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Abstract

With the growing threats to global biodiversity, understanding the spatio-temporal varia-
tions in ecological assemblages has become essential for ecosystem management and biodiver-
sity conservation. Environmental DNA (eDNA) metabarcoding is one of the emerging and
promising tools for monitoring biodiversity changes, particularly in marine ecosystems. How-
ever, traditional analysis methods often struggle to detect and visualize these variations and
diversity patterns because the data linked to eDNA metabarcoding are highly complex. This
complexity and the difficulties in analysis thus limit potential ecological and biogeographi-
cal interpretations. To overcome these limitations,we developed advanced machine learning
(ML) and deep learning (DL) techniques for the analysis of eDNA metabarcoding data.
These techniques allow the detection of biodiversity variations and patterns and ecosystem
monitoring. ML and DL approaches surpass traditional methods in managing large datasets
and modeling non-linear relationships within eDNA metabarcoding data. The tools devel-
oped offer new possibilities for biodiversity monitoring using eDNA metabarcoding, thereby
improving the study of biodiversity and biodiversity management strategies.
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