Abstract

Walking and flying animals track odor plumes to locate distant resources through many different environments.  Two alternative strategies may allow them to maintain contact with plumes using olfaction: (1) a spatial strategy, i.e., simultaneous comparison of odor concentrations at two locations in space using bilaterally symmetrical sensors, or (2) a temporal strategy, i.e., comparisons of odor concentrations over time.  It is thought that animals rapidly navigating in three-D through turbulent odor plumes use a temporal strategy, while animals navigating slowly near surfaces use a spatial strategy.  However, animals can move at a range of speeds, change their mode of locomotion, and encounter many environments.  Explicit tests of whether these orientation strategies are used in “pure” form, or if both of these strategies are used as a function of behavior or the environment are rare. Our central hypothesis is: Plume tracking animals adapt their odor orientation strategy in a context dependent manner.  To test this hypothesis, we will study two biological model systems: the male hawkmoth Manduca sexta, which tracks pheromone plumes upwind while flying, and the male cockroach Periplaneta americana, which tracks wind-borne pheromone while walking.  These Specific Aims will test our central hypothesis: (1) How does steering change in response to changes in sensory context? Using tethered flying moth and walking cockroach preparations, we will expose their antennae to controlled concentrations of odorants presented in two ways – different concentrations at each antenna, or identical concentrations changing over time – while video recording movement and recording muscle activation patterns to determine how the animals respond. We will also manipulate the sensors of the animals to force a temporal strategy (by removing an antenna) or encourage a spatial strategy (by suppressing temporal variation).  We will compare results to those from model agents (simulated in the computer, or in a robotic model) that utilize purely spatial or temporal algorithms. (2) How does behavioral context affect the strategy used? By inducing moths to walk, or cockroaches to fly (which both species can do under tethered conditions), and examining the responses of the animal to the two kinds of sensory input, we can determine if the strategy used is behavior-dependent. (3) How does environmental context affect the strategy used? By changing the plumes within our wind tunnel from low to relatively high turbulence, or vice versa, we can examine the effects on the strategy used by freely behaving moths and cockroaches. We will compare the experimental results to those generated by the “pure” simulated and robotic strategies in these environments.
