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      The specific objectives of this project are to identify and describe the processes that are important in determining rates of coral-reef construction. How quickly the skeletons of calcifying organisms accumulate to form massive barrier-reef structure is determined by processes of both construction (how fast organisms grow and reproduce) and destruction (how fast reefs break down by mechanical, chemical, and biological means).
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      Ecosystem-wide study of seafloor erosion in the Florida Keys Coral Reef Tract
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Calcification monitoring station with a colony of the massive starlet coral, Siderastrea siderea, fastened in place. (Public domain.)

Overview and Objectives

By combining our research activities involving mapping, monitoring, and retrospectively investigating reef processes such as calcification, reef metabolism, and microbial cycling, we will reveal linkages among them and establish connections to ecosystem services or outputs including reef edification, seawater chemistry, sand production, and habitat construction. Our work addresses several key issues related to the current status and potential declining health and resilience of shallow-water reef communities in the U.S. Caribbean, Gulf of Mexico, and Florida Keys. Improved understanding and information resulting from our work will help guide policies and best management practices to preserve and restore U.S. coral reef resources.

The specific objectives of this project are to identify and describe the processes that are important in determining rates of coral-reef construction. How quickly the skeletons of calcifying organisms accumulate to form massive barrier-reef structure is determined by processes of both construction (how fast organisms grow and reproduce) and destruction (how fast reefs break down by mechanical, chemical, and biological means). The components of our project represent multiple disciplines working together to answer one fundamental question: 'what are the drivers determining calcification rates and reef construction, and will reefs cease to accrete (grow) in the near future in the context of ocean warming, ocean acidification, and/or compromised water quality?' We will also explore the seasonal, spatial (vertical and horizontal), and retrospective (historical and geological) heterogeneity in the reef processes we are investigating. A greater knowledge of the natural variability in these processes will afford us a much better chance of detecting and understanding potential impacts of global climate change or altered water quality on reef building.

 

Measuring Coral Growth to Help Restore Reefs

It is critical to start measuring calcification rates in a systematic way now, particularly at subtropical latitudes where conditions fluctuate seasonally, so that we can understand how dynamic ocean conditions affect calcifying organisms today and predict possible changes in the future. We established a calcification monitoring network in the Florida Keys and have been measuring calcification rates since 2009.

   

Coral Reef Seafloor Erosion and Coastal Hazards

Synchronized field work focused on geochemistry, geology, and metabolic processes overlaid on a habitat map of an entire reef to produce a synoptic overview of reef processes that contribute to carbonate precipitation and dissolution.

   

Reef History and Climate Change

Ecosystem-wide study of seafloor erosion, changing coastal water depths, and effects on coastal storm and wave impacts along the Florida Keys Coral Reef Tract in South Florida.

   

Holocene Coral-Reef Development

With the continuing threat of climate change and other anthropogenic disturbances, the future of Florida's coral reefs is uncertain. One way to gain insights into the future trajectories of Florida's coral reefs is to investigate how they responded to environmental disturbances in the past.

   

Microbial Processes on Reefs

The microbial community on coral reefs is generally underappreciated given the ubiquity, abundance, complexity, and formative role these prokaryotes serve in the metabolic and chemical processes on reefs. We use microbiological and metagenomic techniques to decipher the roles the microbial community are playing in processes such as coral disease, submarine groundwater discharge, calcification, and dissolution.
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The U.S. Geological Survey is conducting research to guide the recovery of the threatened Elkhorn coral, Acropora palmata, in Dry Tortugas National Park and throughout the western Atlantic. A small Elkhorn colony, raised from a fragment collected after a storm, is shown here in the foreground after it was cemented to the reef to establish a new coral population. Elkhorn coral is a foundational species that creates large underwater ramparts that protect coastal communities from the onslaught of waves.

 

Previous Research

Community Calcification & Metabolism

Changing ocean chemistry resulting from climate change and ocean acidification also affects coral reefs at the community level. The severity of impacts to coral reefs depends, in part, on the ability of reefs to continue growing enough to keep up with rising sea level.

   

Benthic Habitat Mapping & Monitoring

Benthic community composition, percent cover, areal extent, and temporal stability are critical factors that contribute to the value of a given marine habitat. Knowledge of these benthic cover components provides a baseline for National Park Service resource managers, as well as a tool for planning research activities for other CREST scientists.

   

Coral Disease

Coral diseases have been reported worldwide and with increasing frequency. Disease is now recognized as one of the major causes of reef degradation and coral mortality.
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        The microbial community on coral reefs is generally underappreciated given the ubiquity, abundance, complexity, and formative role these prokaryotes serve in the metabolic and chemical processes on reefs. We use microbiological and metagenomic techniques to decipher the roles the microbial community are playing in processes such as coral disease, submarine groundwater discharge, calcification, and...
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        The microbial community on coral reefs is generally underappreciated given the ubiquity, abundance, complexity, and formative role these prokaryotes serve in the metabolic and chemical processes on reefs. We use microbiological and metagenomic techniques to decipher the roles the microbial community are playing in processes such as coral disease, submarine groundwater discharge, calcification, and...
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        Both ATRIS configurations were deployed in Dry Tortugas National Park (DRTO) to fill information gaps in the spatial coverage of existing habitat maps.
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        Both ATRIS configurations were deployed in Dry Tortugas National Park (DRTO) to fill information gaps in the spatial coverage of existing habitat maps.
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        Ecosystem-wide study of seafloor erosion, changing coastal water depths, and effects on coastal storm and wave impacts along the Florida Keys Coral Reef Tract in South Florida.
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        Reef History and Climate Change


    

  

  
    

    
        Ecosystem-wide study of seafloor erosion, changing coastal water depths, and effects on coastal storm and wave impacts along the Florida Keys Coral Reef Tract in South Florida.
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                Holocene Coral-Reef Development

              
          

    

    
        With the continuing threat of climate change and other anthropogenic disturbances, the future of Florida's coral reefs is uncertain. One way to gain insights into the future trajectories of Florida's coral reefs is to investigate how they responded to environmental disturbances in the past.
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        Holocene Coral-Reef Development


    

  

  
    

    
        With the continuing threat of climate change and other anthropogenic disturbances, the future of Florida's coral reefs is uncertain. One way to gain insights into the future trajectories of Florida's coral reefs is to investigate how they responded to environmental disturbances in the past.
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                Coral Reef Seafloor Erosion and Coastal Hazards

              
          

    

    
        Synchronized field work focused on geochemistry, geology, and metabolic processes overlaid on a habitat map of an entire reef to produce a synoptic overview of reef processes that contribute to carbonate precipitation and dissolution.
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        Coral Reef Seafloor Erosion and Coastal Hazards


    

  

  
    

    
        Synchronized field work focused on geochemistry, geology, and metabolic processes overlaid on a habitat map of an entire reef to produce a synoptic overview of reef processes that contribute to carbonate precipitation and dissolution.
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        It is critical to start measuring calcification rates in a systematic way now, particularly at subtropical latitudes where conditions fluctuate seasonally, so that we can understand how dynamic ocean conditions affect calcifying organisms today and predict possible changes in the future. We established a calcification monitoring network in the Florida Keys and have been measuring calcification...
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        It is critical to start measuring calcification rates in a systematic way now, particularly at subtropical latitudes where conditions fluctuate seasonally, so that we can understand how dynamic ocean conditions affect calcifying organisms today and predict possible changes in the future. We established a calcification monitoring network in the Florida Keys and have been measuring calcification...
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                Coral Reef Community Calcification and Metabolism

              
          

    

    
        This task focuses on forecasting and hind-casting the future and past response of coral reef calcification and growth to changes in seawater carbonate chemistry from pre-industrial time to the year 2100.
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        Coral Reef Community Calcification and Metabolism


    

  

  
    

    
        This task focuses on forecasting and hind-casting the future and past response of coral reef calcification and growth to changes in seawater carbonate chemistry from pre-industrial time to the year 2100.
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                Experimental Coral-Physiology Data for Acropora palmata in Florida, USA

              
          

    

    
      The USGS Coral Reef Ecosystems Studies (CREST) project provides science that helps Department of Interior and other resource managers tasked with the stewardship of coral reef resources. This data release contains data on coral physiology of the elkhorn coral, Acropora palmata, grown at five sites along the Florida outer reef tract including in Biscayne National Park, the Florida Keys National Mar
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      The U.S. Geological Survey Coral Reef Ecosystems Studies project (CREST) provides science that helps Department of Interior and other resource managers tasked with the stewardship of coral reef resources. This data release contains data on coral-growth rates and time-series photographs taken of colonies of the elkhorn coral, Acropora palmata, and the symmetrical brain coral, Pseudodiploria strigos
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      The USGS Coral Reef Ecosystems Studies project provides science that helps resource managers tasked with the stewardship of coral reef resources. Coral reef organisms are very sensitive to high and low water-temperature extremes. It is critical to precisely know water temperatures experienced by corals and associated plants and animals that live in the dynamic, nearshore environment to document th
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                Experimental Data on Construction and Erosion of Orbicella Coral Reefs in the Florida Keys, U.S.A.

              
          

    

    
      The USGS Coral Reef Ecosystems Studies project provides science that helps resource managers tasked with the stewardship of coral reef resources. This data release contains data on coral-growth rates for Orbicella sp. coral colonies grown at five sites on the Florida Keys reef tract from 2013 to 2015, survey data for census-based carbonate budgeting at Hen and Chickens Reef (Islamorada, Florida),
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                Descriptive Core Logs, Core Photographs, Radiocarbon Ages, and Accretion Data from Holocene Reef Cores Collected Throughout the Florida Keys Reef Tract

              
          

    

    
      The USGS core archive (Reich and others, 2009; USGS Core Archive) houses an extensive collection of coral-reef cores that USGS researchers have collected from throughout the Florida Keys reef tract (FKRT; fig. 1). USGS scientists have compiled all available data on the 71 core records that recovered Holocene reef framework, including radiometric ages (radiocarbon and U-series), data on reef develo
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                Microbial and environmental dataset from Crocker Reef, Florida Keys, 2014-2015

              
          

    

    
      Crocker Reef was the site of an integrated reefscape characterization effort focused on calcification and related biogeochemical processes as part of the USGS Coral Reef Ecosystem Study (CREST) project. This effort included two intensive seasonal sampling trips to capture summer (July 8 to 17, 2014) and winter (January 29 to February 5, 2015) conditions. This data release represents water column m
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      Coral reefs are important for supporting biodiversity, fisheries, tourism, and coastal protection, but are in decline worldwide, primarily due to extreme heat waves and subsequent coral bleaching, in addition to other stressors.
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      Coral reefs are important for supporting biodiversity, fisheries, tourism, and coastal protection, but are in decline worldwide, primarily due to extreme heat waves and subsequent coral bleaching, in addition to other stressors.
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      The complex, three-dimensional reefs built by corals over hundreds to thousands of years provide invaluable ecosystem services to society—contributing billions of dollars per year to the global economy through shoreline protection, tourism, and habitat for biodiversity and fisheries.
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      Calcification monitoring station with a colony of the massive starlet coral, Siderastrea siderea, fastened in place.
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      A diver uses an underwater drill to take a core sample from a massive brain coral (Diploria strigosa) in Dry Tortugas National Park. 
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      A diver uses an underwater drill to take a core sample from a massive brain coral (Diploria strigosa) in Dry Tortugas National Park. 
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      These Elkhorn corals (Acropora palmata) near Buck Island, U.S. Virgin Islands have died and collapsed into rubble. As coral reef structure degrades, valuable habitat for marine life is lost and nearby coastlines become more susceptible to storms, waves and erosion.
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      These Elkhorn corals (Acropora palmata) near Buck Island, U.S. Virgin Islands have died and collapsed into rubble. As coral reef structure degrades, valuable habitat for marine life is lost and nearby coastlines become more susceptible to storms, waves and erosion.
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      Healthy Elkhorn coral (Acropora palmata) near unpopulated Buck Island, U.S. Virgin Islands. Elkhorn coral is one of many important reef-building species that create 3D structure on the seafloor. Coral reef structure provides habitat for marine life and helps break up waves as they approach the coastline.
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      Healthy Elkhorn coral (Acropora palmata) near unpopulated Buck Island, U.S. Virgin Islands. Elkhorn coral is one of many important reef-building species that create 3D structure on the seafloor. Coral reef structure provides habitat for marine life and helps break up waves as they approach the coastline.
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      Taken at Palmyra National Wildlife Refuge
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      Don Hickey tightens a bolt on a coral calcification monitoring station. Corals are being monitored for growth and sampled for climate proxy indicators (isotopes, elemental ratios).
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      Don Hickey tightens a bolt on a coral calcification monitoring station. Corals are being monitored for growth and sampled for climate proxy indicators (isotopes, elemental ratios).
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      Shallow coral reefs in the U.S. Virgin Islands are in jeopardy due to climate warming and ocean acidification.
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                Discovery of a rare pillar coral (Dendrogyra cylindrus) death assemblage off southeast Florida reveals multi-century persistence during the late Holocene

              
          

    

    
      In recent years, coral populations in the western Atlantic have undergone widespread declines from climate change, anthropogenic stressors, and infectious disease outbreaks. The pillar coral, Dendrogyra cylindrus, has been one of the most affected species, prompting its listing as threatened under the United States Endangered Species Act in 2014 and critically endangered under the IUCN Red List in
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                The potential for coral reef restoration to mitigate coastal flooding as sea levels rise

              
          

    

    
      The ability of reefs to protect coastlines from storm-driven flooding hinges on their capacity to keep pace with sea-level rise. Here, we show how and whether coral restoration could achieve the often-cited goal of reversing the impacts of coral-reef degradation to preserve this essential function. We combined coral-growth measurements and carbonate-budget assessments of reef-accretion potential a
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                Upwelling, climate change, and the shifting geography of coral reef development

              
          

    

    
      The eastern tropical Pacific is oceanographically unfavorable for coral-reef development. Nevertheless, reefs have persisted there for the last 7000 years. Rates of vertical accretion during the Holocene have been similar in the strong-upwelling Gulf of Panamá (GoP) and the adjacent, weak-upwelling Gulf of Chiriquí (GoC); however, seasonal upwelling in the GoP exacerbated a climate-driven hiatus i
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                Assigning causality to events in the Holocene record of coral reefs

              
          

    

    
      The uncemented reef-frameworks of Pacific Panamá, which have been dominated throughout the Holocene by branching corals of the genus Pocillopora, experienced a hiatus in vertical accretion lasting c. 2300 years, beginning c. 4100 years ago. The hiatus has been attributed to an increase in variability of the El Niño–Southern Oscillation (ENSO). We tested the alternative hypothesis that the hiatus w
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                Scale dependence of coral reef oases and their environmental correlates

              
          

    

    
      Identifying relatively intact areas within ecosystems and determining the conditions favoring their existence is necessary for effective management in the context of widespread environmental degradation. In this study, we used 3766 surveys of randomly selected sites in the United States and U.S. Territories to identify the correlates of sites categorized as “oases” (defined as sites with relativel
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                Reestablishing a stepping-stone population of the threatened elkhorn coral Acropora palmata to aid regional recovery

              
          

    

    
      Recovery of the elkhorn coral Acropora palmata is critical to reversing coral reef ecosystem collapse in the western Atlantic, but the species is severely threatened. To gauge potential for the species’ restoration in Florida, USA, we conducted an assisted migration experiment where 50 coral fragments of 5 nursery-raised genetic strains (genets) from the upper Florida Keys were moved to 5 sites ac
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                Disturbances drive changes in coral community assemblages and coral calcification capacity

              
          

    

    
      Anthropogenic environmental change has increased coral reef disturbance regimes in recent decades, altering the structure and function of many coral reefs globally. In this study, we used coral community survey data collected from 1996 to 2015 to evaluate coral calcification capacity (CCC) dynamics with respect to recorded pulse disturbances for 121 reef sites in the Main Hawaiian Islands and Mo'o
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                Heat accumulation on coral reefs mitigated by internal waves

              
          

    

    
      Coral reefs are among the most species-rich, productive and economically valuable ecosystems on Earth but increasingly frequent pantropical coral bleaching events are threatening their persistence on a global scale. The 2015–2016 El Niño led to the hottest sea surface temperatures on record and widespread bleaching of shallow-water corals. However, the causes of spatial variation in bleaching are
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                Considerations for maximizing the adaptive potential of restored coral populations in the western Atlantic

              
          

    

    
      Active coral restoration typically involves two interventions: crossing gametes to facilitate sexual larval propagation; and fragmenting, growing, and outplanting adult colonies to enhance asexual propagation. From an evolutionary perspective, the goal of these efforts is to establish self‐sustaining, sexually reproducing coral populations that have sufficient genetic and phenotypic variation to a
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                The unprecedented loss of Florida's reef-building corals and the emergence of a novel coral-reef assemblage

              
          

    

    
      Over the last half century, climate change, coral disease, and other anthropogenic disturbances have restructured coral-reef ecosystems on a global scale. The disproportionate loss of once-dominant, reef-building taxa has facilitated relative increases in the abundance of “weedy” or stress-tolerant coral species. Although the recent transformation of coral-reef assemblages is unprecedented on ecol
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                Improving estimates of coral reef construction and erosion with in-situ measurements

              
          

    

    
      The decline in living coral since the 1970s has conspicuously slowed reef construction on a global scale, but the related process of reef erosion is less visible and not often quantified. Here we present new data on the constructional and deconstructional side of the carbonate-budget equation in the Florida Keys, U.S.A. We documented Orbicella spp. calcification rates at four offshore reefs and qu
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                Quantifying uncertainty in Sr/Ca-based estimates of SST from the coral Orbicella faveolata

              
          

    

    
      The strontium to calcium ratio (Sr/Ca) in aragonitic skeletons of massive corals provides a proxy for sea surface temperature (SST) that can be used to reconstruct paleoclimates across decades, centuries, and, potentially, millennia. Determining the reproducibility of Sr/Ca records among contemporaneous coral colonies from the same region is critical to quantifying uncertainties associated with th
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    SPCMSC scientists and National Park Service resource managers collaborate to save threatened corals during ocean-heat wave
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        SPCMSC scientists and National Park Service resource managers collaborate to save threatened corals during ocean-heat wave


    

  

  
    

    
        A team from the St. Petersburg Coastal and Marine Science Center and the National Park Service conducted emergency fieldwork to protect corals during...
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        SPCMSC scientists to commence new coral study in St. Croix, Virgin Islands, with the National Park Service


    

  

  
    

    
        A team from the St. Petersburg Coastal and Marine Science Center will assist the National Park Service in starting a new experiment tracking the...
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        Coral Reef “Oases”: New Study Provides Clues to Locate Resilient Reef Communities


    

  

  
    

    
        New models developed by an international team including USGS researchers could predict and explain the locations of resilient coral reef communities...
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        Can coral restoration reverse long-term declines in coral reef growth?


    

  

  
    

    
        New USGS-led research shows despite unprecedented declines in reef-building corals in recent decades, real-world coral restoration efforts could bring...
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    SPCMSC scientists to start new coral experiment in Dry Tortugas National Park
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        SPCMSC scientists to start new coral experiment in Dry Tortugas National Park


    

  

  
    

    
        Ilsa Kuffner of the USGS St. Petersburg Coastal and Marine Science Center (SPCMSC) is leading a team to determine the reasons coral grows faster in...
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        Ilsa Kuffner and team are heading to the Florida Keys and Dry Tortugas National Park to study the ecology of coral reefs


    

  

  
    

    
        The team will conduct benthic surveys inside and outside the no take Research Natural Area at Dry Tortugas National Park (DRTO) to understand the...
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        New USGS technology provides three dimensional benefits: assessing coastal hazards, seafloor stability, and coral restoration efforts


    

  

  
    

    
        USGS team invented a new camera system to create highly detailed 3-dimensional models of the seafloor that are proving to be invaluable for coastal...
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    Ilsa Kuffner and team finishing coral calcification study funded by the National Park Service in St. Croix, U.S. Virgin Islands
    
        August 19, 2021



        Ilsa Kuffner and team finishing coral calcification study funded by the National Park Service in St. Croix, U.S. Virgin Islands


    

  

  
    

    
        A team of scientists from the St. Petersburg Coastal and Marine Science Center will be wrapping up an experiment this week on coral calcification...




  



    Read Article
  





              

    
            
                  


  
  
    SPCMSC and PCMSC scientists participating in 14th International Coral Reef Symposium
    
        July 23, 2021



        SPCMSC and PCMSC scientists participating in 14th International Coral Reef Symposium


    

  

  
    

    
        USGS research will be presented by several USGS scientists during the virtual 14th International Coral Reef Symposium taking place 19-23 July 2021.
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    New SPCMSC publication provides evidence of exceptional coral performance in Dry Tortugas National Park
    
        June 24, 2021



        New SPCMSC publication provides evidence of exceptional coral performance in Dry Tortugas National Park


    

  

  
    

    
        USGS research published in the journal Frontiers in Marine Science reveals differences in coral tolerance to heat stress across Florida Keys reef...
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    Climate change will continue preventing coral reef growth in subtropics
    
        June 22, 2021



        Climate change will continue preventing coral reef growth in subtropics


    

  

  
    

    
        Based on new research, USGS scientists predict future climate change will continue to suppress coral reef growth in the subtropics.
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    New USGS study suggests that high-latitude environments are unlikely to support coral reef growth as the climate warms
    
        April 15, 2021



        New USGS study suggests that high-latitude environments are unlikely to support coral reef growth as the climate warms


    

  

  
    

    
        Researcher Lauren T. Toth (Research Physical Scientist) of the St. Petersburg Coastal and Marine Science Center (SPCMSC) led a study published this...
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                Why are coral reefs in peril and what is being done to protect them?

              
          

    
      

  
            
          

    
        Coral reefs can be damaged by natural processes, such as storms, but they are increasingly at risk from human activities. Oil spills and pollutants can threaten entire reefs. Excessive nutrients from land sources, such as sewage and agricultural fertilizers, promote the growth of algae that can smother corals. Other organisms harmful to corals, such as crown-of-thorns starfish, multiply when the...
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        Coral reefs can be damaged by natural processes, such as storms, but they are increasingly at risk from human activities. Oil spills and pollutants can threaten entire reefs. Excessive nutrients from land sources, such as sewage and agricultural fertilizers, promote the growth of algae that can smother corals. Other organisms harmful to corals, such as crown-of-thorns starfish, multiply when the...
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      The specific objectives of this project are to identify and describe the processes that are important in determining rates of coral-reef construction. How quickly the skeletons of calcifying organisms accumulate to form massive barrier-reef structure is determined by processes of both construction (how fast organisms grow and reproduce) and destruction (how fast reefs break down by mechanical, chemical, and biological means).


  



  



  
          
      
          
          


    
      Reef History and Climate Change
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      Ecosystem-wide study of seafloor erosion in the Florida Keys Coral Reef Tract
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      Measuring Coral to Restore Reefs
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      How dynamic ocean conditions affect calcifying organisms today
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Calcification monitoring station with a colony of the massive starlet coral, Siderastrea siderea, fastened in place. (Public domain.)

Overview and Objectives

By combining our research activities involving mapping, monitoring, and retrospectively investigating reef processes such as calcification, reef metabolism, and microbial cycling, we will reveal linkages among them and establish connections to ecosystem services or outputs including reef edification, seawater chemistry, sand production, and habitat construction. Our work addresses several key issues related to the current status and potential declining health and resilience of shallow-water reef communities in the U.S. Caribbean, Gulf of Mexico, and Florida Keys. Improved understanding and information resulting from our work will help guide policies and best management practices to preserve and restore U.S. coral reef resources.

The specific objectives of this project are to identify and describe the processes that are important in determining rates of coral-reef construction. How quickly the skeletons of calcifying organisms accumulate to form massive barrier-reef structure is determined by processes of both construction (how fast organisms grow and reproduce) and destruction (how fast reefs break down by mechanical, chemical, and biological means). The components of our project represent multiple disciplines working together to answer one fundamental question: 'what are the drivers determining calcification rates and reef construction, and will reefs cease to accrete (grow) in the near future in the context of ocean warming, ocean acidification, and/or compromised water quality?' We will also explore the seasonal, spatial (vertical and horizontal), and retrospective (historical and geological) heterogeneity in the reef processes we are investigating. A greater knowledge of the natural variability in these processes will afford us a much better chance of detecting and understanding potential impacts of global climate change or altered water quality on reef building.

 

Measuring Coral Growth to Help Restore Reefs

It is critical to start measuring calcification rates in a systematic way now, particularly at subtropical latitudes where conditions fluctuate seasonally, so that we can understand how dynamic ocean conditions affect calcifying organisms today and predict possible changes in the future. We established a calcification monitoring network in the Florida Keys and have been measuring calcification rates since 2009.

   

Coral Reef Seafloor Erosion and Coastal Hazards

Synchronized field work focused on geochemistry, geology, and metabolic processes overlaid on a habitat map of an entire reef to produce a synoptic overview of reef processes that contribute to carbonate precipitation and dissolution.

   

Reef History and Climate Change

Ecosystem-wide study of seafloor erosion, changing coastal water depths, and effects on coastal storm and wave impacts along the Florida Keys Coral Reef Tract in South Florida.

   

Holocene Coral-Reef Development

With the continuing threat of climate change and other anthropogenic disturbances, the future of Florida's coral reefs is uncertain. One way to gain insights into the future trajectories of Florida's coral reefs is to investigate how they responded to environmental disturbances in the past.

   

Microbial Processes on Reefs

The microbial community on coral reefs is generally underappreciated given the ubiquity, abundance, complexity, and formative role these prokaryotes serve in the metabolic and chemical processes on reefs. We use microbiological and metagenomic techniques to decipher the roles the microbial community are playing in processes such as coral disease, submarine groundwater discharge, calcification, and dissolution.
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The U.S. Geological Survey is conducting research to guide the recovery of the threatened Elkhorn coral, Acropora palmata, in Dry Tortugas National Park and throughout the western Atlantic. A small Elkhorn colony, raised from a fragment collected after a storm, is shown here in the foreground after it was cemented to the reef to establish a new coral population. Elkhorn coral is a foundational species that creates large underwater ramparts that protect coastal communities from the onslaught of waves.

 

Previous Research

Community Calcification & Metabolism

Changing ocean chemistry resulting from climate change and ocean acidification also affects coral reefs at the community level. The severity of impacts to coral reefs depends, in part, on the ability of reefs to continue growing enough to keep up with rising sea level.

   

Benthic Habitat Mapping & Monitoring

Benthic community composition, percent cover, areal extent, and temporal stability are critical factors that contribute to the value of a given marine habitat. Knowledge of these benthic cover components provides a baseline for National Park Service resource managers, as well as a tool for planning research activities for other CREST scientists.

   

Coral Disease

Coral diseases have been reported worldwide and with increasing frequency. Disease is now recognized as one of the major causes of reef degradation and coral mortality.
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                Microbial Processes on Reefs

              
          

    

    
        The microbial community on coral reefs is generally underappreciated given the ubiquity, abundance, complexity, and formative role these prokaryotes serve in the metabolic and chemical processes on reefs. We use microbiological and metagenomic techniques to decipher the roles the microbial community are playing in processes such as coral disease, submarine groundwater discharge, calcification, and...



  



        
    
    
    

      By

    
      St. Petersburg Coastal and Marine Science Center

  



  








  


  
    link
    
        August 2, 2019



        Microbial Processes on Reefs


    

  

  
    

    
        The microbial community on coral reefs is generally underappreciated given the ubiquity, abundance, complexity, and formative role these prokaryotes serve in the metabolic and chemical processes on reefs. We use microbiological and metagenomic techniques to decipher the roles the microbial community are playing in processes such as coral disease, submarine groundwater discharge, calcification, and...
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                Fine-scale Benthic Habitat Mapping

              
          

    

    
        Both ATRIS configurations were deployed in Dry Tortugas National Park (DRTO) to fill information gaps in the spatial coverage of existing habitat maps.
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        Both ATRIS configurations were deployed in Dry Tortugas National Park (DRTO) to fill information gaps in the spatial coverage of existing habitat maps.
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                Reef History and Climate Change

              
          

    

    
        Ecosystem-wide study of seafloor erosion, changing coastal water depths, and effects on coastal storm and wave impacts along the Florida Keys Coral Reef Tract in South Florida.
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        Reef History and Climate Change


    

  

  
    

    
        Ecosystem-wide study of seafloor erosion, changing coastal water depths, and effects on coastal storm and wave impacts along the Florida Keys Coral Reef Tract in South Florida.
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                Holocene Coral-Reef Development

              
          

    

    
        With the continuing threat of climate change and other anthropogenic disturbances, the future of Florida's coral reefs is uncertain. One way to gain insights into the future trajectories of Florida's coral reefs is to investigate how they responded to environmental disturbances in the past.
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        With the continuing threat of climate change and other anthropogenic disturbances, the future of Florida's coral reefs is uncertain. One way to gain insights into the future trajectories of Florida's coral reefs is to investigate how they responded to environmental disturbances in the past.



  



    Learn More
  







    

      
              
          link
              

    
        [image: relationship between biology, chemistry, and physical and environmental processes in understanding ocean acidification]




  



              
          

    
      February 28, 2018


    
              
                Coral Reef Seafloor Erosion and Coastal Hazards

              
          

    

    
        Synchronized field work focused on geochemistry, geology, and metabolic processes overlaid on a habitat map of an entire reef to produce a synoptic overview of reef processes that contribute to carbonate precipitation and dissolution.
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        Synchronized field work focused on geochemistry, geology, and metabolic processes overlaid on a habitat map of an entire reef to produce a synoptic overview of reef processes that contribute to carbonate precipitation and dissolution.
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        It is critical to start measuring calcification rates in a systematic way now, particularly at subtropical latitudes where conditions fluctuate seasonally, so that we can understand how dynamic ocean conditions affect calcifying organisms today and predict possible changes in the future. We established a calcification monitoring network in the Florida Keys and have been measuring calcification...
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        It is critical to start measuring calcification rates in a systematic way now, particularly at subtropical latitudes where conditions fluctuate seasonally, so that we can understand how dynamic ocean conditions affect calcifying organisms today and predict possible changes in the future. We established a calcification monitoring network in the Florida Keys and have been measuring calcification...
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                Coral Reef Community Calcification and Metabolism

              
          

    

    
        This task focuses on forecasting and hind-casting the future and past response of coral reef calcification and growth to changes in seawater carbonate chemistry from pre-industrial time to the year 2100.
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        Coral Reef Community Calcification and Metabolism


    

  

  
    

    
        This task focuses on forecasting and hind-casting the future and past response of coral reef calcification and growth to changes in seawater carbonate chemistry from pre-industrial time to the year 2100.
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      Below are data or web applications associated with this project.
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                Experimental Coral-Physiology Data for Acropora palmata in Florida, USA

              
          

    

    
      The USGS Coral Reef Ecosystems Studies (CREST) project provides science that helps Department of Interior and other resource managers tasked with the stewardship of coral reef resources. This data release contains data on coral physiology of the elkhorn coral, Acropora palmata, grown at five sites along the Florida outer reef tract including in Biscayne National Park, the Florida Keys National Mar
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                Experimental Coral-Growth Data and Time-Series Imagery for Acropora palmata and Pseudodiploria strigosa in St. Croix, U.S. Virgin Islands

              
          

    

    
      The U.S. Geological Survey Coral Reef Ecosystems Studies project (CREST) provides science that helps Department of Interior and other resource managers tasked with the stewardship of coral reef resources. This data release contains data on coral-growth rates and time-series photographs taken of colonies of the elkhorn coral, Acropora palmata, and the symmetrical brain coral, Pseudodiploria strigos
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      Coastal and Marine Hazards and Resources Program, St. Petersburg Coastal and Marine Science Center
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                Underwater temperature on off-shore coral reefs of the Florida Keys, U.S.A.

              
          

    

    
      The USGS Coral Reef Ecosystems Studies project provides science that helps resource managers tasked with the stewardship of coral reef resources. Coral reef organisms are very sensitive to high and low water-temperature extremes. It is critical to precisely know water temperatures experienced by corals and associated plants and animals that live in the dynamic, nearshore environment to document th
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                Experimental Data on Construction and Erosion of Orbicella Coral Reefs in the Florida Keys, U.S.A.

              
          

    

    
      The USGS Coral Reef Ecosystems Studies project provides science that helps resource managers tasked with the stewardship of coral reef resources. This data release contains data on coral-growth rates for Orbicella sp. coral colonies grown at five sites on the Florida Keys reef tract from 2013 to 2015, survey data for census-based carbonate budgeting at Hen and Chickens Reef (Islamorada, Florida),
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                Descriptive Core Logs, Core Photographs, Radiocarbon Ages, and Accretion Data from Holocene Reef Cores Collected Throughout the Florida Keys Reef Tract

              
          

    

    
      The USGS core archive (Reich and others, 2009; USGS Core Archive) houses an extensive collection of coral-reef cores that USGS researchers have collected from throughout the Florida Keys reef tract (FKRT; fig. 1). USGS scientists have compiled all available data on the 71 core records that recovered Holocene reef framework, including radiometric ages (radiocarbon and U-series), data on reef develo
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      Coastal and Marine Hazards and Resources Program, St. Petersburg Coastal and Marine Science Center
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                Microbial and environmental dataset from Crocker Reef, Florida Keys, 2014-2015

              
          

    

    
      Crocker Reef was the site of an integrated reefscape characterization effort focused on calcification and related biogeochemical processes as part of the USGS Coral Reef Ecosystem Study (CREST) project. This effort included two intensive seasonal sampling trips to capture summer (July 8 to 17, 2014) and winter (January 29 to February 5, 2015) conditions. This data release represents water column m
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      Below are multimedia items associated with this project.
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  Seafloor Erosion in the Florida Keys


    
      Coral reefs are important for supporting biodiversity, fisheries, tourism, and coastal protection, but are in decline worldwide, primarily due to extreme heat waves and subsequent coral bleaching, in addition to other stressors.
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      Coral reefs are important for supporting biodiversity, fisheries, tourism, and coastal protection, but are in decline worldwide, primarily due to extreme heat waves and subsequent coral bleaching, in addition to other stressors.
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  Lauren Toth - Coral Restoration
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Lauren Toth - Coral Restoration
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  Lauren Toth - Coral Restoration


    
      The complex, three-dimensional reefs built by corals over hundreds to thousands of years provide invaluable ecosystem services to society—contributing billions of dollars per year to the global economy through shoreline protection, tourism, and habitat for biodiversity and fisheries.
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      The complex, three-dimensional reefs built by corals over hundreds to thousands of years provide invaluable ecosystem services to society—contributing billions of dollars per year to the global economy through shoreline protection, tourism, and habitat for biodiversity and fisheries.
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      Calcification monitoring station with a colony of the massive starlet coral, Siderastrea siderea, fastened in place.



  




      By

    
      St. Petersburg Coastal and Marine Science Center

  



          

        


        
          
            
              

    
        [image: Calcification monitoring station with a colony of the massive starlet coral, Siderastrea siderea, fastened in place.]




  



            

            
                December 31, 2017


              Calcification monitoring station

link


            

          

          
            Calcification monitoring station

link



    
      Calcification monitoring station with a colony of the massive starlet coral, Siderastrea siderea, fastened in place.
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  Coral coring in Dry Tortugas National Park


    
      A diver uses an underwater drill to take a core sample from a massive brain coral (Diploria strigosa) in Dry Tortugas National Park. 
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      A diver uses an underwater drill to take a core sample from a massive brain coral (Diploria strigosa) in Dry Tortugas National Park. 
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  Corals die, turn to rubble


    
      These Elkhorn corals (Acropora palmata) near Buck Island, U.S. Virgin Islands have died and collapsed into rubble. As coral reef structure degrades, valuable habitat for marine life is lost and nearby coastlines become more susceptible to storms, waves and erosion.
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      These Elkhorn corals (Acropora palmata) near Buck Island, U.S. Virgin Islands have died and collapsed into rubble. As coral reef structure degrades, valuable habitat for marine life is lost and nearby coastlines become more susceptible to storms, waves and erosion.
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  Elkhorn coral anchors a healthy reef


    
      Healthy Elkhorn coral (Acropora palmata) near unpopulated Buck Island, U.S. Virgin Islands. Elkhorn coral is one of many important reef-building species that create 3D structure on the seafloor. Coral reef structure provides habitat for marine life and helps break up waves as they approach the coastline.
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      Healthy Elkhorn coral (Acropora palmata) near unpopulated Buck Island, U.S. Virgin Islands. Elkhorn coral is one of many important reef-building species that create 3D structure on the seafloor. Coral reef structure provides habitat for marine life and helps break up waves as they approach the coastline.
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      Taken at Palmyra National Wildlife Refuge
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      Taken at Palmyra National Wildlife Refuge
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      Don Hickey tightens a bolt on a coral calcification monitoring station. Corals are being monitored for growth and sampled for climate proxy indicators (isotopes, elemental ratios).
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      Don Hickey tightens a bolt on a coral calcification monitoring station. Corals are being monitored for growth and sampled for climate proxy indicators (isotopes, elemental ratios).
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      Shallow coral reefs in the U.S. Virgin Islands are in jeopardy due to climate warming and ocean acidification.
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                Discovery of a rare pillar coral (Dendrogyra cylindrus) death assemblage off southeast Florida reveals multi-century persistence during the late Holocene

              
          

    

    
      In recent years, coral populations in the western Atlantic have undergone widespread declines from climate change, anthropogenic stressors, and infectious disease outbreaks. The pillar coral, Dendrogyra cylindrus, has been one of the most affected species, prompting its listing as threatened under the United States Endangered Species Act in 2014 and critically endangered under the IUCN Red List in

  



        
    
    

    

      Authors

    
      Alexander B. Modys, Lauren Toth, Richard A. Mortlock, Anton E. Olenik, William F. Precht

  




    

      By

    
      St. Petersburg Coastal and Marine Science Center

  



  





    
    
            April 21, 2023


        
              
                The potential for coral reef restoration to mitigate coastal flooding as sea levels rise

              
          

    

    
      The ability of reefs to protect coastlines from storm-driven flooding hinges on their capacity to keep pace with sea-level rise. Here, we show how and whether coral restoration could achieve the often-cited goal of reversing the impacts of coral-reef degradation to preserve this essential function. We combined coral-growth measurements and carbonate-budget assessments of reef-accretion potential a
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                Upwelling, climate change, and the shifting geography of coral reef development

              
          

    

    
      The eastern tropical Pacific is oceanographically unfavorable for coral-reef development. Nevertheless, reefs have persisted there for the last 7000 years. Rates of vertical accretion during the Holocene have been similar in the strong-upwelling Gulf of Panamá (GoP) and the adjacent, weak-upwelling Gulf of Chiriquí (GoC); however, seasonal upwelling in the GoP exacerbated a climate-driven hiatus i
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                Assigning causality to events in the Holocene record of coral reefs

              
          

    

    
      The uncemented reef-frameworks of Pacific Panamá, which have been dominated throughout the Holocene by branching corals of the genus Pocillopora, experienced a hiatus in vertical accretion lasting c. 2300 years, beginning c. 4100 years ago. The hiatus has been attributed to an increase in variability of the El Niño–Southern Oscillation (ENSO). We tested the alternative hypothesis that the hiatus w
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                Scale dependence of coral reef oases and their environmental correlates

              
          

    

    
      Identifying relatively intact areas within ecosystems and determining the conditions favoring their existence is necessary for effective management in the context of widespread environmental degradation. In this study, we used 3766 surveys of randomly selected sites in the United States and U.S. Territories to identify the correlates of sites categorized as “oases” (defined as sites with relativel
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                Reestablishing a stepping-stone population of the threatened elkhorn coral Acropora palmata to aid regional recovery

              
          

    

    
      Recovery of the elkhorn coral Acropora palmata is critical to reversing coral reef ecosystem collapse in the western Atlantic, but the species is severely threatened. To gauge potential for the species’ restoration in Florida, USA, we conducted an assisted migration experiment where 50 coral fragments of 5 nursery-raised genetic strains (genets) from the upper Florida Keys were moved to 5 sites ac
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                Disturbances drive changes in coral community assemblages and coral calcification capacity

              
          

    

    
      Anthropogenic environmental change has increased coral reef disturbance regimes in recent decades, altering the structure and function of many coral reefs globally. In this study, we used coral community survey data collected from 1996 to 2015 to evaluate coral calcification capacity (CCC) dynamics with respect to recorded pulse disturbances for 121 reef sites in the Main Hawaiian Islands and Mo'o
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                Heat accumulation on coral reefs mitigated by internal waves

              
          

    

    
      Coral reefs are among the most species-rich, productive and economically valuable ecosystems on Earth but increasingly frequent pantropical coral bleaching events are threatening their persistence on a global scale. The 2015–2016 El Niño led to the hottest sea surface temperatures on record and widespread bleaching of shallow-water corals. However, the causes of spatial variation in bleaching are
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                Considerations for maximizing the adaptive potential of restored coral populations in the western Atlantic

              
          

    

    
      Active coral restoration typically involves two interventions: crossing gametes to facilitate sexual larval propagation; and fragmenting, growing, and outplanting adult colonies to enhance asexual propagation. From an evolutionary perspective, the goal of these efforts is to establish self‐sustaining, sexually reproducing coral populations that have sufficient genetic and phenotypic variation to a
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                The unprecedented loss of Florida's reef-building corals and the emergence of a novel coral-reef assemblage

              
          

    

    
      Over the last half century, climate change, coral disease, and other anthropogenic disturbances have restructured coral-reef ecosystems on a global scale. The disproportionate loss of once-dominant, reef-building taxa has facilitated relative increases in the abundance of “weedy” or stress-tolerant coral species. Although the recent transformation of coral-reef assemblages is unprecedented on ecol

  



        
    
    

    

      Authors

    
      Lauren Toth, Anastasios Stathakopoulos, Ilsa B. Kuffner, Robert R. Ruzicka, Michael A. Colella, Eugene A. Shinn

  




    

      By

    
      Coastal and Marine Hazards and Resources Program, St. Petersburg Coastal and Marine Science Center

  



  





    
    
            April 25, 2019


        
              
                Improving estimates of coral reef construction and erosion with in-situ measurements

              
          

    

    
      The decline in living coral since the 1970s has conspicuously slowed reef construction on a global scale, but the related process of reef erosion is less visible and not often quantified. Here we present new data on the constructional and deconstructional side of the carbonate-budget equation in the Florida Keys, U.S.A. We documented Orbicella spp. calcification rates at four offshore reefs and qu
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                Quantifying uncertainty in Sr/Ca-based estimates of SST from the coral Orbicella faveolata

              
          

    

    
      The strontium to calcium ratio (Sr/Ca) in aragonitic skeletons of massive corals provides a proxy for sea surface temperature (SST) that can be used to reconstruct paleoclimates across decades, centuries, and, potentially, millennia. Determining the reproducibility of Sr/Ca records among contemporaneous coral colonies from the same region is critical to quantifying uncertainties associated with th
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    SPCMSC scientists and National Park Service resource managers collaborate to save threatened corals during ocean-heat wave
    
        August 24, 2023



        SPCMSC scientists and National Park Service resource managers collaborate to save threatened corals during ocean-heat wave


    

  

  
    

    
        A team from the St. Petersburg Coastal and Marine Science Center and the National Park Service conducted emergency fieldwork to protect corals during...
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    SPCMSC scientists to commence new coral study in St. Croix, Virgin Islands, with the National Park Service
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        SPCMSC scientists to commence new coral study in St. Croix, Virgin Islands, with the National Park Service


    

  

  
    

    
        A team from the St. Petersburg Coastal and Marine Science Center will assist the National Park Service in starting a new experiment tracking the...
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        Coral Reef “Oases”: New Study Provides Clues to Locate Resilient Reef Communities


    

  

  
    

    
        New models developed by an international team including USGS researchers could predict and explain the locations of resilient coral reef communities...
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    Can coral restoration reverse long-term declines in coral reef growth?
    
        July 5, 2022



        Can coral restoration reverse long-term declines in coral reef growth?


    

  

  
    

    
        New USGS-led research shows despite unprecedented declines in reef-building corals in recent decades, real-world coral restoration efforts could bring...
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    SPCMSC scientists to start new coral experiment in Dry Tortugas National Park
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        SPCMSC scientists to start new coral experiment in Dry Tortugas National Park


    

  

  
    

    
        Ilsa Kuffner of the USGS St. Petersburg Coastal and Marine Science Center (SPCMSC) is leading a team to determine the reasons coral grows faster in...
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        Ilsa Kuffner and team are heading to the Florida Keys and Dry Tortugas National Park to study the ecology of coral reefs


    

  

  
    

    
        The team will conduct benthic surveys inside and outside the no take Research Natural Area at Dry Tortugas National Park (DRTO) to understand the...
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        New USGS technology provides three dimensional benefits: assessing coastal hazards, seafloor stability, and coral restoration efforts


    

  

  
    

    
        USGS team invented a new camera system to create highly detailed 3-dimensional models of the seafloor that are proving to be invaluable for coastal...
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        Ilsa Kuffner and team finishing coral calcification study funded by the National Park Service in St. Croix, U.S. Virgin Islands


    

  

  
    

    
        A team of scientists from the St. Petersburg Coastal and Marine Science Center will be wrapping up an experiment this week on coral calcification...
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    SPCMSC and PCMSC scientists participating in 14th International Coral Reef Symposium
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        SPCMSC and PCMSC scientists participating in 14th International Coral Reef Symposium


    

  

  
    

    
        USGS research will be presented by several USGS scientists during the virtual 14th International Coral Reef Symposium taking place 19-23 July 2021.
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        New SPCMSC publication provides evidence of exceptional coral performance in Dry Tortugas National Park


    

  

  
    

    
        USGS research published in the journal Frontiers in Marine Science reveals differences in coral tolerance to heat stress across Florida Keys reef...
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        Climate change will continue preventing coral reef growth in subtropics


    

  

  
    

    
        Based on new research, USGS scientists predict future climate change will continue to suppress coral reef growth in the subtropics.
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    New USGS study suggests that high-latitude environments are unlikely to support coral reef growth as the climate warms
    
        April 15, 2021



        New USGS study suggests that high-latitude environments are unlikely to support coral reef growth as the climate warms


    

  

  
    

    
        Researcher Lauren T. Toth (Research Physical Scientist) of the St. Petersburg Coastal and Marine Science Center (SPCMSC) led a study published this...
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                Why are coral reefs in peril and what is being done to protect them?

              
          

    
      

  
            
          

    
        Coral reefs can be damaged by natural processes, such as storms, but they are increasingly at risk from human activities. Oil spills and pollutants can threaten entire reefs. Excessive nutrients from land sources, such as sewage and agricultural fertilizers, promote the growth of algae that can smother corals. Other organisms harmful to corals, such as crown-of-thorns starfish, multiply when the...
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