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Statistical physics of ecosystems with structured interactions

In recent years, there has been a growing interest in trying to understand the dynamics of
large, highly diverse, ecosystems from the point of view of statistical physics [1, 2]. Simple high-
dimensional models with random interactions between species and/or environment /resources have
been proposed, many of which exhibit a rich phenomenology characterized by distinct dynamical
phases and corresponding phase transitions [3, 4]. The biological relevance of the phase diagram
thus obtained has been highlighted in recent controlled experiments on bacterial populations [5].

In this internship, we would like to investigate what happens to these dynamical phases and
transitions when the commonly assumed structureless random interactions are replaced by more
structured ones. To do this we will first investigate the phenomenology of the models via numerical
simulations. Next, at the analytical level, describing the corresponding phase diagram will require
the use of dynamical mean field theory, a powerful and pervasive method to study high-dimensional
dynamical systems (such as neural networks, ecosystems, glasses. .. ), carefully extended so as to
treat these structured interactions.
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