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Coral reef communities are some of the most diverse communities on Earth and are estimated to provide over $350 billion in services through the protection of coastal areas, fisheries, tourism, and providing new medical compounds.  However, coral reef communities are collapsing at rampant speed throughout the tropics. While some of the factors responsible for the decline are local, such as increased fishing and pollution, global factors such as increased sea temperatures, irradiance and UV radiation are leading to massive bleaching or whitening of coral communities. This is because large numbers of algae that live in the tissue of the coral and provide the coral with nourishment are lost due to environmental stress, causing the coral to turn white or “bleached”.  We want to understand why some coral species are resistant to bleaching and/or recover more quickly from bleaching, while others suffer high mortality after a bleaching episode. We propose that certain optical properties of the coral skeleton may serve as indicators of bleaching resistance in different coral species.  Using an innovative technique, low-coherence enhanced-backscattering (LEBS) spectroscopy, we are able to characterize the absorption, scattering, and redistribution of light throughout the coral skeleton.  We categorized our collection of 68 coral skeletons from 51 Atlantic and Indo-Pacific coral species into three growth forms: branching, massive, and laminar, and then employed LEBS to determine the mean free path length of light (ls’). As photons enter the coral skeleton, they are reflected and refracted before being absorbed or before exiting the coral. The ls’ value refers to the average distance that the path of light takes before exiting. This transport of light within the coral skeleton allows the delivery of light to the entire colony, including parts that are otherwise shaded from the sun, providing the symbiotic algae with its required sunlight.  Longer ls’, which we found to be characteristic of branching coral, demonstrates that a coral amplifies and distributes the available light more efficiently.  Massive and laminar types of coral had relatively shorter mean free path lengths than that of branching coral.  We also used LEBS to examine the micro-density of the coral and found that branching coral are composed of finer grains than massive or laminar types, which results in the longer ls’.  This efficiency in light transport is extremely useful under normal conditions. But when the coral encounters environmental stress, such as warmer ambient temperatures, this amplification of light only further exacerbates an already taxing situation, which may be the cause of the higher bleaching and mortality rates found in branching coral.  Our preliminary data indicates that the coral species capable of more efficient light transport and lower angles of scattering are the ones more susceptible to bleaching and bleaching-related mortality. 
