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Extended Abstract

Pulse disturbances are sudden and short-term disruptions in ecological conditions that can play an important role in
ecosystem dynamics. As the impacts of global environmental change worsen, understanding imbalances caused by
disturbances such as typhoons, heatwaves or wildfires is necessary for early conservation interventions to mitigate long-term
ecological change [1]. Advances in passive acoustic monitoring have enabled continuous monitoring of ecosystems and
“soundscapes” by generating high-resolution, real-time acoustic data across space and time [2]. Vocalising animal species
can be identified from audio files using automated tools that incorporate machine learning algorithms trained on large
libraries of animal sounds [3]. Processed acoustic time series data can provide valuable insights into species distribution and
behaviour changes in response to disturbances. Ecosystem dynamics can be represented by different underlying states,
capturing varying levels of stress in an ecosystem. These underlying states cannot be observed directly but can be inferred
from observed ecological data such as species detections [4].

Hidden Markov models (HMMs) are statistical tools for analysing time series data by combining observations at discrete
time points with underlying discrete state processes. HMMSs can account for autocorrelation in species detections, incorporate
environmental covariates to address non-stationarity, and capture short-term ecological memory through the Markov
property, making them suitable for studying ecosystem dynamics and abrupt change [4]. Here we present a HMM-based
framework to identify periods of increased variability in species detections that may be associated with disturbances. Our
framework applies a log difference transformation to the species detection data and measures the change in vocalisation
between consecutive time points to directly assess temporal variability, a key component of ecosystem stability [5]. We fitted
and compared a range of Gaussian HMMs that varied in their number of states, constraints on state-specific means, and
covariates included. Our model selection process was based on a combination of in-sample and out-of-sample methods that
balanced fit, forecasting ability, and biological relevance.

We applied our framework to bird detection time series from the Okinawa Environmental Observation Network
(OKEON), which includes a multi-site passive acoustic sensor array across the main island of Okinawa, Japan [6], [7]. We
considered log-transformed changes in vocal activity between consecutive days for three focal bird species across 66 days
in 2018, during which two category-five typhoon pulse disturbances hit the area. We also explored the influence of wind
speed and precipitation on the hidden state dynamics using non-homogeneous HMMs. Based on the model selection process,
we identified a parsimonious three-state zero mean constraint HMM and a more flexible non-homogeneous alternative
incorporating precipitation. These models identified normal, warning, and disturbed states, characterised by low, medium,
and high variability, respectively. A warning state was detected before each transition to disturbed states, which aligned with
the typhoon disturbances in the data. This indicated the potential of our approach to provide an early warning system for
identifying time periods of increased variability that may be driven by disturbance. Our framework can be applied to derive
ecological insights from acoustic monitoring data across diverse ecosystems.
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