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Construction of particle-continuum hybrid models of bacterial collective motion
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Collective motion of bacteria is studied by modeling bacteria as
self-propelling rod-like particles and introducing interactions mediated by the concentration field
of a chemical substance and velocity field of the surrounding fluid. For chemotactic clusters formed

by secretion of chemoattractants, we found that the rod-like shape and cell division induce
formation of slender clusters. Hydrodynamic interactions are shown to induce an oriented laning
phase while suppressing density fluctuations. By attachment of the cells to a wall, we found that
domain formation of bacteria induces convective flow patterns and that elastic deformation of the
filaments induces collective waving.
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