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Abstract: We previously reported the flight behavior of Drosophila melanogaster
characteristically found under microgravity during parabolic flight; “flying” in random
orientations with ordinary wing-beating, in which flies were frequently observed to have
difficulties for routine touch-down, and “levitation” without wing-beating. These interesting
observations of microgravity-dependent behavior, however, were not easily reproduced, largely
because of the much limited frequency of voluntary flying of D. melanogaster especially grown in
a laboratory. In order to increase the frequency of voluntary flying, we introduced the stimulation
of vinegar odorant in combination with the stimulation of sonic vibration. A resultant protocol of
the stimulation, which includes a short-period exposure to darkness and starvation prior to odorant
stimulation, increased the frequency of voluntary flying more than 30 times greater than the
frequency in the previous observations. In the parabolic flight experiments using the stimulation
protocol, we confirmed both the “flying” and the “levitation” under microgravity, and
quantitatively identified the frequency of the levitation as 10 to 20 % of the flight behavior of D.

melanogaster under microgravity.
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Fig. 1 Stimulation protocol for increasing the
frequency of voluntary flying of D. melanogaster. The
frequency is shown as the observation of the voluntary
flying from 20 flies confined in the observation
chamber. a, stimulatory effect of sonic vibration (sv)
and vinegar odorant (vo) on the frequency of
voluntary flying (mean = S.D. from six separate
measurements). Stimulation by vinegar odorant was
effective when it was used in combination with the
sonic vibration (sv+vo). b, time course of the increase
in the frequency of voluntary flying after the
stimulation following the protocol shown in the text
(filled circle) and that of control (open circle) are
shown (mean *= S.D. from three separate
measurements).
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Fig. 2 Flying trajectories of D. melanogaster under
1xg (a), hypergravity (2xg, b) and microgravity (c and
d). Each trajectory is shown by a series of coordinates
in the vertical plane measured successively in every
0.67 seconds (20 NTSC video-frames). Trajectories of
flying with wing beating (filled circle) and those of
levitation without wing beating (open circle) are
shown with locating the start at the origin of the
vertical and horizontal axes. Scale bars, 10 mm.
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