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Abstract  We analyzed the songs of the Asian Stubtail (Urosphena squameiceps), a migratory passerine that 
breeds in northeast Asia. The possibility of individual identification of this species by songs was examined 
in a population in northern China during the breeding season of 2010. Individuality was determined using 
discriminant function analysis, artificial neural networks and spectrographic cross-correlation. Our results 
show that, the rate of correct classification is satisfactory in this species, regardless of methods. From an 
applied perspective, spectrographic cross-correlation is most suitable. Besides its maximum rate of correct 
classification (89.4%), it does not require measurements of spectrograms, which is a necessity other meth-
ods and may introduce artificial errors. We hope that our result of individual identification on the basis of 
acoustic signals may open up a new research venue for this species.
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Introduction

Considerable work in wildlife research requires the iden-
tification of individuals (Terry et al., 2005; Fox, 2008). 
Many techniques for capturing and marking individuals 
are highly invasive and may have an effect on the behavior 
of target individuals (Rogers and Paton, 2005; Saraux et 
al., 2011), thus violating the assumption that the sample 
under study accurately reflects the ecology of the species 
population (Bernardo et al., 2011). Acoustically-mediated 
individual discrimination has been the focus of several 
recent investigations of avian taxa (Catchpole and Slater, 
1995; McDonald et al., 2007). The use of vocalizations as 
a non-invasive method for ‘marking’ or identifying (rec-
ognizing) individual birds is also being increasingly used 
in ornithological research, especially in situations where 
the use of markers (e.g. colored rings) would be difficult 
to observe, where birds are extremely sensitive to distur-
bance, or where the capture and handling of birds poses 
many logistical or ethical issues (Rogers and Paton, 2005; 
Terry et al., 2005; Grava et al., 2008).

The Asian Stubtail (Urosphena squameiceps) is a small 

migratory passerine that is breeding in northeast Asia and 
overwinters in south and southeast Asia (del Hoyo et al., 
2006). It is a co-operative breeding species (Ohara and 
Yamagishi, 1984). Due to its secret behavior in shrubs, it is 
difficult to detect the species by vision. During the breed-
ing season, they sing a high-pitched cicada-like song as 
“see-see-see-see” (del Hoyo et al., 2006). Individuality is a 
common phenomenon, involving vision, smell and audio 
signals (Dale et al., 2001; Tibbetts and Dale, 2007). Con-
sidering its cryptic plumage color and its habitat in dense 
undergrowth, we infer that its individuality may be best 
guaranteed by their vocal communication. Hence, indi-
vidual birds could be identified by features of their vocal-
izations.

Our aim was to reveal the vocal individuality in the 
Asian Stubtail. First, we tried to find out whether this spe-
cies shows vocal individuality. Second, by carrying out dis-
criminant function analysis, artificial neural networks and 
spectrographic cross-correlation, we assessed the feasibil-
ity of using acoustic signals to identify individual birds.

Material and methods

Study site and fieldwork

We conducted our research in the Xiao Longmen Forest 
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Park (40°00′N, 115°26′E), 114 km west of Beijing, China. 
This forest park is 705.4 ha in size with elevations between 
1000 and 1763 m. With a mean annual temperature of 4.8
°C and annual precipitation ranging between 500–700 
mm, the vegetation is dominated by secondary temperate 
deciduous broad-leaf forests with patches of coniferous 
plantations (Wang et al., 2008). It has been our fieldwork 
station for more than twenty years.

The fieldwork was carried out from 26 May to 6 June 
2010, during which the Asian Stubtail breeds in the study 
area and sings territorial songs intensively at dawn. In-
dividual birds were located by their territorial song and 
mapped by GPS. We recorded several recordings from 
each of  two individuals, and collected one recording from 
each of other males. To ensure different recordings from 
various individuals, each recording site was sufficiently far 
away from others and separated by a ridge or valley. We 
recorded songs with a TASCAM HD-P2 portable digital 
recorder (Tascam Co., Japan) and a Sennheiser MKH416 
P48 external directional microphone (Sennheiser Co., 
Germany). Songs were recorded at a sampling rate of 44.1 
kHz and 16 bits. Recordings were primarily collected with-
in distances of 20 m; distances between the microphone 
and the singing bird were estimated. All the recordings we 
collected were spontaneous.

Date selection and song spectrograms

In total, we located 15 territorial individuals and obtained 

317 bouts of songs from 10 birds. From one individual we 
managed to record only three bouts of songs and hence 
this data was removed from the analysis; one recording 
was accompanied by a high background noise and also re-
moved from subsequent analysis. Finally, eight individuals 
(each with 12–84 bouts of song, with a mean of 36 bouts 
per individual) were used in our subsequent analysis. We 
analyzed the song sound files using a Avisoft-SASLab Pro 
4.52 (Avisoft Bioacoustics, Germany). Using a band-pass 
filter, we filtered the noise to below 1 kHz, which is lower 
than the Asian Stubtail song frequency. Spectrograms were 
generated using the following settings: sampling frequen-
cy = 22.05 kHz; sample size = 16 bits; FFT length = 256 
points; Hamming window: a frame size of 100% and an 
overlap of 50%; a frequency resolution of 86 Hz and a 
time resolution of 5.8 ms.

Statistical analyses

To clarify the best method on vocal individuality of the 
Asian Stubtail, we carried out three different methods, i.e., 
discriminant function analysis, artificial neural networks 
and spectrographic cross-correlation. 

The Asian Stubtail emits their songs as discontinuous 
bouts, with each bout consisting of a cluster of notes (Fig. 
1a) or elements (Fig. 1b). We divided the songs into sects 
with a duration of 0.25 s, given that the shortest duration 
of the notes was almost 0.25 s. For each individual bird, we 
chose 20 sects with a high signal-to-noise ratio. Temporal 

Fig. 1  Sound spectrograms of Asian Stubtail (Urosphena squameiceps) songs. The Asian Stubtail emits his song as discontinuous bouts; each 
bout contains a cluster of notes (a) or elements (b).
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and frequency variables in sects were measured using au-
tomatic parameter measurements. The following variables 
were measured, referring to the Avisoft-SASLab software 
and related tools: disttomax (the duration from start to 
the location of the maximum amplitude); peakfreq (the 
frequency of the maximum amplitude of the spectrum); 
quart (the distribution of energy across the spectrum 
[quartile 25%, quartile 50% and quartile 75%]); entropy 
(the randomness of sounds). Peakfreq, quartile 25%, quar-
tile 50%, quartile 75% and entropy were measured at five 
locations: start (the start of the sect); end (the end of the 
sect); max (the maximum amplitude of the sect); maxentire 
(the maximum frequency of the sect) and minentire (the 
minimum frequency of the sect). In total, we measured 26 
variables for each sect (Table 1). Since these variables may 
be correlated, we applied principal component analysis.

Discriminant function analysis

Discriminant function analysis builds a predictive model 
for our eight individual birds. The model is composed 
of a set of discriminant functions based on linear com-
binations of the predictor variables that provide the best 
discrimination between the individuals. The functions are 
generated from 160 sects for which individuals are known. 
Results from jack-knifed classifications, in which each 
song was assigned to an individual, using discriminant 
functions, calculated from all songs in the data set except 
the one being classified, were reported as percentages of 
correctly assigned songs. This provides a conservative es-
timate of the power of the classification procedure (Xia et 
al., 2010).

Artificial neural networks

Artificial neural networks is characterized by a large pa-
rameter space and flexible structures, unlike traditional 
statistical methods which usually require a linear relation-
ship between the dependent and independent variables 
(Fernandez-Juricic et al., 2009). We used a Radial Basis 
Function, a type of artificial neural network model, which 
produces a predictive model for dependent variables based 
on the values of predictor variables. For each individual, 
70% sects were assigned to a training sample, while the re-
maining sects were assigned to a test sample. The results of 
classifications for training and test samples are reported as 
percentages of correctly assigned songs.

Spectrographic cross-correlation

Spectrographic cross-correlation produces a lower trian-
gular half matrix in which each similarity value is the peak 
cross correlation value for a pair of sects. Similarity values 
for comparisons of a sect with itself and reciprocal com-
parisons between each pair of sects were omitted. The re-
maining 160 sects resulted in a half matrix of 12,720 (n(n
−�����������������������������������������������������������         1)/2) comparisons of different pairs of sects of each type 
(Lein, 2008). The mean similarity value of a song with 
target individual was calculated using the average similar-
ity value of this song with all the songs (excluding itself) 
from the targeted individual. So, for each song, eight mean 
similarity values were calculated. Songs are assigned to the 
individual with the maximum mean similarity value. The 
results of classifications are reported as percentages of cor-
rectly assigned songs.

Principal components analysis, discriminant function 

Table 1  Principal components analysis for the 26 measured vari-
ables on 4 principal components. Loadings with | r | ≥ 0.5 are shown 
in bold face.

Variable PC1 PC2 PC3 PC4

disttomax –0.262 –0.036 –0.240 0.668

peak freq (start) 0.638 0.056 0.605 –0.122

quart 25 (start) 0.739 –0.168 0.490 –0.047

quart 50 (start) 0.690 0.040 0.672 –0.033

quart 75 (start) 0.520 0.163 0.742 0.180

entropy (start) –0.294 0.517 0.426 0.280

peak freq (end) 0.821 0.021 0.067 –0.158

quart 25 (end) 0.801 –0.385 0.062 –0.141

quart 50 (end) 0.908 –0.069 0.097 –0.124

quart 75 (end) 0.914 0.114 0.052 –0.016

Entropy (end) 0.213 0.835 –0.067 0.104

peak freq (max) 0.908 –0.148 0.190 –0.003

quart 25 (max) 0.922 –0.168 0.190 –0.019

quart 50 (max) 0.925 –0.132 0.200 0.050

quart 75 (max) 0.874 –0.043 0.265 0.227

entropy (max) 0.189 0.447 0.272 0.687

peak freq (minentire) 0.819 –0.210 0.122 –0.186

quart 25 (minentire) 0.584 –0.667 0.020 –0.007

quart 50 (minentire) 0.911 –0.190 0.174 0.004

quart 75 (minentire) 0.924 –0.019 0.230 0.094

entropy (minentire) 0.160 0.454 0.326 0.673

peak freq (maxentire) 0.769 0.118 0.182 0.056

quart 25 (maxentire) 0.922 –0.054 0.213 –0.035

quart 50 (maxentire) 0.866 0.123 0.245 0.069

quart 75 (maxentire) 0.673 0.354 0.299 0.256

entropy (maxentire) –0.232 0.856 0.102 0.119

See main text for explanations of variables.
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analysis and artificial neural networks were carried out 
using SPSS 17.0 (SPSS Inc.); spectrographic cross-correla-
tion was carried out with the Avisoft Correlator within the 
Avisoft-SASLab Pro 4.52 (Avisoft Bioacoustics, Germany). 
All data are given as means ± SD.

Results

Vocal characteristics and individuality

The maximum frequency of songs from individuals 
who emit their song with a cluster of notes (Fig. 1a) was 
8.49 ± 0.11 kHz (n = 5) and the minimum frequency of 
songs from these individuals 7.95 ± 0.16 kHz (n = 5). 
The maximum frequency of songs from individuals who 
emit their song with a cluster of elements (Fig. 1b) was 
8.62 ± 0.12 kHz (n = 3) and the minimum frequency of 
songs from these individual birds 8.13 ± 0.07 kHz (n = 3).

Principal components analysis generated four principal 
components with eigenvalues > 1.0, explaining 81.0% of 

the variance in the original 27 variables. The first principal 
component, which explained 52.4% of the variance, is re-
lated to most of the original variables. This implies a high 
correlation in the original variables. The second principal 
component, which explained 11.9% of the variance, is 
related to three variables dealing with entropy. The third 
principal component, explaining 10.0% of the variance, 
was related to the three variables measured at the start 
of the sect. The fourth principal component, which ex-
plained 6.8% of the variance, was related to two variables 
measured at the maximum amplitude of the sect (Table 
1). The plot of the first and second principal components 
show that different individuals are approximately separate, 
although there was some overlap (Fig. 2). Hence, there is 
clear vocal individuality in the Asian Stubtail. 

Individual identification

The total rate of correct classification of songs, using 
discriminant function analysis, was 77.5%. For each indi-

Fig. 2  Scatter plot of principal components analysis of the 8 individual Asian Stubtails. Only the first and second principal component were 
plotted, representing all 27 frequencies and duration variables. The various colored dots represent different individual birds.
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vidual, the rate of correct classification ranges from 60.0% 
to 85.0% (Table 2). The total rates of correct classification, 
using artificial neural networks, were 85.5% and 72.1%, 
depending on the training sample or the test sample. 
For each individual bird, the rate of correct classification 
ranged from 61.1% to 100.0% for the training sample 
(Table 3) and 42.9% to 100.0% for the test sample (Table 
4). The total rate of correct classification, using spectro-
graphic cross-correlation, was 89.4%. For each individual 
bird, the rate of correct classification ranged from 70.0% 
to 95.0% (Table 5). So, most of the songs could be correct-
ly classified and individual Asian Stubtails can, therefore, 
be identified on the basis of their songs.

Discussion

Acoustic identification of individual birds is widely used 
on animal monitors in such applications as evaluation 

of territorial boundaries, map home ranges (Mizutani 
and Jewell, 1998; Betts et al., 2005), population censuses, 
monitoring population dynamics (Kemp and Kemp, 1989; 
Gilbert et al., 1994; Hartwig, 2005) and the detection of 
dispersal patterns (Laiolo and Tella, 2006; Laiolo et al., 
2007), especially in situations where other markers would 
be difficult to detect (Rogers and Paton 2005; Terry et al., 
2005; Grava et al., 2008). The Asian Stubtail is quite diffi-
cult to detect by vision and this may be the reason why so 
little research has been carried out on this secret species. 
Our results show that individual Asian Stubtails can be 
identified well and truly by their territorial songs. Individ-
ual birds can be marked and identified by their vocaliza-
tion, which will benefit subsequent research. We conclude 
that spectrographic cross-correlation is the more suitable 
method compared with discriminant function analysis 
and artificial neural networks. Beside its maximum rate 
of correct classification across the different methods, this 
method does not require the measurement of spectro-

Table 2  Results of the discriminant function analysis for 8 individuals. 77.5% of the songs were correctly classified by the analysis. All units 
are given in per cent.

Individual Predicted individual

1 2 3 4 5 6 7 8

1 85.0 0.0 0.0 0.0 0.0 10.0 0.0 5.0

2 0.0 75.0 10.0 5.0 0.0 10.0 0.0 0.0

3 0.0 15.0 75.0 5.0 0.0 5.0 0.0 0.0

4 5.0 0.0 10.0 80.0 5.0 0.0 0.0 0.0

5 0.0 0.0 20.0 0.0 80.0 0.0 0.0 0.0

6 0.0 20.0 10.0 0.0 5.0 60.0 5.0 0.0

7 5.0 5.0 0.0 0.0 5.0 5.0 80.0 0.0

8 15.0 0.0 0.0 0.0 0.0 0.0 0.0 85.0

Table 3   Results of artificial neural networks on training sample for 8 individuals. 85.5% of the songs were correctly classified by the analysis. 
All units are given in per cent.

Individual Predicted individual

1 2 3 4 5 6 7 8

1 84.6 0.0 0.0 0.0 0.0 0.0 0.0 15.4

2 0.0 83.3 0.0 8.3 0.0 0.0 8.3 0.0

3 0.0 22.2 61.1 5.6 5.6 5.6 0.0 0.0

4 0.0 0.0 0.0 93.3 0.0 0.0 0.0 6.7

5 0.0 0.0 6.7 0.0 93.3 0.0 0.0 0.0

6 0.0 6.7 13.3 0.0 0.0 80.0 0.0 0.0

7 0.0 0.0 0.0 0.0 7.7 0.0 92.3 0.0

8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0



Canwei Xia et al.  Vocal individuality of Asian Stubtail 137

© 2011 Beijing Forestry University and China Ornithological Society

grams, which is a necessary process in other methods and 
may introduce artificial errors (Terry et al., 2005; Grava et 
al., 2008).

There are some constraints which may restrict the prac-
tical ability of acoustic markers. First, acoustic accuracy 
may be impaired by degradation when sounds are propa-
gated over long distances (Catchpole and Slater, 1995; 
Grava et al., 2008). To limit this problem, the recordings 
should be performed as close as possible from the object 
birds (Grava et al., 2008). The Asian Stubtail may change 
its position after singing several bouts of a song, so dis-
tances between the microphone and the singing bird is 
not constant (personal observation). However, compared 
to other analyses of individuality found in passerine spe-
cies, such as the 86% correct classification for Steere’s 
Liocichla (Liocichla steerii), (Mays et al., 2006), 87% for 
Bristle-bird (Dasyornis broadbenti) (Rogers and Paton, 
2005), 81–86% for the Willow Flycatcher (Empidonax 
traillii) (Fernandez-Juricic et al., 2009) and 85-86% for 

the Buff-breasted Flycatcher (Empidonax fulvifrons)(Lein, 
2008), the correct classification rates in our work are still 
quite high. Second, unpredictable singing behavior may 
impair the possibility to obtain good quality recordings 
(Grava et al., 2008). During the breeding season, songs of 
the Asian Stubtail are easily heard at dawn. On the basis 
of our long-term monitoring, we conclude that the Asian 
Stubtail sings earlier than other sympatric passerine spe-
cies, such as the Narcissus Flycatcher (Ficedula narcissina), 
the Yellow-rumped Flycatcher (Ficedula zanthopygia), the 
Eastern Crowned Warbler (Phylloscopus coronatus), the 
Yellow-bellied Tit (Parus venustulus) and the Great Tit 
(Parus major), which may also decrease jamming the re-
cordings from the songs of other birds. In the end, some 
authors advice that the stability of vocal individuality, over 
long time spans, should be taken into account (Terry et al., 
2005; Fox, 2008). Most of the variables we measured from 
our spectrograms concerned the structure of elements. 
The structure of element changes relatively less than other 

Table 4  Results of artificial neural networks on testing sample for 8 individuals. 72.1% of the songs were correctly classified by the analysis. 

All units are given in per cent.

Individual Predicted individual

1 2 3 4 5 6 7 8

1 42.9 0.0 0.0 14.3 0.0 14.3 0.0 28.6

2 0.0 62.5 12.5 12.5 0.0 12.5 0.0 0.0

3 0.0 0.0 50.0 0.0 50.0 0.0 0.0 0.0

4 0.0 0.0 0.0 100.0 0.0 0.0 0.0 0.0

5 0.0 0.0 20.0 0.0 80.0 0.0 0.0 0.0

6 0.0 0.0 0.0 0.0 0.0 80.0 20.0 0.0

7 0.0 0.0 0.0 0.0 0.0 0.0 85.7 14.3

8 25.0 0.0 0.0 0.0 0.0 0.0 0.0 75.0

Table 5  Results of spectrographic cross-correlation for 8 individuals. 89.4% of the songs were correctly classified by the analysis. All units are 

given in per cent.

Individual Predicted individual

1 2 3 4 5 6 7 8

1 85.0 5.0 10.0 0.0 0.0 0.0 0.0 0.0

2 0.0 95.0 5.0 0.0 0.0 0.0 0.0 0.0

3 0.0 0.0 95.0 0.0 0.0 0.0 5.0 0.0

4 0.0 0.0 5.0 95.0 0.0 0.0 0.0 0.0

5 0.0 0.0 5.0 0.0 95.0 0.0 0.0 0.0

6 0.0 15.0 0.0 0.0 0.0 85.0 0.0 0.0

7 0.0 15.0 10.0 0.0 5.0 0.0 70.0 0.0

8 5.0 0.0 0.0 0.0 0.0 0.0 0.0 95.0
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characteristics, such as the organization of elements and 
the interval or duration of notes.

Every method has its appropriate range of application. 
Our vocal identification also has its limits. For example, as 
for most temperate birds, only territorial males emit songs 
during the breeding season; the female Asian Stubtail does 
not sing, hence individual identification on the basis of 
songs is not appropriate for female identification. 

In conclusion, we reiterate that by using features of 
acoustic signals, we could identify territorial Asian Stub-
tail males. This may offer a useful tool for investigation of 
biological information of this little known species. Vocal 
communication is important for species which inhabit 
poorly lit environments, such as nocturnal animals and 
animals living in dense shrubs. Individual identification 
using acoustic signals may open up a new research venue 
for these species.
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繁殖期鳞头树莺(Urosphena squameiceps)鸣唱的个体识别

夏灿玮，黄蓉，韦嫦春，聂频文，张雁云

（北京师范大学生命科学学院，北京，100875）

摘要：做为非损伤、低干扰的鸟类标记方法，利用鸣声来识别个体在鸟类数量监测、行为分析、生活史研究

等领域都有着广泛的应用前景。2010年我们在北京小龙门地区野外工作期间录制了8只占有领域的鳞头树莺

（Urosphena squameiceps）的鸣声。每个个体截取20段鸣声，分别利用判别分析，神经网络算法和语图比较方法

进行个体识别，都获得了较高的正确率（>70.0%）。其中，语图比较方法的正确率最高（89.4%），且该方法

不需要测量鸣声的参数，避免了人为的测量误差，在鳞头树莺的个体识别中最具适用性。并指出基于鸣声的鸟

类个体识别在夜行性、灌丛生活的鸟类监测中具有很好的应用前景。
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