BOX 39.6

LOST WITHOUT A CLOCK

A most fascinating function of circadian clocks is their use in time-compensated sun compass orientation, a phenomenon that was first described by Karl von Frisch in foraging honeybees and by Gustav Kramer in migratory birds. Time-compensated sun compass orientation is also used by eastern North American monarch butterflies (Danaus plexippus) during their spectacular fall migration. During the fall journey, the butterflies use their navigation skills to fly south from the United States and southern Canada to overwinter in a few restricted sites atop the Transvolcanic Mountains in central Mexico, some having traveled distances approaching 4000 kilometers. 

The amazing navigation abilities of monarch butterflies are part of a genetic program initiated in the migrants, as those that make the trip south are at least two generations removed from the previous generation of migrants. Time-compensated sun compass orientation is believed to be an essential component of navigation required for successful migration. Time compensation is provided by the butterfly’s circadian clock. The clock allows the butterflies to continually correct their flight direction, relative to changing skylight parameters, to maintain a fixed flight bearing as the sun moves across the sky during the day (Fig. B39.6A). The importance of the circadian clock in regulating the time-compensated component of flight orientation in monarch butterflies has been shown in two ways. First, clock-shift experiments, in which the light-dark cycle is either advanced or delayed, cause predictable alterations in the direction the butterflies fly (Fig. B39.6B). Second, removing the time compensation clocks abolishes the time-compensated component of flight orientation (Fig. B39.6C). It is thus clear that time compensation is a requirement for successful migration.
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FIGURE B39.6 (A) Monarch butterflies use a time-compensated sun compass to orient south during their fall migration. The butterfly circadian clock allows the butterflies to compensate for the movement of the sun. They are thereby able to maintain a constant bearing in the southerly direction over the course of the day. (B) Clock-shift experiment. When monarch butterflies are housed in a light-dark cycle that is advance by 6 hours, relative to ambient lighting, the butterflies perceive the 10:00 a.m. sun to be a 4:00 p.m. sun and shift their orientation counterclockwise to the southeast. (C) Removal of the time-compensation clocks, which reside in the antennae and not in brain, disrupts the migration south, and the butterflies are not able to successfully travel to their overwintering grounds. The arrows depict disrupted flight directions.

