Geomagnetic and visual cues guide orientation in the nocturnal fall armyworm
(Spodoptera frugiperda), the world’s most invasive insect
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Numerous species of larger nocturnal moths, particularly in the family Noctuidae, undertake
long-distance multigenerational migrations in the Northern Hemisphere. However, the
navigational mechanisms employed by nocturnal insect migrants remain to be elucidated in
most species. We recently found that fall armyworms (Spodoptera frugiperda), a highly
invasive species that has colonized nearly all potentially habitable regions of the globe over
the past decade, exhibit seasonally appropriate migratory headings when flown outdoors in
virtual flight simulators. Specifically, populations from the year-round range in Southwest
China (Yunnan) head northward in the spring and southward in the fall, with this seasonal
reversal controlled by photoperiod. However, the mechanism that fall armyworms use to
select seasonally appropriate headings remains unknown. The geomagnetic field (GMF) is a
ubiquitous source of compass information and thus might be expected to be the primary
compass cue used by night-flying migratory moths. We developed an indoor experimental
system to investigate the integration of geomagnetic and visual cues in the seasonal
orientation of the fall armyworm. Our results demonstrate that fall armyworms require both
geomagnetic and visual cues for accurate migratory orientation, with visual cues being
indispensable for magnetic orientation. When visual and geomagnetic cues are placed in
conflict, moths become disoriented, although not immediately, indicating that sensory
recognition of the conflict requires time to process. We also show that the absence of visual
cues leads to a significant loss of flight stability, which likely explains the disruption in
orientation. These findings are consistent with previous work on the Australian Bogong moth,
extending the evidence for an essential and conserved role of visual cues in stabilizing
magnetic orientation across nocturnal migratory moths.
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