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In vivo visualization of liquid-feeding phenomena of a butterfly

Seung-Chul Lee*, Bo-Heum Kim** and Sang-Joon Lee’

Abstract. Butterflies have been known to suck viscous liquids through a long, cylindrical proboscis using
the large pressure difference formulated by the cyclic expansion and contraction of a muscular pump
located inside their head. However, there are few studies on the liquid-feeding phenomena in a live but-
terfly, because it is hard to observe the internal morphological structures under in vivo condition. In this
study, the dynamic motion of the pump system in a butterfly was in vivo visualized using synchrotron
X-ray micro-imaging technique to analyze the liquid-feeding mechanism. The period of the liquid-feeding
process is about 0.3sec. The expansion stage is about two times larger than the contraction stage in one
cycle. The cyclic variation of pump volume generate large negative suction pressure and the pressure dif-
ference inside the long proboscis of a butterfly is estimated to be larger than latm.
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Fig. 1. Schematic diagram of synchrotron X-ray micro CT.
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Fig. 5. X-ray images showing the systaltic motion of a buttertly's pump organ and variation of its boundary.
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Fig. 6. Volume variation of pump organ of a butterfly.
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Table 1. Phasic and volumetric variations of the pump organ during liquid-feeding of living butterflies

Pumping frequency (Hz) Intake stage(ms) Ejection stage(ms)

Volumepa(mm?®)  Volumeyi(mm®)  Q(mm?/s)

2.3710.691 0.331£0.134

0.115%0.0329

0.0467£0.0108 0.0233%0.00247 0.0531%0.0145
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Fig. 7. Pressure gradient in the proboscis of four butterflies.
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