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Anurans communicate with others using several types of calls such as advertisement, en-
counter, release, and rain calls. Some treefrog species produce rain calls from their daytime
shelters, such as trees and bushes, during both the breeding and non-breeding seasons.
However, the function of rain calls is poorly understood. We investigated the potential
functions of rain calls by comparing the responses of male Dryophytes japonicus to the
playback of advertisement and rain calls. During one minute of playback and three minutes
post-playback, the frequencies of orientation and approach of male D. japonicus towards
the call-producing speaker did not differ in the rain and advertisement calls. However, the
number of individuals, who finally arrived at the speaker among the males, approached
towards the speaker, was significantly lower for the rain call compared to the advertise-
ment call during one-minute playback. Our results suggest that both types of calls evoke
the attention of conspecific males, but rain calls do not attract conspecific males, unlike
advertisement calls. This difference may reflect the distinct functions of rain and advertise-
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ment calls.
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Acoustic signals of animals include the substantial pro-
portion of the behavioral repertoire of animals (Laiolo
2010). Many animal taxa, including anurans, birds, and in-
sects, use their acoustic signals for species recognition,
mate selection, and territorial defense (Halfwerk et al.
2016; Luther and Gentry 2013). These signals are diverse
and can function in sexual selection. Therefore, they have
been extensively studied in terms of bioacoustics, evolu-
tion, behavior, ecology, and physiology (Podos and Webster
2022; Prestwich 1994; Toledo et al. 2015).

The vocalization of anurans is representative of acoustic
signaling in animals. Anurans use their vocalizations in
various social contexts to communicate with conspecifics
(Taigen and Wells 1985; Toledo et al. 2015; Wells 1977).
They commonly use several types of calls depending on
the social context. The most studied and common type of
anuran call is the advertisement call. Nearly all anuran
species, including the Hylidae family, produce advertise-
ment calls. These calls function to attract potential mates
and play a key role in sexual selection (Toledo et al. 2015;

Wells 1977; Zhu et al. 2017). Advertisement calls are also
used to maintain individual distance between calling
males during breeding aggregation (Bee and Perrill 1996;
Brozoska et al. 1982; Wells 1977). When a male intrudes
into the calling space or territory of a resident male, the
resident male emits encounter calls as a form of aggressive
behavior (Park and Choe 1998; Whitney 1980). Encounter
calls often progress to direct physical combat. Release calls
are emitted by females or males when forced or heterospe-
cific amplexus occurs. Distress calls are emitted when
seized by potential predators or when they escape from
predators. Most of the functions of these call types are well
understood. Unlike these calls, an additional call type,
called the rain call, is one of the less-studied anuran call
types (Toledo et al. 2015).

Several anurans of the Hylidae family, such as Dryo-
phytes squirella and Dryophytes gratiosus, emit rain calls.
It has been known that frogs primarily emit rain calls be-
fore or during rainfall as coined its term (Blair 1958; Neill
1952, 1958; Toledo et al. 2015). Although the vocal charac-
teristics of rain calls have not been studied in detail, they
typically have a shorter call and note durations, a smaller
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number of notes, and a higher note repetition rate com-
pared to advertisement calls. Especially, rain calls have ir-
regularly shaped pulse structure compared to advertisement
calls (Fig. 1) (Park et al. unpublished data). Usually, rain
calls are emitted diurnally by nocturnal species during
both the breeding and non-breeding seasons (Toledo et al.
2015). Frogs that emit rain calls usually stay in their day-
time retreat sites adjacent to the breeding site, such as trees
or bushes, although they are sometimes found relatively far
from the breeding sites (Blair 1958; Toledo et al. 2015). As
rain calls are often produced on trees, they are also re-
ferred to as tree calls (Neill 1952, 1958; Toledo et al. 2015).
Anuran species that emit rain calls are limited, and their
functions are poorly understood (Kohler et al. 2017; Toledo
et al. 2015).

Japanese treefrog (Dryophytes japonicus), the study sub-
ject species, are known to emit rain calls (Honda and Ma-
tui 1996; Inukai and Ochiai 1931). D. japonicus is widely
distributed in Northeast Asia, from Japan, Korea, China,
and Mongolia. They aggregate in their breeding pools,
such as rice paddies, between June and August, when males
produce advertisement calls to attract females (Borzée et
al. 2018, 2019). Although several studies have been con-
ducted on the advertisement calls of D. japonicus, no stud-
ies have been conducted on the characteristics and func-
tions of their rain calls.

In this study, we conducted playback tests using rain and
advertisement calls from D. japonicus. The playback of ad-
vertisement calls generally causes phonotaxis and vocaliz-
ing responses in male anurans (Hodl et al. 2004; More-
no-Gomez et al. 2015; Narins et al. 2003; Zhu et al. 2017).
Therefore, we investigated the potential functions of rain
calls by comparing the responses of male D. japonicus to
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rain calls and advertisement calls. This is the first study to
use an experimental approach to study the function of rain
calls in male D. japonicus.

Capture and handling of subjects
From June 23 to 27, 2023, we captured 45 calling males

of D. japonicus over four days. Captures were performed in
rice paddies in Dongnae-myeon (37.85404 N, 127.77432E),
Chuncheon-si, Gangwon-do. The captured subjects were
transferred to an indoor laboratory and housed individual-
ly in plastic containers (10 cm x 18 cm x 10 cm, W x L x
H). The lids of each container had ten small holes with a
diameter of 5 mm, allowing ventilation and air circulation
from the outside to the containers. Paper towels soaked in
water collected from the capture site were placed inside
each container to allow the subjects to freely access the
moisture and acclimatize to the experimental environ-
ment. All researchers wore latex gloves and changed them
for each individual when handling the subjects to mini-
mize the stress caused by the odors of other frogs or hu-
mans (Mumualem 2016). The containers were placed in an
indoor room (receiving 16L:8D cycle of natural sunlight
through the window) maintained at room temperature,
separate from the experimental area used for the playback
tests. There was no control over the temperature or humid-
ity in the room where the containers were placed. All sub-
jects were tested on the day of capture and released back to
the capture site within two days.

Time (s)

0.05s

Pulse

Oscillograms of the adver-
tisement and rain calls used in the
playback tests as stimuli (A) and
pulse structures within the note of
advertisement (B) and rain (C) call
stimulus. ND: note duration; INI:
inter-note interval.
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Acoustic stimuli
Three acoustic stimuli-advertisement call, rain call, and

control (white noise, traffic sounds) stimuli-were used in
our playback tests. Preceding the playback tests, we record-
ed the rain call and advertisement call of male D. japoni-
cus, using a digital audio recorder (Marantz PMD660; 44.1
kHz sampling rate, 16-bit PCM files) connected to a direc-
tional microphone (Sennheiser ME-67), in May 2023 at the
capture site. We selected the highest-quality and represen-
tative sound file for each call type based on its definition
and used as a stimulus in the playback test. The advertise-
ment and rain call stimuli were composed of 11 and 24
notes with durations of 3.6 and 9.3 seconds, respectively.
The audio files of both stimuli were modified by applying
noise reduction using the Audacity software v. 3.3.3 (http://
audacity.sourceforge.net). The call characteristics of both
stimuli, including note duration (the duration of a single
note), inter-note interval (the interval between two consec-
utive note), and note repetition rate (number of notes re-
peated within the periods between first and last notes), are
presented in Table 1 and Figure 1. Vocal characteristics
were analyzed using Raven Pro 1.6.3 (Cornell Lab of Orni-
thology, New York, NY, USA), following the methods out-
lined by Park et al. (2013) and Kohler et al. (2017). We used
traffic noise on YouTube (https://youtu.be/oc6rCY0d6mA)
as a control stimulus, rather than white noise or silence
(Baugh and Ryan 2017; Buxton et al. 2015; Halfwerk et al.
2016), because the road was located near the frog capture
site.

Characteristics of the advertisement and rain calls, which
used in the playback tests as stimuli

Call type Advertisement call Rain call
ND 0.095 + 0.004 0.089 £ 0.012
INI 0.142 £ 0.028 0.118 £ 0.021
NRR 4.454 4.943

Values are presented as mean + standard deviation.

The number of notes in the advertisement call was 11 and those in the
rain call was 24.

ND: note duration (s); INI: inter-note interval (s); NRR: note repetition
rate (/s).
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Experimental settings

Playback tests were conducted inside a rectangular
hemi-anechoic styrofoam chamber (20 x 40 x 20 cm, W x
L x H; Fig. 2). An 8 cm diameter speaker (PLEOMAX SI;
PLEOMAX, Seoul, South Korea), employed for playing
back acoustic stimuli, was installed on one wall of the
chamber. The acoustic stimuli were played on a desktop
and broadcast through a speaker. The opposite side of the
speaker wall was covered with a polyurethane soundproof
sponge (2081362766; Hysponge, Seoul, South Korea), and
the adjacent sides of the speaker were covered with polyes-
ter soundproof boards (3519862573; Best Bang-eum, Seoul,
South Korea) (Baugh and Ryan 2017). The bottom of the
chamber was covered with paper towels soaked in water
collected from the capture site to replicate the environment
of the capture site. To prevent the effects of odors from
other subjects, the floor of the chamber was washed with
clean tap water, and paper towels were replaced for each
test. To allow the subjects to acclimate to the experimental
conditions, a small underground box (10 x 5 x 1 cm) was
placed 35 cm away from the speaker. The male subjects
were placed in a box before the playback tests. An acrylic
sheet was used to cover the box to prevent the subjects
from escaping before the experiment. The acrylic sheet had
five holes (5 mm in diameter) that allowed circulation from
the outside to the box. A string was attached to the acrylic
sheet enabling it to be opened from outside the chamber
without disturbing the subjects (see below). The cover of
the playback test chamber was made of polyester mesh
(20 x 40 cm, 1.4 x 0.9 mm mesh size, W x L). The tempera-
ture and relative humidity in the experimental area were
maintained at 25.8°C + 1.0°C and 55.7% + 3.7%, respec-
tively, using air conditioner (AR0O6R1130HZN; Samsung,
Seoul, South Korea).

Experimental protocols
All experiments were conducted over four days from

22:00 to 01:00 and were completed within 5 hours of indi-
vidual capture. A total of 45 male D. japonicus individuals
were tested, with 15 males per stimulus. The test order and
stimuli used for each individual were randomly selected,

[~ Acoustic foams

Acrylic sheet

)) %

Underground box

The schematic diagram of

the playback test chamber.
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and each individual was tested only once.

Each test began by placing the subject in a box in the
chamber and covering the box with an acrylic sheet. The
subjects were allowed to acclimate to the box for 15 min-
utes. The acrylic sheet cover was then removed and the
subjects were allowed to move freely into the chamber. The
acoustic stimulus was broadcasted repeatedly for one min-
ute through the speaker immediately after the acrylic sheet
cover was opened. The maximum sound amplitude of the
stimuli was adjusted to 65 dB at a distance of 35 cm from
the speaker. After one minute of playback, we observed ad-
ditional post-playback responses from the subjects for
three minutes. Therefore, the entire process was recorded
using a camcorder (DCR-SR65; Sony, Tokyo, Japan) in-
stalled above the chamber. After the tests, the snout-vent
length (SVL) and body weight of each subject were mea-
sured using a digital Vernier caliper (CD15CPX; Mitutoyo
Korea Corporation, Gunpo, South Korea) and a balance
(RE-700; CAS, Yangju, South Korea) to evaluate the poten-
tial effects of the subject's body size on their responses to
playback (Kelleher et al. 2017).

Statistical analysis
The playback test results were analyzed using the record-

ed video files. In our analysis, we selected four response
parameters: orientation, where subjects oriented their head
or body towards the speaker; approach, where subjects ini-
tiated their movements toward the speaker; arrival, where
approaching subjects finally reached the speaker; and call,
where subjects emitted their calls. When the subjects were
facing the speaker before the stimulus was broadcasted, we
considered their orientation as positive only when they ap-
proached the speaker directly. Subsequently, we measured
the number of responses for each parameter in each test
group during one minute of playback and three minutes of
post-playback.

To analyze the significant differences in responses be-
tween the test groups, we first performed chi-square tests
for each parameter. We then performed post-hoc analyses
between each pair of test groups using Fisher's exact test,
where significant differences (p < 0.05) were observed us-
ing chi-square tests. We also performed one-way ANOVA
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to examine the differences in body weight and SVL among
the test groups. All statistical analyses were performed us-
ing R software v. 4.3.1 (R Core Team 2017). All mean val-
ues were presented as mean + standard deviation.

The mean SVL of the subjects in the advertisement call,
rain call, and control stimulus playbacks was 30.4 + 2.3 mm,
31.1 £ 2.1 mm, and 30.9 £ 1.6 mm, respectively. The body
weights of each test group were 2.3 + 0.3 g, 2.21 £ 0.4 g,
and 2.2 + 0.3 g, respectively. There were no significant dif-
ferences in SVL (F = 0.383, df = 2, p = 0.684) or body weight
(F =0.062, df = 2, p = 0.940) between the test groups. This
indicates that there was no bias in the body sizes of the test
groups so that the results of the playback tests were not in-
fluenced by this factor.

During one minute of playback, the number of orienta-
tions was significantly different between the test groups
(X* = 9.249, p = 0.010, Table 2). Advertisement calls in-
duced significantly more orientation than the control (p <
0.05, Fig. 3). However, the remaining comparisons were not
significant (p > 0.05). The number of arrivals during one
minute of playback was also significantly different between
the test groups (X* = 10.489, p < 0.01, Table 2). The rain
calls and controls induced significantly lower arrival re-
sponses among approaching male D. japonicus than adver-
tisement calls (p < 0.05, Fig. 3). The comparison between
the rain calls and the control was not significant (p > 0.05).
During three minutes of post-playback, none of the mea-
sured parameters showed any significant differences
among the three stimulus groups (p > 0.05, Table 2).

In this study, we confirmed that the number of orienta-
tions and approaches to the stimuli did not differ between
the two call types. However, fewer male D. japonicus ar-
rived at the acoustic stimuli of rain calls during playback
than during the playback of advertisement calls. Our re-
sults indicate that both rain and advertisement calls attract
the attention of conspecific males, but rain calls may not
elicit conspecific males to approach the calling site. The
rain calls of D. japonicus, as well as the advertisement

Summarized results of the playback tests using advertisement and rain calls

During playback (1 min)
Stimulus

Orientation ~ Approach Arrival
Advertisement call 11 6 6
Rain call 9 4 1
Control 3 2 0
X? 9.249 2.727 10.489
p-value 0.010 0.256 0.005

During post-playback (3 min)

Call Orientation ~ Approach Arrival Call
3 3 2 0
3 2 3 0
5 5 4 1
4.186 0.963 2.015 0.833 2.046
0.123 0.618 0.365 0.659 0.360

We used 15 male Dryophytes japonicus for each stimulus test and measured the number of subject males, who oriented, approached, arrived, and
called towards or at the playback speaker during playback and post-playback. Control stimulus was traffic noise. The degree of freedom in all tests

was 2.



Nam et al. Journal of Ecology and Environment (2024)48:49

110

ol A
90
=~ 80
S L -
£ ab
S 601
=
=]
= 50
o]
‘o 40
@)
30 b
20 4
10
9/15 .
0 T
Advertisement call Rain call Control
110
a
100 B
90
80
S
X 70
S
T; 60 -
5 504
g
< 40
30 4 b
20
10 2
1/4 b
0 T T
Advertisement call Rain call Control
Playback stimulus

The number of subject Dryophytes japonicus who orien-
tated (A) and arrived at the speaker (B) during one-minute play-
back of advertisement call, rain call, and control (traffic noise).
Numbers in the bars are the number of the subject males, who
participated in a specific response stage. Different characters on
the bars indicate *p < 0.05 in Fisher’s exact post-hoc test.

calls, seem to convey specific information to conspecific
males and elicit their responses. The vocalizations of anu-
rans can convey several types of information to conspecif-
ics. The advertisement calls of male anurans, for instance,
convey information on their location to conspecific fe-
males, as well as information on the location of the breed-
ing site and physical characteristics, such as the body size
of calling males, to conspecific males (Buxton et al. 2015;
Hoskin et al. 2009; Wells 1977). The orientation towards
advertisement calls of frogs is the response in which frogs
locate the calling site, allowing their approach to the site
(Hodl et al. 2004; Lindquist and Hetherington 1996; Na-
rins et al. 2003; Rheinlaender et al. 1979). In our playback
tests, male D. japonicus exhibited an orientation towards
both rain and advertisement calls, and the number of ori-
entations was not significantly different between the two
types of calls. This result suggests that rain calls convey
information about their location, similar to advertisement
calls. However, further studies are needed to evaluate
whether male D. japonicus actively advertise their location
or whether conspecific males actively use calls to locate the
calling males.
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Unlike advertisement calls, rain calls did not significant-
ly elicit arrival responses in male D. japonicus. There are
several possible explanations for these results. First, the call
characteristics of rain calls, such as the pulse structure and
relatively short call duration (see introduction and Fig. 1),
may make it difficult for the receiver to accurately localize
the location of males emitting rain calls (Jones and Rat-
nam 2023). Considering that the arrivals of male D. japon-
icus were very few during the three minutes of post-play-
back for both the advertisement and rain call stimuli, this
explanation is plausible. Second, male frogs may not be ea-
ger to arrive at sites where rain calls occur. Generally, male
D. japonicus emits rain calls at sites where breeding does
not occur (Neill 1958; Toledo et al. 2015). Therefore, male
subjects do not need to visit the site for potential breeding
opportunities or male-male competition (Buxton et al.
2015; Fellers 1979; Narins et al. 2003, 2005; Perrill et al.
1978). Finally, considering the size of the playback chamber
and the amplitude of the acoustic stimuli, subject males
may have perceived that the males emitting rain calls did
not intrude into their territories. However, this may not be
a factor because, unlike rain calls, advertisement calls in-
duced a significant arrival response in male subjects.

Based on the results of this study, several suggestions can
be made for future research. First, rain calls occur not only
during the breeding season but also during the non-breed-
ing season (Toledo et al. 2015). Therefore, the function of
the rain calls should be evaluated throughout the year. Sec-
ond, because frog responses are influenced by the ampli-
tude of the acoustic stimuli, their responses to different
amplitudes of stimuli need to be studied. The amplitudes
of acoustic stimuli often provide physical information to
animals (Gerhardt and Huber 2002). Finally, rain calls oc-
cur diurnally (Neill 1958; Toledo et al. 2015) so playback
tests during the daytime are required.
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