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The search for biomarkers on Earth and other planets requires distinguishing uniquely biological features from those produced by either biotic or abiotic processes. One uniquely biological response to physical and chemical processes is directed motility.  When motility produces preservable features, evidence for life can be recognized in the rock record, and biological behaviors may be extracted; footprints can record travel patterns.  The structure of some microbial communities is also influenced by motility.  When can these structures provide useful biomarkers? 

Many microbial structures are morphologically indistinguishable from those created by abiotic processes such as diffusion.  However, peaks, cones, and ridges produced by microbial motility may be uniquely biological. Migration of bacteria up diffusion gradients can produce cell distributions that cannot be produced without sensing and directed motility, e.g. cannot be produced abiotically. These biological structures form in diverse communities across very broad environmental conditions; peaked mats grow in deep subglacial lakes, shallow hot spring pools, and upper intertidal flats. This constancy in morphology suggests that peaked structures arise directly from fundamental microbial responses to their environment, specifically motility to optimize growth.  These responses are likely universal behaviors of small, mobile organisms in environmental gradients caused by metabolic activity and environmental resource supply.  By characterizing how peaks form in modern systems and comparing them to the morphology of ancient microbial structures, one can develop the framework for identifying morphological biosignatures and interpreting microbial behavior from the remnants of structures preserved in the rock record.

