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ABSTRACT

The structure and variation of the mating call in Rana nigromaculata was studied in a popu-
lation at Da-rak, Chong-won, Chung-buk (36° 37" latitude, 127° 21" longitude) in Korea. The
mating call consists of 3 to 8 pulse groups divided by clear silent intervals. Each pulse group is
also composed of fine pulses. Temperature and body size affect the temporal and spectral
characteristics of the mating call. Pulse, pulse group repetition rate and dominant frequency rise
with increasing temperature, whereas pulse group repetition rate and dominant frequency decrease
with increasing body size. A playback experiment was designed to establish the effect of a poten-
tial intruder on male calling. During the stimulus periods, resident males markedly decreased the
pulse repetition rate, and increased the rate of pulse groups, dominant frequency, and the number
of call groups. This results indicate that this species responds in a graded fashion when interacting

with other individuals.
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INTRODUCTION

The use of acoustic signals in anuran amphibians
plays an important primary role in relation to both
interspecific and intraspecific mate choice by females
(Sullivan 1983, Robertson 1986a, Narins and Zelick
1988, Ryan 1990, Gerhardt 1991, Wagner and Sul-
livan 1995) and male-male competition (Davies and

Halliday 1978, Ramer et al. 1983, Robertson 1986b,
Wells 1988, Schwartz 1989, Wagner 1989 a,b). This is
because these amphibians can distinguish between
conspecifics and heterospecifics, and can discriminate
among conspecifics by interacting through social com-
munication systems that are based on significant call
differences. Call discrimination experiments have
revealed a few potential parameters such as call dur-

ation (Klump and Gerhardt 1987), call repetition rate
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(see Gerhardt 1988 for review), and call complexity
(Wells and Schwartz 1984, Schwartz 1986, 1987).

Temperature and body size have been considered
as the main factors that influence some important
call parameters of the mating call (Gerhardt 1978,
Sullivan 1984, Ryan 1985, Sullivan and Wagner 1988,
No and Park 1992). In spite of such call variations,
it has been reported that their mating calls possess
species-specific charactenistics and are used for species
identification (Schneider er al. 1984, Gerhardt 1982).
The differences in mating calls, serum proteins, and
morphology of Hyla japonica and H. suweonensis in
data collected in Suweon, Korea, led to the con-
clusion that these amphibians represent separate
species (Kuramoto 1980, Yang er al. 1981). Fur-
thermore, the comparative study of call types in the
Genus Hyla in Korea showed that the A-type call
belongs to Hyla japonica and the E-type call to H.
suweonensis (Park et al. 1996). Therefore, the analysis
of mating call provides important cues on the phylo-
genetic relationships of populations and species.

The main purposes of this study were to examine
the natural structure and variation in the mating call
of Rana nigromaculata. In order to achieve this goal,
we have addressed the following: (1) call variation
with temperature, (2) call variation with body size,
(3) mating call variation in playback experiments.
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Third item was especially designed to examine how
the presence of a nearby calling intruder influences
mating call variation.

MATERIAL AND METHODS

Study area and general methods

We studied a population of Rana nigromaculata in
May, 1997 at Da-rak, Chung-Won, Chung-buk (36°
377 latitude, 127° 21”7 longitude) in Korea. This popu-
lation is located at a shallow seasonal pond bordered
by narrow causeways. The mating call was recorded
in the field with a Uher 4000 portable tape recorder,
Portable Timecode DAT Recorder (PDR1000TC), and
condenser microphone (type MKH 816 P48, AKG
cl000s). After each recording, we measured the water
temperatures (depth 3 to 5cm) adjacent to the calling
males with a thermometer (HD 8605) and the snout-
vent length {o the nearest 0.lmm with vernier
calipers. The calls was analyzed using a Kay electric
sonagraph 5500. The following call parameters are
measured: pulse group duration (ms), pulse repetition
rate, call duration (ms), number of pulse groups per
call, dominant frequency (Hz), and repetition rate of
pulse groups (Fig. 1). Pulse repetition rate was
calculated from the equation (N-1/pulse group dur-

call duration

Fig. 1. Example of a mating call of Rana nigromaculata showing parameters used in analysis, Parameters measured

are PGD (pulse group duration), number of pulses per pulse group, 1PG (interval between pulse groups), pulse rep-
etition rate, call duration, number of pulse groups per call, repetition rate of pulse groups, dominant frequency.
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ation X 100; where N=the number of pulses).
Playback experiments

The experimental tape was constructed using a
single mating call recorded from a single male from
the study area. This call type had the following
parameters: 4 pulse groups per call, call duration 34
ms, dominant frequency 1360 Hz, and inter-call
intervals 3 s. We tested nine calling males of R.
nigromaculata on 22 and 25 May 1997. Before each
test was performed, for each male we recorded at
least five calls from the isolated male. A male was
considered isolated when no other males were calling
within 5 m of this male’s calling site. The stimulus
tape was played for 2-minute periods from a Sony
TCM 5000EV stereo cassette recorder placed appro-
ximately Im from the calling male. During playback
experiments, the response of the calling male was
recorded with a Sony TCM 929 stereo cassette re-
corder and for closer calling males, a small Aiwa
microphone fixed on long narrow rod(length 75 cm).
The call intensity from the speaker varied from 83 to
87 dB at 50 cm, which was similar to the natural
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call intensity. Changes in the basic call parameters
emitled during the non-stimulus period and stimulus
period were compared, and the rate of the overlap-
ping calls was investigated. All data were calculated
using an SPSSWIN package.

RESULTS
Structure and variation of mating call

When this animal is isolated, one-group mating call
is usually emitted. On the other hand, when an indi-
vidual interacts with other individuals, more than
two-group calls are emitted. The mating calls consist
of 3 to 8 pulse groups(X=4.5240.51; N=28), which
are separated by clear silent intervals. Each pulse
group is also composed of fine pulses(X=8.60+1.46;
N=28)(Fig. 1).

As the water temperature increases from 15.7 to
21.17C, the pulse group duration and the number of
pulses per pulse group decrease, whereas the number
of pulse groups per call increases(Table 1, Fig. 2~9).
According to the regression calculations, the changes
in the interval between pulse groups with temperature

Table 1. Relationship of mating call parameters with water temperature and body size, Results of the statistical
calcultions. Singificance level: * P<0.05: *, P<0.01: *, P<0.00l: n.s. = not significant

variable(y)

Regression equation

F-test

1. x=water temperature(N=20)
Pulse group duration(ms)

Number of pulses per pulse group
Interval between pulse groups{ms)
Pulse repetition rate

Call duration{ms)

Number of pulse groups per call
Repetition rate of pulse groups
Dominant frequency(Hz)

2. x=hody size(N=18)
Pulse group duration{ms)

Number of pulses per pulse group
Interval between pulse groups{(ms)
Pulse repetition rate

Call duration(ms)

Number of pulse groups per call
Repetition rate of pulse groups
Dominant frequency(Hz)

Y=1351.54— 39.64x

197.8137*=

Y= 10.16— 0.10x 6.0608*
- n.s.
Y= 012+ 0.06x 50.83024™*
Y =5085.24— 36.91x 5.6656*
Y= 219+ 0.14x 23.8687**
Y= 0.01+ 0.004x 91.60424*
Y= 766.27+ 44.84x 62.86%*
Y= 380.68+ 46.58x 15.1904**
Y= 1296— 0.81x 36.8565"*
Y= 546.41— 46.75x 22.5662*
Y= 2.24— 0.1% 54.55658"™*
Y =2752.71+228.04x 77470
- n.s.
1.s,

Y=23520.0 —340.06x

395.9495"*
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Fig. 3. The influence of water temperature on the number of pulses per pulse group.

leads to a decrease addition, the dominant frequency
of the calls increases significantly with increasing tem-

perature.

The increase of snout-vent length of the recorded
males from 4.82 to 6.76 c¢cm leads to a decrease in

the number of pulses per pulse group, but an increa-
se in the pulse group duration, which decreases the
pulse repetition rate(Table 1, Fig. 10~17). The in-
crease in the overall call duration mainly results from
an increasc in the interval pulse groups are not re-
lated to body size. The mating calls of small males
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Fig. 4. The influence of water temperature on the interval between pulse groups.
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Fig. 5. The influence of water temperature on the pulse repetition rate.
show a tendency to produce a higher dominant fre- Table 2. The pooled data from the mating calls of
quency than those of the large males. all nine frogs indicate that the interval between pulse
groups is usually reduced to a greater extent and
Playback experiment that the number of puise groups per call is increased

to a greater extent during the stimulus period than
The results of playback experiments are shown in during non-stimulus period. This means that the re-
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Fig. 7. The influence of water temperature on the number of pulse groups per call.

petition rate of pulse groups rises. However, the
pulse group duration and the number of pulses per
pulse group show insignificant differences. These con-
sequences induce a constant call duration overall.
When considering the changes in the group calls of

the selected males, the males usually switch from

one- fo two- or more group calls during the playback
experiment. Of the 158 response calls, 36.08% were
onegroup calls, 44.94% were two-group calls, 12.66%
were three-group calls, plus a few others. The males
produce their calls immediately after hearing the
stimulated call. In this respect, 27.85% of the calls
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given by the subject males overlapped with the play-

back calls. The dominant frequencies of the tested

males
period.

increased

significantly  during

DISCUSSION

the

stimulus

Call features

Temperature and body size affect the temporal and
spectral characteristics of the mating call of R.
nigromaculata. 1t has been reported that temperature
chiefly induces a decrease in the call duration and
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Fig. 11. The influence of body size on the number of pulses per pulse group.

the pulse group duration, and an increase in the
pulse repetition rate and the number of pulse groups
per call (Nevo and Schneider 1983, Wagner 1989c).
These results are consistent with our research. Ac-
cording to the earlier research of Yang et al.(1988), it
was shown that the differences in mating calls be-

tween R. nigromaculata and R. plancyi play an im-
portant role in the premating isolating mechanism. In
addition, Schwartz (1987) showed that females in
multi-species choruses could discriminate their conspe-
cific males by a species-specific feature, the pulse
rale. On the contrary, in our research body size infl-
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uences these parameters inversely, except for the nu-
mber of pulse groups per call. Another call parame-
ter, dominant frequency, also shows obvious varia-
tions with body size. It has been stated that females
prefer calls of a lower frequency which are produced
by larger males (Ryan 1980, Marquez 1995a), and

Size(cm)

size on the pulse repetition rate,

that males assess the size of an opponent on the
basis of the frequency differences of the calls(Arak
1983a, Robertson 1986b, Wagner 1989a, Wagner 19
92). Gerhardt (1982), however, indicated that the calls
of average size males are chosen by the gravid fem-
ales more frequently than those of small and very
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large males. In R. rugosa, more large males than and male-male competition,

small males were collected in amplexus with

females during the breeding season(No and Park Playback experiment

1992). In this respect, our data seem to show a

probability that size-related frequency differences The results of research on Hyla ebraccata and

are a main factor influencing female attraction Pseudacris crucifer showed that these species elevate
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their aggressive responses as a result of increases in
the call duration of the playback which is perceived
in a graded fashion (Wells 1928, Schwartz 1989). It
has been proposed that the functional meaning of
graded signals is to convey the signal’s probability of
escalating an agonistic encounter (Enquist 1985).

Brenowitz (1989) showed that male pacific treefrogs
responded to an increasing amplitude of playbacks
(87 to 99 dB) by producing fewer advertisement calls
and replacing them with encounter calls; however, the
total call rate stayed constant. Graded aggressive
signals can thus reveal the motivational state of



o
S
r'4
= - S . _ R
= 00000 :m.o + omw.o 60200 %.2 + Nm.m F ‘s om.H + mm.H + su mm.m + S.w F s304
> Sre’t sl IS4 €y 258 €06 0¢°LS av'Ls v
M 's'u 9260+ eIE0+F 00000 9.6 F S0°L + 's'u 66T+ LSTF 'S'u 6 L1F Vg 0gF 6
- L3221 0ze’1 €e'Le 6Ty 816 €06 679 0179
=
<
m S'u ¢9E0+F 0ve 0+ 's'u 169 + WL = 's'u 161+ 0e T+ s'u 8 F e+ 8
= 8181 €Sl 96°0¢ 050€ 0g¢l oret 8£C9 1979
1000°0 ov1'o+ 202'0F 780070 L6 F 869 F  ¥Z00°0 0T+ i+ s €L01+ 916 + i
0eT'1 e8e’l AN GL9E 8L 798 ¥0°9¢ ¥5'98
w0 1110°0 ave o+ 0S2°0F 000070 168 F 08 ¥ €200 08T+ 69T+ ‘s’ 116 + 606 + 9
s ove'l 981 6E°€C £€8¢ 008 868 6698 CLLe
-
ma 098070 Y020+ 8.2°0F 100070 ST+ 6’9 F $'u S9T+ A s'u G911+ 088 F C
M 922’1 LLE1 9072 SL9Y L8 988 70°65 96°L¢
=
7!
e 2900°0 SIANIES 892°0F 010070 109 + 909 F 060070 960+ 8T’ 1+ s'u 196 + Vol =+ ¥
W 62’1 8€9°1 187¢¢ €L9€ 81’8 y'6 7870 0229
=3
W 9000 OV 0F 00€°0F  o¥00°0 Syl * 098 ¥ %2200 00cC+ 6T+ 'S'U SLRARE 69°¢1+ ¢
77 61e'1 17237288 9%t (0] Qs €L’ Gc'6 7809 19°85
<
& S’ 20+ CIET+ s'u 8T+ 8091+ 'S'U 98¢+ o1+ 's'u 660+ 0r'ee+ Z
eeh'l 1191 8799 8L729 () Se'L 0v 9% 96°04
'S'U yeoF IANIES s'u 8LL + LSVIF 's'U 8LC+ 90T+ s 8¢0¢+ 669 F 1
Gee’1 G121 70'9€ ov'ey 052 8E'L 6975 66'es
d SNUNG  SNIWNS-UON d SNUIS  Snuiis-uoN M ‘ SNNWNS  SNOLLIIS-UON a‘ wa\:E:m SMUWIS-UON \m
_ _ S _ I— - 04,
aer uonyadar asind (sur)sdnoid esind usamIsq [BAIRIU] dnoig asind 1ad sasind Jo IsquInN (suryuotyemp dnoid ssind

o (JuedrjIudIs Ha‘Mm.c HQ‘.OwL . NS.AWH ‘e 1G005d ;o\mou:mu‘ﬁcmmtwop mxm\ﬁ.vwcmm
s1ed-payojewl UOXOO[p AQ pousd snwins Syl Suunp pue poldd snnuwins-uou Y} Suumnp pajyue siejeweled [0 JO uolstiedwo)) g dqel,

434



435

Call Structure and Variation of Rana nigromaculata

December 1997

AR E: R . 21007 L0007 . 660F 50F T 1Z19F  s8on
00000 sep-se61 90081 00000 ¥60°0 cgorp 0000 £r's 87 su 18°19% 66907 TV
cco00 ELTS F 058 T 00800 200°0F WO0F s 160F CO0F  su %'l ¥ 0% T g
8T"ST8T 9GFLST 1800 600 £9'F ey ST0TF 19°G6e

su 109 F HEOIF  su 1000F 2000F  su 000F 00F  su IR RE: 8 T g
95°CE0Z 199907 160°0 0600 00° 00° 50°687 88°1Gh

su 167 F BET 19707 6000F H00F 12300 SPOF 00F  su pe8L T 1881 F
00°0002 00°0%02 FOT0 2600 029 00° 8T°205 0T'IE

w0000 TLLHLF 7% F - 9000F L000F  su 90T 9SOF o000 0SS6ITF LW T g
000002 00°02LT 6600 980°0 oL cey 56255 76688

200070 829 F W6 + 120070 110°0+ G000+  z510°0 01T+ €0F 211070 v eIl + 2068 F c
000281 £e°eL91 6600 600 8L°G 68°c 06°08% 99°79€

220070 182+ eI F 1£30°0 110°0+F 8000F  T1£90°0 SLOF S50F 's$'u 6168 F v.8e F b
00°SH0Z £eeegl PITO 880°0 €8y 19°€ £6°62¢ 20267

Y0000 2668 F 67 T su T100F 1000F  -su AR 0F  su £8P ¥ 1968 F g
052261 052681 980°0 £80°0 /5°G L7 60°61S 5979

60100 0S8 F 8L F su F00'0F 00F  su SC0F COF  gu V567 T BUIIZT 2
£C 6V6T 290681 5200 9200 09°€ 09°F 90788 97695

1200 SPOL T 8k T - 1100F 9000F  su 850F 00F  su 1887 F FOUF
007001 0070081 060°0 £80°0 19° 00 00°81S 06°9¥E

d spung SN[WITIS-UON d SNWNG  SNUWNS-UON d SNWING  SnWDS-UON d SUIS  SA[NWITS-UON

8oy

(zH)Aouanbai} jueutuo]

sdnoig esnd jo a3e1 uonnaday

[leo 1ad dnots sind jo Iaqumy

(sw)uonemp [e)

penuIuo) 7 alqel,



436 Park, Shi-Ryong and Suh-Yung Yang

individuals and are used to reveal, information about
intention(Nelson 1984, Poole 1989, Capp and Searcy
1991, Hauser and Nelson 1991). The results of our
playback experiments show the effect of a potential
intruder in stimulating the subjects to produce a ma-
ting call in their territories. The experiments of Mo-
on(1994) concerning territorial behavior in R. nigro-
maculata showed that the distance maintained be-
tween the males is usually more than 25 ¢cm. In 20
% of 250 trials, in which other conspecifics invaded
their territory, fighting behavior was induced, simul-
taneously producing changes in the mating call. In
this way, the male of this species has a strong ten-
dency to keep his territory. Analyses of the mating
call in R. migromaculata show that include a simple
advertisement call and lacks a qualitatively distinct
aggressive call type. However, overall males signifi-
cantly decrease the pulse repetition rate, and increase
the rate of pulse groups, dominant frequency, and
the number of call groups during the stimulus
periods (Table 2). Especially a mating call with more
than two call groups can be observed easily in the
natural situation when a individual interacts with
other conspecifics. The consequence of these changes
in the temporal and spectral characteristics of the
mating call supports the proposal that this species
responds in a graded fashion. It has not yet been
elucidated as to why and to what extent alterations
in the structure of the call itself occur according to
the various situations. The main factor that influences
the production of a graded call needs to be inves-
tigated. However, from the work of Wells and
Schwartz(1984) we can infer that the reason for the
production of a graded call is that it allows males to
respond aggressively to other males while simul-
taneously retaining certain temporal elements in the
call that are attractive to females.
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