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~--------------......... 
INTRODUCTION 

_A comprehensive introductory rationale for the Coral Reef/Hardbottom Monitoring 
ProJect (CRMP) was presented in the First Annual Report (November, 1995). The Florida 
Key~ Nati~nal Marine Sanctuary and Protection Act (HR5909) designated over 2,800 square 
nautical miles of coastal waters as the Florida Keys National Marine Sanctuary (FK.N11S). 
The Act required the US Environmental Protection Agency and the State of Florida to 
implement a Water Quality Protection Program in cooperation with NOAA. Programs in 
monitoring seagrass habitats, coral reefs and hardbottom communities, and water quality 
were instituted with the intent of integrating information with water quality as the central 
focus. 

The primary goal of the monitoring project is to measure the status and trends of these 
communities to assist managers in understanding, protecting, and restoring the living marine 
resources of the Florida Keys National Marine Sanctuary. Data from the project will be used 
to determine an (1) overall net reef decline in percent cover, stony coral species richness, 
and other measurable community parameters, (2) overall net increase in measurable reef 
community parameters, (3) significant changes observed in individual reefs with no overall 
change on a landscape scale (decreases in one location balanced by increases elsewhere) or · 
changes that are linked to specific regions of the landscape. Each of these potential 
mechanisms of change will result in different spatial patterns of change. A Sanctuary-wide, 
rather than a single-location survey, is necessary to detect ecosystem change. 

This Sanctuary-wide project will document the status of reef habitats at~ 
.)ocatecLwithin Sof the 9 EPA Water·Quality,Segments in the Florida Keys National Marine 
Sanctuary (Figure 1). The randomly located reefs in this project may show no decline. 
Alternatively, all the reefs may show decline. Pollution from Florida Keys sources or 
damage from divers should give relatively precise signals. As the coral reef monitoring is 
integrated with the seagrass and water quality programs, the results can be used to focus 
research on determining causality and can be used to inform and evaluate management 
decisions. The Coral Reef/Hardbottom Monitoring Project provides the first real opportunity 
in the Florida Keys to address these questions at the spatial scales required to detect large­
scale patterns and discriminate between hypotheses. 

PROGRESS TOWARD WORK OBJECTIVES 

During the first year (94/95), sampling sites were selected according to EPA's EMAP 
protocol throughout the research area, including the upper, middle and lower Florida Keys. 
All video stations were selected and installed. Underwater video transect and species 
identification and enumeration methodologies were developed and tested. 

During the second year (95/96), the videographic survey technique was instituted. A 
supplemental method to verify the video technique and provide additional data on species 
identification and species richness was refined. All 40 sites were sampled during 1996. 
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Techniques for converting the video to CD Rom were refined and a software program was 
customized for image analysis of the underwater video data. 

F1ELD WORK 

SITE DISTRIBUTION 

The Implementation Plan for Coral Reef and Hardbottom Monitoring specifically 
documents site selection. The geographic layout of the Sanctuary survey sites constitutes the 
minimum coverage necessary to detect ecosystem change. Of the original 42 sites delimited, 
(23 among offshore reefs, 10 at patch reefs and 9 at hardbottom habitats) 41 were installed 
during 1995. However, one site was earmarked as a control for a Park (John Pennekamp 
Coral Reef State Park) Service study and was deleted from sampling in 1996~ The project 
now encompasses a total of 40 sites (23 among offshore reefs, 9 at patch reefs and 8 at 
hardbottom habitats) (Figure 1, Table 1). 

STATION MAP REFINEMENT 

A complete description of station installation was provided in the CRMP First Annual 
Report (November 1995). All stations, permanently installed in 1995, consist of pairs of 
stainless steel stakes approximately 22 m apart. Each replicate station comprises a "video 
unit". The video camera collects video imagery along transects bounding and bisecting the 
video unit. A total of 160 individual video units (i.e. stations) were installed within 5 of the 
9 previously established EPA Water Quality Segments in the Florida Keys. 

Exact station locations were obtained by Differential Global Positioning System fixes. At 
each sampling site, maps drafted in 1995 (constructed with Harvard Graphics software) were 
transferred to underwater paper and used to re-locate stations. These draft station maps, 
relating stations to each other and to other structures underwater were edited and accuracy 
was refined. Compass headings, distances, and depth measurements were repeated and 
confirmed during 1996 sampling. Sites which were incompletely mapped in 1995 were 
mapped in detail in 1996. These data comprise the data base for final maps of all sampling 
sites/stations presented in Appendix 1. 

A Geographic Information System database was created to assist in spatial analysis of site 
specific information as the data is collected and processed from the field. During the 1995/96 
sampling season, Differential Global Positioning System (DGPS) fixes were taken at all forty 
sampling sites with a Trimble NTIOOD DGPS chart plotter to ensure accurate geographic 
coordinates were obtained for each site. The coordinates were transferred to revised site 
maps and an updated site/station list. An average of depths measured ·at the bottom of both 
stakes for each station (recorded by observers on station species inventory data sheets) was 
used to obtain exact station depths. 
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Table I. Site Data, Coral Reef and Hardbottom Monitoring 
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An Arc/Info (Environmental Systems Research Institute) geographic database point . 
coverage was generated with the most recent coordinates and dep~hs and the_n n:atched ~th 
other databases (FKNMS water quality segments, bathymetery, Aids to NavigatiOn, maJor 
roads, 112 degree grid, and the State of Florida coastline). Site maps were re-produced and 

·checked for accuracy. An additional database connected to the GIS database included the 
date of site installation, the date of sampling, number of stony coral species observed in 
station species inventories, and water quality segment, as well as coordinates, site name, and 
depth. All of this information can be used to build complex queries to see how the 
information parses out with different spatial or political relationships. 

The database was created using Arc/Info 7.04 (Environmental Systems Research 
Institute, ESRl) software and then exporting it for ArcView 3.0 (ESRl) format. ArcView 
3.0 allows data to be manipulated on a PC instead of processing the data on a UNJX 
workstation which is a major capital investment. Information can be added and edited to the 
existing database, and maps can be printed locally to a color printer. ArcView shares 
Arc/Info's power of spatial query without the equipment cost and time investment in software 
training. 

Future data will be added to the existing database to show which sites and/or areas are 
changing with time. The ability to examine the data on a map instead of a list of points 
allows for spatial analysis to be performed with ease. 

METHODS 

During 1995, a variety of sampling methods were tested underwater to assess the 
feasibility of their use in the program. These were presented in the CRMP First Annual 
Report (November, 1995). Dustan Lab prepared a presentation of justification for methods 
changes and a follow-up that addressed specific points raised by individuals from the 5-
member CRMP Peer Review Panel. Approved methods are detailed in the Standard 
Operating Procedures (Appendix 2) (also Appendix 14 of the CRMP Quality Assurance 
Project Plan). 

Video Sampling 

Several tests were conducted relating to video sampling: video configurations (distance 
from reef surface; artificial light versus ambient light; automatic versus manual focus 
controls); and 8-mm video cameras versus others. These tests were summarized in the Porter 
Lab's final contract report and are presented in Appendix 3. The Sony CCD-VX3 camera 
(Figure 2) was selected for the project. This camera, with three color processing chips (red, 
green, blue) provided better resolution and color than the single-chip video cameras. In tests 
and evaluations (with arid without lights, at different distances from the reef surface, and 
with manual and automatic focusing), the Sony camera functioned best with full automatic 
settings and two 50 watt lights (Figure 2). The closer the camera is to the substrate, the 
easier it is to identify coral colonies to species. Distances ranging from 40 em to 60 em 
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were tested. The optimum height of the camera above the substrate was determined to be 40 
em. At. distances less than 40 em, the area sampled was too small to be representative of the 
reef; distances greater than 60 em were too great to allow for accurate coral identification. 
All sampling for 1996 was conducted with the Sony CCD- VX3 with artificial lights at 40 em 
above the benthos. 

The Porter Lab and the UGA Instrument Shop, in collaboration with the Dustan Lab . ' 
des1gned and manufactured accessory video field equipment: clapperboard for filming date 
and site information for video transects, a convergent laser light system for videocamera 
guidance, and a parallel laser light system for providing scale information within video 
images. Technical drawings provided by Porter Lab are presented in Appendix 4. Dustan 
Lab also modified the lighting system for the videocamera by integrating the two 50-Watt 
lamps and a wiring harness, and fabricated a frame for the lights to ensure uniform lighting 
of the surface area. A buoyant frame for the videocamera housing (which holds the battery 
and renders the housing neutrally buoyant in seawater) was designed and constructed by the 
Dustan Lab. This frame orients the camera, helping point the lens downward to maintain the 
camera in a vertical position for filming. 

The protocol for video sampling is presented in detail in the Standard Operating 
Procedures (Appendix 2). In brief, the videographer focuses on a "clapper board" (Figure 
3a). The clapper board is videoed on the film leader just prior to the beginning of each 
transect. The original fllm therefore contains the complete record of the date and location of 
each film segment. During sampling, the distance from the benthos is maintained constant by 
focusing the cross-beam of paired laser lights (Figure 2, 3b). Video sampling was designed 
to be conducted in a transect format. A single sample transect (Cliff Green Patch Reef) in 
montage form, created from images framegrabbed, processed, and written to CD-ROM in 
JPEG format is shown in Figure 4 (1, 2, 3). We sampled 4.0;reer<-Sit~ (4o:<video units each-). 
for a total of 160 video units (3'transects/unityielding a total of480 individual transects). 

Results from this first sampling year (1996) will be used to determine if an increase or a 
decrease in sampling intensity is warranted. The video will also allow "retro-sampling" to be 
accomplished due to the archival nature of stored video imagery. 

Species Inventory 

Methods to verify video image analysis and provide supplemental species identification 
and enumeration data were researched the first year. Detailed discussion/protocols were 
presented in the CRMP First Annual Report (November, 1995). Counts representing the 
presence of coral species in plots formed by the video units (stations) with enumeration of 
selected .. "disease~ conditions were selected as the optimum method. 

The video unit census method (station species inventory) is described in detail in the 
Standard Operating Procedures (Appendix 2). Principal investigators and qualified observers 
(Dustan, Jaap, and Porter; Meier, K. Patterson and Wheaton) collected stony coral species 
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Figure 3. 
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a. Video Clapper Board., b. Underwater Cross-beam Laser Lights., 
c. Species Inventories., d. PointCount Image Analysis Software. 
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presence da~ within all stations, at all sites during 1996. To summarize, two observers 
co~ducted Simultaneous 15-20 minute inventories within the roughly 22 x 2 m video· stations. 
(Ftgure 3 c) and entered the data on pre-printed underwater data sheets (Figure 5). Each 
obse~er r~orded all ~cleractini~ _corals, fire corals (Millepora spp.), and long spined 
urchms (Diadema antzllarum) within the station boundaries. After recording the data, 
observers compared counts and resolved any taxonomic differences. Data were again 
verified aboard the vessel. 

In addition to "on site" training by principal investigators, a set of close-up photographic 
images of corals were taken by Dustan Lab, identifications were confirmed among 
investigators and a draft CRMP stony coral species identification guide (Appendix 5) was 
compiled. Photos from Reef Coral Identification (Humann, 1993) were also used for 
reference. Verified data was submitted to the senior scientist to forward to FMRI for data 
entry and processing. This method provided data to estimate stony coral species richness 
("S") and facilitated data collection with broad spatial coverage at optimal expenditure of 
time and labor. 

FIELD AND DIVING OPERATIONS 

During 1996, FMRl supported the majority of field sampling aboard the RJV Tortugas. 
However, the expenditure of time and effort for primary project monitoring personnel was 
exponential in comparison to 1995. Table 2 summarizes actual field sampling days for the 
FY 95/96 and "man-days" contributed by the three primary project institutions with 
assistance of FKNMS ~staff. A total of 344 man days were expended in field sampling efforts 
through September 1996. Besides the effort expended by FMRl (67%), UGA (18%), UCSC 
(13%), and FKNMS staff (3%) also participated (Figure 6) in field sampling. Scheduled field 
work in May was severely impacted by weather; however, the three principal investigators, 
Meier and Wheaton devoted six full days to writing Standard Operating Procedures and 
drafting a final Quality Assurance Project Plan. 

In addition to the total "man days" of actual field sampling, all labs devoted 
approximately 74 total "man-days" to travel in support of field operations. The inability to 
complete all field sampling scheduled for May forced project personnel to schedule field 
sampling into October (FY 96/97). EPA graciously supported the project sampling efforts 
with a cruise aboard the OSV Peter Anderson from 8-16 October. Three sites were sampled 
with the assistance of EPA divers. Unfortunately Hurricane Josephine delayed our departure 
at the beginning and Hurricane Lili required us to return to port early. The remaining two 
sites were sampled aboard the RV Tortugas. Table 3 summarizes the October field work. A 
total of 98 "man-days" were required to sample the remaining sites to complete 100% of the 
first annual sampling of the 40 reef sites. Of that latter effort, 33% was contributed by 
FMRI, 37% by EPA, 22% by UGA, and 8% by FKNMS (Figure 7). 

Tables 4 through 7 provide summaries of diving operations for this first sampling year. 
Through September, a total of 672 dives were made for a cumulative bottom time of 630.83 
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Table 2. Field Sampling Days - FY 1995/1996 * 

March April May June July 
B Barratachea 0 0 10 12 7 
S Baumgartner 0 0 0 0 0 
M Brill 0 0 0 9 9 
C Daniels 0 0 0 0 0 
P Dustan 0 0 8 5 0 
J Dotten 0 7 11 11 12 
D Eaken 0 0 0 0 0 
K Fitzsimmons 0 0 0 0 3 
J Halas 0 0 0 0 2 
B Haskell 0 0 0 0 0 
WJaap 2 7 8 4 0 
J Jones 0 0 6 0 0 
L Maclaughlin 0 0 0 2 0 
0 Meier 0 0 8 0 4 
P O'Donnell 0 0 0 0 0 
M Patterson 2 7 10 13 14 
K Patterson 0 0 0 4 12 
J Porter 0 0 8 4 9 
GP Schmahl 0 0 0 0 0 

J Wheaton 0 2 8 9 0 
Totals 4 23 77 73 72 

* Travel days and QA development not included .. 

Figure 6. Agency Field Sampling Participation - FY 1995/1996 
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Table 3. Field Sampling Days - FY 1996/1997 * 

Oct April May June 

G Collins 9 

J Ootten 14 

J Halas 2 

WJaap 2 

L Maclaughlin 2 

P Moen 2 

P Murphy 9 

M Parsons 9 

M Patterson 6 

K Patterson 11 

J Porter 11 

K Potts 9 
G Smith 1 

J Wheaton 9 

BValle 2 
Totals 98 0 0 0 

* Travel days not included. 

Figure 7. Agency Field Sampling Participation- FY 1996/1997 
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Table 4. Dive Summary- FY 1995/1996 
APRIL MAY 

DIVfRS llof0tve5 B.T. in Minutes •otDivn B.T.In Minutes 
8 Barratachea 0 0 14 658 
S Baumgartner • 0 0 0 0 
MBrill 0 0 0 0 
C Daniels • 0 0 0 0 
P Dustan 0 0 4 150 
J Dotten 4 72 19 765 
D Eaken 0 0 0 0 
K Fitzsimmons 0 0 0 0 
J Halas • 0 0 0 0 
B Haskell' 0 0 0 0 
WJaap 4 156 6 190 
J Jones 0 0 6 369 
l Maclaughlin • 0 0 0 0 
OMeier 0 0 2 136 
P O'Donnell 0 0 0 0 
M Pallorson 4 WI 16 Ill 
K Pallerson 0 0 0 0 
J Porter 0 0 J 130 
GP Schmahl' 0 0 0 0 
J Wheaton 0 0 0 0 
Monthly Total 12 427 70 3195 
'FKNMS Start 
B.T. =Bottom Time 

II of Dives B.T. in Minutes B.T. in Hours 
Annual Total 672 37850 630.83 

Table 5. Agency Dive Participation- FY 1995/1996 

Agency #of Dlvu % ot Total 
FMRI 460 68% 
UGA 116 t7% 
ucsc 76 11% 
FKNMS 20 3% 
Total 672 100% 

Agency B.T.In Hours % ot Total 
FMRI 411 65% 
UGA 129 21% 
ucsc 74 12% 
FKNMS 16 3% 
Total 630.83 100% 

JUNE JULY AUGUST 
lfot Dives B.T. in Mlnutos •ot Dives B.T. In Minutu llot Dives 

32 1528 20 819 29 
0 0 0 0 0 

26 1583 19 12]2 0 
0 0 0 " 0 
13 767 0 0 0 
37 1736 30 1586 20 
0 0 0 0 0 
0 0 7 549 0 
0 0 0 0 0 
0 0 0 II l 
0 424 0 () 19 
0 0 0 0 0 
4 221 0 () 0 
0 0 10 tiOJ 0 
0 0 0 () 0 

3U 1166 ;w 1:\tj~ JO 
12 .,,3 21 1:179 20 
13 1108 21 14]5 20 
0 0 0 0 0 
17 1260 0 0 0 

200 10866 154 8948 150 
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hours. FMRI staff conducted 68% of the dives with assistance from_UGA (17%), UCSC 
( 11 %) , and FKNMS (3%) (Figure 8). For October, a total of 106 dives ~e~e made for_ a 
cumulative bottom time of 61.65 hours. Again, FMRI conducted the maJonty of th~ d_1ves _ 
(39%), assisted by EPA (30%), UGA (24%) and FKNMS (7%) (Figure 9). The maJonty ot 
diving was conducted in less than 30 ft depths (Table 8). 

Table 8. Depth Distribution of Dives FY95/96 and FY96/97 

Depth 
0-30' 

31-60' 

FY95/96 
480 
192 

FY96/97 
16 
85 

Totals 
496 
277 

Diving followed the American Academy of Underwater Sciences (AAUS), FMRI 
scientific diving regulations and regulations of the Environmental Protection Agency. The 
majority of compressed air diving was conducted following the time at depth protocols of the 
Defense and Civil Institute of Environmental Medicine Sport (DCIEM) also referred to as the 
Canadian Diving Tables. Dives with EPA staff were conducted using the NAVY tables. 
K. Patterson also attended a six day EPA diver training class in Gulf Breeze in satisfaction of 
EPA diving requirements. 

Diving reciprocity with FMRI was initiated by UCSC who developed a Diving Program 
at the University of Charleston (UCSC) under the auspices of the SCDNR. Dr. Dustan 
became the Diving Board member from UCSC and supervises the diving program at the 
University of Charleston. The reciprocity will be finalized when UCSC addresses medical 
and qualifying protocols raised by FMRI's Diving Control Board. An additional team 
member (Mike Brill) from UCSC was prepared for diving, certified through both UCSC and 
FMRI. Dr. Porter also created a dive safety program at the University of Georgia and 
established a diving reciprocity agreement with FMRI. Their AAUS-style diving manual has 
been approved by UGA's president (Dr. Charles Knapp) and they intend to apply for AAUS 
membership in November, 1996. 

LABORATORY WORK 

DATA CONVERSION, DATA REDUCTION AND ANALYSES 

Species Inventory Data Processing 

At FMRI, stony coral species data were transcribed into Quattro Protm computer 
spreadsheets. Spreadsheets for raw data include site name and code, date of data collection, 
name of observers, presence of stony coral taxa recorded by each observer at each of four 
stations at each site. Spreadsheets also include the name of data entry technician and date 
entered. Observations on disease and bleaching (condition information) were entered on 
separate spreadsheets. 
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Table 6. Dive Summary- FY 1996/1997 
OCTOBER MAY 

DIVERS lol Dives B.T.In Mlnut~s #of Dives 
G Collins" 11 278 
J Dollen 18 564 
J Halas • 2 60 
WJaap 4 195 
L Maclaughlin • 1 35 
P Moen • 2 60 
P Murphy •• 6 132 
M Pars9ns •• 12 399 
M Pallerson 11 339 
K Pallerson 12 464 
J Porter 13 563 
K Potts •• 3 66 
GSmith 2 108 
J Wheaton 7 356 
B Valle~ • 2 60 
Monthly Totals 106 3699 0 
• FKNMS Stall •• EPA Stall 
B.T. = Bollom Time 

II of Dives fl T. in Minutes 0 T in lloure 
Annual Total 106 3699 61 65 

Table 7 Agency Dive Participation- FY 1996/1997 

Agenc~ llofDivu %of Total 
FMRI 42 40'.1. 
UGA 25 24'.1. 
FKNMS 7 7'.1. 
EPA 32 30°.1. 
Total 106 100',(, 

Agenc~ B.T.In Hours 'Yu of Total 
FMRI 2603 42'.0 
UGA 17.45 28".1. 
FKNMS 3.58 6% 
EPA 14.58 24".1. 
Total 61.65 ·------

100% 

B.T.In Minutes 

0 

JUNE JULY AUGUST 
llotDivu B.T.In Minutes II of Dives 8. T. In Minulos llol Dives B.T.In Mluul~s 

0 0 0 0 0 0 

fi2~~~-~--~~~~~!Jiv~ f'~~~ipalion- ~y 1996/1997 

7% 

%of the Total Number of Dtves 
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Table 9. Taxonomic List* ofHydrozoan and Scleractinian Corals from Species Inventories. 

PHYLUM CNIDARIA 
CLASS HYDROZOA 

ORDERATHECATE 
Family Milleporidae · 

Millepora alcicomis Linne, 1758 
Millepora complanata Lamarck, 1816 

CLASS ANTHOZOA 
SUBCLASS ZOANTHARIA 

ORDER SCLERACTINIA 
SUBORDERASTROCOENTINA 

Family Astrocoeniidae 
Stephanocoenia michelinii Milne Edwards and Hairne, 1848 

Family Pocilloporidae 
Madracis decactis (Lyman, 1859) 
Madracis mirabi/is sensu Wells, 1973 

Family Acroporidae 
Acropora cervicornis (Lamarck, 1816) 
Acropora palmata (Lamarck, 1816) 

SUBORDER FUNGTINA 
Family Agaricidae 

· Agaricia agaricites ((Linne, 1758) [COMPLEX]** 
Agaricia fragi/is (Dana, 1846) 
Agaricia /amarcki M:ilne Edwards and Haime, 1851 
Leptoseris cucul/ata (Ellis·. and Selander, 1786) 

Family Siderastreidae 
Siderastrea radians (Pallas, 1766) 
Siderastrea siderea (Ellis and Selander, 1786) 

Family Poritidae 
Porites astreoides Lamarck, 1816 
Porites branneri Rathbun, 1888 
Porites porites (Pallas, 1766) [COMPLEX]** 

SUBORDER FA VTINA 
Family Faviidae 

Cladocora arbuscula (Lesueur, 1821) 
Colpophyllia natans (Houttuyn, 1772) 
Dip/aria clivosa (Ellis and Solander, 1786) 
Dip/oria labyrinthifonnis (Linne, 1758) 
Diploria strigosa (Dana, 1846) 
Faviafragum (Esper, 1795) 
Manicina areolata (Linne, 1758) 
Montastraea cavemosa (Linne, 1767) 
Montastraea annularis (Ellis and Selander, 1786) [COMPLEX]** 
Solenastrea bournoni Milne Edwards and Haime 1850 

' 
Solenastrea hyades (Dana, 1846) 



Family Rhizangiidae 
Astrangia poculata (Ellis and So lander, 1786) 
Phyllangia americana Milne Edwards and Haime 1849 

' Family Oculinidae 
Oculina diffusa Lamarck, 1816 

Family Meandrinidae 
Dendrogyra cylindrus Ehrenberg, 1834 
Dichocoenia stokesi Milne Edwards and Haime, 1848 
Meandrina meandrites (Linne, 1758) 

Family Mussidae 
Isophyl/astraea rigida (Dana, 1846) 
Isophyl/ia sinuosa (Ellis and Selander, 1786) 
Mussa angulosa (Pallas, 1766) 
Mycetophyl/ia /amarckiana Milne Edwards and Haime, 1848 
Mycetophyl/ia danaana Milne Edwards and Haime, 1849 
Mycetophyl/ia a/iciae Wells, 1973 
Mycetophy/liaferox Wells, 1973 
Scolymia cubensis Milne Edwards and Haime, 1849 
Scolymia lacera (Pallas, 1766) 

SUBORDERCARYOPHYLLITNA 
Family Caryophylliidae 

Eusimiliafastigiata (Pallas, 1766) 

*Systematics follows Wells and Lang, 1973 and Cairns et. a/. 1991. 

• • Agaricia agaricites COMPLEX may include: 
· agaricites (Linne, 1758) 

carinata Wells, 1973 
danai Milne Edwards and Haime, 1860 
purpurea (Lesueur, I 821) 

**Porites porites C01-1PLEX may include: 
porites (Pallas, 1766) 
c/avaria Lamarck, 1816 
furcata Lamarck, 1816 
divaricata Lesueur, 1821 

**Montastraea annularis CO:rvt:PLEX may include: 
annularis (Ellis and Selander, 1786) 
faveolata (Ellis and Selander, 1786) 
franksi (Gregory, 1895) 
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taxa were observed at 30 (75%) of the 40 sites~ Four of the most frequently occurring of 
these prior taxa included Porites astreoides, Siderastrea side rea, Porites porites, and 
Agaricia agaricites complex. At half the sites, seven additional taxa were recorded. Five 
taxa were observed at 10% or less of the sites. Of these five, Solenastrea hyades was 
restricted to hardbottom site types, Dendrogyra cylindrus occurred at only shallow offshore 
sites, and Porites branneri was primarily observed at patch reef sites and one deep offshore 
site. Astrangia poculata and Dendrogyra cylindrus were the least frequently occurring (0.63) 
of all 43 taxa recorded (fable lOb). A range of seven to 35 taxa were recorded per site with 
an overall mean of 21.9 taxa per site. 

By Site Type 

Of the 43 total taxa observed, 19 were recorded at all four site types (fable lla). 
Only three species were restricted to a single site type (Acropora palmara and Dendrogyra 
cylindrus-offshore shallow reef, Solenastrea hyades-hardbottom). Dendrogyra cylindrus was 
also the least frequently observed (fable 11b). Patch reefs had the greatest total number of 
taxa (40), shallow and deep offshore reefs had an intermediate number of taxa (34 and 36) 
and hardbottom sites had the least taxa (25). 

Variability was greatest at patch reef sites C!,lld'least at offshore deep sites. (Figure 10). 
Long Key (7H2) had the most taxa (19) of the hardbottom sites; Molasses Key (5H2) had the 
fewest taxa (7) (Tables 12a,b). Western Head (5P2) had the most taxa (35) and Admiral 
(9P4) had the fewest taxa (16) for the patch reef'sites (fables 13a,b). Sand Key (2S 1) and 
Grecian Rocks (9S2) had the greatest number of taxa (28) and Eastern Sambo (5S3) had the 
fewest (12) of the offshore shallow reef sites (Tables 14a,b). For offshore deep reef sites 
(fables 15 a, b), Eastern Sambo. (5D3) and Tennessee (7D2) had the most taxa (32 and 31, 
respectively) and Alligator (7D1) had the fewest (21). Table 16 summarizes most and least 
taxa at individual sites by type. Mean taxonomic richness was greatest at offshore deep and 
patch reef site types and least at hard bottom sites (Table 17). 

Table 16. Summary of Taxonomic Richness of Individual Sites by Site Type 

Site type Hard Bottom Patch Reef Offshore Offshore Deep 
(N=8) (N==9) Shallow (N=ll) 

(N=12) 

Sites with most Long Key Western Head Sand Key Eastern Sambo 
taxa (19 taxa) (35 taxa) (28 taxa) (32 taxa) 

Grecian Rocks Tennessee 
(28 taxa) (31 taxa) 

Site with least Molasses Key Admiral Eastern Sambo Alligator 
taxa (7 taxa) (16 taxa) (12 taxa) (21 taxa) 

10 
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Table 11a. Pruence/Abaence of Stony Coral Taxa ..Site Typaa FY 111951111!JS 

SITE TYPES: HARDBOTIOM PATCH SHAUOW OFFSHoRE DEEP OFFSHORE STONY CORAL TAXA 
Acropore centkomJ. 0 1 1 Acropon palmate 0 0 1 0 Agaric/a agarlcltM {comphx) 1 1 1 1 Agaric/a fragll/a 0 1 1 1 Agaric/a lamarck/ 0 1 0 1 A strang/a pocu/ata 1 1 0 0 C/adocora arbuacula 1 1 0 0 Colpophy/1/a natana 1 1 1 1 Oandrogyra cyllndroa 0 0 1 0 0/chocCHHJia atoJcu/1 1 1 1 1 0/p/orla c/lvosa 1 1 1 1 0/p/orla labyrlnthlfomtl8 1 1 1 1 0/plorlaa~a 1 1 1 1 Eusmlla faatlg/ata 0 1 1 1 Favia fragum 1 1 1 1 /sophy//aatrea rlglda 1 1 1 0 /sophy/1/a a/nuou 1 1 1 1 Leptoserla cucullata 0 1 1 1 Madntcla d.c~ti• 0 1 1 1 Madrac/a mlrabll/a 0 1 1 1 Man/c/na arao/ata 1 1 1 1 Maadrlna maandrltea 0 1 1 1 M/1/epora a/c/comls 1 1 1 1 M/1/epora comp/anata 0 1 1 1 Mont astr-a annularla {complex) 1 1 1 1 Montastraea cavwnoaa 1 1 1 1 Mycatophyll/a a//c/ae 0 1 0 1 Mycetophy/1/a danaana 0 1 1 1 Mycetophylf/a ferox 0 1 1 1 Mycetophy/1/a lamarck/ana 0 1 1 1 M11ssa angu/osa 0 1 0 1 Ocul/na dlffllsa 1 1 1 1 Phyl/ang/a americana 1 1 0 0 Porites astr.o/dea 1 1 1 1 Porites brannerl 0 1 0 1 Porites poritea (complex) 1 1 1 1 Scolymla cubans/a 0 1 1 1 Scolym/a l~ra 1 1 0 1 S/derastrea radians 1 1 1 1 S/derastrea alderea 1 1 1 1 Solen .. trea boumonl 1 1 1 1 Solenaatrea hyiKha 1 0 0 0 Stee.hanocoen/a michel/nil 1 1 1 1 Total number of taxa 25 -40 34 36 

Muas}d OUVWJI,.) 0 0 0 

0/adema antlllarom 0 0 0 0 
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Tobie 11b. Frequency of Stony Coni Taxa- Site Types FY 1995/1996 

SITE TYPES: HARDBOnOM PATCH SHALLOW OFFSIIO"E DEEP OFFSHORE s TONY-CORALTAX~----- ··------· -----------· --- ·-'' .--------··-------. - ·---··- ------·-. ___ .. ______ ------------

,O.cropor• cerv1coml• 
A crop or• palm•t• 
Ao•rlcla •a~rtcltea (complex} 

Ao•rlcl• rr•alll• 
Ao•rtct• lam•rclt.l 
A • rr•nala pocul•ta 
Cl•docono •rbutcula 
Colpophylll• n•t•n• 
Dendroayr• cytlndros 
Dlchocoenl• trolt.ull 
Dlp/orla cllvou 
Dlplorl• labyrlnthtrorml• 
Dlplorla srrtgou 
Eu•mll• furtal•r. 
F•vt• rraaum 
/sophyl#utrea rlglda 
tsophylll• slnuou 
Leprourls cucutlata 
Msdracls dacacrts 
Madracts mlr•bllls 
Manlcln• areolar• 
Me•drln• m••ndrlt•• 
Mlllepora •lclcomls 
Mlllepor• complanara 
Monta•rr••• annulerl• (complex} 
Mont••tr••• c•vemo•• 
Mycetophyllla 1/lc/811 
Mycerophytlla danuna 
Mycetophylll• rerox 
Mycetophytll• lnmercl<l•n• 
Muus •npulose 
Oculln• dtrruu 
Phyll•nal• •mortc•n• 
Porlt•• nsrreoldes 
Porlle s brsnnerl 
Porlte• porlles (complex) 
Scolyml• cubensls 
Scolyml• l.cera 
Slder••tre• r•dl•n• 
s lder•• rr•• •ldero• 
Solenostrea boumonl 
Solenortre• hyades 
Srepllonocoenl• michel/nil 

Muuld QLIVInlle} 

URCHIN TAXA: 
Dl•d•m• anrtllarom 

0.00 
0.00 
0.16 
0.00 
0.00 
0.06 
0.20 
0.19 
0.00 
O.H 
0.3~ 

0.09 
0.28 
0.00 
0.77 
0.09 
0.05 
0.00 
0.00 
0.00 
0.33 
0.00 
0.95 
0.00 
0.19 
0.31 
0.00 
0.00 
0.00 
0.00 
0.00 
0.22 
0.11 
0.72 
0.00 
0.77 
0.00 
0.03 
1.00 
0.47 
0.33 
0.22 
0.<48 

0.03 

0.00 

0.25 0,30 0.35 

0.00 0.~1 0.00 

0,93 0.98 1.00 

0.15 0.07 0.63 

0.03 000 0.31 

om 0.00 0.00 

0.26 0.00 0.00 

0.72 0.30 0.75 

0.00 0.05 0.00 

.0.88 0.~7 0.9~ 

0.29 0.~0 0.10 

0.68 0.~2 0.73 

0.78 0.38 0.72 

0.6-4 0.26 0.90 

0.29 0.86 0.27 

0.17 0.01 0.00 

0.10 0.06 0.08 

0.31 0.17 0.78 

0.31 0.22 0.77 

0.03 0.06 0.50 

0.03 0.02 0.66 
0.511· 0.38 0.6-4 

0.99 0.93 1.00 

0.19 0.6-4 . O.D2 
0.97 0.71 0.9~ 

0.9-4 0.75 0.95 

0.33 0.00 0.39 

0.36 0.18 0.31 

0.21 0.15 0.~9 

0.56 0.29 0.51 
0.<44 0.00 0.15 
0.72 0.02 0.01 
0.10 0.00 0.00 
0.99 0.92 1.00 
0.17 0.00 0.05 
0.7<4 0.95 0.95 
0.65 0.02 0.51 
0.31 0.00 0.01 
0.82 0 .. 40 0.56 
1.00 0.99 1.00 
0.5<4 0.05 0.33 
0.00 0.00 0.00 
0.89 0.36 0.93 

0.2<4 0.01 0.<41 

0.03 0.10 0.00 



Figure 10. Taxonomic Richness by Site Type. 
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Table 12a. Prnenca/Abaeoce of Stony COfal Taxa- Hardbottom FY 1111161199e 

SITE CODES: IIH1 IIH2 IIH3 7H2 6H1 6H2 6H3 3H1 aum 

STONY CORAL TAXA 
Acropor8 cervkoml• 0 0 0 0 0 0 0 0 0 

Acropor8 palmMe 0 0 0 0 0 0 0 0 0 

,.a .ncJ • "fl MtcltM ( comple.xJ 0 0 0 0 0 0 1 1 2 

... gltrlcl• fraglll• 0 0 0 0 0 0 0 0 0 

~ltrlc/a lamarcld 0 0 0 0 0 0 0 0 0 

Astrangia pocuiMa 0 0 1 0 0 0 0 0 1 

CJIKiocora Mtxncul• 1 0 0 1 0 0 0 1 3 

Colpophyfll• n«wu 0 0 0 1 0 0 1 0 2 

C>.ndrr>gyrw cyflndma 0 0 0 0 0 0 0 0 0 

Dlc/IOCO<I<rlla aioll..s/1 1 0 1 1 1 1 1 1 7 

Dlplorla clfvou 0 0 0 1 1 0 I 0 3 

Dlplorl• l.byrlnthlfotml• 0 0 0 1 0 0 1 p 2 

Dlplorl• a trlgou 0 0 0 1 I 0 I 1 .. 
Eusm/la f•stlgl.te 0 0 0 0 0 0 0 0 0 

F.vla fragum 1 l 1 1 1 1 1 0 7 

lsophyfi.W.. rigid• 0 0 0 0 1 0 0 0 1 

lsophyfll• ainuou 0 0 0 1 0 0 0 0 1 

Leptoaltrla cucull.t• 0 0 0 0 0 0 0 0 0 

Mltdrac/a d..cM:tls 0 0 0 0 0 0 0 0 0 

M.drKla mlnJ:J/1/a 0 0 0 0 0 0 0 0 0 

M .nlc/n • 811>01.t • 1 1 1 0 0 1 0 0 .. 
Ma.drln• m...ndrltM 0 0 0 0 0 0 0 0 0 

Mlllttpe>ra alckomls 1 1 1 1 1 1 1 1 8 

Mllklpon compl.n.t• 0 0 0 0 0 0 0 0 0· 

M011lasU... WlOIIiMa (comple.xJ 0 0 0 1 0 0 1 0 2 

M011t astf"Mll cavwnoae 0 0 0 I 1 0 1 0 3 

M)"C"ff(ophyfll• aile/- 0 0 0 0 0 0 0 0 0 

Mycotophylll• d.n .. n• 0 0 0 0 0 0 0 0 0 

M)"C"ff(ophylll• (ero)( 0 0 0 0 0 0 0 0 0 

M)"C"ff(ophylllalwnarcld.na 0 0 0 0 0 0 0 0 0 

Muna .nguiosa 0 0 0 0 0 0 0 0 0 

Oculln• dlrtu .. 0 1 0 1 1 0 1 0 .. 
Phyfl.ngla amerk1111a 0 0 0 0 0 0 0 1 1 

PorltN astreoldes 1 1 0 1 1 0 1 1 6 

Porlt N bran n<lrl 0 0 0 0 0 0 0 0 0 

PorltN porlrN (compt.x) 1 1 1 1 1 1 1 1 6 

Scolyml• cubM!aJ:a 0 0 0 0 0 0 0 0 0 

Scolymlal.c.~• 0 0 0 0 0 0 0 1 1 
5/d..,-.. t,.. r.dl.n• 1 1 1 1 1 1 1 1 6 
5/d..r.•trt>a aid.,..• 1 1 0 1 0 0 I 1 5 
Sol..,.••t,..., boumOill 0 0 0 1 1 1 0 1 .. 
Soiena•tr.a hyltde.s 0 1 1 1 0 0 0 0 3 

~!!w>~ia !!'.lch.llnl/ 0 0 1 1 1 0 1 1 5 
Total number ol ta •• II 00 11.00 11.00 111.00 13.00 7.00 16.00 13.00 
Mean number ol taxa• 11.88 Stand;ard devlatloo• <4.12 
Muuld Ouvenlle) 0 0 0 0 0 2 0 0 

URCHIN TAXA 
Dlltdama w1UIIarum 0 0 0 0 0 0 0 0 



Tab!. 12b. Fr.qu.ocy of Slooy Coral Taxa- Hardbottom FY 1195JUM 

Fr.quency 
ot 

SITE CODES: IIH1 8H2 IIHl 1H2 IIH1 IIH2 liHl lH1 Occurrence STONY CORAL TAXA 
Acropon. cervlcomla 0 0 0 0 0 0 0 0 0.00 
Acropora palm.t. 0 0 0 0 0 0 0 0 0.00 
Ao-icla ~ric/tea (complu) 0 0 0 0 0 0 1 0.25 0.16 
A a-lela fragi/Ja 0 0 0 0 0 0 0 0 0.00 
Ao-icla/arnM'C/IJ 0 0 0 0 0 0 0 0 0.00 
Aatrenal• poculet. 0 0 05 0 0 0 0 0 0.06 
Cladocore MbuacuJa 0.75 0 0 025 0 0 0 0.625 0.20 
Co/pophy/1/a nat.na 0 0 0 0.75 0 0 0.75 0 0.19 
O.ndrogyre cy/Jndrua 0 0 0 0 0 0 0 0 0.00 
Dlchocoenla atokea// 025 0 0.5 1 1 0.5 0.25 0.25 0.-47 
Dlplorla cllvo .. 0 0 0 1 1 0 0.75 0 0.3-4 
Dlp/orla labyrlnthlfonnla 0 0 0 0.5 0 0 0.25 0 0.00 
Dlplorla •trlao .. 0 0 0 0.75 0.25 0 0.5 0.75 0.26 
Euamlla lasC/glar. 0 0 0 0 0 0 0 0 0.00 
Favle tn.aum 1 1 1 0675 1 1 025 0 o.n 
laophyllucr.a rlglch 0 0 0 0 0.75 0 0 0 0.09 
loophyl/la alnuoae 0 0 0 0 J75 0 0 0 0 0.05 
Leptooarla cucul/at. 0 0 0 0 0 0 0 0 000 
Madrecla da<:acC/• 0 0 0 0 0 0 "() 0 0.00 
Madrec/a mlreblll• 0 0 0 0 0 0 0 0 0.00 
M enlclna areola fa 1 05 1 0 0 0.125 0 0 O.JJ 
Meadrlna m-oandrltaa 0 0 0 0 0 0 0 0 0.00 
M/1/epore a/c/com/a 0.75 1 1 0 875 1 1 I 1 0.05 
M/1/apore complanat.a 0 0 0 0 0 0 0 0 000 
Montastre~• •nnul•rl• (complu) 0 0 0 05 0 0 1 0 0.19 
Monte2traee c.vomo .. 0 0 0 1 0.75 0 0.75 0 O.Jt 
Mycatophy/1/a aile/- 0 0 0 0 0 0 0 0 0.00 
Mycetophy/1/e d.,_n• 0 0 0 0 0 0 0 0 0.00 
Mycetophy/1/a foro1( 0 0 0 0 0 0 0 0 0.00 
Mycetophyllla larn.rc:Mena 0 0 0 0 0 0 0 0 0.00 
Mu22a •nauloaa 0 0 0 0 0 0 0 0 0.00 
Ocullne dlt1uaa 0 025 0 05 0.5 0 05 0 0.22 
Phyllanala ~tn~erlc.,. 0 0 0 0 0 0 0 0675 0.11 
Porites astnto/de• 1 0 75 0 I I 0 1 1 o.n 
Porfte• brannerl 0 0 0 0 0 0 0 0 0.00 
Porltu porlt .. (complex) 1 1 05 0 675 1 025 1 05 0.77 
:;colyn•l• cuben•l• 0 0 0 () 0 0 0 0 000 
!;cv/yn•l• lecer• () u () () () 0 () 0.:25 0.0) 
Sldera2troe radian• 1 1 1 1 1 1 1 1 1.00 
Sldonttlr.a a/c/e,.. 1 I 0 0 25 0 0 0.75 0.75 0.-47 
So/en••tr.. boumonl 0 0 0 0 75 0 75 0.25 0 0675 O.JJ 
So/en•atroe hyede• 0 0.25 1 05 0 0 0 0 0.22 
Stephanoco•nla michelin// 0 0 0.25 1 I 0 0.625 1 0.48 

• 
Muuld Ouvwnlle) 0 0 0 0 0 0.25 0 0 003 URCHIN TAXA 
Dl•rlNn• •n du.nun 0 0 0 () () () ll 

" 
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Table 13a. l"re..nce/Ab••oc• of Stony Coral Taxa- Patch R .. t. FY 111961111116 

SITE CODES: 9P1 IIPl IIP4 7P1 7P2 6P1 fiP2 tiPl 2P1 SUM STONY CORAL T /UA 
A.cropor.~ 1 1 0 1 0 0 1 1 0 5 A.cropor. fU/mlt(a 0 0 0 0 0 0 0 0 0 0 .AgllriclallfiMk/tM (~ 1 1 1 1 1 1 1 1 1 9 .Agllrk;/a fragll'- 1 1 0 0 0 0 0 1 1 4 .Agllrk;/a IMnardd 0 0 0 0 0 0 1 0 0 1 ;A.$trwtgla pocvllt( • 0 0 0 0 0 0 1 0 0 1 CJ..:Jocor. Mbu..:ula 0 0 0 0 0 0 1 1 1 3 C<>lpoph ylll• nit( ana 1 1 1 1 1 1 1 1 1 9 Dendrogynt cytlndru• 0 0 0 0 0 0 0 0 0 0 Dlchoot:Hnla atM..JI 1 1 1 1 1 1 1 1 1 9 Dlplorl• cJivoU 1 1 1 0 1 0 1 1 0 6 Dlplorl•lllbyrlnthlfonnl• 1 1 1 1 1 1 1 1 0 II Dlplorla .t:rlgo.. 1 1 1 1 1 1 1 1 1 9 Eusmllat ... tlg/lt(a 1 1 0 1 1 1 1 1 0 7 Fwlafngum 1 1 0 1 1 0 1 0 0 5 lwphyllastr.. rigid• 0 0 0 1 1 0 1 0 0 3 lsophylll• aJnuos. 1 0 0 0 0 0 1 1 0 3 L-r>to-ta cucullata 1 0 0 0 0 1 1 1 0 .( , IKfr.cl• fhci>C(/• 1 0 0 1 1 0 1 1 1 6 MIKfr.ci• mlr.b/11• 0 1 0 0 0 0 1 0 0 2 t.f Wllcln • .-.olat • 0 1 0 0 0 0 0 0 0 1 t.f-.drln• m.MH~rtt .. 1 1 1 1 1 0 1 1 1 II t.flllepont elckoml• 1 1 1 1 1 1. 1 1 1 9 t.flllepont complenlt(• 1 0 0 0 0 0 1 1 1 4 Mont~ .,.ullfri• {complex) 1 1 1 1 1 1 1 1 1 9 t.font..U... ~oaa 1 1 1 1 1 1 1 1 1 9 Mycetophy/1/a ~~~~ 1 0 0 1 0 1 1 1 0 5 Mycetophylll• dan..,• 1 0 0 0 1 1 1 1 0 5 Mycetophytll• fwox 1 0 0 0 1 1 0 1 0 4 Mycetoph yt/1 • lamerciU an • 1 0 0 1 1 1 0 1 0 5 t.fuUJt anguloaa 1 1 0 1 1 1 1 1 1 II Oculln• dlffuH 1 1 0 1 1 1 1 1 1 II Phytlangl• ~. 0 0 0 0 0 0 0 0 1 1 Porlt .. ~ 1 1 1 1 1 1 1 1 1 9 PorltN brann«t 0 0 0 0 0 1 1 1 0 3 Porlteos porlteos (complu1 1 1 1 1 1 1 1 1 1 9 Scolyml• cubenaJ• 1 0 0 1 1 1 1 1 1 7 Scolymlaii>Cfln 0 0 0 1 0 0 1 1 1 .( SJderntrN ntdlan• 1 1 1 1 1 1 1 1 1 9 SJd..rutrN aid- 1 1 1 1 1 1 1 1 1 9 SolentatrN boumonl 1 1 1 1 1 1 1 1 0 II SolenntnH hylld.. 0 0 0 0 0 0 0 0 0 0 Slep/IMJ()(;()<t(J/• michelin// 1 1 1 1 1 1 1 1 1 9 Total num!Mr of taxa 31 24 16 26 2S 24 36 33 22 Mean number of taxa• 26.33 S tar>dard de via tlon• 11.811 t.fuaald OuveniJa) 0 0 0 1 1 1 0 0 0 3 

URCHIN TAXA 
DIIHlwn • llflC/11 arum 0 0 0 I 0 0 0 0 0 
Ooto ontrv l>y: KJ~ OATE: 12Df\lfi 
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hbl. Ua. PrueoceJAb .. oce of Stony COJal Taxa- Shallow 01Tahofe Re•l• FY 1!196/UIHI 

SrTE CODES: 1151 1152 
STONY CORAL TAXA 

tSl IIS<4 7S1 7S2 IIS1 !152 !ISl 115.4 !IS !I 251 SUM 

7.00 
Acropor.~. 0 I 0 0 0 I I 1 0 I I 1 
Acropor. p./mll( • 1 1 1 0 0 0 1 0 0 1 1 1 7.00 
Agaric/a .garlcltM ( e>otnpleJQ 1 1 I 1 1 1 1 1 1 1 1 1 12 00 
.Ag ariel a fntg//la 0 1 1 0 1 0 0 0 0 1 0 1 5.00 
~11 ariel a IMJJ an:id 0 0 0 0 0 0 0 0 0 0 0 0 0.00 AslrwtfJI• pocufll(a 0 0 0 0 0 0 0 0 0 0 0 0 0.00 CIMJocon, erbuecula 0 0 0 0 0 0 0 0 0 0 0 0 0.00 Colpophyfl/a nll(ana 0 1 0 0 1 1 1 1 0 1 0 1 7.00 Dendrogyr. cytlndrua 0 0 0 1 0 0 1 0 0 0 0 1 3.00 
~fa.tolluJ/ 0 1 1 1 1 I 1 1 0 0 0 1 8.00 0/plona c//voq 1 1 0 0 1 1 0 1 0 1 1 1 11.00 0/plona /lib yrlnthlfonnla 0 1 1 1 1 1 1 1 0 1 0 1 9.00 Dlplon• alrlriou 1 1 1 0 0 1 1 1 0 1 1 1 9.00 Euamfla fastlgfll(a 1 1 1 1 0 1 0 1 0 1 0 1 8.00 Favia fntgum 1 1 1 1 1 1 1 1 1 1 1 1 12.00 
l~yflastrH rigid• 0 1 0 0 0 0 0 0 0 0 0 0 1.00 lsophyfll• .Jnuo .. 0 1 0 0 0 0 0 0 0 0 1 I 3.00 LeptoHrla cucvlfll(a 0 1 I 1 0 0 0 0 0 0 1 1 5.00 M «<racls fle.cM:t/a 0 0 1 1 1 1 0 0 I 1 1 1 8.00 M«<r»eea mlrabllfa 0 0 0 0 0 0 0 0 1 1 0 0 2.00 ManJclna --'•• 0 0 0 0 0 0 0 0 0 0 0 1 1.00 M~rlna trNMldrltM 0 1 1 1 1 1 1 1 0 1 0 1 9.00 Mllleporw .Jclcom/a 1 1 1 1 1 1 1 1 1 1 1 1 12.00 Mlflepont complan.ta 1 1 1 1 1 1 1 1 1 1 1 1 12.00 Montastr.H llflnularl• {complex) 1 1 1 1 1 1 1 1 1 1 1 1 12.00 Mont~ c.vemou .1 1 1 0 1 1 1 1 1 1 1 1 11.00 Myc«ophyfll• .JJciH 0 0 0 0 0 0 0 0 0 0 0 0 000 Myc«ophyfll• dan..,. 0 1 1 0 0 0 I 1 0 0 0 1 5.00 Mycetophyfl/a feroJt 1 0 I 0 0 0 I 1 0 1 0 0 5.00 Mycetoph yfll• /amarc:J<./ana 1 1 1 0 0 0 1 1 0 1 0 1 7.00 Muau angulo.. 0 0 0 0 0 0 0 0 0 0 0 0 0.00 Oculln• dlffua~~ 0 0 0 0 0 1 0 0 0 0 0 0 1.00 Pflyflangl• MJNrlc.-,a 0 0 0 0 0 0 0 0 0 0 0 0 000 Porlt.s astr.old .. 1 1 1 0 1 1 1 1 1 1 1 1 11.00 Porltas brann«t 0 0 0 0 0 0 0 0 0 0 0 0 0.00 Porltaa porlt.s {complaxJ 1 1 1 1 1 1 1 1 1 1 1 1 12.00 Scolymla cub-. tJJ • 0 1 0 0 0 0 0 0 0 0 0 0 1.00 Scolym/a llfCerll 0 0 0 0 0 0 0 0 0 0 0 0 0.00 SJdtK-Ir<H r-<11••• 1 1 1 0 1 1 0 0 1 1 1 1 1100 SJdenstr.. .Jd....., 1 1 1 1 I 1 I 1 I 1 I I 1200 Solwt .. U.. boumonl 0 1 0 0 0 1 0 0 0 0 0 0 2.00 Solen..U.. hy.U.. 0 0 0 0 0 0 0 0 0 0 0 0 000 _S!.~hMioco.t~l• mlchellrt/1 0 1 0 1 1 1 1 1 0 0 1 1 11.00 Total number of taxa 16.00 28.00 22.00 1 !1~00---, 0~00 22.00 21.00 21.00 12.00 23.00 18.00 211.00 Mean number of taxa• 20.33 Standard deviation• -4.811 

Mu .. Jd U<~VW~Ife) 0 0 0 0 0 0 0 0 0 0 0 

URCHIN TAXA 
0/«<eme an riff arum 1 ' 0 0 0 0 0 0 1 1 I 0 
DATA ENTRY BY: KJF DATE:12f2/96 
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:liTE CODES: tS1 tS2 tSl tS4 751 752 151 IS2 6S3 554 1$6 lSI Occun.oc:• 
STONY CORAL TAXA 

Acroporw cetY1comt. 0 0.5 0 0 0 1 0.25 0.625 0 0.5 0.5 0.25 0.30 
Acropon~ fUtlnult. OS 0.25 1 0 0 0 0.25 0 0 1 1 0675 041 
AgM'Ir:U llflerlcn.a (compiu) 1 0.75 1 1 1 1 1 1 1 1 1 1 0~ 
Ao~ tt.glll• 0 0.125 0.25 0 0 25 0 0 0 0 0.125 0 0.125 O.o7 
AgMfcU. Utmarckl 0 0 0 0 0 0 0 0 0 0 0 0 0.00 
A•trwlghl po<ulm 0 0 0 0 0 0 0 0 0 0 0 0 0.00 
CJ«<ocont Mf>uiCUUr 0 0 0 0 0 0 0 0 0 0 0 0 000 
Colpophytlla IUitans 0 0.5 0 0 0 25 0.5 0.375 0.675 0 0.1175 0 0.25 0.30 
O.Odrog)n cyttndrua 0 0 0 0.25 0 0 0.25 0 0 0 0 0.125 005 
Dkho<:O«Jia atolt.u./1 0 1 0.5 0.625 0.75 1 0.5 0615 0 0 0 0625 OH 
Dlplorla c/lvou 1 0.5 0 0 0.25 0.5 0 0.25 0 05 0.1175 0.1175 O.o40 
Dtplorla WJ'yrlnfhlfUnnl• 0 0.5 0.75 0.25 0.25 1 0.75 1 0 0.25 0 0.25 0-42 
Dlplorl• atrlgou 0.25 0 25 0 75 0 0 1 0.25 0.75 0 0.25 0.5 0.5 0.34 
Eu.m/U. t .. tlglafll 0.25 05 0.5 0.615 0 0.25 0 05 0 0.125 0 0.375 026 
fCIIVIa rr.flllm I 0.625 1 1 0.75 0.25 1 0.75 1 1 1 1 O.M 
llophytlua- rlg/da 0 0.125 0 0 0 0 0 0 0 0 0 0 001 
laophyt/1• .Jnuou 0 0.125 0 0 0 0 0 0 0 0 0.25 0.315 0.06 
L~to .. rla cucullat. 0 05 0.5 0.75 0 0 0 0 0 0 0.125 0.125 0.11 
Mttdntela d.uctla 0 0 0.5 0.375 0.25 0.25 . 0 0 0.375 0.25 0.25 0.375 0.22 
Mltdrecl• mlr.bllla 0 0 0 0 0 0 0 0 0.125 0.625 0 0 006 
MMtlclr>~~ antolllt• 0 0 0 0 0 0 0 0 0 0 0 0.25 002 
MHdrln.a m-ndrll•• 0 0.125 0.75 OS 0.5 0.75 0.75 0.5 0 0.125. 0 0.5 0.36 
Mlll-,o,. alclcoml• 1 1 1 1 1 1 1 I 0.625 O.Tli 0.15 1 0 93 
lrlllktpor. compl1111aC. 1 0.25 1 1 1 0.5 1 0.625 1 1 0.75 1 0.11-( 
lrlont.•tl'H41ft(Jnularl• (complu) 0.25 0.75 1 0 25 0.25 0.75 0.75 1 1 1 0.5 1 0 71 
lrlonr.arn... uv.mo•• 0.5 0.75 1 0 I 1 0.75 1 0.5 0.5 1 1 0.75 
Myr:•tophy111a a/lei•• 0 0 0 0 0 0 0 0 0 0 0 0 000 
Myr:•tophytlla d11<1aana 0 0.5 05 0 0 0 0.25 0.375 0 0 0 0.5 0.111 
Myr:•Cophytlla (ff'OJC 0.25 0 0 375 0 0 0 0.25 0.75 0 0.125 0 0 0.15 
Myr:•tophytl/a l•m.n::ldMIII 025 1 0.5 0 0 0 0.25 o.:ns 0 0.25 0 0.1175 0.19 
Muualtllgulo•• 0 0 0 0 0 0 0 0 0 0 0 0 000 
Ocullna dlrtuu 0 0 0 0 0 0.25 0 0 0 0 0 0 0 02 
Phytl•ngl• Mflflrlcana 0 0 0 0 0 0 0 0 0 0 0 0 000 
Porlt•• ••~Ide• 1 1 1 0 1 1 1 1 1 1 1 1 0.92 
Porltn br.nnarl 0 0 0 0 0 0 0 0 0 0 0 0 000 
Porlfu porites (complex) l 1 1 O.IHS 1 l 0.75 0.75 1 1 1 I 095 
Scolymla cub•n-'• 0 0.25 0 0 0 0 0 0 0 0 0 0 002 
Scolyml• U.C.ra 0 0 0 0 0 0 0 0 0 0 0 0 000 
SldHeatrN flldlKII 0.75 1 0.125 0 05 1 0 0 0.25 0.25 0.375 05 0.~0 
:SidarastrH Jlde('N 1 l l l I 1 1 1 0.1175 1 1 I 0.99 
Solernnrroa boumonl 0 0 l15 0 0 0 0.25 0 0 0 0 0 0 005 
Sol.,-,astrN hyttdu 0 0 0 0 0 0 0 0 0 0 0 0 0.00 
Steph•nocoHJI• michel/nil 0 05 0 05 0.5 015 0.75 0.75 0 0 0.25 0.375 0)6 

Mus aid OwY~~JIIe) 0 0 0 0 0 0 0 0 0 0 0 0.125 0.01 

URCHIN TAXA 
Olttd.m. .n!IIIMUm 0.25 0 25 0 0 0 0 0 0 0.5 0.125 0.125 0 010 

DATA fNI\TY BY: KJI' DAlE: 12XIH 
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T•I>M 1!1.. PTeMOCeiAbHOCe of stony Coral T•u- O..p Ot'l'ahofe ftH1'• FY 1119611»H 

SITE CODES: 101 103 tO( 701 702 801 802 603 1104 1106 201 SUM STONY CORAl.. TAXA 
Acropon cerrlcomle 1 0 0 0 1 0 1 1 1 1 1 7.00 Acropon pMtnlltJ/1 0 0 0 0 0 0 0 0 0 0 0 000 A~~ (complex) 1 1 1 1 1 1 1 1 1 1 1 11.00 Agarichl frag/1/e 1 1 1 0 1 1 1 1 1 1 1 1000 AQKk:J. llnnlff'Ckl 1 1 1 1 1 1 1 1 0 0 0 11.00 AaCIWJgJ. pocular. 0 0 0 0 0 0 0 0 0 0 0 000 CJMJ<x:or. MbuacuJ. 0 0 0 0 0 0 0 0 0 0 0 000 Colpophytll• nac.na 1 1 0 1 1 1 1 1 1 1 1 10 00 Dendrogyra cytlndrue 0 0 0 0 0 0 0 0 0 0 0 0.00 DlchocoenJ. eco~< .. u 1 1 1 1 1 1 1 1 1 1 1 11.00 Dlplorl• cllvo•• 0 0 0 0 1 0 0 1 1 0 1 4.00 Dlplorl•l•byrlnChlfonnl• 1 1 1 1 1 1 1 1 1 1 1 1100 Dlplorl• atrlgo•• 0 1 1 1 1 1 1 1 1 1 1 1000 Euem/1. t .. Ugl.tJ/1 1 1 1 1 1 1 1 1 1 1 1 11 00 f<IIVUI lragum 1 0 1 0 1 0 0 0 1 1 1 11.00 l•ophytt .. trH rigid• 0 0 0 0 0 0 0 0 0 0 0 0.00 /eophytll• elnuou 0 0 0 0 0 0 0. 1 1 0 1 3.00 L-,to•Mt• cucu/J.ta 1 1 1 1 1 1 1 1 1 1 0 10.00 MMirKII d&e.crJe 1 1 1 0 1 1 1 1 1 1 1 10.00 ltfMirKII mlrabl//1 0 1 1 0 1 1 1 1 1 1 1 9.00 ltf~t~~lclna M"HJJ.C. 1 1 0 , 1 1 1 1 0 1 1 9.00 ltfMdrlfHI fflNndrlC•• 1 1 1 1 1 1 1 1 1 1 1 11.00 Mlll-,on ialclcomle 1 1 1 1 1 1 1 1 1 1 1 1100 ltfllltpora complenec. 0 0 0 0 0 0 0 0 1 0 0 1.00 Mont .. cr... ennuiMte (comple.J() 1 1 1 1 1 1 1 1 1 1 1 11 00 Monreerr ... ceven~ou 1 1 1 1 1 1 1 1 1 1 1 1100 Mycetophyllle a/let .. 1 1 1 0 1 1 1 1 0 1 0 11.00 Mycetophyllle danaene 1 0 0 0 1 1 0 1 1 1 1 7.00 ltfycetophyllle ferox 1 0 1 0 1 1 1 1 1 1 1 goo Mycetophyiii•IMrntrci<IMUI 1 1 1 1 1 1 1 1 1 1 1 11.00 

Mu1,. MJguloae 1 1 1 0 1 0 1 1 0 0 0 1100 
Ocullna d/11\Ja• 0 0 0 1 0 0 0 0 0 0 0 1.00 Ph yll•ngl• amerlcMJa 0 0 0 0 0 0 0 0 0 0 0 000 Porlcu ••trwoldu 1 1 1 1 1 1 1 1 1 1 1 11.00 
Porlt .. bfllflnM# !l 1 0 0 0 0 0 0 0 0 0 1.00 Porltu porltu (complex) 1 1 1 1 1 1 1 1 1 1 1 11.00 
Scolym/• cuben•l• 1 0 1 0 1 1 0 1 0 1 1 7.00 
Scolyml• lac ere 0 0 0 0 0 0 0 1 0 0 0 1.00 
SlduastrH radian• 0 1 1 1 1 1 1 1 1 1 1 1000 
Slder .. trH elderw• 1 1 1 1 1 1 1 1 1 1 1 11.00 
Solen .. cr.. boumonl 1 0 0 1 1 1 1 1 0 1 1 11.00 
Solen•slnH hyMJ .. 0 0 0 0 0 0 0 0 0 0 0 0.00 
SCeJ!.hanocotml• michelin// 1 1 1 1 1 1 1 1 1 1 1 11.00 
Toto I number of loJut 27.00 26.00 211.00 21.00 31.00 27.00 27.00 32.00 27.00 28.00 28.00 Mean numbcf of tax•• 27.01 S1•nderd devl.ltlon• 2.16 ltfuuJd Ouvenl/e) 1 0 0 1 1 1 1 0 0 1 1 7.00 URCHIN TAXA 
D/MJ.,... MJti/lervm 0 0 0 0 0 0 0 0 0 0 0 0.00 
DATA ENTRY BY: KJF DATE: 1212/K 



TaW. Ub.l'r~u.ncy ot nony Cor.t Tau- O..p OITshof• ftaefa FY 1H611HC 

l'r~u.ncy 

ot 
arrE cooEs: 101 103 

·~ 701 702 101 102 103 
·~ 106 201 Occutr•nc• 

aTONY CORAL TAXA 
Acropon c«YYcomm• 025 0 0 0 0 75 0 05 0.375 1 05 05 0 35 

Acropon ,..,,_ 
0 0 0 0 0 0 0 0 0 0 0 000 

AfiiJricU. llflerlcltM {cotnpJex) 1 1 1 1 1 1 1 1 1 1 1 1.00 
A gerlcU. hgill• 1 05 0 375 0 0 625 1 0 75 1 0 75 05 0 375 0 63 

A garlcU. '--'clcl 025 0 75 0 75 025 0 25 025 025 0.625 0 0 0 0 31 
A •frltt>QI• pocul•la 0 0 0 0 0 0 0 0 0 0 0 000 

Cladocont lllrl>u.cul• 0 0 0 0 0 0 0 0 0 0 0 000 

Colpophyt/U. ,..lana 1 0 25 0 05 0 75 0 75 1 .1 1 1 1 0 75 
~cytl~ 0 0 0 0 0 0 0 0 0 0 0 000 

Dlchoco.nl• •toJ< Nil 1 1 1 1 1 1 1 1 05 01175 1 0 9~ 

Dlplorl• c/Jvo... 0 0 0 0 0 375 0 0 01:15 0 25 0 0375 010 

DlpiCKI• l•byrlnthlfonn/• 0 75 1 0 25 0625 0 875 05 0 75 0 75 0 75 0.75 1 0 73 

DI,HCKI• •trlfl<U• 0 0 75 0 25 05 1 1 1 1 0 615 0 75 0 75 on 
l!u.mil• t.•llfll•'- 1 1 0 75 0 25 1 1 1 1 0 675 1 1 000 

Frrl•~I/Ufll 0 25 0 0125 0 0 J75 0 0 0 0 75 1 05 027 

l•opllyll••tr.. rlglde 0 0 0 0 0 0 0 0 0 0 0 000 

l•opllytll• •lnuotu~ 0 0 0 0 0 0 0 0 375 0 25 0 0.2:1 006 

I. •Pto. erl• cucull.,_ 1 1 1 025 0 625 1 1 1 0 75 1 0 0 78 

Mlldrrocle rN<tKrl• 1 1 1 0 0 675 0 75 0 75 1 05 075 0 875 017 

Mlldnocl• mlrablll• 0 05 05 0 1 025 1 0 75 05 0 7:1 02:1 0~ 

M Mile/,.. IIAOI•U. 0 25 025 0 1 1 1 0 75 1 0 1 1 0 66 

M-.lrlrwl~ 05 1 0.75 1 1 0 75 0 75 1 05 1 1 0 8"1 

MIll .,ora Mclcotnle 1 1 1 1 1 1 1 1 1 1 1 1 00 

Mlllepora Compl-la 0 0 0 0 0 0 0 0 0 25 0 0 002 

Mont .. ,._ IHli>C.Ihrle (cotnpJeKJ 1 0 75 1 0 625 1 1 1 1 1 1 1 094 

Mont..,._ Cft'WJION 1 1 1 1 1 1 1 1 05 1 1 095 

Mycelopllytll• •llciH 1 0 25 025 0 0:15 0 75 05 1 0 0:15 0 0 Jll 

M yr:•lopll yt/1• den.Nn. 0 75 0 0 0 0 625 0:15 0 0 375 0125 0.75 05 0 31 

Myr:etophylll• lwwc 1 0 0 25 0 0 625 0 75 0 25 1 0 25 1 025 0 49 

"'yr:ftloph ytll• '--'c~<JMN 1 0 25 0 25 025 0 25 0 125 1 0 875 0 875 05 02:1 051 

MU.NIM'tgU/ON 05 0 25 0 25 0 0 25 0 0 12:1 0 25 0 0 0 015 

Ocuilne dlf'fu .. 0 0 0 0125 0 0 0 0 0 0 0 001 

Phyllertfll• •m.rlc- 0 0 0 0 0 0 0 0 0 0 0 000 

Pwtte • • • rreoiU.• 1 1 1 1 1 1 1 1 1 1 1 100 

Porlt•• br.,_, 0 05 0 0 0 0 0 0 0 0 0 0 05 

Pwlt .. /XNfl .. {ComphJ<) 1 1 1 1 1 0 75 0 75 1 1 1 1 0115 

Scolymle cut..n.te 0625 0 1 0 0 75 1 0 1 0 1 02:1 0 51 

Scolymle ltK..-e 0 0 0 0 0 0 0 0 125 0 0 0 001 

Slchreerr.. radlene 0 05 1 1 0 25 0 75 0 375 0 25 0 315 0625 1 056 

Slchrae tr.. •lclenH 1 1 1 1 1 1 1 1 1 1 1 100 

Solenee,._ bourno,J 
0 25 0 0 0 75 0:15 1 0 125 05 0 015 0:1 0 33 

Solen.•ll- hyru/e• 0 0 0 0 (J 0 0 () 0 0 0 ooo 
~!~><>eo.n/e mlc/,.llnJJ 1 1 ___ 1 _____ 1 _______ , __ ! 

1 1 __ Q_;!I5 1 0 81:1 0 !13 Mu.•Jd Ouvenii•J 0 75 0 0 0 25 1 0 ll25 1 0 0 0 375 0:1 0 ~1 
URCHIN TAXA 
Dl.o.m., MllJ/IMJJm 0 0 0 0 0 0 0 0 0 0 0 000 
DATA ENTRY BY: K.JF DATE: 1212/H 
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Bray Curtis Similarity classification pattern for hardbottom sites (Figure 11) documents 
that Rattle Snake Key (9 H1), El Radabob (9H2), Dove Key (9H3), and Molasses Keys 
(5H2) are similar. These sites are relatively close to shore. Long Key (7H2) and Moser 
Channel (5H 1) are also close! y linked; J aap Reef was relatively similar; Content Keys were 
least similar (Figure 11). Rattlesnake Key and El Radabob Key sites (9H1 - 9H2) were most 
similar (82.76) and Molasses Key and Jaap Reef (5H2- 5H3) were least similar (34.~2) .. 
(Table 18). Hardbottom sites had the lowest mean site similarity and the greatest vanabtlity 
of all site groups (Figure 12) .. Variability was high because some sites had very few taxa, 
e.g., Dove Key (9) whereas other sites were much richer taxonomically (Long Key, 19). 

Table 17. Summary of Taxonomic Richness by Site Type 

Site Type Hardbottom Patch Reef Offshore Offshore Deep 
(N=8) (N=9) Shallow (N=ll) 

(N=12) 

Mean taxonomic 11.88 26.33 20.33 27.09 
richness 

Standard 4.12 5.89 4.85 2.95 
deviation 

Range 7 to 19 16 to 35 12 to 28 21 to 32 
Total taxa/type 25 40 34 36 

West Turtle Shoal, Dustan Rocks, Turtle Reef, and Cliff Green exhibited high similarity 
-- among patch reef sites (Figure 13). Dustan Rocks and West Turtle Shoal were the most 

similar (84.69, Table 19). Admiral Reef and Western Head were least similar (54.61) to 
each other; however, Smith Shoal was least similar to all other patch reef sites. · 

Sombrero (5S 1), Looe Key (5S2), Molasses (9S3) and Sand Key (2S 1) were the most 
similar (Table 19, Figure 14) among shallow offshore sites. Carysfort (9S1), Western Samba 
(5D4) and Rock Key (2Sl) were also closely related. Conch (9S4) was least similar to most 
offshore shallow sites; however, Eastern Samba (5S3) and Grecian Rocks ((9S2) had the 
lowest similarity value (54.46) (Table 20). The mean and standard deviation were similar to 
that of the previous patch reef sites (Figure 12). 

Seven offshore deep reef sites (Carysfort, Sombrero, Looe Key, Eastern Samba, 
Tennessee, Rock Key and Sand Key) clustered with greater than 80% similarity (Figure 15, 
Table 21). Molasses and Conch also had greater than 80% similarity (86.21); however, they 
were slightly less similar to the aforementioned sites. Alligator (7D 1) and Western Samba 
(5D4) were least similar (61.42) among offshore deep sites. Outer reefs exhibited highest 
intersite similarity among all site types; however, variability was quite similar to that for 
offshore shallow reef sites (Figure 12). 
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Figure 11. Classification, Hardbottom Sites 
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Figure 12. Similiarity of Sites Within Site Types. 
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Table 18. Bray Curtis Similarity Index Values for Hardbottom Sites. 

RattJ,e 

Snake 

El Radllhob (EL) 82.759 EL 

Do,·e Key (DK) 68.966 62.963 DK 

Lon' Key (LK) 48.837 50.000 46.341 LK 

Moser Claannel (MQ 53.333 56.338 47.887 79.798 MC 

Mola.ues Keys (MK) 55.670 60.674 69.663 41.379 52.033 MK 

Ja.a.p Reel (JR) 52.288 55.172 35.862 72.637 65.922 34.921 JR 

Content Keys (CK) 60.938 53.333 46.667 60.227 59.740 43.564 59.873 

Table 19. Bray Curtis Similarity Index Values for Patch Reef Sites. 

Porter (P) 

Admiral (A) 

W. TurtJ,e Shoal (WI'S) 

Dustan (D) 

W. WuherWoman (WW) 

Western Head (WH) 

Cliff Green (CG) 

Smith Shoal (SS) 

Turtle 

73.716 p 

57.348 .74.576 A 

74.595 12.111 58.909 wrs 
78.338 76.190 69.421 84.685 D 

73.256 65.116 59.438 72.941 76.221 ww 
66.313 65.868 54.610 70.777 69.412 66.859 WH 

81.443 70.145 56.655 79.167 77.493 75.978 80.818 CG 

59.306 62.044 55.856 65.176 65.000 59.930 66 25{) 68.882 



Figure 13. Classification, Patch Reef Sites. Figure 14. Classification, Shallow Offshore Sites 
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Classification of all sites (Figure 16) documents that seven of eight hardbottom sites 
clustered at slightly greater than 50% similarity. Jaap Reef (off Sugarloaf Key) is included 
as a hardbottom type; however it is more similar to a patch reef community. Although it is 
very close to shore, it has high relief massive Montastraea annularis colonies typical of patch 
reefs. Only Rattle Snake and El Radabob hardbottoms had greater than 80% similarity. 
Five of the patch reef sites clustered at greater than 70% similarity. Again, Smith Shoal, 
Porter, and Admiral were least similar among patch reefs. Nine of twelve shallow offshore 
sites were linked at 70% similarity. Grecian Rocks and Tennessee shallow sites were linked 
outside the main group of shallow sites. Ten of eleven offshore deep reef sites were 
clustered at 75% similarity. 

Multi-Dimensional Scaling ordination analysis for the hardbottom sites loosely clustered 
Long Key, Moser Channel, and Jaap Reef together (Figure 17). Rattle Snake, El Radabob 
and Dove were also loosely clustered. Content Keys and Molasses Keys sites-were the least 
equivalent among hardbottom sites. 

Turtle Reef, West Turtle Shoal, Dustan Rocks, and Cliff Green were most closely related 
in a larger cluster of patch reefs (Figure 18) which also included West Washer Woman, 
Western Head, and Porter Patch. Admiral and Smith Shoal were outside the primary cluster. 

Among offshore shallow sites, Western Samba, Rock Key, and Carysfort were closely 
clustered (Figure 19). Five other sites clustered loosely whereas Grecian Rocks, Eastern 
Samba and Conch were outside these two clusters. 

= Tennessee, Rock Key, Sombrero, Looe Key, and Eastern Samba offshore deep sites 
were grouped closely (Figure 20). Sand Key and Carysfort deep sites were proximal to the 
primary cluster of offshore deep sites. Conch and Molasses offshore deep stations were 
clustered together but separate from the primary cluster. Alligator and Western Samba sites 
displayed the weakest linkage to the other offshore deep sites. 

Figure 21 exhibits the pooled MDS ordination of hardbottom, patch reef, offshore 
shallow, and offshore deep sites. The patch reef and offshore deep sites were enmeshed in 
an overlapping cluster. The offshore shallow sites also clustered relatively closely. Proximity 
of the Looe Key Shallow site and Western Samba deep site nearly linked the two clusters. 
The two Gulf sites (one patch and one hardbottom) were linked and were depicted as related 
to the loosely clustered remaining hardbottom sites. 

Species Inventory Summary 

Overall, a few species were restricted to particular site types, but the majority of species 
occurred throughout the Sanctuary. Both the Bray Curtis and Multi-Dimensional Scaling 
analyses provided similar results in relating sites within each site type and comparing among 
the four site types. 
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Figure 17. MDS Ordination of Hardbottom Sites. 
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Figure 18. MDS Ordination of Patch Reef Sites. 
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Figure 19. MDS Ordination of Offshore Shallow Sites. 
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Figure 20. MDS Ordination of Offshore Deep Sites. 
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Figure 21. MDS Ordination of All Sites. 
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on a broad scale the analyses indicated that although there were diScernible differences 
among the stony coral taxa present at hardbottom and offshore shallow site ~· there were 
few differences in stony coral taxa present at offshore deep and patch reef s~tes .. There were 
also no major differences in stony coral taxa present among the same types m different water 
quality segments (on a Sanctuary-wide basis). 

Disease and bleaching (condition) information were recorded during regular sampling on 
a time available basis at hardbottom, patch reef, and shallow offshore sites. None was 
collected at deep offshore sites by CRMP monitoring personnel due to time constraints. 
However, Dr. Debbie Santavy (EPA Gulf Breeze Lab) conducted disease/condition surveys 
at Conch, Sand Key and Rock Key deep reef sites during the October EPA sponsored cruise 
aboard the OSV Anderson. The following summmary was compiled from CRMP data only. 

A total of 87 abnormalities were recorded during species inventories. Bleaching 
represented 70% of the abnormalities recorded. For hardbottom and patch reef sites, a 
maximum of seven abnormalities were recorded at one site (3Hl, Content Keys; 5Pl, West 
Washerwoman) (fables 22a,b). A maximum of 8 abnormalities for shallow offshore sites 
was recorded at LOOe Key (5S2) (fable 22c). · · 

Bleaching was the. most often recorded abnormality (Figure 22}. No more than one 
incidence of any abnormality was recorded for any species at a hardbottom site: At patch 
reefs, eight abnormalities was the maximum· with seven of the eight bleached Cases for 
Siderastrea siderea. At offshore shallow reefs, seven abnormalities were the maximum. 
Bleaching was again the abnormality recorded in six of seven cases for Favia fragum. The 
maximum number of abnormalities recorded for any one species overall was 11 (Siderastrea 
siderea and Momastrea annularis complex). 

Video Data Processing 

With multiple investigators and labs in three different states, it was necessary to automate 
as many sequences as possible to ease the work load for all labs and to insure consistency 
among labs. Most project development efforts in the Dustan lab were focused on three 
problems: (1) image conversion from analog Hi8 tape to digital format, (2) image processing 
and software development needed to extract high-quality, compact images from videotape, 
and (3) software development for extracting information from images. 

(1) Image Conversion (framegrabbing) 

From each of the composite transects sampled, 120 images are being harvested and 
written to CD-ROM resulting in a data set of at least 20,000 images each year to process and 
analyze. Extensive time and effort was devoted to selecting an appropriate fram~grabber 
board to subsample Hi8 videotape transects onto compaet disk. Given the large number of 
frames which needed to be represented, it was essential to capture these images on the fly. A 
system that was capable of grabbing a field at a time (rather than a whole frame) and could 
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Figure 15. Classification, Deep Offshore Sites 
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Table 20. Bray Curtis Similarity Index Values for Offshore Shallow Sites. 

Gredut (G) 

Mo1.uU:S (M) 

Co.ncb (q 

Alligator (A) 

Tenneuee (1) 

Sombrero (S) 

Looe Key (L) 

Eutern Sambo (E) 

Western Sambo (W) 

Rock Key (R) 

Sand Key (S) 

Ca.rysfort 

65.138 G 

68.807 68.750 M 

60.0Cl0 55.769 67.308 c 
72.527 68.182 71.818 74.419 A 

60.550 75.781 67.969 55.769 74.545 T 

69.744 69.528 78.970 69.189 77.157 72.961 s 
60.748 72.222 77.778 60.784 72.222 79.365 82.096 L 

75.610 54.455 67.327 62.338 72.289 55.446 67.039 57.576 E 

77.387 66.667 73.418 56.085 69.652 64.135 71.963 69.528 76.503 w 
79.787 64.602 70.796 56.180 72.632 66.372 66.995 63.964 73.256 80.193 R 

72.174 75.373 82.090 64.545 76.724 70.149 75.102 74.242 64.486 75.502 78.992 

Table 21. Bray Curtis Similarity Index Values for Offshore Deep Sites. 

Mol:iues (M) 

Conch (q 

Alligator (A) 

Tennes~ (T) 

Sombrero (S) 

~Key(L) 

Eutern Sa.mbo (E) 

Western Sambo (W) 

Rock Key (R) 

Sand Key (SK) 

Carysfort 

73.846 M 

74.608 86.207 c 
64.0Cl0 75.277 71.698 A 

81.744 78.698 75.904 71.565 T 

81.690 76.687 78.750 75.748 84.239 s 
82.286 80.997 75.556 71.622 87.052 84.330 L 

85.789 79.202 77.681 68.712 86.005 86.614 85.106 E 

71.028 71.918 68.531 61.423 74.850 68.323 78.864 74.352 w 

82.514 77.745 77.341 71.795 88.654 85.014 83.978 87.245 76.877 R 

74.783 76.582 73.548 79.038 86.034 80.347 79.765 79.784 76.282 85.714 
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Table 22a. A.bnonnal Condldons ot Stony Cor&ls ~ded at Hardbottom Sltas FY U8511UI 

HAROBOTTOM SITE CODES: IH1 IH2 IH3 7H2 SH1 SH2 
STONY CORAL TAXA 
cs.docon~ 

Colpoph~,..,.,... 

Dlp/<JN atrtgoa 
~ at"eeOiit. 
MonWtrHII. MJnUUiris {complex) 
lrlontutnHia ~emosa 
ltfyctltophyllla aJicJM 
Ph~~ 
PorltN~ 

SldentstrN l7ldiMta 
SlderutrN aJd«u 
Stephanoc~ mJehellnll 

.1 

Table 22b. AbnonnM Conditions of Stony Corals Record41d at Patch Reefs FY 1it5/1SII 
PATCH REEF SITE COOES: IP1 IP3 IP4 7P1 7P2 

STONY CORAL TA:J.A 
ColpophyflUI WI~ 
Eusmlla tutlglat. 
MHdrln:~ mfNindrltes 
Mlllepora alckomls 
MonustnH annuWI$ (complu) 2,1 5 
Monwtraea cavemosa · 
Mycetophyflla fwoX 
Mycetophyflla~ 7 
Oculkul tJJffiJu 

PoritM Ntreo/dU 
PoritM porltM (complex) 
SJderaatzu t»dSaM 
SJdeRStrN aJd«u 1 6,1 
Steph.anoeOMJia mJciMIInll 1,7 

5P1 

1 

1 
7 

6P2 

3H1 

7 

7 

7 
7 

5P3 

7 

2P1 

2 

Table ~c. AbnOrmal Conditions of Stony Corals Recorded at S~llow Offshore Reefs FY 1995/1996 
SHALLOW OFFSHORE SITE CODES: 9S1 9S2 9S3 9S.C. 7S1 7S2 5S1 5S2 5S3 

STONY CORAL TAXA 

Acropon~t. 
Agartcla agarkltes (complex) 
Dlcho<:O(Inla stolcesll 
Dlptom Jabyrtnthifonn/$ 
Dlplom atrlgOSJJ 
Favia fragum 
Mont.as~ ~~~tnularis (complex) 
Mont.astnea uv8ITJOU 
Mycetophyflla Jamarcld.aM 
Porltu astreoldea 
SlderastrN radians 
SlderastrN sid~ 

CON04TlON CODES: 

1• BLEACHING 
2• BLACK BAND 
3• WHITE BAND 
4- WHITE PLAGUE 
Sa YELLOW BAND 
6- PURPLE BLOTCH 
7= OTHER CONDITION 

TOTALS: 

7 7 3 

7 
7 
2 

1 
2 

1,2,5 

7 1,7 

7 

HAROBOTTOM PATCH REEFS sHALLOW OFFSHORE REEFS 

1 32 22 
0 2 3 
0 0 1 

0 
0 
0 
4 

0 
1 
1 

" 

0 
1 
0 
t 

5S.C. 5S5 2S 1 

7 

7 

I 

1 

1 
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perform line interpolation (rather than line duplication) between lines of a single field was 
needed. 

Several boards that were supposed to be able to accomplish the tasks were installed, 
evaluated, and rejected. After many trials, a board that was capable of grabbing a field 
(whose driving software was readily accessible to programming and modification) was 
obtained and extensively-tested. Currently an efficient, reliable, and flexible system is being 
used to harvest TIFF images from Hi8 videotape. · 

(2) Image Processing 

Th·e Dustan lab solved the image de-interlacing problem (interlacing generates resolution 
problems when a still image is produced from videotape) by two independent methods. To 
remove motion from a frame (e.g., when the camera has moved more ~pidly·than normal, 
as under conditions of high surge), de-interlacing can be done at the time of image 
conversion by capturing a field rather than a frame or images can be de-interlaced in a post­
production process by deleting one field. In both cases, the full de-interlaced image is 
reconstructed by line interpo~ation, not line duplication, yielding an optimized 24-bit RGB 
image. 

It is important for all labs. to consistently tise the highest quality images available for 
consistent identification of species and substrates by investigators. For viewing uniformly 
high-quality irriages and increased end-user processing speed during analysis, all image files 
are de-interlaced by line interpolation and submitted to a sharpening algorithm. The best 
images obtainable (Figure 23) (not raw images) from videotape are being written to CD. This 

"'"'1 additional processing will save time and labor for the end user and will insure that all labs 
are viewing uniformly high-quality imagery for all identifications. 

Framegrabbed video transect images will be distributed and archived in JPEG format 
rather than TIFF format. Converting the images from TIFF. format to JPEG format for 
distribution will reduce the number of CD-ROM's required to represent one entire set of 
images from over 100 CD's per year to less than 10. Since five complete sets per year are 
required for archiving and distribution, this reduction represents a substantial savings in time 
and money. All image capture, deinterlacing, and processing is being performed on TIFF 
format images. Conversion to JPEG format is the last step before CD-ROM writing. 
Table 23 was developed for tracking of image harvesting, conversion and distribution. 

Video Data Reduction 

3) Software Development 

Dustan Lab worked to determine the software required to analyze frames grabbed from 
videotape and to procure a multisite license that could be shared among the three Principal 
Investigators laboratories. Image-Pro Plus, produced by Media Cybernetics, is able to do the 
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Figure 22. Example of a Bleached Stony Coral, Montastraea annufaris. 
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Fi gu rc 2 3. ln1age Processing Techniques 

1. A full-frame interlaced ilnage is 
caphu·ed from moving Hi8 videotape. 

2. hnage is de-interlaced through the 
technique of line interpolation. 

3. Image clarity is ilnproved by filtering · 4. hnages ar~> '"''' 
with a weighted convolution IH•nwt 
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image manipulation and post-framegrabbing processing· needed. Image-:ro Plus .is based in 
and completely compatible with Visual Basic. Dustan Lab purchased V1s~ Bas1c 
Professional and developed a Visual Basic appl,ication. tailored to the proJect's n~s. 
in which Image-Pro Plus.was embedded as the data management tool for analyzmg 1mages. 

Dustan Lab completed beta version and testing and issued a version.l.Ol of the Visual 
Basic program PointCount for Coral Reefs (Dr. Ouida·Meier,.Mr. James u:ard, and Dr. 
Phillip Dustan). For this 4 Mb program, a· setup executable was created, wntten to CD­
ROM, and distributed to other CRMP labs. This program is completely capable of 
performing all routines required for image analysis of the transect frames. Flexible features 
included in the PointCount program greatly facilitate standardized identification of images 
captured from video transects and make the program useful for conducting power analyses 
and generating data sets for statistical comparisons. 

The PointCount program calls up an image file into Image-Pro from CD-ROM. The 
image is displayed (Figure 24) and a unique random point array is overlaid by creating a . tag 
file on the fly. The coral species or biotic or abiotic category underneath each point is 
identifed and entered. The n~xt image file and random point overlay are called up, and the 
new data is automatically appended.to the larger data file. Dustan Lab established the 
standards and the data structure for transect image.analysis results, including: 1. Image 
filename, data fllename, and directory structure; 2. Numeric site codes; ·and 3. Numeric 
species codes. · 

The process is extremely efficient: calling up an image requires only double-clicking on 
the filename; the unique set of random points for that image· (stored on CD-ROM with the 

--·• image) is overlaid automatically. Species and substrate identifications require only a single 
mouse click, corrections and multiple selections are made easily. All data and metadata 
associated with the image is automatically saved to a comma-separated value (text) file. The 
resulting data is complete, compact, accessible by any lab, can easily be sent over the 
internet among labs, and can be readily accessed by any spreadsheet or statistical analysis 
program. 

These original video tape images stored.on a CD ROM disk provide a complete 
composite of each video transect. Samples are selected for analyses from the composite 
transect CD. The number of samples per station is determined by statistical analyses based 
on sample size and effective video image dimensions. The Dustan Lab made accurate 
calculations of fields of view from framegrabbed transect images at test heights (live 
videotape shows a smaller area on most monitors than is actually framegrabbed and 
constitutes the analyzable image). This information was necessary for first estimates of total 
transect area required for analysis. Appendices 6 and 7 detail the preliminary power 
analyses and statistical background provided by the Porter Lab and Dr. Steven Rathbun 
(UGA spatial statistics expert). 
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Figure 24. PointCount for Coral Reefs 
Ouida 1\ll'it·r • .James l.t·anl • .and Phillip Dust;m 
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Video Data Analyses 

The Dustin Lab used eight HiS videotapes from 1995 test video transects to perform 
analog-to-digital image conversion for all unique transects and tests. Transect images were 
distributed on three CD's to each of the three Principal Investigators for test analyses and 
project development in their own labs. 

Dustan Lab used HiS videotapes from 1995/1996 field sampling to capture video transect 
images, convert the analog signal to digital information, de-interlace and custom filter the 
resulting files to improve image quality, and convert the TIFF images to -!PEG format to 
improve storage and retrieval efficiency. The Lab generated unique and permanent random 
point files for each image, wrote the images and accompanying information files· to CD­
ROM, and distributed the first of these to the other participating· labs. Appendix 8 details the 
contents of the first CD-ROM (1996 EPA CRMP Volume 1 of 6}. 

Project personnel have begun point counting and preliminary analyses will be presented 
in the CRMP first quarterly report for 96/97. Porter Lab participated in a training session on 
the image analysis system at Charleston which allowed them to proceed with the preliminary 
statistical power analysis. Dustin Lab has also prepared for analysis of the CRMP massive 
data sets through consultation and discussion with competent statisticians, including Dr. 
Steven Rathbun of UGA, and Dr. Dennis Slice, (SUNY Stony Brook), a student and research 
colleague of Dr. James Rohlf and Dr. Robert Sakal. 

DATA MANAGEMENT 

The CRMP has created all of its own data entry tools, analysis software, and archiving 
procedures. During development of the technical aspects of the project Dustan Lab kept in 
mind potential requirements by current and future investigators. As a result, procedures 
designed for the project have built-in features in image capture and conversion protocols and 
in the PointCount software that preserve flexibility for a wide range of potential analytical 
procedures. These are apparent in choices made for framegrabbing methods, spreadsheet 
assignment categories and formats, and construction of hard-coded data sources. 

The Dustin Lab instituted formal species and site identification codes (many analysis 
programs r~uire numeric rather than string coding of certain types of data) and also 
instituted a protocol for consistent directory and filename structures for both image and data 
files. These tasks constitute a critical part of the overall scheme for the data retrieval, 
analysis and management. 

Agreement has been reached with the archiving institution (FMRI CAMRA), who has 
accepted our transect image analysis data structure, data format, and filename conventions as 
they now exist for their receipt of information for archiving. 
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QUALITY ASSURANCFJQUALITY CONTROL 

A Quality Assurance Project Plan for the Coral Reef/Hardoottom Monitoring Project was 
submitted to the Environmental Protection. Agency July 17, 1996. Gary Bennett, USEPA 
Region 4 Quality Assurance Officer, reviewed and recommended approvaL Formal approval 
was received 22 August 1996. 

PROJECT OUTREACH 

All three principal investigators and Meier attended the Eighth International Coral Reef 
Symposium in Panama in July 1996. Porter made the presentation titled "Coral Reef 
Monitoring in the Florida Keys" for the CRMP project. The abstract is presented in 
Appendix 9. Meier demonstrated PointCount for Coral Reefs to researchers and resource 
managers in a special session. Dustan Lab created a World Wide Web 
site(http:/ /www.cofc.edu/- coral/coral.htm) that includes, among other projects, images and 
information about the CRMP in the Florida Keys National Marine Sanctuary; 

Co-presentations were made at the Technical Advisory Committee meeting. 
Dr. Ouida Meier presented.·a demonstration of the PointCount for Coral Reefs software 
program at the TAC meeting~ A site visit, primarily for EPA's Steering Committee, was co­
hosted on 14 May 1996 to explain the project's field sampling program. 

Dustan Lab provided FKNMS (Mr. Billy Causey and Mr. G.P. Schmahl) with slides and 
printed images describing the CRMP for public communication. They also provided the 
Sanctuary with display-ready images, text, CD-ROM's, and slides for use during Looe Key 
NMS's 15th anniversary celebration, Night at Looe Key, on August 20th which FMRI 
CRMP staff attended. 
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21. Bray Curtis similarity index values for offshore deep sites. 

22. Abnormal conditions of stony corals recorded at a. hardbottom sites, 
b. patch reef, c. shallow offshore reefs FY 1995/1996~ 

23. EPA CRMP image harvesting, conversion and distribution tracking sheeL 
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LIST OF APPENDICES 

1. Revised site maps-FY 1995/1996. 

2. CRMP Standard Operating Procedures. 

3. Video testing results. 

4. Video technical drawings. 

5. CRMP stony coral photo-identification guide. 

6. Preliminary power analysis. 

7. Statistical appendix. 

8. Contents of CD-ROM, 1996 EPA CRMP, Volume 1 of 6. 

9. CRMP abstract. 
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1996-1997 PROJECT GOALS 

The following list of"4 goals were listed as our project goals for 1995-1996. 

(1) Complete Quality Assurance Project Plan. 
(2) Commence data collection at stations ·installed during 94/5 funding cycle. 
(3) Analyze collected data to: · . 

(a) obtain estimateS of percent cover (standing stock) of corals at sampled stations 
(b) determine conditions of colonies at sampling stations to gain insight into the 

generalized concept of coral population health and to better understand sources of 
. mortality. 

(c) determine species present in supplemental samples to monitor for changes in coral 
biodiversity. 

(4) Develop data management protocols. 

We completed and submitted our Quality Assurance Project Plan. We commenced data 
collection at installed stations and completed 100% of the sampling during calendar year 
1996. We have conducted preliminary analyses of the species presence data which will be 
our baseline to monitor for change in coral biodiversitY. Preliminary data was collected on 
stony coral condition in the stations sampled at· hardbottom, patch· reef and offshore shallow 
sites. Point eounting o(video data is being conducted to obtain estimates of percent cover 
(standing stock) of corals at sampled stations. Data management protocols development is 
continuing. 

Our project goals for 1996-1997 are to: 

(1) Complete point counting of all video imagery collected during 1996. 
(2) Finalize statistical methodology. 
(3) Conduct analyses of video data to estimate coral percent cover. 
(4) Integrate analyses from species inventory data and video data. 
(5) Refine data management protocols. 
(6) Refine Quality Assurance Project Plan. 
(7) Sample the project's 40 reef sites within calendar year 1997. 

Much of the partitioning of effort has taken place as a natural result of the skills, 
expertise, and interests exhibited by groups and individual members within the CRMP. For 
FY 1996/1997, we must optimize efforts among required tasks (point counts, data 
management, and statistical analysis) which require equal input from all three groups. 
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1995-1996 ADMINISTRATIVE ACTIONS 

FUNDING AND GRANT BUDGET 

J: revised Workplan was submitted in July 1996 along with the assistance request for 
fundmg for FY96/97. The CRMP had presented justification for $75,000 in increased 
funding at the Technical Advisory Committee meeting. These funds were requested to secure 
administrative support for the project management at FMRI, and to provide additional 
funding for projected shortfalls at UCSC and UGA. Figure 25 depicts the disbursements 
made from project funds during FY 95/96. The breakdown of FMRl' s supplies and 
equipment shown on Figure 26 shows that nearly all the funds in those categories were 
expended for support of the project's field operations (vessel support, field navigation, field 
supplies, and travel for the primary field team). The Labs of the three principal investigators 

. otherwise received nearly equal portions of the grant funds. 

PERSONNEL 

The three principal investigators (Dustan, UCSC; Jaap, FMRI; Porter, UGA) and a 
project manager (Wheaton, FMRI) have primary responsibility for the project. FMRI staff 
consists of two full-time researchers (Patterson and Fitzsimmons) at FMRI and one full-time 
researcher (Dotten) at FMRI's Marathon South Florida Regional Lab. UCSC staff includes 
Meier and Brill full-time; UGA staff includes Patterson and Lewis part-time. 

PROBLEMS AND RESOLUTIONS 

Sampling Problems 

It was a priority to sample all sites this first year to establish a baseline for observing 
change. We had weather set-backs in May which required sampling to be extended into 
October. More severe weather (Hurricanes) hampered October efforts. Extending the field 
sampling and annual report requirements has delayed image analysis by all labs. 

Equipment Problems 

The R/V Tortugas provided support for the majority of sampling this fiscal year with a 
minimum of "down time". The portable SCUBA air compressor carried on the vessel for 
all sampling required some extensive repair. The salt water and rigorous use have made it 
mandatory to replace the unit prior to field sampling for FY 96/97. One video camera 
flooded due to an incomplete seal on the housing. The camera has not been replaced but 
both camera's purchased by UGA are dedicated to project sampling effort. 
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Funding Problems 

The project budget directly impacts man-power needs both in the field and in computer 
software development. During the first field season, FKNMS provided extensive field 
assistance for station installation including boats, captains, and divers. For the 1996 season, 
the project was primarily self-sufficient; however, staff and equipment showed the effects of 
such a rigorous schedule. With the intensive effort this comprehensive monitoring program 
requires increased funding was mandatory to adequately meet all work plan objectives. 
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Figure 26. EPA Coral Monitoring Project Funds 
FMRI Supplies/Equipment Breakdown 
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· · ,• · • Figure 25. EPA Coral Monitoring Project Funds Disbursements 
FY 1995/1996 
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