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Understanding the resilience of microbial ecosystems is key to anticipating abrupt
transitions that may compromise health or ecological stability. In this study, we
present a novel framework that applies early-warning signals (EWS) to high-
throughput sequencing time series to detect signs of declining resilience and
impending tipping points in microbial communities.

Our approach integrates both univariate and multivariate EWS—such as increases
in variance, autocorrelation, and shifts in community structure—to identify statistical
signals that precede critical transitions. We analyze real microbial time series
affected by perturbations (e.g., antibiotics, dietary changes), showing that these
indicators can detect early destabilization.

Additionally, we incorporate recurrence plots for recognize the patterns of transitions
and use visibility-horizon network models to explore the underlying microbial
interaction structures and potential alternative stable states. This combined strategy
enables the detection of regime shifts from both temporal and structural
perspectives.

A notable finding is the identification of sentinel taxa whose abundance distributions
exhibit bimodality, a signature resembling bifurcation patterns in dynamical systems.
These taxa may serve as early indicators of imminent ecological transitions.

Overall, our framework provides a powerful tool for real-time microbial diagnostics
and proactive intervention in clinical, environmental, and biotechnological contexts,
paving the way for predictive microbial ecology.
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