A foundational paradigm in marine ecology is that the Oceans are divided into distinct ecoregions demarking unique assemblages of species where water masses, and quantity and quality of environmental resources are similar. In most of the world Ocean, defining these ecoregions is complicated by data sparseness and by the large-scale dispersal potential of ocean currents. Furthermore, ocean currents and water characteristics change in space and time on scales pertinent to the transitions of biological communities, and predictions of community susceptibility to these changes remain elusive. 
Through a time-dependent unsupervised learning framework applied to datasets of sea surface temperatures over the tropical Pacific, the Indian Ocean and the Tropical Atlantic, we provide compelling evidence that, on one hand, ocean connectivity can be quantified at spatial and time scales relevant to conservation management and planning (mesoscale and multiannual to decadal times), and, on the other, that large-scale connectivity is a major player in the recovery of marine ecosystems in the Coral Triangle and may have shaped their biodiversity through time, but it is not contributing to recovery in the tropical Atlantic and wider Caribbean.
