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Abstract:
Preserving marine biodiversity is one of the greatest challenges of our century—crucial to maintaining planetary

health under the escalating impacts of climate change. Despite technological advances, monitoring marine
ecosystems remains constrained by limited coverage, high operational costs, and the complexity of dynamic and
often remote environments. To address this, the PEARL framework has been developed to integrate reinforcement
learning with probabilistic assessment for adaptive and explainable biodiversity monitoring using autonomous
underwater vehicles (AUVs). At its core lies HexaWorld, a simulation environment based on hexagonal grids, partial
observability, and a multi-objective reward function that guides exploration toward ecologically relevant areas while
balancing energy efficiency. In parallel, this work introduces novel analytical tools for the systematic treatment of
Generalized Gaussian Mixtures (GGMs), expanding the space of probability density functions for modeling complex,
multimodal, and irregular data—such as those generated by environmental sensors and machine learning classifiers.
Together, these contributions seek to establish the foundation for next-generation biodiversity monitoring systems that
combine robustness with explainability, enabling the transformation of raw data streams into actionable ecological
insights for guiding conservation strategies and shaping environmental policy.
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