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Abstract Advertisement calls play an important role in influencing female mate choice and are regarded as one of the
key characters responsible for reproductive isolation and speciation events in frogs and toads. The black-spined toad,
Bufo melanostictus, is one of the most common amphibians in Southeast Asia and is frequently observed in human
habitations throughout its distributional range. The advertisement calls of the toad have not been well described.
Here, we report the advertisement calls of this species from Lishui, Zhejiang, China during its breeding season.
The advertisement calls of B. melanostictus are composed of single notes with a single harmonic frequency emitted
sporadically. The call parameters recorded in this study were highly variable across recording times and with different
body sizes. Dominant frequency was negatively correlated with body size. Comparing the calls of the B. melanostictus
population from Lishui with the populations from five other localities (Bangkok, Thailand; Coorg, India; Burma,
Myanmar; Bali, Indonesia; Halimun-Salak National Park, Indonesia), we found that call structure was similar among
five different populations with no harmonics, while the Halimun-Salak National Park population contained two clear
harmonics. Dominant frequency was similar between Bali (1.56 kHz) and Coorg (1.6 kHz) populations, while it was
highly variable among other populations. Besides call duration, call interval and pulse/call rate may also be significantly
different among the comparing populations. Pooling the available data, we observed some similarities and differences in
call parameters among the six populations.
Keywords Anura, vocalization, Bufo melanostictus, acoustic parameters, advertisement call, artificial pond

1. Introduction
Acoustic signals are one of the most important forms of
communication in anuran amphibians. On the basis of
their function and environmental contexts, four types of
calls were used to categorize: reciprocation calls, release
calls, distress calls and advertisement calls (containing
courtship calls, territorial calls, and encounter calls)
(Duellman and Trueb, 1986). Of these, advertisement
calls have been studied most extensively due to their
unique species-specific characteristics (Gerhardt, 1994).
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Advertisement calls play a very important role in female
mate choice in frogs and toads, and are regarded as one of
the key characters responsible for reproductive isolation
and speciation events in this animal group (Wells, 1977;
Cocroft and Ryan, 1995; Pough et al., 2004; Hernández
et al., 2010; Bilate and Lack, 2011). Male anurans use
vocalization to advertise their species identity, sex and
location to females for the purpose of breeding (Márquez
and Eekhout, 2006; Robillard et al., 2006; Gerhardt and
Brooks, 2009; Hernández et al., 2010). Vocal behaviors
also function in male–male competition, and are therefore
subject to intra-sexual selection (Tobias et al., 2004;
Dubois et al., 2009; Tobias et al., 2010; Tobias et al.,
2011). Vocal signals are subject to natural selection when
habitat affects signal transmission or leads to heightened
risk of predation (Ryan et al., 1982; Tobias et al., 2011).
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The acoustic properties of different anuran calls are
important in understanding the behavior and evolution of
communications, and to provide the most comprehensive
information on how to separate different call types
between species (Krishna and Bosch, 2007).
So far, advertisement calls have been reported for
approximately more than 20 species in China, including
hylid, ranid, rhacophorid, microhylid, discoglossid,
megophryid and pelobatid frogs (Jiang et al., 1995; Jiang
et al., 2002; Xu et al., 2005; Shen et al., 2008; Yu and
Zheng, 2009; Wei et al., 2011; Chen et al., 2011; Cui et
al., 2011; Cui et al., 2012). From these studies, we know
that there are two types of calls: audible calls (most of
the studied species) and ultrasonic sounds (Odorrana
tormota; Shen et al., 2008). Comparing all the findings,
we can conclude that the differences in songs across
species should be correlated with some factors, such as
physical structure (Whether a vocal sac is present or not),
geographic habitat (such as elevation) and environment
conditions (such as air temperature). The call traits were
species-specific, and as such, the mating call is important
for the female to distinguish conspecific from allospecific
vocalizations (Jiang et al, 2002). However, little is
known about the call traits of the family Bufonidae. Bufo
melanostictus (Anura: Bufonidae) is a bufonid with an
extremely wide distribution range that covers most of
Southeast Asia (Iskandar, 1998). In China, this species
is mainly distributed in Sichuan, Yunnan, Guizhou,
Zhejiang, Jiangxi, Hunan, Fujian, Taiwan, Guangdong,
Guangxi and Hainan (Fei et al., 2009). B. melanostictus
is frequently found in human habitations throughout its
distribution range. The ecology and natural history of B.
melanostictus are poorly known, and its advertisement
calls have not been well described in China. In this paper,
we examined the advertisement calls of B. melanostictus
from Lishui, Zhejiang, China during its breeding season.
Because call properties of anurans are easily influenced
proximately by various factors including air temperature,
body temperature, body size and weight, and interactions
among individuals (Giacoma et al., 1997; Howard and
Young, 1998; Navas and Bevier, 2001; Pröhl, 2003;
Yu and Zheng, 2009), we tested the two hypotheses: 1)
Call dominant frequency was negatively correlated with
body size; and 2) some other call parameters such as call
duration, call interval, call intensity, call duty cycle and
call effort were highly variable across different recording
time and with different body sizes. Finally, we compared
the results obtained from the calls of this species with
those described from other countries.
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2. Materials and Methods
Because it is difficult to record individual toads from
the field, we captured males (n = 66) from one fish pond
on the campus of Lishui University and took them to
our laboratory also at Lishui University in early April
2011. According to their body sizes, at first we divided
these toads into three groups: large-sized group (ranged
from 60.91 mm to 70.97 mm, n = 22), medium-sized
group (from 53.92 mm to 59.96 mm, n = 24) and smallsized group (from 40.77 mm to 55.93 mm, n = 20),
and then we released the toads of each group into an
artificial pond (3 m × 2 m × 1 m) respectively, where
some stones were placed. The three ponds were separated
from each others by a distance of 30 m to mitigate
sound interferences among the ponds. The water depth
was approximate 20 cm. Following the method of Wei
et al. (2011), at midnight (00:00 h) and twilight (18:00
h), we recorded advertisement calls emitted by each
group using a Sony IC recorder (ICD-SX950) with an
external directional microphone held at an approximate
distance of 0.8 m from the water surface, with a sampling
frequency resolution of 22050 Hz and 16 bit resolution.
Concurrently, we also measured the air temperature from
approximately 5 cm above the water surface of the ponds
using a thermometer (HOBO U12-008, USA). The air
temperature was approximately 22.0°C (21.4–22.2°C)
at the two recording time points. After audio recording,
toads were individually measured for body size (snout
-vent length, SVL) to the nearest 0.1 mm with a dial
caliper (Shanghai Medical Laser Company), weighed to
the nearest 0.1 g using an electric scale (Jinnuo Balance
Instrument Co., Ltd., Jinhua, China), and then released
into the site where they were captured. Both SVL and
body mass were significantly different among the three
groups (Table 1).
Recording files were transferred with Cool Edit
PRO (Syntrillium Software Corporation, USA) and
saved as wav format. Calls were then analyzed with
BatSound Pro (Pettersson Elektronik AB) for windows.
Audiospectrograms were produced with the following
parameters: FFT (Faster fourier transformation) = 512,
sampling frequency resolution of 22050 Hz, Hanning
window, time expansion × 1. The sonogram, oscillogram
and power spectrum were also performed in BatSound
Pro for windows. Twenty calls in each call sequence
within a sound file were analyzed, and terminology of
calls followed Wei et al. (2011) and Leary et al. (2008):
call duration (ms), call interval (ms), call intensity (dB),
duty cycle (calculated by call duration/call duration plus
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Table 1 Characteristics of advertisemant calls of Bufo melanostictus.
Parameters
Call duration (ms)
Call interval (ms)
Call intensity (dB)
Dominant frequency (kHz)
Duty cycle (%)
Call rate (calls/ms)
Call effort (calls/ms)
Snout-vent length (mm)
Body mass (g)

Large-sized group
00:00 h
(No. = 400)
115.32 ± 0.30
192.95 ± 1.00
19.82 ± 0.14
1.35 ± 0.11
43.50 ± 35.73
3.05 ± 0.28
1.35 ± 0.32
66.07a ± 0.04
(n = 22)
21.68a ± 0.19
(n = 22)

18:00 h
(No. = 400)
100.19 ± 0.22
222.21 ± 1.25
18.72 ± 0.14
1.35 ± 0.14
39.87 ± 36.72
2.79 ± 0.24
1.12 ± 0.32

Medium-sized group
00:00 h
(No. = 400)
105.22 ± 0.29
171.06 ± 0.80
20.14 ± 0.14
1.40 ± 0.13
43.00 ± 33.36
3.74 ± 0.13
1.62 ± 0.24
57.27b ± 0.04
(n = 24)
14.46b ± 0.10
(n = 24)

18:00 h
(No. = 400)
92.87 ± 0.23
179.35 ± 0.96
19.91 ± 0.13
1.46 ± 0.15
39.73 ± 32.83
3.41 ± 0.24
1.37 ± 0.30

Small-sized group
00:00 h
(No. = 280)
100.05 ± 0.25
230.03 ± 1.06
21.00 ± 0.13
1.51 ± 0.14
36.52 ± 36.11
2.35 ± 0.28
0.87 ± 0.34
50.86c ± 0.07
(n = 20)
10.18c ± 0.20
(n = 20)

18:00 h
(No. = 320)
90.38 ± 0.31
254.47 ± 1.46
19.54 ± 0.13
1.48 ± 0.13
34.84 ± 39.04
2.62 ± 0.22
0.92 ± 0.31

Types with different superscripts differ significantly (Tukey’s test, α = 0.05, a > b > c). No.: Call number; n: Sample size.

call interval; %), dominant frequency (DF, Hz), call rate
(calls/ms) and call effort (calls/ms, duty cycle × call
rate). As amplitude was lower at the beginning than the
remaining of the call sequence, the first 10 calls of every
call sequence were removed from the analysis following
a previous study (Pröhl, 2003). Comparative data from
other geographic locations (countries) were obtained from
the literature: Bangkok, Thailand (Heyer, 1971); Coorg,
India (Hampson and Bennet, 2002); Burma, Myanmar
(Wogan et al., 2003); Bali, Indonesia (Márquez and
Eekhout, 2006); Halimun-Salak National Park, Indonesia
(Kurniati et al., 2010).
Statistical analyses were performed with the Statistica
software package (version 5.0 for PC). All data were
tested for normality (Kolmogorov-Smirnov test) and
homogeneity of variances. Data were analyzed with oneway and two-way ANOVA. All values were presented as
mean ± standard error (SE), and the significance level (a)
was set at 0.05.

Figure 1 Advertisement calls of Bufo melanostictus. A:
Oscillograms; and B: Spectrograms from three calls.

3. Results
According to our observations in the field for B.
melanostictus, adult calls often lasted for an extended
period of time (midnight and twilight) mutually separated
by an interval distance of approximately 0.5–1.0 m.
In this study, 66 adult males were captured from their
chorus arena and divided into three groups, and we found
SVL and body mass were both significantly different
among them (One-way ANOVA, P < 0.05; Table 1).
Oscillograms, spectrograms and power spectrums of
advertisement calls are shown in Figure 1 and Figure 2.
The advertisement calls of this species are composed of
single notes with a single harmonic frequency (Figure 1).
The descriptions of each call parameter recorded from
different recording time points and body sizes are shown

Figure 2 Power spectrum from the three calls described in Figure 1.

in Table 1.
To examine the effects of recording time and body
size on the advertisement calls, we conducted a two-way
ANOVA for call parameters for each group. For recording
time within each group, call duration, call intensity,

160

Asian Herpetological Research

duty cycle and call effort produced at midnight (I) were
always larger than those produced in twilight (II) (twoway ANOVA, P < 0.05), except for call interval (twoway ANOVA, P < 0.05; Table 2). Dominant frequencies
in each body size group were not significantly different
between the two recording times (two-way ANOVA, P =
0.14; Table 1 and Table 2). For body size, call durations
were significantly different among the three groups (twoway ANOVA, P < 0.0001; Table 2). Call duration in
the large-sized group was greater than that in the other
two groups (two-way ANOVA, P < 0.0001; Table 2).
Dominant frequency was also significantly different
among the three groups (two-way ANOVA, P < 0.0001;
Table 2). Moreover, we found that dominant frequency
was negatively correlated with body size, namely, larger
individuals showed a lower dominant frequency (two-way
ANOVA, P < 0.0001; Table 1 and Table 2). Call interval
was smaller in medium-sized group and larger in small
group (two-way ANOVA, P < 0.0001; Table 1 and Table
2). Call rate and call effort were significantly different
among the three groups: small group was the lowest, large
group was the second, and medium group was the highest
(two-way ANOVA, P < 0.0001; Table 2). However, we
found no significant difference in the interaction of time ×
size (two-way ANOVA, all P > 0.05; Table 2). Combined
to data mentioned as above, we found that the calls
recorded during this study were highly variable across
recording time and with different body sizes.

4. Discussion
Based on our observations in the field, many males of B.
melanostictus were found in wet habitats after the first
heavy rainfall in early April of the study year, and most
were calling with a long duration time. In Lishui, this
species may display opportunistic behavior, with breeding
mainly occurring during days with rainfall, as described
for Proceratophrys melanopogon (Feio et al., 2008).
Based on population data from six geographic
locations (countries; including the present work), the
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advertisement calls of B. melanostictus were highly
variable across different locations. In the description
of the Bangkok population (Heyer, 1971), the author
recorded only eight calls from three individuals. These
toads produced long trill calls with a duration ranging
from 4 to 30 seconds and a pulse rate of 13.2 pulses
per second at 25.0°C (air temperature). The dominant
frequency of advertisement calls ranged from 1.0 kHz
to 1.7 kHz (n = 3, n calls = 8), with no harmonics. No
more call parameters were provided in the work. The
advertisement calls of B. melanostictus from the Coorg
population were previously described by Hampson and
Bennet (2002). They reported that the average duration
of the calls was 40 seconds, and the average dominant
frequency was 1.6 kHz. The average pulse rate and other
parameters were not given for the Coorg population.
Advertisement calls of B. melanostictus from the Burma
population (Wogan et al., 2003) had larger variability
compared with the two former populations. They reported
that the calls of B. melanostictus contained a series of
notes made up of a variable number of pulses. The call
dominant frequency recorded at 22.0°C (air temperature)
was over 3.0 kHz, possessing an average SVL of 77.9
mm. The advertisement calls of B. melanostictus from
the Bali population were described by Márquez and
Eekhout (2006), with the average SVL, call duration, call
pulse rate and dominant frequency of males being 64.2
(56–72) mm (n = 5), 771.6 (678.9–933.0) ms (ncalls = 57),
42.1 (40.6–51.4) pulses (ncalls = 57) and 1555.2 (1433.5–
1684.5) Hz (ncalls = 57), respectively. Air temperature was
28°C–29°C. The call dominant frequency was similar
(1.56 kHz vs 1.6 kHz) to that reported for the Coorg
population (Hampson and Bennet, 2002). The sound of
B. melanostictus from the Halimun-Salak National Park
population consisted of two clear harmonics: the first one
at 1450 Hz and the second at 2900 Hz, both having very
small bandwidth (Kurniati et al., 2010). However, no
more data was given from their work.
In this work, we found that call frequency was
negatively correlated with body size. Larger individuals

Table 2 Statistical results of call parameters for factorial design recording time, body size and interaction of recording time × body size using
ANOVA procedure.
Parameters
Call duration (ms)
Call interval (ms)
Call intensity (dB)
Dominant frequency (kHz)
Duty cycle (%)
Call rate (calls/ms)
Call effort (calls/ms)

Time
F1, 2194 = 110.83; P < 0.0001, I > II
F1, 2194 = 4.02; P < 0.046, I < II
F1, 2194 = 65.98; P < 0.0001 I > II
F1, 2194 = 2.22; P = 0.14
F1, 2194 = 21.84; P < 0.0001, I > II
F1, 103 = 0.64; P = 0.426
F1, 103 = 3.94; P < 0.049, I > II

Size
F2, 2194 = 39.85; P < 0.0001, L > M > S
F2, 2194 = 13.48; P < 0.0001, M < L < S
F2, 2194 = 28.05; P < 0.0001, L < M = S
F2, 2194 = 100.76; P < 0.0001, L < M < S
F2, 2194 = 37.37; P < 0.0001, L = M > S
F2, 103 = 100.76; P < 0.0001, S < L < M
F2, 103 = 21.61; P < 0.0001, S < L < M

Time × size
F2, 2194 = 1.72; P = 0.180
F2, 2194 = 0.41; P = 0.661
F2, 2194 = 10.16; P < 0.0001
F2, 2194 = 10.01; P < 0.0001
F2, 2194 = 0.84; P = 0.433
F2, 103 = 10.01; P = 0.167
F2, 103 = 1.68; P = 0.192

I: 00:00 h; II: 18:00 h; L: Large-sized group; M: Medium-sized group; S: Small-sized group. Significant level, α = 0.05.
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generally showed a lower dominant frequency. In
contrast, we found call duration was positively correlated
with body size. Both call duration and dominant
frequency were usually correlated with mating success
(Welch et al., 1998; Pröhl, 2003). Comparing among the
six populations, B. melanostictus produced two types of
call structures. The call structures were similar among
five populations (Bangkok, Coorg, Burma, Bali and
Lishui) with no harmonics, while the Halimun-Salak
National Park population contained two clear harmonics.
Dominant frequencies were also highly variable among
the populations (1.0–1.7 kHz in Bangkok; 3.0 kHz in
Burma; 1.35 kHz, 1.40–1.46 kHz and 1.48–1.51 kHz
in larger-sized, medium-sized and small-sized groups
in Lishui, respectively), except the comparison of Bali
(1.56 kHz) and Coorg (1.6 kHz) (Márquez and Eekhout,
2006). Likewise, call durations were significantly
different among the populations, with the longest duration
(40 seconds) found in the Bangkok population and the
shortest duration (90 ms) found in the small-sized group
in this study. Other call indexes, such as call pulse, were
also different among the different populations. Pooling
the available data, we can conclude that call traits (call
structure, dominant frequency and call duration) of
B. melanostictus recorded from different geographic
locations were highly variable. This may be caused by
some proximate factors such as different body sizes
and air temperatures. However, SVL data from each
population was not collected and it was thus unable to
examine the relationship between call traits (e. g., call
duration, call frequency, call interval, pulse rate) and
SVL. From the available data, we found that SVL was
largest in the Bali population and smallest in the smallsized group in Lishui. Moreover, as we did not collect
body mass data from each population, we were unable
to examine the relationship between call traits and body
mass for the six populations. On the other hand, all the
call data was recorded at different air temperatures,
which could also conspicuously influence the call traits,
especially the dominant frequency (Pröhl, 2003; Yu and
Zheng, 2009). Aside from these factors, equipment,
methods and sound-analysis software used also differed
in each study. In any work, the comparison of call traits
suggests both similarities (call structure) and differences
(dominant frequency, call duration, call interval pulse/
call rate) between the populations recorded. However,
population traits (including call traits) can be affected
by many factors, such as climate, microhabitat, gene
flow and population history. Therefore, call traits may
be affected by one or a combination of these factors.

161

Comparing all call traits for the six populations, we find
that some significant differences did occur among these
populations (e. g., call structure, dominant frequency, call
duration, pulse/call rate). Why do such large differences
exist? How were these differences formed? Further work
(for example, molecular survey) should help us better
understand why the variations occurred in the populations
with large distribution areas.
Acknowledgements This study was supported by the
grants from the National Natural Science Foundation of
China (30770310, 30970435) and the Natural Science
Foundation of Zhejiang, China (Y307453). We thank Prof.
Xiang JI (Nanjing Normal University) and Huabin ZHAO
(Department of Ecology and Evolutionary Biology,
University of Michigan, USA) for their constructive
comments on the early drafts of this manuscript.

References
Bilate M., Lack E. 2011. The advertisement call of Scinax similis
(Cochran, 1952) (Amphibia, Anura). S Am J Herpetol, 6: 54–58
Chen Q., Cui J. G., Fang G. Z., Brauth S. E., Tang Y. Z. 2011.
An acoustic analysis of the advertisement calls of the Music
Frog, Babina daunchina. J Herpetol, 45(4): 406–416
Cocroft R. B., Ryan M. J. 1995. Patterns of advertisement call
evolution in toads and chorus frogs. Anim Behav, 49: 283–303
Cui J. G., Song X. Y., Fang G. Z., Xu F., Brauth S. E., Tang Y. Z.
2011. Circadian rhythm of calling behavior in Emei Music Frog
(Babina daunchina) is associated with habitat temperature and
relative humidity. Asian Herpetol Res, 3: 149–154
Cui J. G., Tang Y. Z., Narins P. M. 2012. Real estate ads in Emei
music frog vocalizations: Female preference for calls emanating
from burrows. Biol Lett (In press), DOI: 10.1098/rsbl.2011.1091
Dubois A. L., Nowicki S., Searcy W. A. 2009. Swamp sparrows
modulate vocal performance in an aggressive context. Biol Lett,
5: 163–165
Duellman W. E., Trueb L. 1986. Biology of Amphibians. New
York: McGraw-Hill
Fei L., Hu S. Q., Ye C. Y., Huang Y. Z. 2009. Fauna Sinica
Amphibia, Vol. 2, Anura. Beijing: Science Press
Feio R. N., Santos P. S., Cassini C. S., Dayrell J. S., Oliveira E.
F. 2008. Anfibios da Serra do Brigadeiro. MG-Biota, l(l): 4–31
Gerhardt H. C., Brooks R. 2009. Experimental analysis of
multivariate female choice in Gray Treefrogs (Hyla versicolor):
Evidence for directional and stabilizing selection. Evolution, 63:
2504–2512
Gerhardt H. C., Davis M. S. 1988. Variation in the coding of
species identify in the advertisement calls of Litoria verreauxi
(Anura: Hylidae). Evolution, 42: 556–563
Gerhardt H. C. 1994. The evolution of vocalization in frogs and
toads. Annu Rev Ecol S, 25: 293–324
Giacoma C., Zugolaro C., Beani L. 1997. The advertisement
calls of the green toad Bufo viridis: Variability and role in mate
choice. Herpetologica, 53: 454–464

162

Asian Herpetological Research

Hampson K., Bennet D. 2002. Advertisement calls of amphibians
at Lackunda Estate, Coorg, Karnataka. In Bennet D. (Ed.), Frogs
of Coorg, Karnataka, India. Glossop: Viper Press, 121–135
Hernández M., Alonso R., Rodríguez A. 2010. Advertisement call
of Peltophryne florentinoi (Anura: Bufonidae), an endemic toad
from Zapata Swamp, Cuba. Amphibia-Reptilia, 31: 265–272
Heyer W. R. 1971. Mating calls of some frogs from Thailand.
Fieldiana (Zool), 58: 61–82
Howard R. D., Young J. R. 1998. Individual variation in male
vocal traits and female mating preferences in Bufo americanus.
Anim Behav, 55: 1165–1179
Iskandar D. T. 1998. The amphibians of Java and Bali. Indonesia:
Research and Development Centre for Biology, 117 pp
Jiang J. P., Xie F., Fei L., Ye C. Y., Zheng M. 2002. Mating calls
of six forms of pleobatid in Wawu Mountain National Forest
Park, Sichuan, China (Anura: Pelobatidae). Zool Res, 23: 89–94
Jiang S. R., Ding P., Zhuge Y. 1995. The comparative study on the
characteristics of calling songs of three frog species. Zool Res,
16: 75–81 (In Chinese with English abstract)
Kurniati H., Sumadijaya A., Boonman A., Laksono W. T. 2010.
Ecology, distribution and bio-acoustic of amphibians in degraded
habitat. Ristek-Dikti Incentive Program (Cibinong, Indonesian).
Retrieved from http://www.biologi.lipi.go.id/bio bidang/file doc
bidang/Report of Ristek-Dikti-LIPi Incentive Project 2010.pdf
Leary C. J., Garcia A. M., Knapp R. 2008. Density-dependent
mating tactic expression is linked to stress hormone in
Woodhoused’s toad. Behav Ecol, 19: 1103–1110
Márquez R., Eekhout X. R. 2006. Advertisement calls of six
species of anurans from Bali, Republic of Indonesia. J Nat Hist,
40: 571–588
Navas C., Bevier C. R. 2001. Thermal dependency of calling
performance in the eurythermic frog Colostethus subpunctatus.
Herpetologica, 57: 384–395
Pough F. H., Andrews R. M., Cadle J. E., Crump M. L., Savitzky
A. H., Wells K. D. 2004. Herpetology, 3rd Ed. London: Pearson
Education Ins
Pröhl H. 2003. Variation in male calling behaviour and relation to
male mating success in the Strawberry Poison Frog (Dendrobates

Vol. 3

pumilio). Ethology, 109: 273–290
Robillard T., Höbel G., Gerhardt H. C. 2006. Evolution
of advertisement signals in North American hylid frogs:
Vocalizations as end-products of calling behaviour. Cladistics,
22: 533–545
Ryan M., Tuttle A. S., Rand S. A. 1982. Bat predation and sexual
advertisement in a neotropical anuran. Am Nat, 119: 136–139
Shen J. X., Feng A. S., Xu Z. M., Yu Z. L., Arch V. S., Yu X. J.,
Narins P. M. 2008. Ultrasonic frogs show hyperacute phonotaxis
to female courtship calls. Nature, 453: 914–917
Tobias M. L., Barnard C., O’Hagan R., Horng S. H., Rand M.,
Kelley D. B. 2004. Vocal communication between male Xenopus
laevis. Anim Behav, 67: 353–365
Tobias M. L., Corke A., Korsh J., Yin D., Kelley D. B. 2010.
Vocal competition in male Xenopus laevis frogs. Behav Ecol
Sociobiol, 64: 1791–1803
Tobias M. L., Evans B. J., Kelley D. B. 2011. Evolution of
advertisement calls in African clawed frogs. Behaviour, 148:
519–549
Wei L., Lin Z. H., Ma X. M., Zhao L. H., Ma X. H. 2011.
Acoustic characteristics of the tiger frog, Hoplobatrachus
rugulosus, during the breeding season. Zool Res, 32: 456–460
Welch A. M., Semlitsch R. D., Gerhardt H. C. 1998. Call duration
as an indicator of genetic quality in male gray tree frogs.
Science, 280: 1928–1930
Wells K. D. 1977. The social behavior of anuran amphibians. Anim
Behav, 25: 666–693
Wogan G. O. U., Win H., Thin T., Lwin K. S., Shein A. K., Kyi
S. W., Tun H. 2003. A new species of Bufo (Anura: Bufonidae)
from Myanmar (Burma), and redescription of the little known
species Bufo stuarti Smith 1929. Proc California Acad Sci, 141–
153
Xu J. X., Xie F., Jiang J. P., Mo Y. M., Zheng Z. H. 2005. The
acoustic features of the mating call of 12 anuran species. Chin J
Zool, 40: 12–19 (In Chinese with English abstract)
Yu B. G., Zheng R. Q. 2009. The advertisement call of the giant
spiny frog Paa spinosa. Curr Zool, 55: 411–415

