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Abstract
Advances in DNA sequencing technology have made it possible to conduct detailed observations of the microbial ecosystem in feces. Approximately 1,000 species of bacteria form an ecosystem within the gut, and through the analysis of population fluctuations over time for each bacterial species, fundamental statistical patterns common to both humans and mice have been identified. The following three laws are well-known: 1) The population distribution is a heavy-tailed distribution that is close to a power-law distribution; 2) Taylor’s law holds, whereby the variance of fluctuations is proportional to the square of the mean; and 3) The distribution of growth rates can be approximated by a tent-shaped distribution. To describe these fundamental laws, we introduced a mathematical model based on a random multiplicative process [1]. The random multiplicative process is used as a basic model for various complex systems, including price fluctuations in financial markets, corporate growth processes, and fluctuations in word frequencies on social media. In this presentation, I will review these research findings and introduce an approach that extends the model to account for circadian rhythms and elucidate interspecies interactions.
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