
 
 

  

Microbes form complex communities on Earth. They are crucial for 
global nutrient recycling in soil and oceans. Inside our body, our in-
testinal microbiome contributes to our metabolism and protects us 
against diseases. The dynamics of these microbial communities 
and their response to environmental changes depend on intra- and 
inter-species interactions. Computational models are useful to 
simulate the behavior of such systems and to predict their 
response to prebiotics or to antibiotics for example. However, due 
to the multiple, nutrient-dependent interactions, modeling the 
behavior of such communities remains a real challenge. 
Mathematical modeling allows for an understanding of the general 
principles underlying the nonlinear dynamics of microbial 
communities. Population-based models are based on the 
abundances of each species but typically do not incorporate the 
interaction mechanism. Interactions can be mediated by the 
metabolism of microbes. Therefore, explicit modeling of nutrients is 
required for a mechanistic understanding of the dynamical 
behavior of interacting communities. 
 
In this work we developed and analyzed models accounting for the 
nutrient-mediated microbial interactions, focusing on competition 
and mutualistic cross-feeding. In the first part of the thesis, we 
constructed a nutrient-explicit model that reproduced experimental 
time series of a small synthetic microbial community, consisting of 
three species that interact via cross-feeding and competition. The 
comparison of mono-culture and co-culture dynamics reveals 
emergent behaviors in co-cultures and highlights the influence of 
key factors on the population dynamics. In the second part of the 
thesis, we showed how nutrient-explicit models for mutualistic 
cross-feeding are related to population-based models, such as the 
Lotka-Volterra equations. This allows to predict the occurrence of 
bistability and the presence of a survival threshold. Finally, we 
extended these results by considering the spatial dimension, and 
studied how diffusion and advection influence the survival of the 
community. 
  
Our results demonstrate that nutrient-explicit models are able to 
reproduce experimental time series of microbial communities and 
to predict the factors determining survival or extinction. By 
providing a mechanistic understanding of the nonlinear behavior 
related to microbial interactions, we take a step forward towards 
the development of predictive models of microbial communities. 
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