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Flight characteristics of two stalk-eyed fruit flies during takeoff
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Abstract [Aim] To investigate the flight characteristics of Pelmatops ichneumoneus and Pseudopelmatops angustifasciatus
(Diptera: Tephritidae), rare stalk-eyed fruit flies with large body sizes, and determine whether variations in eye-stalk length
correlate with differences in flight behavior and flight mode. [Methods] High-speed videography was used to record and
analyze the takeoff and forward flight of both species, and compare their flight characteristics and kinematic parameters.
[Results] After takeoff, both species exhibited level flight, gradually increasing speed to a maximum of 0.48 m/s (Pe.
ichneumoneus) and 0.46 m/s (Ps. angustifasciatus). Pe. ichneumoneus had a higher maximum speed and greater yaw rotation
during turning compared to Ps. angustifasciatus. During stable flight, wingbeat frequency reached 77 Hz in Pe. ichneumoneus
and 88 Hz in Ps. angustifasciatus. Furthermore, Ps. angustifasciatus had a smaller wing stroke amplitude than Pe.
ichneumoneus, potentially contributing to differences in body rotation behavior. There was a positive correlation between eye

stalk-to-body size ratio and flight velocity, yaw and pitch angles, wing stroke duration, and amplitude, and a negative
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correlation to wingbeat frequency. [Conclusion] These results provide insights into the biomechanics and evolution of flight

in stalk-eyed fruit flies and potential inspiration for the design of micro air vehicles.

Key words stalk-eyed fruit flies; eye-stalk; takeoff; flight; kinematics parameters
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Fig. 7 Body kinematics (displacement and velocity) of stalk-eyed fruit flies during takeoff
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A. Flight displacement of Pe. ichneumoneus; B. Flight velocity of Pe. ichneumoneus;
C. Flight displacement of Ps. angustifasciatus; D. Flight velocity of Ps. angustifasciatus.

xp is the backward displacement in the body coordinate system, y,, is the rightward displacement

in the body coordinate system, and z;, is the upward displacement in the body coordinate system;
uy, isthe velocity corresponding to the x-axis in the body coordinate system, vy, is the velocity corresponding to

the y-axisin the body coordinate system, and wy, is the velocity corresponding to
the z-axis in the body coordinate system.
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Fig. 8 Body kinematics (yaw angle and pitch angle) of stalk-eyed fruit flies
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A. Pe. ichneumoneus; B. Ps. angustifasciatus.
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Fig. 9 Body trajectory of Pelmatops ichneumoneus during takeoff
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A. Front view; B. Left view; C. Top view; D. 3D view. Black dots represent the head and arrows indicate direction.

The same for Fig. 10.
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Fig. 10 Body trajectory of Pseudopelmatops angustifasciatus during takeoff

A. IEME; B, 8K C. KR D. =4E0A.
A. Front view; B. Left view; C. Top view; D. 3D view.
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Fig. 11 Wing flapping kinematics (stroking angle ¢, pitching angle y,, and
deviation angle 6,,) of stalk-eyed fruit fly
A, BRESTRIRSCER/CM; B, SRESRIRSEAH; Co AFMIRIRSHE Ao ; D. AR IR S A
A. Pe. ichneumoneus (Ieft wing); B. Pe. ichneumoneus (right wing); C. Ps. angustifasciatus (left wing);
D. Ps. angustifasciatus (right wing).
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Table2 Wing flapping kinematics during takeoff and subsequent forward flight in stalk-eyed fruit fly

iS22 IR S PSSR S0
Pe. ichneumoneus Ps. angustifasciatus
i IFRT sy i) i sy 2} i
FhEJE TS Left wing Right wing Left wing Right wing
Number of 3 . 1 : 3 JE ;
flopping cydle fMEEMNE iz TV AU, SN

| % - . . <. ?Eﬁ]
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6 11.5 115.5 115 121.0
7 - - - - - - 115 106.5
SRR T 12.8 118.1 12.9 129.6 11.4 114.0 115 115
et
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HALF MR st iR (e, (B ERRARSCHE PN 32 sh S 5 43, AEA SCZ A G A T



-+ 1860 -

R HEE 2R Chinese Journal of Applied Entomology 62 &

THWTSE . ABETEE RS Rk S deh Sk AT HR AW
AP, B 52 5 HR S0 R 40058 R 5
W, HEAT TR TR R B A L LA .
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HArexoH 5 B oy, 38091 i g i i pt
SRR — LR TR B B R TS B AR AR
UL AT 23 BT, Chen 25 (2013) il 1 KB4
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