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Recent experiments [1, 2, 3] have reported that an initially homogeneous bacterial mono-
layer might expand in a non-uniform manner, developing finger-like shapes and highly
irregular contours. In this work we study the emergence of such front instabilities from
a theoretical viewpoint, focusing on a bacterial colony plated on a Petri dish cover with
agar and a thin layer of an inviscid fluid, in which bacteria can move.
The growth of the biological material along with the diffusion and consumption of nutri-
ents provided by the agar are modeled at the continuum scale, by extending the morpho-
genetic theory presented in [4]. The mathematical model encapsulates: i) the diffusion
equation for nutrients/morphogens, ii) the mass balance and iii) the force balances for the
bacterial colony, coupled with proper boundary conditions at the free moving interface.
In describing the process of mass accretion of the colony, we consider either a source term,
being produced at each point by the set of living organisms, or a mass flux across the free
boundary of the living material. Both the volumetric mass supply term and the surface
mass flux are coupled with the local concentration of the diffusing nutrient.
The contour stability of the growing material is studied analytically for an initially circular
colony, defining the dispersion relation in the linear stability analysis. In order to study
the nonlinear effects driving the interfacial pattern, we finally perform finite element sim-
ulations of the growth process. The analytical and numerical analysis demonstrate that
the free boundary is always unstable, pointing out that even if both the surface tension
and the boundary velocity are stabilizing effects, undulated structures develop at the
free boundary with typical length that depends on few characteristic parameters of the
problem.
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