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Combat Calls and Fighting Behavior of the Male Odorrana tormotus
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Abstract: We recorded the calls of two male Odorrana tormotus and video-taped their interactions during a
territorial combat at Fuxi, Mount Huangshan on 17 April, 2017. The combat lasted about eight minutes, and
produced a winner and a loser. The winner emitted 16 calls during the combat and 7 calls after the combat.
The loser uttered 5 calls during the combat. At one instant during the territorial encounter, both frogs emitted

a call simultaneously. For this study, we used the software Praat to obtain various temporal and spectral
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parameters, and sheng employed T test to determine whether there was a significant difference in parameter
of each call during the combat between two frogs. The winner produced multi-note calls mostly and his calls
was with an average fundamental frequency of 8 150 £1 305 Hz; the maximum and minimum fundamental
frequency was 9 741 +1 283 Hz and 5 809 +1 139 Hz. The difference between the maximum fundamental
frequency and the minimum fundamental frequency was 3 932 1 122 Hz. All the values above was higher
than those of the loser’s made, especially on average fundamental frequency and the maximum fundamental
frequency (P < 0.05). However, the differences in minimum fundamental frequency and maximum
fundamental frequency and the in the minimum fundamental frequency were not significant (P > 0.05). But
the dominant frequency produced by the winner was significantly lower than loser’s (P > 0.05). The total call
durations of winner and loser were 0.57 +0.09 s and 0.51 £0.11 s, respectively. The time duration of calls of
this species was longer than the duration of advertisement calls of non-combat O. tormota. Comparing to the
winner the loser’s calls contained more abundant nonlinear phenomena (NLP); the duration of NLP segments
was > 50% longer for the loser than for the winner. The total duration and NLP durarion of combat and
post-combat calls for the winner were shorter (P < 0.05) than the loser, the average fundamental frequency
was significant decrease (P < 0.05), the maximum fundamental frequency and the minimum fundamental
frequency were all lower after winning the combat (P > 0.05), but the break duration was longer. The
difference between the maximum fundamental frequency and the minimum fundamental frequency was
greater (P > 0.05). It appeared that winner increased the call rate as well as the dominant frequency in order to
fight off the opponent. This article described the calling characteristics of male O. tormotus during a territorial
combat. It increases our knowledge of signal plasticity in this species.
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O, AT — 47 N R B (Feng et al.
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Fig. 1 The oscillograms and spectrums of single-note call and double-note call of two frogs in combat
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a. Single-note call of loser; b. Double-note call of loser; c. Single-note call of winner; d. Double-note call of winner.
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Fig. 2 The oscillograms and spectrums of advertisement calls of winner
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Table 1 Quantitative analysis and comparison of the parameters of combat calls from the two frogs (Mean £SD)

i # Loser Jtk& Winner P
Y A4 Number 6 17
FL% T One-note call 3 2
. X1 Two-note call 2 7
HH s
Number of =% Three-note call 1 3
syllables P43+ Four-note call 4
FH%7 Five-note call 0 1
S K Total duration (s) 0.57 +0.10 0.51 +0.11 >0.05
19 K Harmonic duration 424 £19.1 57.2+18.6 >0.05
ekt Fr BXisHK Nonlinear segment duration 54.9 +16.5 23.5+15.6 <0.05
S (9
*ﬁﬁﬁj & /[?) 33 K Subharmonic duration 25.0+13.8 17.7 £9.6 >0.05
Relative duration
VR I Chaotic duration 29.9+18.8 5.4 +9.6 <0.05
7% K Biphonic duration 0.0 £0.0 0.4+12 <0.05
i A FE sk Break duration 2.7 +4.0 19.3 +16.0 <0.05
155545 Average fundamental frequency 6792 +1 029 8150 +1 305 <0.05
BUEEAE (Hz) “E45i Domain frequency 8531 +1 768 7553 £1 027 >0.05
Spectral AR HAH Maximum fundamental frequency 8317 +1413 9741 +1 283 <0.05
characteristics .
fe/INESH Minimum fundamental frequency 5201 +1176 5809 +1 139 >0.05
HEAi% Maxi - Mini
FA5Z Maximum fundamental frequency - Minimum 3116 +1 798 3932 +1 122 >0.05

fundamental frequency

AR ISR B B ARt A B LUK & 5 I 5 B K 20t
Relative durations represent the percentage of the harmonic segments, the various NLP segments, and the signal break in the calls, relative

durations = 100 (duration of each segment/total duration).
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REgERpERHAEE (P>0.05), miELkyE
Fr B K BRI A B E R (P <
0.05, £ 1), FHME MZHE & T M# 1,
TSR B s i BE ARSI K (P <
0.05), il B & F Bt K b7 S K
29.9% +18.8%, MM A i 5.4% +9.6%.

X LG A e P A A e EAUE (R
1), M ISP B AR e R LA o % v T
W H) (P <0.05), HAh®S IG5 a4 i
ANERBI RS NS, BRI T
WeE i, (HEHARZE (P>0.05), Mk
FIHENT W (P >0.05),

2.3 JERIEEFTHRY FE ST RS S E R

TEFIE 7 min 30 s 19T, WCE B

dHRJEBkE, B S S T R 7R TC S8 40 )
g s (5%, 367 B, Rh S A i e A
SR T T =T (R 2), FT3HEMNS S &
BB (P <0.05), JRLMEBL R
Py RED BRI E K (P < 0.05),
WY FE A 4 AN = TG R 3 AU T
T 1) g B E) BT o A B R R B K (P <
0.05).

1245, BEEA SR, 54T
SLuF Y RS LA, PSR F N (P <
0.05), f5 K FEEATAN I /N FEAT AR AT Tk IMEAS
# (P>005), MEM. kS E/NEmZEA
A FrENn (P>0.05),

3 wig

BRIV BR e ) P 4 5 2 g EE AR AL ) (Feng
etal. 20090), MANSMAEEIFEZESR, A

K2 BEITHEATHES A RS RS R B0 KR CPiE + frifEx)

Table 2 Quantitative analysis and comparison of the parameters of calls during and

after combat from winner (Mean £SD)

AT 3} op 1T o
During combat After combat
1% 75 45 Number 16 7
S K Total duration (s) 0.51+0.11 0.37 +0.07 <0.05
V% I Harmonic duration 57.2 +18.6 51.8 +10.3 >0.05
JE4: 1 H- Bl K Nonlinear segment duration 23.5 +15.6 6.8 +1.10 <0.05
s 0,
#EX]‘FJ e« /[?) 2398 I Subharmonic duration 17.7 £9.6 55+11.2 <0.05
Relative duration
VR K Chaotic duration 5.4 +9.6 0.0 +£0.0 <0.05
755 I Biphonic duration 0.4 +1.2 1.3+34 <0.05
1 AR K Break duration 19.3 +16.0 420455 <0.05
P54 Average fundamental frequency 8150 +1 305 7 040 +667 <0.05
BE (H2) =45 Domain frequency 7553 £1 027 7705 +1 558 >0.05
Spectral % KA Maximum fundamental frequency 9741 %1283 9395 +783 >0.05
characteristics o
fe/INESH Minimum fundamental frequency 5809 +1 139 4 859 +911 >0.05
=} =} 4 ﬁ‘ > H _
I KNI/ NS Maximum fundamental frequency 3032 41122 4536 +1 230 >0.05

Minimum fundamental frequency

AR IR B B B ARtk i B bL R & T I R P o S i 23t

Relative durations represent the percentage of the harmonic segments, the various NLP segments, and the signal break in the calls, relative

durations = 100 (duration of each segment/total duration).
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HME T e i 43 (8188 %1 791) Hz], [
R AR & o A, ST HAD S DR S
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B B o P M I 5 1 75 RO S L 5 A7 5
FIRSENS, AR TS 7. AR K4
Sy R 5 Feng 48 (2009b) JEFT = Sk 1 v B
ET 5 S NS S AT R I, AT S A
B R 7S (P2 B KR T 0.5, BEKT—H#E
)2 5 R A A (0,26 ~0.49s) , JE4R
PE R B o B be e v T IR AR L R T g A
W B AR L Be R B A (7.2% ~ 35.8 %)
[IREZE Ty S IV S IN U TlF=

B FRAE Z FORH B 5 B A5 3 (P
HAi: 5493 ~ 8 327 Hz; e KIEM: 6 916 ~
10 425 Hz; # Kfw/NESZ% : 2 478 ~ 5 585 Hz)
TaFE A, AN /N A 1 T A S R
MR /NFESR (<5000 Hz) , AIRER A T4
SHd RO T AR T BT R
B B RSEALE LN e, 2 KN A AR
EANERE, HRA I 2 — MR R, &
HIHEFUIR S, WG SEks, BFERE, WU
fABRsEH:, XFEAETE SRS 5 UM (Mitchell
2001)

AT T TERE SR A 7 EF AT R AT S
(PINS S, AT R LRSS o R I R R R 40 B
—EZER. HHTHEMg ARG, S AEL
Jr B S I R 43 LUER /N T AT S
YR BN (P <0.05) , i RIERH =
G FHMEOR, N T RERETERE. Pt
J (R T (R BRI B, B I TR Ay Ay
FEpng R EEG, XFEFESTTARER . It
A, e NG 7S SR A B KL K A
ANEEAAH A T SR NG R . R AT
DRSS IR, B 22 () P R Y G gy (2
A Y RREAD , XFERING RS 05 VA
XTI SE PR AT e, FEER AT SRR E R
THFE S AR B I JRUS: (Hutter et al. 2013)
SO AT ERATIAE X M Bk (A T, R RN
SERERAT I AR o LR B — VORI [ ek
S RN, BAMUN T T X e
FTF AR, B R IX AT ST A B SMEAEE 2],
FEl M 9 25t R A A I/ 4T S N P R 7 g AT
T43Hr (Rios-Soto etal. 2017) « AN
PUJG BB T8R4 T JEmb B0k, A BEAE DU Bt
FAREE KILTE 2, NI4T 9t i fit
FIEA AN TN
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