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Fig. 1 Ultrasonic pulse signal waveform, time—frequency diagram and spectrogram of FM bat Eptesicus

The TF of FM bat Eptesicus is 25 kHz, the duration is 3 ms, and the energy is mainly concentrated in the first and second harmonics as seen in the

figure.
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Fig. 2 Ultrasonic pulse waveform, time—frequency diagram and spectrogram of FM bat Pipistrellus

The figure shows that the FM bat Pipistrellus has only two harmonics with a pulse duration of 1.2 ms and a TF of 48 kHz.
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Fig. 3 Stimulus signal and CM signal

(a) Acoustic stimulation signal, tone burst; (b) the CM signal (black line) measured at a distance of 7 cm between the loudspeaker and the

experimental animal and the CM signal (red line) measured at a distance of 14 cm. The frequency of the example sound stimulus in the figure is

8 kHz, where the time delay between the red and black lines is about 0.21 ms.
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Fig. 4 Signal acquisition flow and experimental setup diagram

(a) Flow chart of CM signal acquisition, the green line indicates that this part is located inside the soundproof box. (b) Diagram of the internal

arrangement of the acoustic box. (¢) Schematic diagram of the FM bat Eptesicus skull and electrode positions. The position of the signal electrode is

shown in red in the diagram, with the coordinate position of (I mm right 0.5 mm front) relative to Lambda. The position of the reference electrode is

shown in green, and the coordinate position relative to Bregma is (0.5 mm left 0.5 mm back). The red arrow on the right is the electrode position.
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Fig. 5 CM signal RMS frequency response curves of FM bat Eptesicus No. 1 (a) and No. 2 (b)

The horizontal coordinate is the frequency (kHz) and the vertical coordinate is the recorded value (uV) after superimposed averaging of the CM

signal with increasing sound pressure level from low to high. The green arrows represent the first harmonic TF and the second harmonic TF.
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Fig. 6 CM signal RMS frequency response curves of FM bat Pipistrellus No. 1 (a) and No. 2 (b)

The horizontal coordinate is the frequency (kHz) and the vertical coordinate is the peak value (uV) of the CM signal after superimposed averaging,

the sound pressure level increases from low to high, the green arrow points to the TF.
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Abstract Objective The cochlear microphonic (CM) signal produced by the bat cochlear outer auditory hair
cells contains information related to the movement of the cochlear basilar membrane. The aim of this study was to
investigate the mechanism of bat cochlear nerve influence on echolocation by analyzing the relationship between
frequency modulation (FM) bat CM signals and their received acoustic frequencies. Methods The CM signals

of FM bats (Eptesicus and Pipistrellus) were recorded and analyzed in response to pure acoustic (tone burst)
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stimulation by placing a set of metal electrodes in the ventral cochlear nucleus. Results Two different species of
FM bats (Eptesicus and Pipistrellus) exhibited CM mean frequency response curves during high sound pressure
stimulation with a distinct concavity in the narrower specific frequency band vocalization. For Eptesicus, the CM
RMS frequency response curves showed significant troughs on both sides of the terminal frequency (TF) of the
first and second harmonics; moreover, these troughs were repeated at 15 kHz intervals from 15 kHz onwards; for
Pipistrellus, the CM RMS frequency response curves showed significant troughs only on both sides of the first
harmonic. The valleys are evident on both sides. Conclusion The relationship between the inhibition exhibited
by the CM signal and the FM bat’s first and second harmonic TF reflects the fact that the cochlear nerve produces
inhibition for specific frequencies, and this inhibition helps the bat to extract target localization information
modulated to the vicinity of the TF.
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