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Abstract

Coral reefs underpin many vital ecosystem services including fisheries and tourism. Marine reserves provide a valuable management tool for protecting reefs from overfishing. However, current methods of selecting locations for marine reserves have not fully addressed the impacts of climate change and disturbance events upon coral reef ecosystems.  Excessively warm sea temperatures cause photoinhibition and photodamage in coral tissue, leading to the mass bleaching of corals and eventual mortality.  ‘Coral bleaching’ has become one of the most visually striking, ecologically devastating and geographically widespread consequences of climate variability.

Here we present a new approach to reserve design that combines analyses of thermal stress and oceanographic larval transport with reserve selection tools in order to provide greater sophistication and resilience to marine reserve networks in areas prone to coral bleaching. Reef sites are mapped for a case study in the Bahamas. Measures of chronic and acute thermal stress are derived from sea surface temperatures recorded by satellite, and sites are categorised by their thermal characteristics, and tolerance to bleaching.  Larval connectivity between sites is determined by a biophysical model of larval transport.  Our results reveal striking patterns in thermal regime and show that the distance among marine reserves within a network needs to be at sub-regional scales to allow successful recruitment following disturbance events.  In addition, we propose an optimisation algorithm to return the configuration of reserves that minimises the losses to the fishing industry whilst meeting user-defined conservation and habitat-connectivity targets, enabling more effective management of coral reef ecosystems.
