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Theoretical ecology without species MIKHAIL TIKHONOV1, Har-
vard University — The sequencing-driven revolution in microbial ecology demon-
strated that discrete “species” are an inadequate description of the vast majority
of life on our planet. Developing a novel theoretical language that, unlike classi-
cal ecology, would not require postulating the existence of species, is a challenge of
tremendous medical and environmental significance, and an exciting direction for
theoretical physics. Here, it is proposed that community dynamics can be described
in a naturally hierarchical way in terms of population fluctuation eigenmodes. The
approach is applied to a simple model of division of labor in a multi-species commu-
nity. In one regime, effective species with a core and accessory genome are shown to
naturally appear as emergent concepts. However, the same model allows a transi-
tion into a regime where the species formalism becomes inadequate, but the eigen-
mode description remains well-defined. Treating a community as a black box that
expresses enzymes in response to resources reveals mathematically exact parallels
between a community and a single coherent organism with its own fitness function.
This coherence is a generic consequence of division of labor, requires no cooperative
interactions, and can be expected to be widespread in microbial ecosystems.
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