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Abstract: Nonlinear phenomena in vocalizations are common in numerous animal taxa. They generally occur
when animals are under aggressive circumstance. Therefore, the phenomena are considered to have specific
function in evolution, which makes them receive considerable recent interest. However, the studies on the
nonlinear phenomena in bats are still rare and the functions of them are still unclear. Rickett’s Big-footed Bat
(Myotis pilosus) produce aggressive calls containing two types of syllables, AFM (arched frequency
modulation) and ND-sDFM (noise burst-short downward frequency modulation). The syllables can constitute

three types of calls: only AFM syllables (A), only NB-sDFM syllables (B), and both AFM and NB-sDFM
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syllables (C), in which type A doesn't contain nonlinear phenomena, while type B contains nonlinear
phenomena, and type C is a transitional type from Ato B. In the study, we recorded and played back the three
types of calls to the bats, aimed to test the prediction that the response of bats to the vocalization with
non-linear phenomena is stronger than to the vocalization without non-linear phenomena. We captured 10
adult bats (male - female = 5 © 5) at Fangshan in Beijing and fed them in the labs. The vocalizations were
recorded by using bat detector (Ultrasound Gate 116, Avisoft Bioacoustics), and the behaviors were recorded
by DV camera (HDR-CX760E, SONY), simultaneously. The recorded sounds were analyzed with
Avisoft-SASLab Pro version 5.2. Behavioral responses of the bats were divided into head up, forearm
movement, ear movement, echolocation pulses, thriller, crawling and mouth opening. We selected 3 - 4 vocal
phrases compositing of AFM and NB-sDFM syllables from each individual and edited them into 15 s
playback sounds and played back to each bat 1 - 3 times on each day (Fig. 1). SPSS (SPSS Statistics version
21, IBM) was used to calculate the Mean £ SD. GraphPad Instat (Version 3.10, GraphPad Software) was
conducted to do the Repeated Measures Analysis of Variance. During the process of playback experiments,
the bat individuals showed the complex behavioral response (Table 1), especially showed intensive head up,
forearm movement and ear movement (Fig. 2). The comparisons of forearm movement and echolocation
pulses between individuals suggest that the bats response differently to the different calls (Forearm movement:
F = 14.218, P = 0.015 2; echolocation pulses production: F = 7.413, P = 0.045 1). Moreover, the bats
response to the call type containing nonlinear phenomena more intensively. The results support the
unpredictability hypothesis and show that nonlinear vocal phenomena may have adaptive function.
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Fig. 1 Three kinds of calls for playback experiment
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a. Composed by AFM syllables (not containing NLP) (A); b. Composed by NB-sDFM syllables (containing NLP) (B); c. Composed by AFM and

NB-sDFM syllables (containing NLP) (C); d. Echolocation pulse.
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Table 1 Bats' behavior response to three kind of calls
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A 8.89 +5.10 329 +3.75 15.14 +7.67 1.06 +3.51™ 0.60 +0.95 0.14 +0.43 1.20 +2.47
8.09 +3.39 6.14 +537" 17.26 +9.40 7.12 #10.72" 0.97 +1.22 0.31+1.08 1.89 +2.71
7.68 +5.16 5.53 +5.99 16.47 +9.62 5.88 +11.73 0.62 +0.82 0.41+1.16 2.35+4.41
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Data are expressed as Mean £SD, uint is times; The two behaviors which show significant difference are separately marked with * and .
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Fig. 2 Percents of bats' each behavior response to three kinds of calls
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