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The advertisement call is an important recognition feature in Amphibian. For example, previous call 
of two-choice discrimination studies on the genus Quasipaa spinosa detected the phonotaxis of the 
female frog for the calls from different lineages. In this work, we used a single-stimulus design to analyse 
phonotactic response to stimulus and subsequently estimated the values of female preference functions 
for call duration and call rate, and recorded and analysed the properties of 756 advertisement calls from 
40 males at five reproductive stages and conducted single-stimulus phonotaxis experiments to estimate 
female preference for different acoustic parameters. Our studies have shown Q. spinosa may have female 
mating preferences and possible variations in calls at five reproductive stages (from April to September). 
Correlations were established between certain call properties, i.e., pulse rate was positively correlated 
with fundamental frequency (r=0.151, P<0.01) and negatively correlated with dominant frequency (r=-
0.141, P<0.01). The females frog had the shortest response time to calls of 4-note duration and rate of 
15 n/min. Our results may provide acoustic information of the spiny frog to further develop effective 
conservation recommendations for this economically important but threatened animal.

INTRODUCTION

Vocalizations are some of the most important means 
of animal communication, and acoustic signals may 

convey information about the species, such as physical 
condition and heritable fitness of a mate (Henderson and 
Gerhardt, 2013; Fang et al., 2014, 2015). Individuals 
of one sex (usually male) emit acoustic signals, and 
individuals of the other sex recognize the signals and use 
these to choose an appropriate sexual partner (Andersson, 
1994; Rosso et al., 2006; Fang et al., 2012). In anurans, the 
male advertisement calls are the primary mating displays. 
Male advertisement calls are usually recognized to have 
follow functions: to facilitate species recognition and to 
provide females with criteria for choosing their partner 
among many males and also known to function in male 
spacing with some species (Castellano and Giacoma, 
1998; Gerhardt and Brooks, 2009; Hernández et al., 2010; 
Wei et al., 2012). Most species of anurans rely on one 
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or more unique properties of their call (i.e., fundamental 
frequency, dominant frequency, note duration, etc.) to 
facilitate conspecific recognition (Bickford et al., 2007; 
Kohler et al., 2017). Several factors can influence the 
properties of an anuran’s call, including air temperature, 
body size and geographic variation (Márquez, 1995; 
Márquez and Bosch, 1997; Cui et al., 2011; Baraquet et 
al., 2015). However some anurans may alter their calling 
patterns and the temporal properties of their calls to meet 
the female preference. Many researchers suggest that the 
female preference may affect the male call behaviour 
(Gerhardt and Huber, 2002), and that it is related to the 
female’s reproductive condition (Lynch et al., 2005).

Preference functions describe how female preferences 
vary as a function of male call trait values, and define a 
form of selection for male signals (Gerhardt, 1991; Wagner, 
1998; Murphy and Gerhardt, 2000; Rosso et al., 2006). 
These functions take several shapes, and the overall shapes 
of preference functions have important consequences 
(Murphy and Gerhardt, 2000). Ample evidence supports 
the notion that female anurans prefer certain advertisement 
call properties over others and use these calls to evaluate 
prospective mates (Ryan and Keddy-Hector, 1992; 
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Gerhardt and Huber, 2002; Tárano and Herrera, 2003; 
Martinez-Rivera and Gerhardt, 2008; Fang et al., 2014; 
Velásquez et al., 2015). Female anurans show preferences 
based on call duration, call rate, and dominant frequency 
(Tárano and Herrera, 2003).

Call rate was found to affect female response and male 
mating success in anurans (Andersson, 1994; Sullivan et 
al., 1995). Pröhl (2003) used behavioural observations on 
strawberry poison frogs, Oophaga pumilio, to relate male 
calling behavior, particularly call rate, to mating success. 
Tárano and Herrera (2003) demonstrated through a series 
of experiments on Physalaemus enesefae that call rate 
maybe important in short-range mate choice. The frog 
P. enesefae showed strongly directional preferences for 
call rate. Call duration is another property that potentially 
influences patterns of female mate choice in several 
anurans (Bee, 2008). The majority of female gray tree 
frogs (Hyla versicolor) were found to choose mates on 
the basis of advertisement calls and prefer long calls to 
short calls (Klump and Gerhardt, 1987; Gerhardt et al., 
1996) and the preference function for call duration was 
directional (Gerhardt et al., 2000). On the other hand, 
for its putative diploid ancestor, H. chrysoscelis, females 
were shown to prefer an average-length call over shorter-
than-average calls (0.5–2.0 standard deviations below 
average) (Bee, 2008). The pattern of preference observed 
on H. versicolor suggests that increasing call duration 
beyond a certain point diminishes mating success, which 
has practical implication for field studies looking at the 
effect of variations in call duration on male mating success 
(Gerhardt et al., 2000). Welch et al. (1998) compared 
growth-rate, size at metamorphosis, larval period, and 
larval fitness traits, and found significant differences 
between the half-sibling offspring of long and short callers 
(Welch et al., 1998; Doty and Welch, 2001), demonstrating 
that female preferences for call duration, which is a reliable 
indicator of energy costs to the male (Wells and Taigen, 
1986), can act as a selective force. The female preference 
for call rate and call duration in anurans may be a potential 
response to evolution (Gerhardt et al., 2000).

Female preference through male call response has 
been the subject of much study in anurans. However, 
few studies have dealt with the mating behaviour of the 
giant spiny frog, Quasipaa spinosa (Kong et al., 2016). 
The giant spiny frog is most distinctly characterized by 
keratinized skin spines on the chest, and is currently 
distributed across ten Chinese provinces and parts of 
northern Vietnam (Zhao, 1998; Zheng and Liu, 2010). Our 
previous studies identified three divergent lineages within 
Q. spinosa (Ye et al., 2013; Zhang et al., 2018), across 
which geographic variations in body size and sexual 
dimorphism were observed (Yu et al., 2010). Temporal 

and spectral call parameters were analysed in our previous 
acoustic research; calls consisted of three to seven notes, 
and the dominant frequency ranged from 411–1534Hz (Yu 
et al., 2009). Very significant geographic variation was 
observed among the calls of Q. spinosa, and the variation 
was approximate to the species level (Shen et al., 2015). 
The detection parameter of call duration and note duration 
in male Q. spinosa are negatively related to environmental 
temperature, but not related to body size (Chen et al., 
2012).

The giant spiny frog, a giant spiny frog with an 
extensive latitudinal distribution in south China and 
northern Vietnam, relies on calling to communicate with 
each other in breeding season, and calling plays a vital 
role in the entire mating process. The choice of mating 
made by a female is not random, but based on the male 
vocalization of call properties (Pröhl, 2003). The present 
mitochondrial DNA data showed that the frog can be 
divided into three lineages, and suggested that the frog 
existed cryptic species. Further research is needed to test 
whether the variation in the call can cause difficulty on the 
inter-lineage recognition. On the other hand, the male have 
acoustic signals to convey information and female use the 
signal to evaluate prospective mates. Whether it exists 
preferences on female choose the mates, and whether the 
female preferences would affect the male’s vocal behaviour 
is the fundamental issue on the vocal behaviour research. 
In this paper, the call of different stages of the giant spiny 
frog will be recorded and analysed, and the trend of males 
during the breeding period will be explored. On the other 
hand, the preference of females for different calling 
parameters will be tested by the call playback experiment, 
it explores the information that may be expressed by the 
female preferences for call properties, and make a useful 
exploration for the study of the call behaviour of the giant 
spiny frog.

MATERIALS AND METHODS

Recording and analysis of the acoustic signals
The study was conducted from April 2014 to 

September 2014 collected giant spiny frogs sampled from 
Jinhua (29°08′ N, 119°65′ E), Zhejiang Province, China. 
All the frogs were released into an artificial pond, which 
is located near a slow-flowing stream and kept in artificial 
imitation of the frog’s natural ecological environment. We 
recorded the advertisement calls of 40 male frogs that were 
bred in an artificial pond at five reproductive stages (mid-
April, early May, late June, mid-July, and early September) 
during the night at 19:00–21:00. Recordings were made 
using a Sony PCM-D50 recorder and a Sony ECM-77B 
condenser lavalier microphone. Recording lasted 1–2 days 
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for each period, in which each calling frog was recorded 
for at least 30 min by placing the microphone at an 
approximate distance of 1 m. The air temperature varied 
between 17–26°C.

Noises existed in the artificial ecological 
environment, and we used the software Adobe Audition 
to reduce the noise in the recorded calls before performing 
the analysis (Xu et al., 2005). Calls were analysed using 
Praat version 4.2.23 (Boersma and Wecnink, 2006) at a 
sampling frequency of 10 kHz and sample size of 16 bits. 
Eight call properties were measured, the terminologies 
of which were as follows (Prӧhl, 2003): call duration(s), 
note number (n), pulse rate (pulses/s), dominant frequency 
(Hz), fundamental frequency (Hz), and the formant (F1, 
F2, and F3) (Hz).

Synthesis of the acoustic stimuli
We focused on two call properties: call duration and 

call rate. We used the advertisement call of the giant spiny 
frog as a model to study the relationship between the 
variation in the acoustic properties of a call and female 
preference. Among all the advertisement calls analysed, 
4-note calls were the most common; no obvious silent 
period that between one note and the subsequent note were 
observed between the notes of a call (Yu et al., 2009; Shen 
et al., 2015). To test the effects of different call durations 
on female choice, we edited the natural exemplar of a 
4-note call that recording in mid-April and early May with 
Adobe Audition. We extracted a note from the middle of 
a male call and repeatedly inserted it to construct a new 
call. Thus, the new call durations (3-note, 4-note, 5-note, 
6-note, and 7-note call) were identical in call properties. 
To assess the significance of a distinctive call rate, we used 
Adobe Audition to alter the call rate of representative calls 
of males, and then edited the duration of the silent intercall 
period to make new calls of varying call rates (10n/min, 
12n/min, 15n/min, 20n/min, and 30n/min call).

Experimental protocol
Using phonotaxis as a behavioral assay, we conducted 

no-choice experiments (Bush et al., 2002) with females 
(n=10) collected from the Jinhua frog farm. Females 
were returned to the lab and placed into a professional 
frog-feeding bucket. Because females do not respond to 
calls unless they are in breeding condition, we injected 
captive females with HCG (1ml; 250U/ml) based on 
the protocol of Gordon and Gerhardt (2009). All the 
frogs used for behavioral experiments were returned 
to the farm-of-capture within five days. Phonotaxis 
experiments were conducted in a temperature-controlled 
(23±1°C), soundproof chamber. The phonotaxis arena was 
rectangular with interior dimensions of 160×60×20 cm. 

Stimuli were delivered from a Lenovo Z475 computer 
using Adobe Audition 3.0 interfaced with a loudspeaker 
(Edifier R18T). The signals were amplified and their 
amplitude was controlled with the aid of the computer. We 
monitored the amplitude of the signals with a sound-level 
meter (BiaoZhi GM1351) and adjusted the fast root mean 
square values to 85 dB SPL.

At the start of each trial, we placed the female in an 
acoustically transparent release box in the other side of 
the arena. After 2 min stimulus, we removed the lid of the 
release box and measured the time until the female touched 
the wall of the arena, directly in front of the speaker. We 
recorded a score of “No Response” if the female remained 
in the release box for 3 min, left the release box but did not 
reach the speaker within 5 min, or arrived at the wall of 
the arena in the opposite of the speaker. The time it took a 
female to respond to stimulus was used as preference time 
in the data analysis. We presented the test trials in random 
order until each test stimulus was presented to 10 different 
females. To eliminate possible memory effects between 
trials, we adjusted the location of the loudspeaker every 
day. Because the tests measured the response strength of 
a single stimulus rather than the preference for different 
stimuli, we used the term “response function” to describe 
the data from single-stimulus tests. The response strength 
can then be used to predict female preferences (Bush et 
al., 2002).

Statistical analyses
We calculated a phonotaxis score for each trial 

completed by each female, based on the relative time 
required to reach the loudspeaker during each trial. 
Relative time was calculated as the ratio of the females’ 
response time during the control trials to her response time 
during the test trial (Tcontrol/Ttest). Statistical analyses were 
performed with SPSS 18.0. We employed the Kruskal–
Wallis test to compare the variation in advertisement calls 
across the five breeding periods (Sokal and Rohlf, 1981), 
analyzed the trend in the advertisement call variation, and 
used Pearson’s correlation test to calculate the correlation 
between different acoustic parameters (Zar, 1996). Graphic 
plots were generated using Origin8 Pro SR4. All values 
were presented as mean±SD, and the significant level was 
set at 0.05. We regarded the 4-note and 15n/min call set-up 
as the control trial. The time was the average time among 
the trials. A phonotaxis score of 1 therefore indicated that 
the female approached the test stimulus with the same 
response time as the average of the control stimuli; a score 
of less than 1 indicated that the female approached the test 
stimulus more slowly than she approached the control. A 
phonotaxis score of zero was assigned to all trials in which 
the female received a “No Response”.

Female Mate Preferences of Quasipaa spinosa 827



828                                                                                        

Table I.- Parameters of advertisement calls of Q. spinosa recorded across different reproductive states (mid-April, 
early May, late June, mid-July, and early September).

Call property Mid-April
(n=68)

Early May
(n=177)

Late June
(n=194)

Mid-July
(n=142)

Early September
(n=175)

Call duration (s) 1.48±0.32 1.54±0.29 1.18±0.23 0.99±0.18 1.02±0.21
Note number (n) 4.31±0.79 4.63±1.01 4.25±0.84 3.99±0.86 3.97±0.73
Dominant frequency (Hz) 926.63±303.69 1015.72±205.71 973.21±258.98 1009.11±238.51 868.48±265.26
F1 (Hz) 774.82±86.01 874.06±106.49 763.42±134.69 850.61±106.47 786.56±137.26
F2 (Hz) 1231.12±77.96 1185.19±76.39 1121.43±99.39 1155.83±52.43 1214.39±107.16
F3 (Hz) 2028.63±140.58 2022.16±231.42 1689.61±255.66 2040.05±269.55 2454.26±256.22
Fundamental frequency (Hz) 387.62±76.93 423.83±67.07 420.19±62.43 474.91±47.48 438.81±65.32
Pulse rate (p/s) 136.72±59.11 181.01±63.47 235.24±71.66 238.71±68.11 229.76±82.48
Pulse (p) 197.31±82.12 277.26±103.77 277.95±95.51 237.58±82.98 234.90±98.99

A total of 756 calls were recorded. Data was expressed as mean±standard deviation (mean±SD). Significant level was set at 0.05. *Based on calls recorded 
at an approximate distance of 1 m.

Conversely, the phonotaxis score can exceed 1 if the 
female approached the test stimulus more rapidly than 
the control stimulus. Although there was considerable 
variation in the control values of the individual females, 
no tendencies were observed for response times to change 
over the course of any of the experimental series. Even if 
gradual changes of response times were to occur (e.g. due 
to fatigue), our analysis would be unaffected because we 
normalized the test trials using the control trials.

Fig. 1. Linear relationship between pulse rate and dominant 
frequency for Q. spinosa.

RESULT

Call analysis
Breeding started from the beginning of April to late 

September. The calling behaviour of male Q. spinosa 
always took place at dusk and lasted for the whole night 

during the breeding and mating season. A total of 756 calls 
from 40 males were recorded during the five reproductive 
stages. Recorded calls had mean call duration of 1.22s 
(SD=0.328s), a mean dominant frequency of 961.47Hz 
(SD=255.539Hz), and a mean fundamental frequency of 
432.71Hz (SD=67.526Hz) (Table I). The pulse rate of 
male calls was negatively correlated with the dominant 
frequency (r=-0.141, P<0.01, Fig. 1) and positively 
correlated with fundamental frequency (r=0.151, P<0.01, 
Fig. 2). No significant correlation was found between the 
dominant frequency and fundamental frequency (r=0.036, 
P>0.05).

Fig. 2. Linear relationship between pulse rate and 
fundamental frequency for Q. spinosa.

Descriptive statistics for call characteristics of 
different reproductive stages are given in Table I. In these 
periods, Kruskal–Wallis tests showed highly significant 
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differences in dominant frequency (χ2
4,771=44.599, P<0.01), 

fundamental frequency (χ2
4,771=102.216, P<0.01), F1 

(χ2
4,771=96.439, P<0.01), F2 (χ2

4,771=101.978, P<0.01), and 
F3 (χ2

4,771=411.065, P<0.01). Several call properties, such 
as dominant frequency, fundamental frequency, F1, and F2, 
presented different variation tendencies in the five breeding 
periods. A broken line graph shown in Figure 3 illustrates 

these changes. Dominant frequency and F1 showed an 
“M” type of variation, and the values of the periods of 
early May and mid-July were similar, which were higher 
than the other periods. F2 first decreased then increased 
over the periods, with a minimum value in late June. 
Fundamental frequency first increased and then decreased 
over the periods, with a maximum value in mid-July. 

Fig. 3. Different variation tendencies in dominant frequency (A), fundamental frequency (B), the first formant (F1, C), the second 
formant (F2, D), and pulse rate (E) across five breeding periods (mid-April, early May, late June, mid-July, and early September). 
Each point represents the mean (±SE) acoustic signals of 40 males.
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Fig. 4. Phonotactic scores of females to call models varying in call duration (A). Scores were calculated by dividing each control 
trial by the mean control trial of that female. Each point represents the mean (±SE) of 10 females. The number of notes used in 
the control trials was 4. Graphs illustrating the phonotactic scores of females to call models varying in call rate (B). Each point 
represents the mean (±SE) of 10 females. The call rate used in the control trials was 15n/min.

Female preference
In the first no-choice experiments, we measured 

the female phonotaxis preference based on call duration 
(Fig. 4A). In the test, high scores occurred only with the 
4-note call duration (which approaches the mean call 
duration for mid-April and early-May). Whereas longer 
and shorter durations resulted in lower scores. For longer 
call durations, phonotactic scores were close to 0.45, 
whereas for shorter durations, the scores remained well 
within 0.40. Thus, the calls with longer duration were not 
attractive and the female approached them slowly. The 
influence of call rate on female response in our no-choice 
tests is shown in Figure 4B. Phonotactic scores were high 
(>0.9) for call rates close to 15n/min. For higher and lower 
call rates, the response values dropped, with a mean score 
of 0.37.

DISCUSSION

The preferences of females for phonotaxis have 
been studied extensively in insects and frogs in the 
context of mate attraction (Bush et al., 2002; Klymus et 
al., 2012; Reichert and Ronacher, 2014). Two methods 
were regularly used to assess such preferences: (i) choice 
tests, in which responses to one of two or more alternative 
signals are tabulated, (ii) single-stimulus tests, in which 
female responses to one signal are measured. The choice 
tests were used frequently in studies on anuran female 
preference. In a choice test, the shape of the preference 
function can only be determined if multiple stimulus pairs 
are presented or the stimuli cover a broad range of signal 

values (Gerhardt, 1991; Wagner et al., 1995). The choice 
test needs to compare female choices under different call 
signals which will detect the preference of females, and the 
more call signals to be detect, the more choice tests to be 
done. In addition, more choice tests may cause females to 
show weak preference, which may affect the accuracy of 
the experiment (Bush et al., 2002). Single-stimulus tests 
are less affected by this constraint, and prevents females 
that are engaged in repeated sampling from displaying 
weaker preferences. For the above reasons we used the 
single-stimulus test to investigate the shapes of female 
preference functions for acoustic signals. 

For the study of most anurans, the acoustic signals 
are used to evaluate prospective mates, and the different 
call properties are taken to mean different energetic 
investments. We have analysed the eight call properties 
of advertisement call variation among populations of Q. 
spinosa across the five reproductive stages. Our results 
demonstrated that male Q. spinosa calls vary at different 
reproductive stages, and the call properties show different 
trends. The trends of some call properties, including 
fundamental frequency, dominant frequency, and formant, 
which are not affected by the external environment and 
reflect the male’s own state, or calling behaviour strategy 
during a breeding period. The trends in dominant frequency 
and F1 were the “M” type, and the higher values appeared 
in early May and mid-July, which was the peak period of 
female breeding. According to field observations, the male 
often showed a more positive vocal behaviour during those 
periods. The higher values of the dominant frequency and 
FI may be a calling strategy for improving the identification 
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of calls. The change in male vocal characteristics is not 
blind, perhaps to cater to female preferences. The female’s 
choice preference is flexible and related to the reproductive 
stage of female frog in Q. spinosa.

According to the diagram of constructed preference 
functions, we found the females displayed the shortest 
response time to a 4-note call duration and with a call 
rate of 15n/min. As the values of call duration and call 
rate changed, the response time increased significantly. 
The female preference for these two call properties was 
subject to stabilizing preferences, which means that the 
female phonotactic scores was highest when the values 
of call characteristics achieve a 4-note call duration and 
a 15n/min call rate. Our study suggests selection by 
female preference for males producing calls of average 
duration and rate. In anurans, calling has a high energetic 
cost, such that call and call rate are assumed to be under 
strong energetic constraints (Wells and Taigen, 1992). The 
call duration and call rate reflect energy investment, and 
long call durations and high call rate always mean high 
energetic costs. However, the advantage of mating with 
extreme conspecifics may be diminished by the risk of 
mating with heterospecifics (Wollerman, 1998; Welch 
et al., 1998; Richardson et al., 2010). Males with calls 
of long duration or high rate may be at a high predation 
risk, because their calls not only attract the attention of 
the female but also the predator (Sun and Narins, 2005). 
Bonachea and Ryan (2011) suggested that predation risk 
not only increases thresholds of mate attractiveness or 
even reverses preferences for normally attractive traits, 
but also reduces evaluation time and mate sampling. 
Hence, the preference of female Q. spinosa around the 
mean call duration and call rate may be a trade-off, it may 
decrease the risk of mating with heterospecifics, reduce the 
predation risk, and ensure that the females gain moderate 
fitness from choosing a mate with mean call properties. The 
female choice may be more complicated than originally 
assumed for natural conditions, because in the present 
study the male call and female choice were limited by 
many factors such as the acoustic environment and living 
environment resources. For future studies these factors 
need to be considered, as well as the combination of field 
observation and experimental research, to accurately 
recognize the female choice behaviour of Q. spinosa and 
provide a theoretical basis for further research on calling 
behaviour.

CONCLUSION

In conclusion, our data support the hypothesis that 
female Q. spinosa have noticeable mating preferences on 
the call qualities of call duration and call rates. Our findings 

also show that male call properties have seasonal variations 
and males may adjust their call properties to attract a 
female in different stages of reproduction. However, this 
evidence should be supplemented with studies of other 
characters such as environmental factors. More insight 
should be gained on the meaning and function of every call 
property to assert whether the female preference affects 
the male call and to examine the female preference across 
all male call properties.

ACKNOWLEDGEMENTS

The research was supported by the National Natural 
Science Foundation of China (Nos. 31472015 and 
31772482), the Major Science and Technology Specific 
Projects Zhejiang Province, China (2016C02055-1-3), the 
Key Projects of Zhejiang Science Fund (LZ17C030001) 
and Key project of Xinyang College (2016zd02).

Statement of conflict of interest
The authors declare no conflict of interest.

REFERENCES

Andersson, M.B., 1994. Sexual selection. Princeton 
University Press, Princeton, NJ.

Bush, S.L., Gerhardt, H.C. and Schu, J., 2002. Pattern 
recognition and call preferences in treefrogs 
(Anura: Hylidae): A quantitative analysis using 
a no-choice paradigm. Anim. Behav., 63: 7-14. 
https://doi.org/10.1006/anbe.2001.1880

Boersma, P. and Wecnink, D., 2006. Praat versoon, 
4.2.23. www.praat.org.

Bickford, D., Lohman, D.J., Sohdi, N.S., Meier, R., 
Winker, K., Ingram, K.K. and Das, I., 2007. Cryptic 
species as a window on diversity and conservation. 
Trends Ecol. Evol., 22: 148-155. https://doi.
org/10.1016/j.tree.2006.11.004

Bee, M.A., 2008. Parallel female preferences for call 
duration in a diploid ancestor of an allotetraploid 
treefrog. Anim. Behav., 76: 845-853. https://doi.
org/10.1016/j.anbehav.2008.01.029

Bonachea, L.A. and Ryan, M.J., 2011. Predation 
risk increases permissiveness for heterospecific 
advertisement calls in túngara frogs, Physalaemus 
pustulosus. Anim. Behav., 82: 347-352. https://doi.
org/10.1016/j.anbehav.2011.05.009

Baraquet, M., Grenat, P.R., Salas, N.E. and Martino, A.L., 
2015. Geographic variation in the advertisement 
call of Hypsiboas cordobae (Anura, Hylidae). Acta 
Ethol., 18: 79-86. https://doi.org/10.1007/s10211-
014-0188-2

https://doi.org/10.1006/anbe.2001.1880
https://doi.org/10.1016/j.tree.2006.11.004
https://doi.org/10.1016/j.tree.2006.11.004
https://doi.org/10.1016/j.anbehav.2008.01.029
https://doi.org/10.1016/j.anbehav.2008.01.029
https://doi.org/10.1016/j.anbehav.2011.05.009
https://doi.org/10.1016/j.anbehav.2011.05.009
https://doi.org/10.1007/s10211-014-0188-2
https://doi.org/10.1007/s10211-014-0188-2


832                                                                                        Y. Yu et al.

Castellano, S. and Giacoma, C., 1998. Stabilizing and 
directional female choice for male calls in the 
European green toad. Anim. Behav., 56: 275-287. 
https://doi.org/10.1006/anbe.1998.0784

Chen, P., Zheng, R.Q., Huang, H., Yu, X.Y. and Xu, 
Z.W., 2012. Mating call of Paa spinosa is related to 
temperature but not to body size. Sichuan J. Zool., 
3: 513-517.

Cui, J.G., Song, X.Y., Fang, G.Z., Xu, F., Brauth, 
S.E. and Tang, Y.Z., 2011. Circadian rhythm of 
calling behavior in the Emei music frog (Babina 
daunchina) is associated with habitat temperature 
and relative humidity. Asian Herpetol. Res., 2: 149-
154. https://doi.org/10.3724/SP.J.1245.2011.00149

Doty, G.V. and Welch, A.M., 2001. Advertisement 
call duration indicates good genes for offspring 
feeding rate in gray tree frogs (Hyla versicolor). 
Behav. Ecol. Sociobiol., 49: 150-156. https://doi.
org/10.1007/s002650000291

Fang, G.Z., Jiang, F., Yang, P., Cui, J.G., Brauth, S.E. 
and Tang, Y.Z., 2014. Male vocal competition is 
dynamic and strongly affected by social contexts in 
music frogs. Anim. Cogn., 17: 483-494. https://doi.
org/10.1007/s10071-013-0680-5

Fang, X.B., Qiu, X., Zhou, Y.L., Yang, L.Y., Zhao, 
Y., Zheng, W.H. and Liu, J.S., 2015. Acoustic 
characteristics of advertisement calls in Babina 
adenopleura. Asian Herpetol. Res., 6: 220-228.

Fang, G.Z., Yang, P., Cui, J.G., Yao, D.Z., Steven, E.B. 
and Tang, Y.Z., 2012. Mating signals indicating 
sexual receptiveness induce unique spatio-temporal 
EEG theta patterns in an anuran species. PLoS 
One, 7: e52364. https://doi.org/10.1371/journal.
pone.0052364

Gerhardt, H.C., 1991. Female mate choice in treefrogs 
static and dynamic acoustic criteria. Anim. Behav., 
42: 615-635. https://doi.org/10.1016/S0003-
3472(05)80245-3

Gerhardt, H.C., Dyson, M.L. and Tanner, S.D., 1996. 
Dynamic properties of the advertisement calls 
of gray tree frogs. Patterns of variability and 
female choice. Behav. Ecol., 7: 7-18. https://doi.
org/10.1093/beheco/7.1.7

Gerhardt, H.C., Tanner, S.D., Corrigan, C.M. and 
Walton, H.C., 2000. Female preference functions 
based on call duration in the gray tree frog (Hyla 
versicolor). Behav. Ecol., 11: 663-669. https://doi.
org/10.1093/beheco/11.6.663

Gerhardt, H.C. and Huber, F., 2002. Acoustic 
communication in insects and anurans. University 
of Chicago Press, Chicago, IL.

Gordon, N.M. and Gerhardt, H.C., 2009. Hormonal 

modulation of phonotaxis and advertisement-
call preferences in the gray tree frog (Hyla 
versicolor). Horm. Behav., 55: 121-127. https://doi.
org/10.1016/j.yhbeh.2008.09.007

Hernández, M., Alonso, R. and Rodríguez, A., 2010. 
Advertisement call of Peltophryne florentinoi 
(Anura. Bufonidae), an endemic toad from Zapata 
Swamp, Cuba. Amphibia-Reptilia, 31: 265-272. 
https://doi.org/10.1163/156853810791069083

Henderson, J.J. and Gerhardt, H.C., 2013. Restoration of 
call attractiveness by novel acoustic appendages in 
grey tree frogs. Behav. Ecol., 86: 537-543. https://
doi.org/10.1016/j.anbehav.2013.06.005

Klump, G.M. and Gerhardt, H.C., 1987. Use of non-
arbitrary acoustic criteria in mate choice by female 
gray tree frogs. Nature, 326: 286-288. https://doi.
org/10.1038/326286a0

Kong, S.S., Zheng, R.Q. and Zhang, Q.P., 2016. The 
advertisement calls of Quasipaa shini (Ahl, 1930) 
(Anura: Dicroglossidae). Zootaxa, 4205: 87-89. 
https://doi.org/10.11646/zootaxa.4205.1.8

Kohler, J., Jansen, M., Rodríguez, A., Kok, P.J.R., 
Toledo, L.F., Emmrich, M., Glaw, F., Haddad, 
C.F.B., Rodrl, M. and Vences, M., 2017. The use 
of bioacoustics in anuran taxonomy: Theory, 
terminology, methods and recommendations for 
best practice. Zootaxa, 4251: 1-124. https://doi.
org/10.11646/zootaxa.4251.1.1

Klymus, K.E., Humfeld, S.C. and Gerhardt, H.C., 2012. 
Geographical variation in male advertisement 
calls and female preference of the wide-ranging 
canyon tree frog, Hyla arenicolor. Biol. J. Linn. 
Soc., 107: 219-232. https://doi.org/10.1111/j.1095-
8312.2012.01931.x

Lynch, K.S., Rand, A.S., Ryan, M.J. and Wilczynski, W., 
2005. Plasticity in female mate choice associated 
with changing reproductive states. Behav. 
Ecol., 69: 689-699. https://doi.org/10.1016/j.
anbehav.2004.05.016

Márquez, R., 1995. Female choice in the midwife 
toads (Alytes obstetricans and A. cisternasii). 
Behaviour, 132: 151-161. https://doi.
org/10.1163/156853995X00342

Márquez, R. and Bosch, J., 1997. Male advertisement 
call and female preference in sympatric and 
allopatric midwife toads. Behav. Ecol., 54: 1333-
1345. https://doi.org/10.1006/anbe.1997.0529

Murphy, C.G. and Gerhardt, H.C., 2000. Mating 
preference functions of individual female barking 
tree frogs, Hyla gratiosa, for two properties of male 
advertisement calls. Evolution, 54: 660-669. https://
doi.org/10.1111/j.0014-3820.2000.tb00067.x

https://doi.org/10.1006/anbe.1998.0784
https://doi.org/10.3724/SP.J.1245.2011.00149
https://doi.org/10.1007/s002650000291
https://doi.org/10.1007/s002650000291
https://doi.org/10.1007/s10071-013-0680-5
https://doi.org/10.1007/s10071-013-0680-5
https://doi.org/10.1371/journal.pone.0052364
https://doi.org/10.1371/journal.pone.0052364
https://doi.org/10.1016/S0003-3472(05)80245-3
https://doi.org/10.1016/S0003-3472(05)80245-3
https://doi.org/10.1093/beheco/7.1.7
https://doi.org/10.1093/beheco/7.1.7
https://doi.org/10.1093/beheco/11.6.663
https://doi.org/10.1093/beheco/11.6.663
https://doi.org/10.1016/j.yhbeh.2008.09.007
https://doi.org/10.1016/j.yhbeh.2008.09.007
https://doi.org/10.1163/156853810791069083
https://doi.org/10.1016/j.anbehav.2013.06.005
https://doi.org/10.1016/j.anbehav.2013.06.005
https://doi.org/10.1038/326286a0
https://doi.org/10.1038/326286a0
https://doi.org/10.11646/zootaxa.4205.1.8
https://doi.org/10.11646/zootaxa.4251.1.1
https://doi.org/10.11646/zootaxa.4251.1.1
https://doi.org/10.1111/j.1095-8312.2012.01931.x
https://doi.org/10.1111/j.1095-8312.2012.01931.x
https://doi.org/10.1016/j.anbehav.2004.05.016
https://doi.org/10.1016/j.anbehav.2004.05.016
https://doi.org/10.1163/156853995X00342
https://doi.org/10.1163/156853995X00342
https://doi.org/10.1006/anbe.1997.0529
https://doi.org/10.1111/j.0014-3820.2000.tb00067.x
https://doi.org/10.1111/j.0014-3820.2000.tb00067.x


833                                                                                        Female Mate Preferences of Quasipaa spinosa 833

Martinez-Rivera, C.C. and Gerhardt, H.C., 2008. 
Advertisement-call modification, male competition, 
and female preference in the bird-voiced treefrog 
Hyla avivoca. Behav. Ecol., Sociobiol., 63: 195-
208. https://doi.org/10.1007/s00265-008-0650-0

Pröhl, H., 2003. Variation in male calling behaviour and 
relation to male mating success in the strawberry 
poison frog (Dendrobates pumilio). Ethology, 
109: 273-290. https://doi.org/10.1046/j.1439-
0310.2003.00863.x

Ryan, M.J. and Keddy-Hector, A., 1992. Directional 
patterns of female mate choice and the role of 
sensory biases. Am. Natural., 139: 4-35. https://doi.
org/10.1086/285303

Rosso, A., Castellano, S. and Giacoma, C., 2006. 
Preferences for call spectral properties in Hyla 
intermedia. Ethology, 112: 599-607. https://doi.
org/10.1111/j.1439-0310.2005.01186.x

Richardson, C., Joly, P., Léna, J., Plénet, S. and 
Lengagne, T., 2010. The challenge of finding a high-
quality male a treefrog solution based on female 
assessment of male calls. Behaviour, 147: 1737-
1752. https://doi.org/10.1163/000579510X530221

Reichert, M.S. and Ronacher, B., 2014. Noise affects 
the shape of female preference functions for 
acoustic signals. Evolution, 69: 381-394. https://
doi.org/10.1111/evo.12592

Sun, J.W.C. and Narins, P.M., 2005. Anthropogenic 
sounds differentially affect amphibian call rate. 
Biol. Conserv., 121: 427. https://doi.org/10.1016/j.
biocon.2004.05.017

Sokal, R.R. and Rohlf, F.J., 1981. Biometry the 
principles and practice of statistics in biological 
research, 2nd ed. W.H. Freeman and Company, New 
York.

Sullivan, B.K., Ryan, M.J. and Verrell, P.A., 1995. 
Female choice and mating system structure. 
Amphib. Biol., 1995: 469-517.

Shen B., Chen, P., Zheng, R.Q., Min, J.J., Dong, B.J., 
Zhao, M.M., 2015. Geographic variation in the 
advertisement calls of the giant spiny frog (Paa 
spinosa). Acta Ecol. Sin., 35: 39-45. https://doi.
org/10.1016/j.chnaes.2015.01.001

Tárano, Z. and Herrera, E.A., 2003. Female preferences 
for call traits and male mating success in the 
neotropical frog Physalaemus enesefae. Ethology, 
109: 121-134. https://doi.org/10.1046/j.1439-
0310.2003.00848.x

Velásquez, N.A., Valdés, J.L., Vásquez, R.A., Penna, 
M., 2015. Lack of phonotactic preferences of 
female frogs and its consequences for signal 
evolution. Behav. Process, 118: 76-84. https://doi.

org/10.1016/j.beproc.2015.06.001
Wells, K.D. and Taigen, T.L., 1986. The effect of social 

interactions on calling energetics in the gray tree 
frog (Hyla versicolor). Behav. Ecol. Sociobiol., 19: 
9-18. https://doi.org/10.1007/BF00303837

Wells, K.D. and Taigen, T.L., 1992. The energetics 
of reproductive behavior. In: Environmental 
physiology of the amphibians (eds. M.E. Feder 
and W.W. Burggren). University of Chicago Press, 
Chicago, pp. 410–426.

Wagner, W.E., Murray, A.M. and Cade, W.H., 1995. 
Phenotypic variation in the mating preferences 
of female field crickets, Gryllus integer. Anim. 
Behav., 49: 1269-1281. https://doi.org/10.1006/
anbe.1995.0159

Wagner, W.E., 1998. Measuring female mating 
preferences. Anim. Behav., 55: 1029-1042. https://
doi.org/10.1006/anbe.1997.0635

Welch, A.M., Semlitsch, R.D. and Gerhardt, H.C., 1998. 
Call duration as an indicator of genetic quality in 
the gray tree frog. Science, 280: 1928-1930. https://
doi.org/10.1126/science.280.5371.1928

Wollerman, L., 1998. Stabilizing and directional 
preferences of female Hyla ebraccata for calls 
differing in static properties. Anim. Behav., 55: 1619-
1630. https://doi.org/10.1006/anbe.1997.0697

Wei, L., Zhao, L.H., Ma, X.H., Fan, X.L., Ma, X.M. and 
Lin, Z.H., 2012. Advertisement call variability in 
the black-spined toad Bufo melanostictus (Anura: 
Bufonidae) during the breeding season in Lishui, 
Zhejiang, China. Asian Herpetol. Res., 3: 157-162. 
https://doi.org/10.3724/SP.J.1245.2012.0017

Xu, J.X., Xie, F., Jiang, J.P., Mo, Y.M. and Zheng, Z.H., 
2005. The acoustic features of the mating call of 12 
anuran species. Chinese J. Zool., 40: 12-19.

Yu, B.G. and Zheng, R.Q., 2009. The advertisement call 
of the giant spiny frog Paa spinosa. Curr. Zool., 55: 
411-415. https://doi.org/10.1093/czoolo/55.6.411

Yu, B.G., Zheng, R.Q., Zhang, Y. and Liu, C.T., 
2010. Geographic variation in body size and 
sexual size dimorphism in the giant spiny frog 
Paa spinosa (David, 1875) (Anura: Ranoidae). 
J. Nat. Hist., 44: 1729-1741. https://doi.
org/10.1080/00222931003632682

Ye, S.P., Huang, H., Zheng, R.Q., Zhang, J.Y., Yang, 
G. and Xu, S.X., 2013. Phylogeographic analyses 
strongly suggest cryptic speciation in the giant spiny 
frog (Dicroglossidae, Paa spinosa) and interspecies 
hybridization in Paa. PLoS One, 8: e70403. https://
doi.org/10.1371/journal.pone.0070403

Zhang, Q.P., Hu, W.F., Zhou, T.T., Kong, S.S., Liu, Z.F. 
and Zheng, R.Q., 2018. Interspecies introgressive 

https://doi.org/10.1007/s00265-008-0650-0
https://doi.org/10.1046/j.1439-0310.2003.00863.x
https://doi.org/10.1046/j.1439-0310.2003.00863.x
https://doi.org/10.1086/285303
https://doi.org/10.1086/285303
https://doi.org/10.1111/j.1439-0310.2005.01186.x
https://doi.org/10.1111/j.1439-0310.2005.01186.x
https://doi.org/10.1163/000579510X530221
https://doi.org/10.1111/evo.12592
https://doi.org/10.1111/evo.12592
https://doi.org/10.1016/j.biocon.2004.05.017
https://doi.org/10.1016/j.biocon.2004.05.017
https://doi.org/10.1016/j.chnaes.2015.01.001
https://doi.org/10.1016/j.chnaes.2015.01.001
https://doi.org/10.1046/j.1439-0310.2003.00848.x
https://doi.org/10.1046/j.1439-0310.2003.00848.x
https://doi.org/10.1016/j.beproc.2015.06.001
https://doi.org/10.1016/j.beproc.2015.06.001
https://doi.org/10.1007/BF00303837
https://doi.org/10.1006/anbe.1995.0159
https://doi.org/10.1006/anbe.1995.0159
https://doi.org/10.1006/anbe.1997.0635
https://doi.org/10.1006/anbe.1997.0635
https://doi.org/10.1126/science.280.5371.1928
https://doi.org/10.1126/science.280.5371.1928
https://doi.org/10.1006/anbe.1997.0697
https://doi.org/10.3724/SP.J.1245.2012.0017
https://doi.org/10.1093/czoolo/55.6.411
https://doi.org/10.1080/00222931003632682
https://doi.org/10.1080/00222931003632682
https://doi.org/10.1371/journal.pone.0070403
https://doi.org/10.1371/journal.pone.0070403


834                                                                                        Y. Yu et al.

hybridization in spiny frogs Quasipaa (Family 
Dicroglossidae) revealed by analyses on multiple 
mitochondrial and nuclear genes. Ecol. Evol., 8: 
1260-1270. https://doi.org/10.1002/ece3.3728

Zar, J.H., 1996. Biostatisitcal analysis, 3rd ed. Prentice 
Hall, Englewood Cliffs, New Jersey.

Zhao, E., 1998. China red data book of endangered 

animals-Amphibia Reptilia. Science Press, Beijing.
Zheng, R.Q. and Liu, C.T., 2010. Giant spiny-frog 

(Paa spinosa) from different populations differ in 
thermal preference but not in thermal tolerance. 
Aquat. Ecol., 44: 723-729. https://doi.org/10.1007/
s10452-009-9310-3

https://doi.org/10.1002/ece3.3728
https://doi.org/10.1007/s10452-009-9310-3
https://doi.org/10.1007/s10452-009-9310-3

