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Figure 1. Incidence of coral disease 1996-2003.  Figure 2. Mean % stony coral cover Sanctuary-wide
1996-2003.

Figure 3. Photo mosaics of Western Sambo Station 2 showing catastrophic decline in Acropora palmata
after hurricanes Georges in 1998 and Irene in 1999 and subsequent partial recovery into 2004.
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The Florida Keys National Marine Sanctuary (FKNMS) and Protection Act (HR5909) designated
over 2,800 square nautical miles of coastal waters as the FKNMS. In cooperation with NOAA, the
US Environmental Protection Agency and the State of Florida implemented a Water Quality
Protection Program to monitor seagrass habitats, coral reefs and hardbottom communities, and water
quality. The Coral Reef Evaluation and Monitoring Project (CREMP) sampling strategy and
methods were developed in conjunction with EPA, FKNMS, Continental Shelf Associates, and the
Principal Investigators in 1994. The major criteria for coral reef monitoring included Sanctuary-wide
spatial coverage, repeated sampling, and statistically valid findings to document status and trends of
the coral communities. The results were intended to assist managers in understanding, protecting,
and restoring the living marine resources of the FKNMS.

Forty sampling sites were selected using a stratified random sampling procedure (USEPA E-map)
and permanent station markers were installed. Annual sampling began in 1996 and has continued
through 2003. Three additional sites were selected and stations installed in the Dry Tortugas in 1999.
In 2002, additional sampling techniques were incorporated including a bio-eroding sponge survey, an
expanded stony coral disease survey, and a stony coral population abundance survey.

Results are reported for regions defined as Upper Keys (north Key Largo to Conch Reef), Middle
Keys (Alligator Reef to Moser Channel), Lower Keys (Looe Key to Smith Shoal), and Tortugas (Dry
Tortugas to Tortugas Banks).

Sanctuary-wide from 1996 to 2003, for a total of 105 stations, the number of stony coral species
declined at 76 (72%) stations, increased at 15 (14%) stations, and remained unchanged at 14 (13%)
stations. A decline in the number of stony coral species was recorded in all habitat types. The
offshore deep and patch reef stations had the greatest numbers of stony coral taxa with 17 and 16
species, respectively. Hardbottom stations had the fewest number of stony coral species, averaging
nine species per station. Between 1996 and 2003, the number of stony coral species decreased at 25
of 30 (83%) stations in the Upper Keys, increased at one station, and remained unchanged at four
stations. In the Middle Keys, the number of stony coral species decreased at 18 of 29 (62%) stations,
increased at seven stations, and remained unchanged at four stations. In the Lower Keys, the number
of stony coral species decreased at 33 of 46 (72%) stations, increased at seven stations, and remained
unchanged at six stations.

In 1996, coral disease was observed at only five stations Sanctuary-wide. By 2002 coral disease was
observed at 102 stations. Incidences of stony coral disease were reported at 95 stations in 2003.
Specifically, in 2003, White disease occurred at 72 stations, “Other disease” was recorded at 89
stations, and Black Band disease was recorded at seven stations (Figure 1).

Sanctuary-wide, mean percent stony coral cover declined from 11.9 in 1996 to 7.4 in 1999, a decline
of 38%. The greatest change occurred between 1997 and 1999 when mean percent stony coral cover
declined from 11.3 to 7.4 (significant at p = 0.03, Wilcoxon rank-sum test). The changes observed
between 1999 and 2003 were determined to be statistically insignificant. Sanctuary-wide, stony coral
cover has not changed significantly since 1999. In 2003, mean percent stony coral cover Sanctuary-
wide was 7.2 (Figure 2).

From the inception of the project in 1996 through 2003, 57 (55%) stations had a significant decrease
in stony coral cover, 39 (38%) stations showed no significant change, and only seven (7%) stations
had a significant increase. Evidence of this loss and partial recovery can be seen in Figure 3, which



shows a catastrophic loss of Acropora palmata colonies at Western Sambo Station 2 after hurricanes
Georges in 1998 and Irene in 1999. Although the majority of stations had a significant decrease in
percent coral cover over the first four years of the project, between 1999 and 2003, mean percent
coral cover remained unchanged at 70 (68%) stations, increased at 19 (18%) stations, decreased at 14
(14%) stations.

In 2003, functional group data showed the benthic community was composed of 64.5% substrate,
12.6% octocoral, 11.1 % macroalgae, 7.2% stony coral, 2.2% sponge, 2.0% zooanthids, and 0.5%
seagrass Sanctuary-wide.

Beginning in 2002, a series of mid-water and coral mucus samples were examined for presence of
human enteroviruses commonly found in sewage. Human enteroviruses were detected in coral
mucus from two Upper Keys sites (El Radabob and Conch Reef), one Lower Keys site (Jaap Reef),
and surprisingly, one Tortugas site (Black Coral Rock). In addition, enteroviruses were detected in
the mid-water samples from Black Coral Rock and Western Head oftf Key West (Lower Keys). It is
unknown if the source of these pollutants is local or the result of remote transport. Additional
analysis is planned for 2004, and may help define the source of this pollution.

From its inception, the CREMP has documented long-term changes in the status and trends of coral
reefs throughout the 2,800-square-nautical-mile FKNMS. The cessation of rapid decline
documented in the early stages of the project is encouraging. However, there is a general consensus
that multiple stressors acting at local, regional, and global scales are continuing to have negative
affects on coral reefs in the Florida Keys and elsewhere. The CREMP will continue to collect data
relative to benthic habitat condition at the 40 sites in the Sanctuary, and Dry Tortugas

The CREMP was expanded in 2003 with the addition of ten sites in Miami-Dade, Broward and Palm
Beach counties through funding from the Florida Department of Environmental Protection and the
U.S. Coral Reef Task Force. The expanded CREMP is the only comprehensive, long-term coral
monitoring program in Florida.

1785





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


