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Microbial communities frequently coalesce through dispersal, disturbance, or deliberate
transplantation, yet the dynamical consequences of such coalescence remain poorly understood.
In this talk I will show new theoretical results that show how coalescence can be used to
enhance microbial community robustness. Using a mechanistic consumer—resource model in
which the balance between competition and metabolic cooperation is explicitly tunable, we
quantify how interaction structure shapes both feasibility, namely the environmental domain
supporting coexistence, and dynamical stability. Cooperation-dominated communities exhibit
greater but broader feasibility and intrinsic stability than competition-dominated communities.
Strikingly, coalescing communities with maximally distinct interaction structures consistently
maximises both feasibility and stability of the resulting assemblage. Heterogeneous coalescence
balances reduced facilitation, moderated interspecific effects, and stronger self-regulation.
These results identify structural complementarity as a general principle for assembling robust
microbial ecosystems and provide a theoretical foundation for microbiome engineering
strategies that enhance persistence and functional stability.
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