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WFIER R OBEEE (3£3C) : We investigated how CF-FM bats adjust pulse direction and beam
width according to prey position using 31-ch microphone array system. When the bat
started terminal phase at approximately 1 m from the moth, G. pryeri sometime showed
distinctive evasive flight. At the same time, the bats broadened the beam width of some
emissions in both horizontal and vertical planes. When the moth starts evasive flight,
tracking accuracy of echolocation by the bat would decrease compared to that during the
approach phase. However, in 97% of emissions during the terminal phase, the beam width
of the pulse was wider than the misalignment (target direction — pulse direction) as well as
during search and approach phase. These findings indicate the bats actively adjusted their
beam width to retain moving target in spatial window of echolocation at final stage of
capturing.
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Fig. 1 Typical echolocation pulses of Rhinolophus
ferrmequinum nippon in resting state recorded at 1 cm
from nostril. (A) Amplitude pattern. (B) Spectrogram.
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Fig. 2 Microphone array system for measurements of
direction and directivity of emitted pulses by the bat
during intercepting a fluttering moth in the flight
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Fig. 4 Horizontal (top) and vertical (bottom) flight
trajectories of the bat (gray line) and the moth
(open plots) during intercepting flight. Arrows
indicate direction of each pulse. Open arrows
indicate positions of bat (b) and moth (m) when the
moth started evasive flight.
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Fig. 3 (A) Calculation methods of the pulse direction
and beam width estimated from sounds received by
microphones. Pulse direction was calculated by adding
up vectors which were proportional to sound pressure
of each channel. Beam width was calculated by -6 dB
(half-amplitude) angles from pulse direction. (B)
Measured pulse direction error and (C) beam width
error by microphone array system. Dashed line
indicates the position of the moth tethered by a string
from the ceiling. (D) Definitions of angular components.
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Fig. 5 Changes in pulse, target and flight
directions as a function of target distance in
horizontal (A) and vertical (B) planes. Data was
taken from Fig. 4. The length of vertical lines
correspond beam width (-6 dB).
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Fig. 6 (A) Horizontal and (C) vertical directivities of
echolocation pulses during approach (filled plots) and
terminal (open plots) phases (5 bats). (B), (D)
Relationship between beam width (-6 dB) and target
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Fig. 7 Relationship between A and target distance
in horizontal (A) and vertical (B) planes. Black lines
indicate average of beam width during approach and
terminal phases. Width of gray lines indicates
standard deviation of beam width.
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