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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
Keys National Marine Sanctuary and Protection Act (HRS5909) designated over 2,800 square
nautical miles of coastal waters as the Florida Keys National Marine Sanctuary (FKNMS).
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 4Q reef sites
_located-within-5:of 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.




Techniques for converting the video to CD Rom were refined and a software program was
customized for image analysis of the underwater video data.

FIELD WORK
SITE DISTRIBUTION

The Implementation Plan for Coral Reef and Hardbottom Monitoring speciﬁcall_y
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 NT200D 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 1. Site Data, Coral Reef and Hardbottom Monitoring

Site She Site Segment Latitude Loagitude Station Depch Date Reference
no. Type Name no. ()] (4.2 »e. (n) installed
9P1 P Turde 9 25°17.683° 80°13.145 1&2 11-13 572495  Buoy T4
' 25217718 80°13.043 3&4 13-23 5724958
- 9DI oD Caryafort 9 25°13 3% 80°12.600" 1&2 41-53 52395 Mooring eve
) 28°13.338 80°12.53% 3&4 4047 52395 Buoy CF-3
s 981 os Canyifort 9 25°13.20%° 80°12.628 1 3-9 523.95
25°13.2458° 80°12.643 2 -8 523593
25°13.346' 80°12.614' 3&4 8-14 37237953
9H1 HB Rattle Snake 9 25°10.418 80°20.850° 14 36 /17195
9s2 0s Grecian Rocks 9 25906.430° 80°18.410" 1&2 $-11 $725/98  Bouy Gl
25°06.554' 80°12.354' 3&4 14-24 5725/95  Bouwy Gll
5p3 P Porter Patch 9 25%06.183' $0°19.471° 14 1317 /25195
9H2 HB El Radabob 9 25%07.19%° $0°22.703° 14 9 /15198
9D3 oD Molssser 9 25°00.441° 20°22.533' 142 4044 5/16/9%  Bouy M26
25°00.459 $0°22.43% &4 4349 $/1595  Bouy M27
953 0s Molasscs 9 25°00.528' $0°22.539 1 13-19 571695  Bouy M4
25°00. 848" 80°22.507 2 15-22 5/16:9%  Bouy Mé
25200 528° 80°22.461' 3 20-23 51695  Bouy M9
25200 £80° 80°22.48T 4 17-23 $/16.95  Bouy M10
9P4 P Admiral 9 25°02.684' 80°23.685' 14 36 517958
SH3 HB Dovz Key 9 25202695 80°28.108° 14 9-10 51798
9D+ oD Conch 9 24357137 80°27.091" 14 16-34 51295
9S4 0s Conch 9 24387318 80727.431' 1&2 16-19 61295  Bouy CO2
245573710 80°27.424" 3&4 16-21 61295  Bouy CO3
DI oD Alligstor 7 24950.716" 80°37.249 14 34-38 6/14.93
7Sl 0s . Alligator 7 24°50.743° $0737.440° 1&2 13-16 61495  Bouy A2
24°50.309 0°37.360° 3&4 10-12 6/14:95  Bouy A3
™2 oD Tenncasce 7 24245.158 30°45.485° 14 4445 61695
752 0s Tenncasce 7 24944698 30°46.873' 14 17-21 616:98
TH2 HB Long Key 7 24°47.324 $0°47.013 14 12-13 929.95
7P1 P West Turtle Shoal 7 24%41.956' $0°58.219 14 16-24 372595 ATON 47
7P2 P Dustan Rocks 7 24741.397 $1°01.833' 14 12-2 32795 W. Bouy
sDI oD Sombrero s 24737.336' $1°06.71T 182 45-52 12694 Bouy #20
24737387 31°06.607 3&4 - 4748 12794 Bouy 521
351 0s Sombrero ] 23737917 21°06.695' 1 15-17 12894 Bouy 519
24737618 81°06.54% 2 15-17 12894  BouysS$
24737.549° $1°06.552° 3 13 12894 Bouy 22
24737.531 81°06.624° 4 15-18 12894 Bouys12
SH1 HB Moser Channcl s 24°41.347 $1°10.03% 14 12:13 3730.95  Bouy #4
SH2 HB Molasses Keyr s 24240.530° $1°11.428" 14 12-14 33095 .
sD2 oD Loos Key s 24732.533 31°24.366' 1&2 K} 62093  BouyLS$3
24732560 $1°24.761" 3&4 3842 672095  BouyLSs!
382 0s Looe Key L} 24°32.663" $1°24.455 1 12-24 62093 Bouyl?
2473214 $1°24.424° 2 21-24 672095  Bouyl3
24°32.720° £1°24.38¢° 3&4 15-25 672495  BouyL24
$P1 P West Washer Worman  § 24732.813° 81°35.171" 14 15-23 671995
SH3 HB Jaap Reefl s 24°38.270° $1°34.977 14 6-9 WI495
cesn $D3 oD Eastern Sambo [ 24°29.31% £1°39.946" 14 4348 113798
183 0s Eastern Sambo $ 24°29.468" $1739.837 14 39 71895
D4 oD Western Sambo s 24°22.794 $1°42.865° 1&2 3840 7/18/93
24728776 31°42,850° 3&4 25-29 718795  Bouy #10
o 384 os Western Sambo 3 24°28.778" 81°43.054° 142 11-17 7/139%5  Bouy #13
i 24°23.78%" $1°42.948" 3&4 7-9 7/18/95  Bouy #11
P2 P Western Head ] 24°29.830° $1°48.297 14 26-33 71895  ATON3A
5P3 P Cliff Green s 24930.216' 81°46.059 14 20-26 7/18/9%
SDS oD Rock Key s 24°27.200' 31°51.383° 14 3742 71398
sSS os Rock Key L] 24°27.269 $1°31.532 1 6-13 713795 - Bouy #9
24°77.269 $1°51.532 2 16-17 713795  Bouy #8
24°71.269 $1°51.532 3 15-17 71398
24°27.253" 81°51.458 4 69 7395  Bouy #3
3H1 HB Content Keys 3 24°49.323° 81°29.335' 14 17-19 7/10/93
201 oD Sand Key 2 24°27.087 81932739 1-4 24-35 /1295
2S1 0s Sand Key 2 24727119 $1°52.650" 1-4 10-21 714/95  Bouy 412
2pP1 P Smith Shoal 2 24°43.184' 81°55.177 14 19-26 /1093

HB: Hard bottom  OD: Offshore deep  OS: Offshore shallow  P:Patchreef  Revised 10/96 MEP



An Arc/Info (Environmental Systems Research Institute) geographic database point
coverage was generated with the most recent coordinates and depths and thep mgtched ynh
other databases (FKNMS water quality segments, bathymetery, Aids to Navigation, major
roads, "2 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 ¢e
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, ESRI) software and then exporting it for ArcView 3.0 (ESRI) format. ArcView
3.0 allows data to be manipulated on a PC instead of processing the data on a UNIX
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 and 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 cm to 60 cm



were testf:d. The optimum height of the camera above the substrate was determined to be 40
cm. At. distances less than 40 cm, the area sampled was too small to be representative of the
reef; distances greater than 60 cm 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 c¢m
above the benthos.

The Porter Lab and the UGA Instrument Shop, in collaboration with the Dustan Lab,
designed 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 SO-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 film 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 407t€efsites, (4-video-units each),
for a total of 160 video units (3<transects/unit yielding:a total of 480 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

6
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Figure 3. a. Video Clapper Board., b. Underwater Cross-~beam Laser Lights.,
c. Species Inventories., d. PointCount Image Analysis Software.
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presence data within all stations, at all sites during 1996. To summarize, two observers
cqnducted simultaneous 15-20 minute inventories within the roughly 22 x 2 m video stations.
(Figure 3 c) and entered the data on pre-printed underwater data sheets (Figure 5). Each
obse.rver recorded all scleractinian corals, fire corals (Millepora spp.), and long spined
urchins (Diadema antillarum) 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, FMRI supported the majority of field sampling aboard the R/V 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 FMRI (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 August Sept Totals
B Barratachea 0 0 10 12 7 13 4 46
S Baumgartner 0 0 0 0 0 0 1 1
M Brill 0 0 0 9 9 0 0 18
C Daniels 0 0 0 0 0 0 1 1
P Dustan 0 0 8 5 0 0 0 13
J Dotten 0 7 11 11 12 13 6 50
D Eaken 0 0 0 0 0 0 1 1
K Fitzsimmons ] 0 0 0 3 0 0 3
J Halas 0 0 0 0 2 ] 1 3
B Haskell 0 0 0 0 0 1 0 1
W Jaap 2 7 8 4 0 8 4 33
J Jones 0 o 8 0 0 0 0 5
L Maclaughiin 0 0 0 2 0 0 1. 3
O Meier 0 0 8 0 4 0 0 12
P O'Donneli 0 o} 0 0 0 0 1 1
M Patterson 2 7 10 13 14 13 4 63
K Patterson 0 0 4 12 9 0 25
J Porter ] ] 4 9 9 ] 30
GP Schmah! 0 0 0 ] 0 0 1 1
J Wheaton 0 2 8 9 0 0 4 23
Totals 4 23 77 73 72 86 29 344

* Travel days and QA development not included. .

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

Oct April May June July August

Sept

Totals

G Collins 9
J Dotten 14
J Halas

W Jaap

L Macl.aughlin
P Moen

P Murphy

M Parsons

M Patterson

K Patterson

J Porter

K Potts

G Smith

J Wheaton

B Valley
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Totals 98 0 0 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

Table 5.

APRIL MAY JUNE JULY AUGUST SEPTEMBER
DIVERS _ #0f Dives B.1. in Minutes # of Dives B.T.in Minutes # of Dives B.T. in Minutes # of Dives B.T. In Minutes # of Dives B.T. in Minutes # of Dives B.T. in Minutes
B Barratachea 0 0 14 658 32 1528 20 819 2 1814 12 75
S Baumgartner * 0 0 0 0 0 0 0 0 0 2 105
M Brill 0 0 0 [ 28 1583 18 1222 0 [} 0 0
C Daniels * 0 0 0 0 0 0 0 i 0 0 4 115
P Dustan 0 0 4 150 13 767 0 0 0 0 0 o
J Dotten 4 72 19 785 a7 1736 30 1586 20 2013 25 1162
D Eaken [i 0 0 0 0 0 o [} 0 0 2 104
K Fitzsimmons 0 0 [ 0 ot 0 7 549 0 0 0 0
J Halas * 0 0 0 0 1} 0 1} 0 [ 1} 2 60
B Haskell * 0 0 0 0 0 0 4] 0 2 100 0 0
W Jaap 4 158 6 196 1] 424 0 0 19 1390 10 513
J Jones 0 0 6 369 0 0 4 0 0 0 0 0
L MacLaughiin * 0 0 0 0 4 21 0 0 0 0 2 228
O Meier 0 0 2 136 0 0 10 603 0 0 0 )
P O'Donnelt 0 4 4 0 0 0 0 0 0 0 4 s
M Patlerson 4 19/ m m 3 1766 % 165 30 T/ 12 600
K Patterson 0 0 0 [} 2 753 2t 1379 20 1351 0 0
J Porter (] k] 130 13 808 21 1425 20 1562 0 0
GP Schmahi * 0 0 0 [ 0 0 0 0 0 0 4 121
J Wheaton 0 0 0 0 17 1280 0 U 0 0 7 462
Monthly Total 12 427 70 3195 200 10866 154 8948 150 10014 86 4400

* FKNMS Staff

B8.7. = Bottom Tlme

Annual Total

# of Dives B.T. in Minutes B.T. in Hours

672

37850 630.83

Agency Dive Participation - FY 1995/1996
Agency # of Dives % of Total
FMRI 460 68%
UGA 116 17%
ucsc 76 1%
FKNMS 20 3%
Total 672 100%
Agency B.T. In Houry % of Totul
FMRI 411 65%
UGA 129 21%
ucsc 74 12%
FKNMS 16 3%
Total 630.83 100%

Figure 8_Agency Dive Participation - F 1995/1996
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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 were made for‘a
cumulative bottom time of 61.65 hours. Again, FMRI conducted the majority of th; d.xves )
(39%), assisted by EPA (30%), UGA (24%) and FKNMS (7%) (Figure 9). The majority ot
diving was conducted in less than 30 ft depths (Table 8).

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

Depth FY95/96 FY96/97 Totals
0-30° 480 16 496
31-60° 192 85 277

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 Pro™ 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.



Table 6. Dive Summary - FY 1996/1997

OCTOBER MAY JUNE JuLy . AUGUST SEPTEMBER

DIVERS ¥ of Dives 8.7. in Minutes # of Dives B.1. In Minutes #of Dives B.T. In Minutes ¥ of Dives B.1. In Minutes #of Dives 8.T. in Minutes #of Dives B.T.In Minutes
G Collins ** 11 278

J Dotten 18 564

J Halas * 2 60

W Jaap 4 185

L MacLaughtin * 1 35

P Moen * 2 60

P Murphy ** 8 132

M Parsons ** 12 399

M Palterson " 339

K Patterson 12 484

J Porter 13 563

K Polts ** 3 66

G Smith 2, 108

J Whealton ) 7 356

B Vailey * 2 60

Monthly Totals 106 3699 0 0 0 [ 0 1] 0 0 0 0o "

* FKNMS Staff ** EPA Stalf
B.T. = Botlom Time
#ofDives BT in Minutes B.T in Hours

Annual Total 106 3699 61.65
Table 7. Agency Dive Participation - FY 1996/1997 f_ig_q{gg;/iqgngxpiyg_Panici_pa!ion - FY 1996/1997

Agency #of Dives % of Total

FMRI 42 40%

UGA 25 24%

FKNMS 7 7% FMRI

EPA 32 30% 39%

Total 108 100%

Agency B.7. In Hours % of Total

FMR) 26.03 42%

UGA 17.45 28% FKNMS

FKNMS 356 6% 7%

EPA 1458 - 24%

Total 61.65 100% 249%, i

% of the Tolal Number of Dives i

R e LT IO - .. . ’




Table 9. Taxonomic List* of Hydrozoan and Scleractinian Corals from Species Inventories.

PHYLUM CNIDARIA
CLASS HYDROZOA
ORDER ATHECATE

Family Milleporidae -
Millepora alcicornis Linne, 1758

Millepora complanata Lamarck, 1816

CLASS ANTHOZOA
SUBCLASS ZOANTHARIA - '
ORDER SCLERACTINIA S
SUBORDER ASTROCOENIINA
Family Astrocoeniidae
Stephanocoenia mzchelmu Milne Edwards and Haime, 1848
Family Pocilloporidae
Madracis decactis (Lyman, 1859)
Madracis mirabilis sensu Wells, 1973
Family Acroporidae
Acropora cervicornis (Lamarck, 1816)
Acropora palmata (Lamarck, 1816)
SUBORDER FUNGIINA
Famnly Agaricidae :
Agaricia agaricites ((Linne, 1758) [COMPLEX] re
Agaricia fragilis (Dana, 1846)
Agaricia lamarcki Milne Edwards and Haime, 1851
Leptoseris cucullata (Ellis.and Solander, 1786)
Family Siderastreidae
Siderastrea radians (Pallas, 1766)
Siderastrea siderea (Ellis and Solander, 1786)
Family Poritidae '
Porites astreoides Lamarck, 1816
Porites branneri Rathbun, 1888
Porites porites (Pallas, 1766) [COMPLEX]}**
SUBORDER FAVIINA
Family Faviidae
Cladocora arbuscula (Lesueur, 1821)
Colpophyllia natans (Houttuyn, 1772)
Diploria clivosa (Ellis and Solander, 1786)
Diploria labyrinthiformis (Linne, 1758)
Diploria strigosa (Dana, 1846)
Favia fragum (Esper, 1795)
Manicina areolata (Linne, 1758)
Montastraea cavernosa (Linne, 1767)
Montastraea annularis (Ellis and Solander, 1786) [COMPLEX]**
Solenastrea bournoni Milne Edwards and Haime, 1850
Solenastrea hyades (Dana, 1846)




Family Rhizangiidae
Astrangia poculata (Ellis and Solander, 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
- Isophyllastraea ngzda (Dana, 1846) ‘
Isophyllia sinuosa (Ellis and Solander, 1786)
-Mussa angulosa (Pallas, 1766)
Mycetophyllia lamarckiana Milne Edwards and Haime, 1848
Mycetophyllia danaana Milne Edwards and Haime, 1849
Mycetophyllia aliciae Wells, 1973 '
Mycetophyllia ferox Wells, 1973
Scolymia cubensis Milne Edwards and Haime, 1849
Scolymia lacera (Pallas, 1766)

SUBORDER CARYOPHYLLIINA
Family Caryophylliidae
- Eusimilia fastigiata (Pallas, 1766)

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

** 4 garicia agaricites COMPLEX may include:
' agaricites (Linne, 1758)
carinata Wells, 1973
danai Milne Edwards and Haime, 1860
purpurea (Lesueur, 1821)
**Porites porites COMPLEX may include:
porites (Pallas, 1766)
clavaria Lamarck, 1816
furcata Lamarck, 1816
divaricata Lesueur, 1821
**)\fontastraea annularis COMPLEX may include:
annularis (Ellis and Solander, 1786)
Jfaveolata (Ellis and Solander, 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 siderea, 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 (Table 10b). A range of seven to 35 taxa were recorded per site with
an overall mean of 21.9 taxa per site. A

By Site Type

Of the 43 total taxa observed, 19 were recorded at all four site types (Table 11a).
Only three species were restricted to a single site type (dcropora palmata and Dendrogyra
cylindrus-offshore shallow reef, Solenastrea hyades-hardbottom). Dendrogyra cylindrus was
also the least frequently observed (Table 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 and'least at offshore deep sites (Figure 10).
Long Key (7H2) had the most taxa (19) of the hardbottom sites; Molasses Key (SH2) had the
fewest taxa (7) (Tables 12a,b). Western Head (SP2) had the most taxa (35) and Admiral
(9P4) had the fewest taxa (16) for the patch reef sites (Tables 13a,b). Sand Key (2S1) 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
(Tables 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 hardbottom 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=11)
(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




'3

Table 11a. Presence/Absence of Stony Coral Taxa-Site Types FY 1996/ 1996

SITE TYPES:

HARDBOTTOM

PATCH

SHALLOW OFFSHORE

DEEP OFFSHORE

STONY CORAL TAXA
Acropors cervicomis
Acropora palmata
Agaricla agaricites (complex)
Agaricia fragiils
Agaricla lamarcki
Astrangls poculsta
Cladocora arbuscula
Colpophylils natans
Dendrogyrs cylindrus
Dichocoonia stokesl
Diploria civose
Diploria labyrinthiformis
Diploria strigosa
Eusmila tastigieta
Favia fragum
Isophyllastrea rigids
Isophylila sinuosa
Leptoserls cucullnta
Madracis decactis
Madracis mirabilis
Manicina areciats
Meadrina meandrites
Millepors alcicomis
Millepora complanata
Montastraes annularis {complex)
Montastraca cavernose
Mycetophylila aliciae

Mycetophylila densena
Mycetophyllia ferox
Mycetophyllia lamarckiana
Mussa angulosa

Oculina ditfuse
Phyllangla amerfcana
Porites astreoides
Porites brannerl

Porites porites {complex)
Scolymia cubenals
Scolymia lacers
Siderastrea redians
Sidersstrea siderea
Solenastrea boumon!
Solenastrea hyades
Stephanocoenia michelini

0
0
1
0
0
1
1
1
0
1
1
1
1
0
1
1
1
0
0
0
1
0
1
0
1
1
0
0
0
0
0
1

1

1

0
1

Y
1

1

1

1

1

1

Total number of taxa

Mussid Juvenite)

Diadema antiliarum

25

0
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Table 11b. Frequency of 3tony Coral Taxa- Site Types FY 1996/1996

SITE TYPES: __ HARDBOTTOM __PATCH SHALLOW OFFSHORE DEEP OFFSHORE
STONY CORAL TAXA '
Acropora carvicornls 0.00 025 0.30 0.35
Acropora palmata 0.00 0.00 0.41 0.00
Agaricia agaricites (complex) 0.16 0.93 0.98 1.00
Agaricia fragills 0.00 0.15 0.07 0.63
Agaricis lamarckl 0.00 0.03 0.00 0.31
Astrangla poculata 0.08 0.01 0.00 0.00
Cladocora srbuscula 0.20 0.26 0.00 0.00
Colpophylila natans 0.19 0.712 ) 0.30 0.75
Dendrogyra cylindrus 0.00 0.00 0.05 0.00
Dichocoenia stokesll . 047 088 047 0.94
Diploria ciivosa 0.34 029 . .40 0.10
Diploria tabyrinthiformls 0.09 0.68 0.42 0.73
Diploria strigosa 0.28 0.78 : 0.38 0.72
Eusmlis fastigiate 0.00 0.64 0.26 ) 0.90
Favis fragum 0.77 0.29 088 0.27
Isophyilastres rigide 0.09 ] 0.17 0.01 0.00
isophyliia sinuosa 0.05 . 0.10 0.06 0.08
Leptoseris cucullata 0.00 0.31 047 0.78
Madracls decaclis 0.00 ) 0.1 0.22 ’ 0.77
Madracis mirablils 0.00 0.03 0.06 0.50
Manicina areolata 033 0.03 ) 0.02 . 0.66
Meadrina meandrites 0.00 058" 0.38 0.84
Millepora alclcornis 0.95 : 0.99 093 1.00
Millepora complanata 0.00 0.19 » 0.84 . 0.02
Montastraea annularls (complex) 0.19 0.97 0.71 0.04
Montastraea cavermoss 0.31 0.54 0.15 0.05
Mycetophyllis aliclae 0.00 033 ) 0.00 0.39
Mycetophylila dansana 0.00 036 - . 0.18 0.31
Mycetophylila ferox 0.00 0 015 0.49
Mycetophyliia lamarckiana 0.00 058 0.29 0.51
Mussa angulosa 0,00 0.44 0.00 0.15
Oculina diffusa 0.22 0.72 0.02 0.01
Phyllangia americana 0.11 0.10 0.00 0.00
Porites astreoides 0.72 0.09 092 1.00
Porltes branner! 0.00 0.17 0.00 0.05
Porites porites (complex) 0.77 0.74 0.95 0.95
Scolymla cubensis 0.00 065 0.02 051
Scolymia lacera 0.03 0.21 0.00 0.01
Siderastres radians 1.00 0.82 0.40 0.56
Siderastres slderea 0.47 1.00 099 1.00
Solenastrea bournonl 033 0.54 0.05 0.33
Solenastrea hyades 0.22 0.00 0.00 0.00
Stephanocoenis michelinil 0.48 0.89 . 0.36 0.93
Mussid Juvenile) 0.03 0.24 0.01 0.41
URCHIN TAXA:

Diadema antillarum 0.00 0.03 ' 0.10 0.00




Figure 10. Taxonomic Richness 'by Site Type.
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Table 12a. Presence/Absence of Stony Coral Taxa- Hardbottom FY 1996/1996

SITE CODES:

STONY CORAL TAXA
Acropora cervicomls
Acropora palmata
Agaricia agaricites (complex)
Agaricis fraglills
Agaricia lamarckl
Astrangla poculsta
Cladocors arbursculs
Colpophyllia natens
Dendrogyrs cylindrus
Dichocoanls stokesll
Diploria clivosa
Diploria labyrinthiformis
Dipioria strigosa
Eusmlia [sstiglate
Favis tragum
Isophyilsstrea rigida
Isophyilia sinuvosa
Leptoseris cuculists
Madrecls decactls
Madracis mirabills
Manicina areoists
Meadrina meandrites
Millepors slcicornis
Millepora complansta
Montastreea snnularls {comphex)
Mont(astrevas cavenosas
Mycetophyiiia sliciee
Mycetophyllis dsnsana
Mycetophyilla ferox
Mycetophyilia lamarckisna
Mussae angulosa
Oculina diffusa
Phyllangla americana
Porites astrecldes
Porttes branneri
Porites porftes (comphax)
Scolymla cubensis
Scolymia lecern
Siderastreas redians
Sldersstrea slderwas
Solenastrea boumond
Solensstrea hysdes
Stephanocoenia michelinil
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Total number of taxa 92.00 9.00 .00 18.00 13.00 7.00 16.00 13.00
Mean number of taxas 11.88 Standard deviatton= 412

Mussid (Juvenlie) 0 0 [} 0 0 2 0 0
URCHIN TAXA

Disdame antiliarum 0 0 0 0 0 0 0 0




Table 12b, Frequency of Stony Coral Taxa- Hardbottom FY 1995/1996

Frequency

of
SITE CODES: SH1 $H2 9H3 TH2 6H1 8H2 B6H3 IH1 Occurrence
STONY CORAL TAXA
Acropora cervicomis 0 0 o 0 0 0 o 0 0.00
Acropora palmata 0 0 0 0 0 0 0 0 0.00
Agaricla agaricites {complax) 0 0 0 0 0 0 1 0.25 0.16
Aparicla tragllis 0 0 0 0 0 0 0 4] 0.00
Agaricie lamarck] 0 1] 0 0 0 0 0 0 0.00
Astrangla poculata 0 0 0s 1] 0 0 0 0 0.08
Cladocors srbuscule 07s 0 0 0.2 0 0 0 0625 0.20
Colpophylils nstans o] 0 0 075 (1] 0 07s 0 0.19
Dendrogyre cylindrus 0 0 0 0 0 0 0 0 0.00
Dichocoenia stokesl! 025 0 0s 1 1 05 0.25 0.25 0.47
Diploria ciivosa 0 0 0 1 1 0 075 0 0.34
Diploria lebyrinthiformis 0 ] 0 05 0 1] 0.25 0 0.09
Diploria strigoss 0 0 0 0.75 025 (¢} 05 075 0.28
Eusmils tastigiate [} 0 0 0 0 0 0 0 0.00
Favia fragum 1 1 1 0875 1 1 025 0 0.77
Isophyilastrea rigidas 0 0 0 0 0.75 0 0 0 0.09
Isophylila sinuosa 0 0 0 0375 0 0 0 0 0.05
Leptoseris cuculiata 0 0 0 0 0 0 0 0 0.00
Madracls decectls 0 0 0 [+} 0 0 0 0 0.00
Madracls mirablile 0 0 0 [V} 0 0 0 0 0.00
Manicina sreolata 1 05 1 [} 0 0.125 0 0 03
Meadrine meandrites 0 0 0o 0 0 0 0 0 0.00
Millapora alcicomls 075 1 1 0875 1 1 1 1 0.95
Mlllepora complanata 0 0 0 0 [} 0 0 0 0.00
Montastruea annularis {complax) 0 i) 0 05 0 0 1 0 0.18
Montastraea cavernosa 0 0 [ 1 07s 0 0.75 0 0.31
Mycetophyliia sliclse 0 0 4] 0 0 0 0 0 0.00
Mycetophylila danesns 4] ¢} 0 0 0 (1] 0 ] 0.00
Mycetophylila forox 0 o 0 o o o 0 0 0.00
Mycetophyliia lamarchkiena 0 0 Q 0 0 V] 0 0 0.00
Musss snguloss 0 0 0 1) 0 0 (4] 0 0.00
Oculina diffhsa 0 025 0 0s as ] 0s 0 022
Phyllangla americana 0 1] 0 (V] (4] (4] 0 0875 0.11
Porites astreoldes 1 075 [¢] 1 1 0 1 ) on
Porites brennerl 0 0o 0 0 0 0 0 0 0.00
Porltes porites {complax) 1 1 08 0875 1 025 1 0s 0.77
Scolymles cubensls 0 0 0 0 0 0 0 0 0.00
Scolymia lecera 0 3] 0 0 0 0 4] 0.25 0.03
Sldermstres radians 1 1 1 1 1 1 1 1 1.00
Slderastrea slderea 1 1 [1] 025 0 0 07s 07s 0.47
Solenastres bourmnoni 0 0 4] 075 07s 0.25 0 0.875 0.33
Solenasiroa hysdes (¢} 0.25 1 0s (1] 0 0 0 0.22
Stephanocoenle michelinll 0 0 0.25 1 1 4] 0625 1 0.48
Mussid (Juvenlle) 0 0 0 4] 0 025 0 0 0.03
URCHIN TAXA
Disdans anll'llnn/m 0 0 0 0 0 0 n




Table 13a. Presence/Absence of Stony Coral Taxa- Patch Reefs FY 1996/199¢

SITE CODES:
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STONY CORAL TAXA
Acropors cervicomis
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Agaricis fraglits

Agaricia lamarcki
Astranglas pocuists
Cladocorn artuscuria
Colpophytiia netans
Dendrogyra cylindrus
Dichocoenia stokeesl
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Diploria labyrinthitormis
Diploris strigosas

Eusmila festigiste

Favis fregum
Isophyllsstrea rigkda
Isophyilia sinvoss
Leptoserls cuculista
Madracis decactis
Madrecis mirsbilis
Manicine srecista
Meadrina meandrites
Millepora sicicomls
Millapora complansta
Mon(astreeas annularis (complex)
Montastrees cavermnosa
Mycetophyiiia eliciee
Mycetophylile densana
Mycetophylile ferox
Mycetophyllia lamerchiana
Musse anguloss

Oculina ditfusa
Phyllangle americans
Porites sstrecides
Porites brannerl

Porites porttes (complax)
Scolymia cubensis
Scolymia lecers
Sldernstrea redians
Sldarastrea sideres
Solenastrea bourmnoni
Solensstrea hy sdee
Stephanocoenls michelinil
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Table 14a. Presence/Absence of Stony Coral Taxa- Shallow Offshore Reefs FY 1996/199¢6

SITE CODES: 951 952 »s3 954 751 152 851 652 653 654 636 281 SUM
STONY CORAL TAXA
Acropors corvicomis 0 1 0 0 0 1 1 1 0 1 1 ! 7.00
Acropors paimeta 1 1 1 0 0 0 1 0 0 1 1 1 7.00
Agartcia sgaricites {complex) 1 1 1 1 1 1 1 1 1 1 1 1 12.00
Agaricia fragiils 0 1 1 0 1 0 0 0 0 1 0 1 $.00
Agavicia famarckl 0 0 0 0 0 0 0 0 0 ] o 0 0.00
Astrangia poculsts 0 0 0 0 0 0 0 0 0 0 0 Y 0.00
Cladocorn arpuscula o 0 0 o 0 0 0 0 0 0 0 o 0.00
Colpophylila natens 0 1 0 0 1 1 1 1 0 1 0 1 700
Dendrogyrs cylindrus 0 (i 0 1 0 0 1 () 0 ] 0 1 3.00
Dichocoenia stokesl] 0 1 1 1 1 1 1 1 0 0 0 1 8.00
Diploria cilvoes 1 1 0 0 1 1 0 1 0 1 1 1 8.00
Diploria lsbyrinthitormis 0 1 1 1 1 1 1 1 ) 1 0 1 9.00
Diplorla strigosa 1 1 1 0 0 1 1 1 0 1 1 1 .00
Eusmila {astiginta 1 1 1 1 0 1 0 1 0 1 0 1 .00
Favia fragum 1 1 1 1 1 1 1 1 1 1 1 1 12.00
Isophylisstrea rigida 0 1 0 0 0 0 0 0 0 (] 0 o 1.00
Isophyilia sinuosa 0 1 0 0 0 0 0 ] 0 0 1 1 3.00
Leptoserts cucullata o 1 1 1 0 o 0 0 0 0 1 1 5.00
Masdracis decect/s 0 0 1 1 1 1 0 ) 1 1 1 1 8.00
Madrecis mirmbiils 0 0 0 0 0 0 0 0 1 1 0 o 2.00
Manicina areolsts 0 0 o 0 0 0 0 0 0 0 0 1 1.00
Meadrina meandrites 0 1 1 1 1 1 1 1 0 1 ] 1 .00
Miltepora sicicornls 1 1 1 1 1 1 1 1 1 1 1 1 12.00
Millepora complanata 1 1 1 1 1 1 1 1 1 1 1 1 12.00
Montastrees snnularis {complax) 1 1 1 1 1 1 1 1 1 1 = 1 12.00
Montastrees cavemosa 1 1 1 0 1 1 1 1 1 1 1 1 11.00
Mycetophylila alicise 0 0 0 0 0 0 0 0 ] 0 0 0 0.00
Mycecophyfiila danasna 0 1 1 0 o 0 1 1 o 0 0 1 3.00
Mycetophyiila ferox 1 0 1 0 0 0 1 1 0 1 0 0 5.00
Mycetophyliia lamarckisna 1 1 1 ] 0 0 1 1 0 1 ] 1 7.00
Musse angulosa 0 0 0 0 0 0 0 0 0 0 0 0 0.00
Oculina diffusa ) 0 0 0 0 1 o 0 0 0 0 0 1.00
Phylisngls smectcana 0 0 0 0 0 0 0 0 0 0 0 0 0.00
Porites astreoides 1 1 1 0 1 1 1 1 1 1 1 1 11.00
Porites branner! 0 0 0 0 0 0 0 0 0’ 0 0 0 0.00
Porites porites (compiex) 1 1 1 1 1 1 1 1 1 1 1 1 12.00
Scolymia cubensis 0 1 o 0 0 0 0 o ) 0 0 0 1.00
Scolymia lecers 0 0 0 0 0 0 0 0 [V} 0 0 0 0.00
Sidersstrea radians 1 1 1 0 1 1 o] 0 1 1 1 1 9.00
Sidersstrea sidecva 1 1 1 1 1 1 1 1 1 1 1 1 12.00
Solensstres boumond 0 1 0 0 0 1 0 0 0 v} (] o 2.00
Sotenastrea hysdes 0 0 o 0 0 0 0 0 0 0 0 0 0.00
Stephanocoenie michelinil o 1 0 1 1 [ 1 1 0 0 1 1 8.00
Yotal number of taxa 16.00 28.00 22.00 16.00 10.00 22,00 21.00 21.00 12.00 23.00 18.00 28.00
Mean number of taxam= 20.33 Standard deviation= 4.86
Mussid (Juvenile) 0 1] 0 0 0 0 0 0 0 0 0 1
URCHIN TAXA
Diadema antillarum 1 1 0 0 0 0 0 0 1 1 1 0

DATA ENTRY BY: KJF DATE 1272196




Tabie 14b. Frequency of Stony Cocal Taxa- Shatliow Offshore Reefs FY 1998/1996

Frequency-
of
SITE CODES: 31 952 933 34 151 152 851 852 633 534 835 231 Occurence
STONY CORAL TAXA .
Acropors cervicomis ] 05 0 Q q 1 025 0825 a 05 05 0.2% .20
Acroporm peimata 0s 025 1 0 0 0 0.25 0 0 1 1 Q8ars G.41
Agaricia sgerichtes (comphax) 1 0.75 1 1 1 1 1 1 1 1 1 1 098
Agaricla fragiils Q 0.128 025 0 0.25 0 [] 0 4] 0125 4] 0125 0.07
Agaricia lemarcki Q 1] Q 0 0 0 [ .0 Q [ [ Q 0.00
Astrengla poculats 0 0 0 0 0 0 0 0 0 0 [ ] 0.00
Cladocors arbuscula 0 0 0 o o 0 0 1] 0 0 0 0 0.00
Colpaphyllis natans [ 0s 0 [ 025 0s 02375 06875 a Q878 0 02§ 0.30
Dendrogyrs cyfindrus 4] [ 4] 025 0 0 0.25 0 Q ] [+] 0.125 0.05
Dichocoenia stokesdl [} 1 05 0.625 0.75 1 05 0625 0 0 0 0.625 047
Dipioria cilvosa 1 05 1] [ 0.25 05 0 0.25 0 0% 0875 0875 0.40
Diploris iabyvintiformis 0 05 0.1s 0.25 a.25 1 0.75 1 0 0.25 0 025 0.42
Diploris strigasa 025 025 015 0 0 1 025 078 0 a2s 0s 05 Q.38
Eusmliia tastiginta 025 05 05 0.825 0 025 0 05 0 0.125 0 0378 026
Favia fragum t 0.625 ] 1 0.75 10.25 1 0715 1 1 1 1 0868
tsophyllastres dgida 0 0.125 0 o Q o 0 0 0 ¢ S 0 0.01
Isophyltlia sinuasa 0 0.125 4] 1] 1] 0 0 0 0 0 025 0.37% 0.06
Leptoseris cuculiata 0 05 05 075 0 0 0 0 0 4] 0.125 0.125 047
Madrucis decact/s 0 [/ 05 0.375 0.25 025 . ] [4] 0.375 0.25 0.25 0375 022
Madracis mirsbllis 0 [ 1] -0 [ 0 [ 4] 0.125 0625 0 0 0.06
Maaicina areclata [} ] ] (i} 0 0 0 0 0 Q 0 0.25 0.02
Meadrina meendrites 0 0.125 075 0s 05 0.75 0.7% 0.5 0 0.125. 1] as 6.38
Millepora sicicornis 1 1 1 1 1 1 1 1 0.625 0.7% 0.75 1 093
Miltepors complenats 1 0.25 1 1 1 es ] 0625 1 1 0.75 1 084
Mantastreea ennuleris (complex) 025 075 1 025 0.25 Q715 0.75 1 1 1 05 i 0T
Montastreee cavernosa 05 0.75 1 0 1 1 015 1 a5 05 1 1 0.7
Mycetophyllia aliciae 0 0 0 0 0 0 0 0 ] /] [¢] 4] 0.00
Mycetophyliia denssns 0 05 05 0 0 [ 0.25 0375 0 0 .0 05 a.18
Myce(ophyllia (erox 025 a 0378 o a 0 02§ 075 0 0.125 0 0 0.15
Mycetophylila lamarcklsna 025 1 0.5 0 0 0 0.25 0.275 Q 0.25 o 0.875 0.29
Mussa snguiosa 0 V] 4] 4] 4] 0 0 0 v] ] 0 [} 000
Oculina diffuse 0 0 [\] 0 0 0.25 0 0 0 0 0 0 [+ X1
Phytlangia smecdicana 0 ] 0 0 0 0 0 [} (o} 1} [} [} 0.00
Porites astrecides 1 1 1 0 1 1 1 1 1 1 1 1 0.92
Porites brannert 0 Y 0 0 ] 1] 0 0 0 0 0 4] 000
Porltes porites {complex) 1 1 1 0.875 1 1 0.15 015 1 1 1 1 095
Scolymia cubensis 0 0.25 Q Q 0 [ 0 [ 0 0 0 0 002
Scolymia lacers 0 0 0 0 0 0 0 0 0 o o o 000
Sidernstrea redions 0.75 1 0.125 0 05 1 0 0 0.25 0.25 0375 ¢33 0.40
Siderssirea sidoroa 1 1 1 1 1 1 1 ] 0.875 1 1 1 0.99
Solenaztroa bournoni ] 0375 0 Q Q 0.25 (1} ] 0 0 0 0 005
Solenastrea hysdes 0 0 0 0 0 ] 0 0 [¢] [¢] V] 0 000
Stephanocoenia michelinii 4] 05 4] [/} 05 075 0.75 0.75 0 0 0.25 0.3715 0
Mussid (Juvenife) 0 0 0 0 0 0 0 0 o 0 0 0.125 0.01
URCHIN TAXA
Diadema antiterum 0.25 025 0 o 0 0 0 ) 05 0.125 0.125 a 610

DATA ENRTY BY: KJF DATE: 12/6/36
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Table 18a. Presence/Absence of Stony Cofal Taxa- Deep Offshore Reefs FY 1996/1996
SITE CODES: 01 D3 "4 D1 D2 801 D2 503 6D4 808 01 3UM
STONY CORAL TAXA .
Acropora cervicomis 1 0 0 0 1 0 1 1 1 1 1 1.00
Acropors paimats (1 0 0 0 0 o 0 0 0 o 0 000
Agaricia agaricites (complex) 1 1 1 1 1 1 1 1 1 1 1 .00
Agaricia fragllls 1 1 1 0 1 1 1 1 1 1 1 10.00
Agaricla lamerckl 1 1 1 1 1 1 1 1 0 0 0 8.00
Astwngle poculats 0 0 (4] '] 0 0 0 0 0 0 0 0.00
Cladocorn srbuscula ] 0 0 ] 0 0 o ] ] V] 0 0.00
Colpophytiia natens 1 1 1] 1 1 1 1 1 1 1 1 1000
Dendrogyrs cylindrus 0 Y] 1] 0 0 0 (1] 0 0 o 0 0.00
Dichocoenla stokesil 1 1 1 1 1 1 1 1 1 1 1 11.00
Diploria civosa 0 1] [ [ 1 0 0 1 1 0 1 4.00
Diptoris lsbyrinthitormis 1 1 1 1 1 1 1 1 1 1 1 11.00
Dipioria strigosa [ 1 1 1 1 1 1 1 1 1 1 10.00
Eusmila fastigiate 1 1 1 1 1 1 1 1 1 1 1 11.00
Favia tragum 1 0 1 0 1 0 0 [} 1 1 1 6.00
Isophytiastrea rigida 0 o 0 o 0 0 0 0 0 0 o 0.00
Isophytila sinucsa 0 0 1] 1} 0 0 0. 1 1 0 1 3.00
Leptoseris cucullate 1 1 1 1 1 1 1 1 1 1 0 10.00
Madrecis decactis 1 1 1 0 1 1 1 1 1 1 1 10.00
Madracis mirebills 0 1 1 0 1 1 1 1 1 1 1 9.00
Manicina areolata 1 1 0 1 1 | 1 1 0 1 1 9.00
Meadrina meandrites 1 1 1 1 1. 1 1 1 1 1 1 11.00
Milleporw sicicomls 1 1 1 1 1 1 1 1 1 1 1 11.00
Millspora complanata 0 0 0 0 0 0 0 0 1 0 0 1.00
Montastrzes annularis (complex) 1 1 1 1 1 1 1 1 1 1 1 1100
Montastreea cavernosa 1 1 1 1 1 1 1 1 1 1 1 1100
Mycetophyllia alicise 1 1 1 0 1 1 1 1 0 1 0 8.00
Mycetophyllia danasna 1 0 0 0 1 1 0 1 1 1 1 7.00
Mycetophyllls terox 1 1] 1 0 1 1 1 1 1 1 1 9.00
Mycetophyliia lsmarchkisna 1 1 1 1 1 1 1 1 1 1 1 11.00
Mussa sngulosa 1 1 1 0 1 0 1 1 0 [+] [+] 6 00
Oculina diffusa 0 0 0 1 0 0 0 0 0 0 0 1.00
Phyllangia americana 0 0 0 0 1] 1] 1] 0 0 0 4] 0 00
Porites astreoides 1 1 1 1 1 1 1 1 1 1 1 11.00
Porltes brenner 0 1 0 0 0 0 0 0 0 (V] 0 1.00
Porites porites (complex) 1 1 1 1 1 1 1 1 1 1 1 11.00
Scolymila cubensis 1 0 1 0 1 1 1] 1 (1] 1 1 7.00
Scolymis lacers 0 0 0 0 0 1] V] i 0 0 0 1.00
Sidernstrea redians 0 1 1 1 1 1 1 1 1 1 1 10.00
Siderustroa siderve 1 1 1 1 1 1 1 1 1 1 1 11.00
Solenastrea boumont 1 0 0 1 1 1 1 1 1] 1 1 8.00
Solenastroa hyades 0 0 0 0 0 L0 ] 0 0 ) 0 0.00
Stephanocoenia michelini 1 1 1 1 1 1 1 1 1 1 1 11.00
Total number of taxa 27.00 " 26.00 26.00 21.00 31.00 27.00 27.00 32.00 27.00 28.00 28.00
Mean number of taxas 27.09 Standard deviation= 2.96 ’
Mussid (uveniis) 1 0 0 1 1 1 1 0 o 1 1 7.00
URCHIN TAXA '
Disdema sntillerum 0 1] 0 0 o ] [+] ] 0 1] 0 0.00

DATA ENTRY BY: KJF DATE: 12/2/96
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Table 16b. Frequency of stony Coral Taxa- Deep Offshore Reefs FY 1956/19%¢

Frequency

B of

8(TE CODES: 301 203 D4 701 702 01 802 §D3 604 (303 201 Occurrence

STONY CORAL TAXA
Acropora cervicomis 0.25 0 0 [4 075 0 05 0375 1 05 058 035
Acropors peimets 0 [ 0 0 0 0 0 ] 0 0 0 000
Agericia apericites (complex) 1 1 1 1 1 1 1 1 1 1 1 1.00
Apericia fragiils 1 05 0375 0 0675 1 075 1 075 05 0375 063
Agaricia lsmerck] 0.25 075 075 025 025 025 025 0625 0 0 0 031
Astrengls pocuista 0 0 (4 0 (4} 0 0 0 0 0 ] 000
Cladocors arpuscida 0 [4] o] 0 0 0 4] 0 0 0 Q 000
Colpophyliia natans 1 0125 0 05 075 075 1 A 1 1 1 0715
Dendrogyre cytindrue 0 0 0 0 0 ] 0 0 0 0 0 000
Dichocoenie stokesi 1 1 1 1 1 1 1 1 05 0.873 1 094
Diplorie civosa 0 4] 0 0 02375 0 0 0125 025 0 0373 10
Diptoris labyrinthiforrnis 07% 1 025 0825 08715 0% 075 075 075 075 1 073
Dliptorta strigosa /] 075 025 (V) 1 1 1 1 0ars 075 07s 072
Eusmile testigiata 1 1 a7s 028 1 1 | 1 0875 1 1 090
Favia fregum 025 0 0.125 0 0375 0 4] 0 075 1 0S5 027
1sophyilastrea rigide 0 0 0 0 0 0 0 0 0 0 0 000
Isophytila sirxrosa 0 0 0 [¢] 0 0 .0 0375 025 0 0.23 oos8
Leptoseris cuciiiste 1 ] 1 025 0625 1 1 1 075 1 o 078
Madracis decactls 1 1 1 0 0875 073 075 1 05 075 0875 017
Madrects mirsbllis 0 05 058 0 1 025 1 07s 05 073 025 050
Manicina sreoiata 025 025 0 1 1 1 075 1 1] 1 1 066
Meadrine mesndrites 05§ 1 075 1 1 075 075 1 05 1 1 084
Millepors sicicormis 1 1 1 1 1 1 1 1 1 1 1 100
Mijlapora compisnata Q 0 0 0 0 (V] 0 0 025 ] 0 002
Montastreea srvxderis (complex) 1 075 1 0625 1 1 | 1 1 1 1 094
Montastrwea covernosa 1 1 1 1 1 1 1 1 05 1 1 095
Mycetophyilla aliclee 1 025 025 0 025 073 03 1 0 025 0 039
Mycetophyllis densena 073 0 0 0 0625 025 (] 0373 0125 075 03 031
Mycetophylile ferox 1 o 025 0 0625 075 025 1 025 1 025 049
Mycetophyilia lamerckisna 1 025 025 025 025 0125 - 1 08715 0875 05 023 051
Muesa snguicsa 05 025 025 0 025 0 0125 025 0 0 0 015
Oculina diffuse 0 0 0 0125 0 o 0 1] 0 ] 0 001
Phyllangia smericanae 0 0 (] 0 0 0 0 0 0 0 0 000
Pocites nalrooldbq 1 1 1 1 1 1 1 1 1 1 1 100
Pocltes brenned 0 05 o 0 0 0 o 0 0 0 0 005
Povrltes porites {compiex) 1 1 1 1 1 075 0715 1 1 1 1 095
Scolymia cubensis 0625 0 1 0 073 1 0 1 0 1 02y 05
Scolywa lacera 0 0 0 0 U 0 0 0125 0 [} 0 001
Sidernsirea radiens 0 (] 1 1 025 075 0375 025 0375 0625 1 056
Sidersstrea siderea 1 1 1 1 ] 1 1 1 ] 1 1 100
Solenastres bowrnond 02s 0 0 075 025 1 0125 05 0 025 0s 033
Solenasties hyndes 0 ] 0 V] 1] 0 0 0 1] 0 0 000
Stephenocoenta michellni ) 1 1 1 ] 1 1 1 0375 1 0873 093
Musaid (uvenite) 075 0 o 025 1 0623 1 0 0 0375 05 041
URCHIN TAXA
Disdema antiiieram 0 1] 0 1] Q (1] 0 0 0 0 0 0.00
DATA ENTRY 8Y: KJF DAYE: 122796 ’ . ' .




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
(SH2) are similar. These sites are relatively close to shore. Long Key (7H2) and Moser
Channel (SH1) are also closely linked; Jaap 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 (SH2 - SH3) were least similar (34.9.2). '
(Table 18). Hardbottom sites had the lowest mean site similarity and the greatest variability
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 Offshoere Offshore Deep
N=38) N=9) Shallow | (N=11)
_ IN=12)
Mean taxonomic | 11.88 26.33 120.33 27.09
richness 7 ‘
Standard ~ [4.12 {5.89 4.85 2.95
deviation A '
Range 7to0 19 ' 16 to 35 12 to 28 21 to 32
Total taxa/type |25 140 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 (5S1), Looe Key (582), Molasses (9S3) and Sand Key (2S1) were the most
similar (Table 19, Figure 14) among shallow offshore sites. Carysfort (9S1), Western Sambo
(5D4) and Rock Key (2S1) were also closely related. Conch (954) was least similar to most
offshore shallow sites; however, Eastern Sambo (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 Sambo,
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 (7D1) and Western Sambo
(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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Table 18. Bray Curt’isv Similarity Index Values for Hardbottom Sites. |

El Radabob (EL)
Dove Key (DK)
Long Key (LK)
Moser Channel (MC)
Molasses Keys (MK)
Jaap Reef (JR)
Content Keys (CK)

Porter (P)

Admiral (A)

W. Turtle Shoal (WTS)
Dustan (D)

W. Washer Woman (WW)
‘Western Head (WH)

CLff Green (CG)

Smith Shoal (SS)

Rattle

Sanake

82759 EL _

63.966 62.963 DK

48837 50.000 46341 LK

53333 56.338 47.887 79.798 MC

55670 60.674 69.663 41379 52.033 MK

52288 $5.172 35.862 72.637 65.922 34.921 JR.
60.938 53333 46.667 60.227 59.740 43564 S9.873

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

Turtle

73716 P

57348 74576 A

74.595 72.171 58.909 WTS

78.338 76.190 69.421 84685 D

73.256 65.116 59.438 72.941 76.22]1 WW

66.313 65.868 54.610 70.777 69.412 66.859 WH

81.443 70.145 56.655 79.167 77.493 75978 80818 CG
59.306 62.044 55.856 65.176 65.000 59.930 66 250 68.882



Figure 13. Classification, Patch Reef Sites. 7' 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 Sugarloa%r Key) is mg:luc?gi
as a hardbottom type; however it is more similar to a patch reef community. Alt!lough it is
very close to shore, it has high relief massive Montastraea annularis colonies typlcal of patch
reefs. Only Rattle Snake and El Radabob hardbottoms had greater than 80% supﬂanty.

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

Tennessee, Rock Key, Sombrero, Looe Key, and Eastern Sambo 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 Sambo 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 Sambo 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 dis'.cemible differences
among the stony coral taxa present at hardbottom and offshore shallow site types, there were
few differences in stony coral taxa present at offshore deep and patch reef s§tcs..'1'here were
also no major differences in stony coral taxa present among the same types in 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 (3H1, Content Keys; 5P1, West
Washerwoman) (Tables 22a,b). A maximum of 8 abnormalities for shallow offshore sites
was recorded at Looe Key (552) (Table 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 Montastrea annularis complex). S

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 fram 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 framegrabber
board to subsample Hi8 videotape transects onto compact 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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Figure 16. Classification, All Sites |
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Table 20. Bray Curtis Similarity Index Values for Offshore Shallow Sites.

(5:r)":f0rt
Grecian (G) 65138 G
Molasses (M) 68.807 68750 M
Conch (C) 60.000 55.769 67.308 C
Alligator (A) 72.527 68.182 71.818 74.419 A
Tennessee (T) 60.550 75.781 67.969 $5.769 74.545 T
Sombrero (S) 69.744 69.528 78.970 69.189 77.157 72.561 S
Looe Key (L) 60.748 72.222 77.778 60.784 72.222 79.365 82.0% L

Eastern Sambo (E) 75.610 54.455 67.327 62.338 72.289 55.446 67.039 57.576 E

Western szﬁbo(W) 77.3v87 66.667 73.418 56.085‘ 69.652 64.135 71.963 69;528 76503 W

Rock Key R) . 79.787 64.602 70.796 56.180 72.632 66.372 66.995 63.964 73.256 80.193 R
Szand Key (S) 72.174 75.373 82.090 64.545 76.724 70.149 75.102 74.242 64.486 75502 78.992

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

H
i

Cirysfort
Molasses (M) 73846 M
Conch (C) : 74608 86.207 C
Alligator (A) 64.000 75.277 71.698 A
Tennessee (T) 81.744 78.698 75904 71565 T
Sombrero (S) 81.690 76.687 78.750 75.748 84.239 S
Looe Key (L) 82.286 80.997 75.556 71.622 87.052 84330 L

Eastern Sambe (E) 85.789 79.202 77.681 68.712 86.005 86.614 85.106 E

Western Sambo (W) 71.028 71.918 68.531 61.423 74.850 €8.323 78.864 74.352 W

Rock Key (R) 82.514 77.745 77.341 71.795 88.654 85.014 83.978 87.245 76.877 R
Sand Key (SK) 74.783 76.582 73.548 79.038 86.034 80.347 79.765 79.784 76.282 85.714
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Tab:azé:.TAobvm Conditions of Stony Corals Recorded at Hardbottom Sites FY 1985/1398
HAR M SITE CODES: $H1 $HZ  9H3 TH2 §H1 §H2  BH3

3H1

STONY CORAL TAXA

Cladocora acbuscuia . .

Colpophytiia natans _ , | .

Dipioria strigosa ‘

Manicina areoiata 1

Montastrass annularis (compilex) ;
Montastraea cavernosa ’ 1
Mycstophytiia aliclas ‘

Phyilangia americana

Porites astrecides

Siderastres radians

Siderastres sidorea

Stephanocoenia michelindl

Table 22b. Abnomnat Conditions of Stony Corals Recorded at Patch Reefs FY 1995/1886

§P3 2P1

PATCH REEF SITE CODES: 8P4 8P3 P4 7P1 7P2 §P1 P2
STONY CORAL TAXA -
Colpophyilia natans 1 1 1
Eusmila fastiglata 1

Meadrina meandrites ’ ' 1

Millepora aicicomis 1
Montastraea anhularis (compiex) . 2.1 5 1
Montastrasa cavemosa 1 1
Mycatophyllia ferox : 7
Mycelophyilia lamarckiana 7

Cculina diffuss - : 1
Porites sstrecides ’

Porites porites (compilex) 1
Sidaerastrea radians . 1
Skisrastrea siderea 1 1 6,1 1 1
Stephanocoenia michelinll 17 1

—_
-

Table 22c. Abnormal Conditions of Stony Corals Recorded at Shallow Offshore Reefs FY 1995/1336
SHALLOW OFFSHORE SITE CODES: 9S1  9S2 9S3 9S4 7S1  7sz  §st

552 5§83 §S4 §S8 281

STONY CORAL TAXA - ) .
Acroporas paimata . 7 7
Agaricia agaricites {complex) 1 1
Dichocoenia stokesll

Diploria labyrinthiformis

Diploria strigosa 1
Favia fragum

Montastraea annularts (complex)
Montastraea cavarnosa
Mycetophytiia lamarckiana 1

Porites astreoides 1
Siderastrea radlans
Siderastrea siderea

3
1

-

-

-
-

1 1

CONDITION CODES: TOTALS:
1= BLEACHING 7 32 22
2= BLACK BAND 0 2 3
3= WHITE BAND 0 0 1
4= WHITE PLAGUE ¢ 0 9
§= YELLOW BAND ¢ 1 1
6= PURPLE BLOTCH 0 1 0
4 4 9

7= OTHER CONDITION

~

125
17

HARDBOTTOM PATCH REEFS SHALLOW OFFSHORE REEFS



perform line mterpolatlon (rather than line duphcatxon) between lines of a smgle 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 extenswely tested. Currently an efficient, reliable, and flexible system is being
used to harvest TIFF images from H18 videotape.

(2) Image Processmg

The 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 rapidly 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 mterpolanon not line duplication, yielding an optimized 24-bit RGB

image.

It is important for all labs to consistently use the highest quality images available for
consistent identification of species and substrates by investigators. For viewing uniformly
high-quality images 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
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.

YVideo 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 Cybemetics, is able to do the
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Figure 22. Example of a Bleached Stony Coral, Montastraea annularis.
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J. EPA CRMP iMAGE HARYESFWG, CONYVERSION, AND DISTRIBUTIO® 1« 4CKING SHEET

| Site Name: | ' Site Code: Site : | Code Date:
[ Fiming Date: ] Receipt Date: : lTapc Tracking Label(s!’ o ’
FRAMEGRABBING
Source if >1 tape: -
Station ' 1 2 3 ST p
T Direcory [ - - —— - SRR
" tapetime | done | tapetime | done |tapetime .. ! tapelime |done
Frames: | pan0Q1-010 | - -
‘ 100 w/label
101-220
300 w/label o
301-420
500 w/label
501-620 é
pan051-060 B

cd.dat files: | created siored | created siored | created 'T.éi:m created | somed
=

DMAGE PROCESSING

Procedure - Date . Initials T T T er Notes
De-interlacing w/line-interpolation ' T
Sharpening (5x5. 1@70%). . 1
Conversion to' JPEG format T
Other ‘

CD-ROM WRITING (include updated readme.txt, cd.dat. & sites.ty. files)

Activity Date CD Volume No. copier Initials
First Write to CD-ROM.: 1 T
Date(s) of Cloning:

DISTRIBUTION
Destination Date CD Mailed | Initials Date T~-~n- Mniled | Initials
Dustan Lab Archive: C
Dustan Lab st copy:
Dustan Lab 2nd copy:
FMRI '

UGA

CAMRA

Other




image manipulation and post-framegrabbing processing’ needed. Image-?ro Plus is based in
and completely compatible with Visual Basic. Dustan Lab purchased Vls}xal ’Basw
Professional and developed a Visual Basic application. tailored to the project's ngeds.

in which Image-Pro Plus was embedded as the data management tool for analyzing images.

Dustan Lab completed beta version and testing and issued a version 1.01 of the Visual
Basic program PointCount for Coral Reefs (Dr. Ouida Meier, Mr. James Lga:d, and Dr.
Phillip Dustan). For this 4 Mb program, a setup executable was created, written 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 next 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 filename, and directory structure; 2. Numeric site codes; and 3. Numeric
species codes. - s '

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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z Video Data Analyses

_ The Dustan Lab used eight Hi8 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 Hi8 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 JPEG 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. Appendlx 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. Dustan 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 Sokal.

DATA MAN AGEMENT

_— 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 Dustan Lab instituted formal species and site identification codes (many analysis
programs require 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 ASSURANCE/QUALITY CONTROL

A Quality Assurance Project Plan for the Coral Reef/Hardbottom 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 dxsplay-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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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 momtor 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 counting of video data is being conducted to obtain estimates of percent cover
(standing stock) of cora.ls at sampled stations. Data management protocols development 1s

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

A revised Workplan was submitted in July 1996 along with the assistance request for
funding 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 FMRI'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 pn'hcipal invesﬁgatbrs (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 priérity 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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