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Understanding & controlling bacterial dynamics: from swimming and swarming to biofilm
formation

Bacteria are among the most abundant forms of life on Earth and play important roles in various
biological, ecological and industrial processes. In this talk, I will summarize our recent efforts to
understand better the essential physical mechanisms and forces that govern individual and collective
bacterial dynamics. After looking at the hydrodynamic flow fields generated by individual bacteria [1],
we will demonstrate how collective bacterial swimming in dense suspensions [2] can be controlled
through suitably designed microfluidic structures [3]. In the second part, we will discuss how recent
advances in microscopy techniques enable the study of bacterial swarming [4] and biofilm formation
[5] at single-cell resolution over an enormous range of length and time scales -- and which theoretical
challenges and opportunities arise from this unprecedented wealth of data.
[1] Drescher et al, PNAS 108(27): 10940-10945, 2011
[2] Dunkel et al, Phys Rev Lett 110: 228102, 2013
[3] Wioland et al, Nature Physics 12: 341-345, 2016
[4] Jeckel et al, PNAS 116(5): 1489-1494, 2019
[5] Hartmann et al, Nature Physics 15: 251-256, 2019
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