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Goal 1: Map all Coral Reefs

Goal

Produce comprehensive, digital maps of all U.S. shallow (<30 meters) coral reef ecosystems and characterize priority deep-water (>30 meters) reef systems by 2009
Objectives  

1.  Develop high-resolution benthic maps of local and regional coral reef ecosystems using imagery from satellites and aircraft, and in situ surveys. The mapping activities include Marine Protected Areas (MPAs), reefs at risk of degradation due to human activities, and other priority sites identified by the U.S. Islands representatives.

 2.  Develop large-scale, low-resolution maps of broad coral reef ecosystems throughout U.S. waters using satellites and other remote sensing assets for use in characterizing habitats, designing monitoring programs, and planning regional conservation measures such as MPAs. 

3.  Develop and adapt new technologies and data sources to increase mapping efficiency while maintaining accuracy, enhance coral reef ecosystem mapping, survey, and assessment capabilities, and if possible, detect important ecological changes and trends. 

4. Characterize priority deep water reefs and associated habitats.
Rationale and Plan of Action

Accurate geo-referenced information on the exact location of specific natural resources and habitat types is essential for effective management of any marine habitat.  This need is particularly acute for coral reefs where communities may be very different over short distances and where the consequences of misinformed management decisions can have devastating and lasting ecological consequences.  Unfortunately, most coral reef ecosystems in U.S. waters, and particularly those in the Pacific Ocean and those in deeper water (~> 30 m), have not been accurately mapped with modern techniques and at a scale relevant to emerging conservation issues.

A set of recent, accurate, and consistent maps will greatly enhance coral reef ecosystem conservation and management efforts throughout the US.  Having comprehensive maps and habitat assessments assists in a variety of conservation measures, such as creating accurate baselines for long-term monitoring, illustrating important community-scale trends in coral reef health over time, characterizing habitats for place-based conservation measures such as MPAs, and enhancingscientific understanding of the large-scale oceanographic and ecological processes affecting reef ecosystem health.  
The U.S. Coral Reef Task Force (CRTF) is committed to producing comprehensive, digital maps of all U.S. shallow (<30 m) coral reefs and to characterize priority deep-water (>30 m) reef systems by 2009.  Completing these maps has and will continue to involve federal, state, and local agencies, universities, and the private sector. These interagency efforts have and will continue to produce maps at both low- and high resolutions and be tailored to local conservation and management needs.  

Summary of Implementation 

Mapping the shallow-water (~<30 m) coral reefs of the U.S. began in 1992 in the Florida Keys. In 1998, that mapping project resulted in the completion of the first ever detailed benthic habitat maps of 4,226  sq km of southern Florida. Similar maps were developed and released in 2001 for 2,646 sq km of shallow-water benthic habitats in Puerto Rico and the U.S. Virgin Islands.

In 2002 and 2003, maps of 2,363 sq km of the shallow-water benthic habitats of the Northwestern Hawaiian Islands and 812 sq km (approximately 60 percent) of the main Hawaiian Islands, 71 sq km of the islands of American Samoa, 105 sq km of the island of Guam, and 159 sq km of the islands of the Commonwealth of the Northern Marianas Islands (Northern Marianas) were completed. Additionally, several missions were completed that began collecting the data needed to characterize and map the deeper water benthic habitats of the Northwestern Hawaiian Islands, American Samoa, Guam, and the Northern Marianas. 

The CRTF mapping group—NOAA, the U.S. Geological Survey (USGS), the National Aeronautics and Space Administration (NASA), other federal agencies, state, academic, and non-governmental organizations—have been using multiple technologies to create accurate benthic habitat maps, and for some areas, bathymetry and shoreline maps associated with U.S. tropical areas.  To date, CRTF member organizations have mapped over 45 percent  (~17,850 sq km) of the U.S. coral reef ecosystems in water less than 30 m deep. As each map product is completed, it is provided to the user community for evaluation and accuracy assessment. Map products generally are 80-95 percent accurate, depending on the variety of benthic habitats found at each location. The map products are released as final products only after this assessment of accuracy is completed.

As indicated earlier, priority deep-water coral reef ecosystems also will be mapped by the CRTF mapping group. The closest estimate for the area of deep-water coral reef ecosystems—143,060 sq km—is based on the area inside the 100-fm (~370 m) depth curve depicted on NOAA nautical charts. Estimates of the area of coral reef ecosystems in water between 100 fm and 200-fm are not available.  A recent inventory indicates that depth (bathymetry) data have been collected for at most 20 percent of the deep-water (~20–200 fm) area in the U.S. Pacific. No similar inventory has been completed for the U.S. Atlantic and Caribbean. Moreover, comprehensive collection of the still and video imagery required to characterize and map the deeper water coral ecosystems lags far behind bathymetry data collection.

The combined efforts of these agencies has resulted in the completion of benthic habitat maps for approximately 45 percent of the area in U.S. waters where coral reef ecosystems are found.  In 2002 and 2003, the mapping group focused on completing shallow-water benthic habitat maps for approximately 2,360 sq km of the Northwestern Hawaiian Islands and approximately 810 sq km of the main Hawaiian Islands. 

The CRTF mapping group collects video imagery of the shallow-water seafloor and these images are used as part of the benthic habitat characterization process. In 2002-2003, an estimated 8,000 linear km of the seafloor around islands and atolls throughout the U.S. Pacific was videotaped using SCUBA divers on tow-boards.  In southern Florida, over 1,800 SCUBA dives have been performed along the reef tract to, in part, collect data associated with benthic habitat characterization.  These data are important both for benthic habitat characterization and as an archive to monitor changes over time in these coral reef ecosystems.

In recent years, NOAA, USGS, university, and contract ships have, in combination, collected an estimated 35,000 sq km of shallow and deep-water bathymetry data around southern Florida, in the U.S. Caribbean, in the Northwestern Hawaiian Islands, and around the U.S. territories.  The collection of these data is the first step in developing deep-water benthic habitat maps.  In future years, these data will be used, in combination with imagery of the seafloor, to generate actual benthic habitat maps.
As part of the mapping process, a classification scheme is developed for each area in partnership with local agencies and organizations involved in regulating, managing, and conserving coral reef ecosystem. The classification scheme also is developed whenever possible in a way that makes it possible to compare the highly variable ecosystems found throughout the U.S. As part of a biennial report, a comprehensive evaluation of the condition of U.S. coral reef ecosystems is performed. Using similar classification schemes makes such comparisons easier.

The effort to map U.S. coral reef ecosystems, especially those in deeper water, requires that new techniques be developed to characterize these habitats. For example, the recently available high-resolution satellite imagery has been used successfully to map the shallow-water coral reef ecosystems of the Northwestern Hawaiian Islands. The imagery also is currently being used or will be used to produce shallow-water benthic habitat maps of American Samoa, Guam, Northern Marianas, the remainder of the main Hawaiian Islands.

New techniques will need to be developed to combine the deep-water bathymetry with deep-water seafloor characterization data to produce maps.  At this time, available protocols have only been applied to relatively small areas and require extensive amounts of field data. Mapping U.S. deep-water coral reef ecosystems, especially those in remote locations, such as the Northwestern Hawaiian Islands, will be very challenging to complete.

The shallow-water benthic habitats maps and their associated imagery and metadata are available to researchers and management agencies by CD-ROM and the web. The data collected during mapping efforts and the maps themselves are assisting researchers and resource managers to study habitat suitability and MPA placement in southwestern Puerto Rico, assess the spatial characteristics and locationof Marine Life Conservation Districts in Hawaii, assess the impact of an expansion of the Buck Island Reef National Monument and creation of the Virgin Islands Coral Reef National Monument and the Salt River National Park in St. Croix, U.S. Virgin Islands, and characterize the status of coral ecosystems and associated fisheries in the Virgin Islands National Park on St. John, U.S. Virgin Islands. Moreover, the USGS is using satellite imagery to map and study transport patterns of sediment in reef systems of some Hawaiian Islands and study potential impacts from these sediments. 

Highlights 

Objectives 1 and 2: Develop high-resolution benthic maps throughout US waters for use in coral reef conservation management, with particular emphasis on priority sites. 

In 2003, NOAA released the Atlas of the Shallow-Water Benthic Habitats of the Northwestern Hawaiian Islands – Draft, which provides baseline information on the locations and distributions of approximately 2,365 sq km of shallow-water reefs and other seabed features of the Northwestern Hawaiian Islands.  This atlas will be an integral tool in designing further research and management plans in the area.  The Atlas and associated satellite imagery already has been used and will continue to be used to track marine debris deposition and removal, develop research mission plans, track the distribution of and gaps in tow-board data collection activities, monitor the impact of recent bleaching events, and provide an archive for future research and related activities.  The benthic habitat maps and satellite imagery will be used to track and monitor the distribution and habitat utilization patterns of the highly endangered Hawaiian monk seal and the threatened sea turtles.
Through joint efforts from NASA and NOAA, the first global map of tropical shallow water was created from nearly 44,000 SeaWiFS (Sea-viewing Wide Field-of-View Sensor) scenes.  NOAA continues to work with the United Nations Environmental Programme-World Conservation Monitoring Center to use these data to improve the ReefBase database of coral reefs.  The maps are now  available from the ReefBase web site and have been used to better understand  the spatial distribution of coral reef ecosystems globally.
The continental shelf edge habitat between the Mobile, AL Pinnacles and the Madison-Swanson MPA has been mapped within the past four years, along with the Steamboat Lumps MPA west of Tampa, FL.  NOAA will produce high-resolution multibeam maps of approximately 400 square nautical miles along a corridor at the shelf edge near the 74-m isobath spanning the area between Steamboat Lumps and Madison-Swanson Marine Protected Areas. 

The Madison-Swanson and Steamboat Lumps Marine Protected Areas were established by the Gulf of Mexico Fishery Management Council (GMFMC) in 1999, primarily to protect spawning aggregations of gag grouper. These reserves, the only ones in the northeastern Gulf, contain extensive tracts of reef structure, which support populations of economically valuable reef fish and other reef-associated fishes and invertebrates. This project will continue the collection of reef and fishery abundance and distribution information and also continue the characterization of habitats of federally regulated reef fish within the MPAs and adjacent control areas.

Objective 3: Developing and adapting new technologies to enhance coral reef ecosystem mapping. 

In September of 2003, the USGS tested a new along-track underwater video system designed for rapid “ground-truthing” of habitat maps derived from remote sensing data. Using this new technology, USGS created fine scale preliminary topographic maps for coral reefs in Biscayne National Park. This technology, as well as others, will support the 

Classifying coral reef habitat becomes increasingly difficult the deeper the water becomes.  Therefore, NOAA has been working with the University of New Hampshire, the University of Hawaii and others to develop techniques that combine bathymetry data with seafloor characterization data to produce deep-water benthic habitat maps. These techniques need to be developed so that the estimated 143,000 sq km or more of benthic habitats in water 100 fm deep and deeper can be mapped in a timely manner.

Objective 4: Characterize priority deep-water reefs and associated habitats.

NOAA and its partners have released a plan to comprehensively map the moderate depth (20-200 fathoms) coral reef ecosystems of U.S. Pacific, starting with the Northwestern Hawaiian Islands. The mapping plan calls for the use of both ship-based and aircraft-based technologies to collect the bathymetry data. The seafloor characterization imagery will be collected using various technologies, such as drop cameras, towed video cameras, ROVs, and other types of submersible equipment.

Characterization of the deeper water areas in the U.S. Atlantic and Caribbean also has been ongoing in 2002 and 2003.  Federal agencies, such as the USGS have been working with NOAA to collect data and develop habitat maps of selected areas, such as Oculina Banks Habitat Area of Particular Concern off the southeastern Florida coast to a depth of 150 meters, and portions of the West Florida Shelf.

In March 2004, NOAA partnered  with the National Park Service, the USGS, the Government of the U.S. Virgin Islands, and the private sector to conduct deep wter biologica and bathymetric characterizations of the NPS’s Coral Reef National Monuments found at Buck Island, St. Croix, and off the south shore of St. John.  The study used ship-based multibeam and backscatter sonar technologies to identify benthic habitats. The associated biological resources were characterized using SCUBA  visual census techniques and trapping of reef fishes. 

Future Plans

Over the next several years, the CRTF plans to complete shallow water maps of coral reef ecosystems in the U.S. states, territories, flag islands, and, possibly, the Freely Associated States in the Pacific.  Final benthic habitat maps for American Samoa, Guam, and the Northern Mariana Islands are expected in 2004.  The main Hawaiian Island mapping project will continue in 2004 and is expected to produce draft habitat maps within 18 months.  In 2004, a project will be initiated to remap the coral reef ecosystems of southern Florida, since the original maps were compiled using imagery collected in 1991-1992. 

In addition, a mapping effort will be initiated in the Freely Associated States (i.e., the Republic of Palau, the Republic of the Marshall Islands, and the Federated States of Micronesia) in 2004. Based on initial discussions, NOAA anticipates beginning the mapping project in Palau. Some high-resolution satellite imagery has been purchased and more has been ordered. Mapping Palau will require using technologies that can map deeper water in Palau’s lagoon as well.

In FY04, several NOAA ships will be conducting missions that will, in part, include mapping data-related activities. In total, five NOAA ships will devote roughly 497 days to collecting data associated with mapping.  A total of 15 days at sea were used to collect multibeam and backscatter data and conduct SCUBA dives around the U.S. Virgin Islands.  This mission is Phase 1 of a two-phase effort.  Phase 2 will be conducted by NOAA, in partnership with the National Park Service, in 2005 to continue to characterize the deep water components of the Coral reef national Monuments in the U.S. Virgin Islands.  Plans call for continuing the integrated biological and bathymetric surveys for two weeks to map benthic habitats and determine species habitat utilization patterns.  Estimates of the number of ship days devoted to collection of mapping data assume a portion of each day at sea will be used to collect mapping-related data.  Whether or not data are collected each day depends on weather, other scheduled (and unscheduled) activities, etc.  

In FY04, NOAA will invest an estimated $3,017,000 on mapping-related projects. This includes Benthic Habitat Mapping and Characterization in the priority deep-water areas of the Northwestern Hawaiian Islands, the establishment of a data processing center in Hawaii, and the initiation shallow-water benthic habitat mapping in Florida. In addition, NOAA will fund in FY04 a number of other projects that, in part, may collect data that may be used to support the mapping effort. For example, a grouper distribution, habitat characteristics and spawning behavior study or the survey of habitat and fish assemblages in two Marine Reserves on the West Florida shelf could collect data that may be useful for characterizing coral reef ecosystems in U.S. waters.
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