Autonomous Reef Monitoring Structures (ARMS): A Systematic Tool to Assess Spatial Patterns and Temporal Trends in Cryptobiota Diversity
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Marine resource management is undergoing a fundamental transformation from the management of individual stocks or species to ecosystem-based management. For coral reef ecosystems, which are considered to be the most biologically diverse marine ecosystems, this transition has challenged policy makers, resource managers, and the scientific community since most of this biodiversity is poorly known and understood. To add to these challenges, coral reef ecosystems are known to be highly susceptible to numerous local and global anthropogenic stressors and this vulnerability is expected to increase with climate change and ocean acidification. Though poorly understood, the high biodiversity of reef systems suggests they may harbor enhanced ecological resilience. To most effectively implement ecosystem-based management approaches, however, it is desirable to understand the basic community structure and biodiversity of the system.  

Assessment and monitoring of biodiversity have been hampered by resource limitations, shortages of trained taxonomists, and subjectivity, biases, and inconsistencies of methods and observers.  These challenges are particularly problematic for small and cryptic invertebrate taxa that comprise the majority of non-microbial coral reef diversity.  Since 2006, the Census of Marine Life’s Census of Coral Reef Ecosystems (CReefs) project and NOAA developed Autonomous Reef Monitoring Structures (ARMS) as a systematic sampling tool to comparatively assess spatial patterns and to monitor temporal trends in the diversity of poorly-known cryptobiota on coral reefs worldwide.  Mimicking the structural complexity of benthic habitats to attract colonizing sessile and motile organisms, over 650 ARMS have been deployed in shallow (12 to 15 m) forereef coral habitats across biogeographic, oceanographic, and human impact gradients in the Pacific, Atlantic, and Indian Oceans. Ongoing collaborative efforts are focusing on the development of consistent and cost-effective genetic processing and analysis methodologies, including pyrosequencing and microarray ‘reef-chips’, image analyses, and an ARMSBase information system. Preliminary results indicate that coupled taxonomic and molecular analyses of ARMS specimens will provide an unprecedented tool to monitor changes in cryptic reef community structure over time as reefs and other coastal marine ecosystems become increasingly threatened by climate change and ocean acidification. ARMS could provide a useful tool to assess the performance of various designs artificial reefs in supporting biodiversity and the associated ecosystem goods and services as compared with natural reef systems. 
