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How bacteria navigate their world 

Bacteria may be the simplest and smallest organisms on our planet, yet they are capable of 
complex tasks such as navigation and have therefore emerged as key model organisms for 
elucidating the physical basis of behavior.  

Navigation encompasses environmental sensing and information processing on the one 
hand, a motility mechanism with a control knob on the other hand, and an intelligent 
strategy for connecting both to produce directed movement. I will review the physical and 
ecological challenges encountered by navigating bacteria and discuss how physics both 
constrains and enables behavioral strategies. I will spotlight our work using high-throughput 
3D bacterial tracking of individual swimming bacteria to determine, discover, and evaluate 
behavioral strategies in ecologically relevant scenarios recreated in microfluidic chambers. In 
combination with population-level experiments and physical models, we are able to directly 
probe the impact of behavioral strategies on ecological dynamics. I will discuss how our 
efforts relate to scientific fields ranging from active matter physics to infection biology and 
ecology and argue in favor of the unity of the natural sciences.  
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