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Abstract: In order to explore the influences of nonlinear phenomena (NLP) on the vocal responses in
concave-eared torrent frogs (Odorrana tormota), and whether NLP can enhance the unpredictability of calls,
strange male concave-eared torrent frogs were stimulated by replaying NLP and linear calls (Fig. 1). The
numbers of evoked vocal responses were recorded and the spectral and temporal parameters of response calls
were analyzed. The results revealed that NLP calls could cause more response calls in strange frogs (n =22, P
< 0.05, Table 2), but there was no significant difference in the first response latency (P > 0.05, Table 3) of two
kinds of evoked response calls. We then employed Praat to divide the calls into different temporal segments

and obtain various temporal and spectral parameters. Wilcoxon’s signed rank test was used to determine
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whether there was significant difference in sound parameters of two kinds of evoked response calls. The

results showed that the total duration of response calls stimulated by linear calls was longer than that of

NLP-stimulated ones, while other vocal parameters, such as average fundamental frequency, maximum

fundamental frequency, minimum fundamental frequency and dominant frequency, showed no significant

difference (P > 0.05, Table 4). It was possible that strange male frogs would respond to the conspecific calls

instantly in order to protect their territory and resources, however, there were no differences in response time

to NLP calls and linear calls. In terms of response call numbers, more responses were stimulated by NLP calls

which contain more complicated information, and thus increase the attention of the receiver. The current study

reveals that the NLP calls will enhance vocal unpredictability and cause more responses of strange male frogs.
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Fig. 1 The spectrograms of two types of call
for playback experiment

a. AFLEPENS R TR b RN R

a. Calls with nonlinear phenomena; b. Linear calls.
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Fig.2 The spectrograms of two types of
evoked response calls in strange male
concave-eared torrent frogs
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a. Shallow-frequency modulated calls; b. Single-note short calls.
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Table 1 Descriptive statistics and difference analysis of the numbers of response calls in the

control group, nonlinear calls group and linear calls group

FA R FHf b 2 B /M BT
Sample size (n) Mean Standard Error of Mean Maximum Minimum Ranks
X HEZH Control 22 0.00 0.00 0 0 1.0
JELEPERS S Nonlinear calls 22 7.82 8.22 30 1 2.7
ZEMEMYFE Linear calls 22 2.82 1.71 6 1 2.3

Friedman K365 07 2R, =HHBR 2 BA7E R ¥ % 7Y (Chi-square =36.07, df=2, P<0.01).

Friedman test showed that there was a significant difference among the three groups (Chi-square = 17.76, df =2, P < 0.01).

2 WA, LM, RN KT RE RBP4

Table 2 Pair-wise comparisons of the numbers of response calls in the control group,

nonlinear calls group and linear calls group

YTHRAH vs AELRtEng s

Control vs Nonlinear calls

A vs £ PR R
Control vs Linear calls

LG R vs R PENG

Linear calls vs Nonlinear calls

Z -4.12°
<0.01

-411° -2.84°
<0.01 <0.01

b FETFH11H. b values based on negative ranks.
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Table 3 Difference analysis of first response latency stimulated by nonlinear calls and linear calls

36

FEAS & SFYE PRz SN M p
Sample size (n) Mean (s) Standard error of mean (s) Maximum (s)  Minimum (s)
AELE NS Nonlinear calls 22 95.86 61.60 23 0.8
L PERSE Linear calls 2 101.86 83.13 12 '
R4 ELMHEEE, KEEEXGTHNEESHSRKERS T R LER
Table 4 Quantitative analysis and comparison of the parameters of response
calls stimulated by nonlinear calls and linear calls
FHESH AL tEng 2R PN =
Sound parameters Nonlinear calls (n=51) Linear calls (n= 44)

B (ms) SFHME + F5ifE2E Mean + SD 208.83 + 102.75 268.72 = 62.87 0.01
Total duration

J [ Range 55.50 ~373.00 92.00 ~ 363.67
SFEIHE (H2) SFIME + FRHEZE Mean + SD 443127 +611.66 447428 + 639.64 0.78
Average fundamental frequency

JuH# Range 2983.37~5913.39 3358.92~5820.41
BRI (Hz) SFIME + FRHEZE Mean + SD 4813.48 + 736.92 4935.13 + 760.91 0.20
Maximum fundamental frequency

Ju [ Range 326293~6411.01 3464.36 ~ 6 384.68
BN (Hz) SEEIME + FRMEZE Mean £ SD 3676.89 + 491.87 3704.28 + 457.99 0.78
Minimum fundamental frequency

Ji[H Range 2633.33 ~5106.68 3183.07 ~5108.92
4 (Hz) SEHME + FRiEE Mean + SD 5429.04 + 1 368.93 5090.47 + 507.38 0.69

Domain frequency

i # Range

4410.00 ~ 10 180.00

3992.50 ~5710.00
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