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In this dissertation, I developed mathematical models to elucidate the dynamics of bacterial
communities, employing both consumer-resource and individual-based approaches. The study
centered around two strains, P.putida and P.veronii, alongside soil bacteria from the Sorge River
shore near Dorigny. Our findings underscore the pivotal role of growth kinetics and interspecific
interactions, particularly cross-feeding, in shaping the development of microbial communities.
The introductory chapter provides a comprehensive overview of the significance and roles of mi-
croorganisms in health, agriculture, and ecology. It also outlines prevalent mathematical models
used for bacterial population growth and interaction studies. The subsequent chapters (2 − 4)
detail the principal outcomes of my work beginning with a model designed for a well-mixed sys-
tem comprised of P.putida, P.veronii, and known nutrients. The chapter elucidates the critical
influence of growth kinetics and cross-feeding in explaining co-culture growth in a liquid medium.
The model developed in Chapter 2 served as a foundation for the subsequent chapters. Chapter
3 adapted the model into an individual-based framework to simulate micro-colonies of P.putida
and P.veronii growing on agarose patches. This adaptation underscored the impact of spatial
positioning of founder cells and resource diffusion on local interactions, affirming the importance
of metabolite exchange via cross-feeding.
In Chapter 4, the two-species model was expanded to encompass a community of 20 different
species (called SynCom), in absence or presence of the opportunistic predator Lysobacter. No-
tably, the composition of soil nutrients in these systems was largely unknown, but I designed
and tested a procedure to estimate general expected growth rates of the SynCom species from
monoculture-monosubstrate experiments within the soil microcosms. The further innovation
here was the iterative fitting of interspecific interaction parameters from experimental data. This
chapter revealed that community development occurs in phases driven by resource availability,
and models lacking interspecific interactions underestimated system diversity and total bacterial
biomass.
The concluding chapter synthesized and discussed the key results, highlighting their significance.
It also addressed areas for improvement and outlined elements and methods for future research.
This comprehensive exploration emphasizes the intricate interplay of growth kinetics, interspecific
interactions, and spatial arrangements in shaping bacterial system development.
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