error
distribution using the Ime4 package for R3.3.1 (R Core
Team 2016). Predictor variables were standardized and
checked for homogeneity of variances and normality of
residuals prior to running GLMMs to predict changes in
the Oriental Magpie Robin’s vocalisation (Faraway 2006;
Grueber et al. 2011). This study used Akaike Information
Criteria (AICc) to rank the models and model-averaging
on the best models was performed where necessary (i.e.
AAICc <2, Burnham & Anderson 2002).

RESULTS

TERRITORIAL SONG STRUCTURE

A total of 147 songs were recorded; 81 recordings in the
morning and 66 in the evening survey sessions. Based on
the comparison of strophes, it was found that the Oriental
Magpie Robin had many song types and song elements,
which can be regarded as having a large repertoire
(Danmek & Sitasuwan 2016).

VARIATIONS IN ANTHROPOGENIC NOISE AT RURAL,

SUBURBAN AND URBAN AREAS
Based on Kruskal-Wallis test, ambient noise at the six
sampling sites were significantly different (> = 112.412,
P < 0.001). The low frequency of songs at these sites
was significantly different (y>= 39.792, P < 0.05). The
low frequency of songs increased from rural Sites E and
F) to suburban (Sites C and D) and followed by urban
areas (Sites A and B). However, there was no significant
difference in high frequency of songs at the six sampling
sites (> =2.729, P> 0.05).

Results of Kruskal-Wallis test also indicated that there
were significant differences in IS at the six sampling areas.
Pairwise comparison done on the time interval between
strophes indicated that 1S at Site F (i.e. a rural area) was
significantly differed from Site D that belongs to suburban
area (P <0.05). However, there is no evidence of different
for the other pairs. Mann-Whitney U-test showed that

low frequency of songs recorded in the morning was
significantly higher than that in the evening (P < 0.05).

EFFECTS OF URBAN ENVIRONMENTAL FACTORS

GLMMs analysis showed that there were single and interaction
effects occurred between environmental variables and song
parameters. The Oriental Magpie Robin’s low frequency
was negatively related to distance to road (mean effect size
= -81.81, cIs = -127.78 to -35.83) with no interactions.
The low frequency of songs had significantly decreased at
sites that were far away from road. The high frequency of
the Oriental Magpie Robin’s vocalisation decreased with
increasing the distance to building (mean effect size, E=-
120.7,c1s=-218 4 to -23.1). There was an interaction effect
between noise and humidity as well as between noise and
temperature on high frequency.

The frequency range of Oriental Magpie Robin’s
vocalisation was not affected by any single effect but
affected by interaction effects. The frequency range of songs
seemed to decrease at locations that were noisy, hotter and
more humid. The length of strophe of the Oriental Magpie
Robin’s songs were likely reduced at locations with higher
temperature and noise, which was shown in many of the
best models derived from GLMMs (Table 2). The number of
elements per strophe was affected by humidity. The number
of elements per strophe increased with increasing humidity
(mean effect size, E = 1.20, CIs = -0.18 to 2.01).

There were also three positive interaction effects
between distances to building and road; distance to road
and temperature; and humidity and temperature on Oriental
Magpie Robin’s time interval between strophes. This implied
that time interval between strophes increased at sites located
furthest away from road or highway, and buildings, with
colder and higher humidity environment. GLMMs also
showed a negative interaction between noise and humidity
on time interval between strophes, suggesting that the time
interval between strophes reduced at sites with high humidity
and low ambient noise.

DISCUSSION

SONG STRUCTURE OF ORIENTAL MAGPIE ROBIN

The low frequency obtained from the Oriental Magpie
Robins living in urban areas was found to be higher
than those of the suburban and rural areas. Urban areas
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TABLE 2. Generalized linear mixed models (GLMM, based on AICc) for determining Oriental Magpie Robins’s songs at urban,
suburban and rural areas. All models were generated based on six variables (i.e. DTR, DTB, N, T, RH and L and, RH) limited to
2-way interactions. Best models with Ai <2 are presented. DTR = distance to nearest highway or main road, DTB = distance to the
nearest building, N = ambient noise, T = temperature, L = light intensity, RH = relative humidity, Log-lik = natural logarithm of
likelihood function, AICc = measure of the relative quality of a model with small sample sizes, Ai = difference to a model with the

lowest AIC model, e“A"? = relative likelihood, wi = AIC weight, R?
variance explained by fixed and random factors

GLMM (m)

= variance explained by fixed factors, and R?

GLMM (¢) —

Model Log-lik  AICc Ai etAi?) wi R e Rame
Mean of low frequency

Null -10084  2024.7 - - - 0.000 0255
DTR+T -999.9 20124  0.00 100 0.728 0.144 0272
DTR+RH -9999 20124  0.04 098 0.025 0.147 0274
DTR+RH+DTR*RH -999.2 20132  0.75 069 0.025 0.157 0.288
DTB+DTR+RH -999.6  2014.0 1.60 045 0017 0.141 0.280
DTB+DTR+T -999.6  2014.1 1.67 043 0011 0.137 0277
DTR+T+DTR*T -999.7  2014.1 1.71 043 0011 0.147 0278
DTR+N+T -999.8 20143 191 038 0011 0.169 0.249
DTR+N+RH -999.9 20144 1.99 037 0011 0.170 0.252
DTR+RH+T -999.8 20144 1.99 037 0010 0.147 0273
Mean of high frequency

Null -1152.7 23134 - - - 0.000 0.029
DTB+N+RH+T+N*T -1141.8  2305.1  0.00 1.00 0.044  0.050 0.056
DTB+DTR+N+RH+T+N*RH+N*T -11415 23069  1.78 041 0018 0.144 0.144
DTB+L+N+RH+N*RH+N*T -1141.6  2307.1 1.98 037 0016  0.143 0.143
Mean range of frequency

Null -1064.8  2137.6 - - - 0.000 0.029
DTB+DTR+N+RH+T -1051.5  2127.0  0.00 100 0020 0.104 0.126
DTB+ N+ RH+T -1053.0 21276  0.60 0.74 0015 0.094 0.116
DTB+ DTR+ N+ RH+T+DTR*T -1050.8 21279  0.90 064 0013 0.105 0.128
DTB+ DTR+ N+ RH+T+DTR*RH -10509  2128.1 1.16 056 0011 0.110 0.134
DTR+ N+ RH+T -10534 21285 1.47 048  0.009  0.090 0.122
DTB+ DTR+ N+ RH+T+DTB*RH -1051.1 21286 157 046  0.009  0.110 0.134
DTB+ DTR+ N+ RH+T+DTB*T -1051.2 21288 1.79 041  0.008 0.110 0.131
DTB+ DTR+L+ N+ RH+T -1051.3 21288 1.85 040  0.008 0.104 0.127
DTB+ DTR+ N+ RH+T+DTB*N -1051.3 21289 1.89 0.39  0.008 0.118 0.118
Mean length of strophe

NULL -1185 245.0 - - - 0.000 0.057
L+T+L*T -1132 2413 0.00 1.00  0.020 0.070 0107
DTB+L+T+L*T -1125 242.0 0.73 069 0014 0.082 0.114
DTB+RH -1149 2424 1.11 057 0011 0.050 0.091
LAN+T+L*T -112.8 2427 1.40 050 0010 0.075 0.117
DTB+LA+N+T+L*T -111.8 2429 1.63 044  0.009  0.090 0.127
RH -116.3 2429 1.67 043  0.009  0.030 0.117
L+RH+T+L*RH+L*T -111.9 243.1 1.80 041  0.008 0.089 0.117
L+RH+T+L*T -113.0 243.1 1.83 040  0.008 0.073 0.102
DTB+DTR+RH -114.2 2432 1.94 0.38  0.008 0.061 0.082
Mean element per strophe

NULL -3345 677.0 - - - 0.000 0.071
DTB+ N+RH+T -326.5 670.0 0.00 100 0016  0.107 0.157
DTB+RH+T -327.8 670.3 0.37 0.83 0013 0.091 0.146
DTB+ N+RH -328.1 671.0 1.05 059 0.009  0.086 0.148
RH+T -3293 671.1 1.16 056 0.009  0.068 0.143
DTB+ N+RH+T+N*RH -326.1 671.6 1.61 045  0.007 0.111 0.167
DTB+ N+RH+T+RH*T -326.1 671.6 1.64 044  0.007 0.111 0.157
DTB+RH -329.6 671.7 1.76 041  0.007 0.068 0.136
DTB+ N+RH+T+N*T -326.3 671.8 1.85 040 0.006  0.110 0.165
N+RH+T -328.5 6719 1.90 039 0.006 0.078 0.153

continue
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Continued TABLE 2.

Model Log-lik  AICc Al et wi R R

Mean time interval per strophe

NULL -346.8 7015 - - - 0.000 0.054

DTB+T+N+RH+DTB*DTR+DTB*RH+DTB*T+DTR*RH+D

TR*T +N*T+RH*T -3309  698.1 0.00 1.00 0020 0.201 0.210

%k & * &

DTB+T+ N+RH+DTB*DTR+DTB*RH+DTR*RH+DTR*T+ 303 6983 021 090 0018 0186 0.191

N*T +RH*T

DTB+T+L+N+RH+DTB*DTR+DTB*RH+DTB*T+DTR*RH

+DTR*T AN*T+RH*T -3303 6993 1.16 056  0.011 0.208 0.199
k & & *

DTB+T+L+ N+RH+DTB*DTR+DTB*RH+DTR*RH+DTR 3316 6995 139 050 0010  0.163 0.199

T +N*T+RH*T

DTB+T+ N+RH+DTB*DTR+DTB*RH+N*RH+N*T+RH*T -3344 7000 189 039 0.008 0.163 0.167

DTB+T+ N+RH+DTB*DTR+DTB*N+DTB*RH+DTR*RH+

DTR*T +N*T+RH*T -331.9 7000 189 039 0.008 0.191 0.195

DTB+ N+RH+DTB*N+DTB*RH+N*RH+N*T+RH*T -335.6 7000 190 039 0.008 0.145 0.171

DTB+ N+RH+DTB*RH+N*RH+N*T+RH*T -3369  700.1 1.98 037 0.008  0.132 0.175

% k k *
DTB+T+N+RH+DTB*DTR+DTB*N+DTB*RH+DTB*T+DT 3307 7001 1.98 037 0.008 0204 0212

R*RH +DTR*T+N*T+RH*T

apparently recorded higher level of ambient noise than
suburban and rural areas. However, there was no significant
difference in the high frequency of songs recorded at the
six sampling areas. It has been speculated that species
with low frequency are more sensitive to anthropogenic
noise (Hu & Cardoso 2009) and the low frequency of the
songs can be easily masked by noise compared to that
with high frequency (Brumm & Slabbekoorn 2005). Low
frequency of songs has the potential to convey a message
and transmit well through vegetation (Blumenrath et al.
2004). A difference in low frequency was also observed in
the morning with higher ambient noise than the evening.
As compared to previous studies (Koli 2014; Wanniarachchi
& Wijesundara 2016), our study showed that the low and
high frequencies obtained were lower. The range of
frequency of the Oriental Magpie Robin found in our study
was lower, but higher in time interval between strophes
than those found in Thailand (Danmek & Sitasuwan 2016).
This findings suggesting that the Oriental Magpie Robins
at some areas in Malaysia may sing slower than those in
Thailand. The length of strophe for the Oriental Magpie
Robins’ songs at some areas in Malaysia (2.08 s) was also
slightly higher than those birds in Thailand (2.07 s, 2007;
1.90 s, 2017), implying that birds in Malaysia may sing
longer than the ones in Thailand. Similarly, the number of
elements per strophe in the Oriental Magpie Robin’s song
in Malaysia (7.35 elements) was slightly higher than the
ones in Thailand (6.7 elements, 2007; 6.84 elements, 2017).
This implies that birds in Malaysia have more complex
song structure compared to those in Thailand.

The difference in song frequency and structure
produced by the Oriental Magpie Robins found in the
current study in Malaysia and previous studies in Sri
Lanka (i.e. a suburban area), Thailand (a rural area) and

India (a wildlife sanctuary) may be caused by different
habitat structure which can be a main factor in shaping
the bird songs (Boncoraglio & Saino 2007; Hill et al.
2018). The acoustic adaptation hypothesis predicts that
low frequency and long elements are linked to habitat
with complex vegetation structure while high frequency
and short elements are likely to be obtained in habitat with
herbaceous coverage (Morton 1975). Furthermore, there
may be a difference in noise level at sampled areas in the
current study that caused the Oriental Magpie Robin to
produce song frequencies and structure that are different
from other studies.

VOCAL PLASTICITY OF ORIENTAL MAGPIE ROBIN

GLMMs showed that there were several single and
interaction effects occurred between variables (i.e. noise,
temperature, humidity, distance to road and distance to
building) and song parameters (e.g. low frequency, length
of strophe, time interval between strophes and number of
elements per strophe). With respect to single effect, the
birds observed tend to reduce the low and high frequencies
of their songs at sites that were far away from road and
buildings, respectively. Other than that, our study also
showed that the Oriental Magpie Robin’s song structure
can be more complex at sites with high humidity.

There was an interaction effect between noise and
relative humidity as well as with temperature on HF,
suggesting that Oriental Magpie Robin had lower high
frequency at locations that were noisy and hotter coupled
with high humidity. The RF decreased at locations that
were noisy, hotter with high humidity. In terms of Oriental
Magpie Robin’s singing, the LS was likely to be reduced at
locations with higher temperature and noise. There were
also three positive interaction effects between distance



to buildings and distance to road; distance to road and
temperature, and relative humidity and temperature on the
time interval between strophes. The time interval between
strophes found in current study was also different from
that of Hill et al. (2018) that compared songs of the same
species at urban and rural areas from seven countries
(i.e. Bangladesh, India, Malaysia, Nepal, Singapore, Sri
Lanka and Thailand). Hill et al. (2018) found that urban
environment may cause the Oriental Magpie Robin
to produce longer and slower songs to maximize the
efficiency of transmission in urban habitat. In contrast,
this study found that individuals at sites involved in
current study in Malaysia sang slower at sites with rural
area characteristics (i.e. further from road and building,
and colder with high humidity). Such a difference implies
that the Oriental Magpie Robin is capable to alter their
vocalisation based on the surrounding environment.

CONCLUSION

Present study showed that low frequency of songs was a
significant song parameter for the Oriental Magpie Robin
in response to ambient noise which is higher in urban
areas. In our study, urban environmental factors such as
noise, temperature and relative humidity had led to both
single effect and interaction effects towards the Oriental
Magpie Robin’s song parameters such as low frequency,
length of strophe, time interval between strophes and
number of elements per strophe. The results imply that
the Oriental Magpie Robins in current study have adapted
in different habitat conditions by regulating and altering
their frequency of songs. As supported by Boncoraglio
and Saino (2007), Hasan and Badri (2016), Hill et al.
(2018), and Martin et al. (2000), environmental condition
has been shown to affect the birds’ vocalisations by
driving the production of different song structures. This
vocal alteration and adjustment are important in ensuring
the efficiency in transmission of songs and it is a form
of behavioural adaptation in response to environmental
condition. All these may explain the reasons why Oriental
Magpie Robin is known as a common urban bird species
which is less susceptible to urbanisation and their vocal
plasticity has been demonstrated in this study.
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