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Studies of living reefs along the shelf edge off eastern 
Florida and the Bahamas suggest the interrelation of physical, 
biological, and geological processes. JOHNSON-SEA-LINK 
submersibles were used to sample corals and sediment with a 
manipulator or by lock-out diving. Videotape and 35 mm cameras, 
CTD system, and transmissometer were used to document the dives. 
Sediment traps, light meters, time-lapse camera, thermographs, and 
current meters were deployed and recovered. A 222 km long reef 
system of discontinuous pinnacles capped with living and dead 
Oculina coral was studied off Florida. Upwelling may contribute to 
growth and community structure of the reef system. Growth rates of 
the coral averaged 1.6 cmjyr and the coral harbors diverse faunal 
assemblages. Each pinnacle produces carbonate sediment and traps 
mud sized particles. Sand and gravel particles are not transported 
far from the reefs. On the margin of Little Bahama Bank sediment 
traps were also deployed to study sediment transport through reef 
notches from shallow to deep water. Average sediment flux over the 
edge of the wall was 1.34 kg notch-1 yr-1. 

INTRODUCTION 

Within the last decade, the submersible has proved to be an 
invaluable research tool for the study of biological, geological, 
and physical processes on the continental shelf and slope, in 
midwater, and in the deep sea. These vehicles enable the 
investigator to observe directly and to sample discrete 
microhabitats; this is not possible with remote sampling from 
surface vessels. 

Studies of living reefs along the shelf margin off eastern 
Florida and in the Bahamas suggest the interrelationships among 
physical, geological, and biological processes. This paper 
provides a summary of some of these studies on the shelf edge 
utilizing the JOHNSON-SEA-LINK submersibles. 

MATERIALS AND METHODS 

One study area was the Oculina coral banks at the shelf edge 
off central eastern Florida. This high latitude reef system 
consists of discontinuous prominences that are capped with living 
and dead colonies of the scleractinian Oculina varicosa Lesueur, 
1820. Published data on these reefs which will be summarized 
herein consist of research concerning the structure and 
distribution of the Oculina banks, their associated fauna, the 
physical environment, and sedimentary processes. one particular 
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study site within this area was Jeff's Reef (27°32'N, 79°58'W), a 
16-m high bank, approximately 1000 m in circumference 1 that has an 
extensive cover of contiguous, living coral. 

Study areas in the Bahamas were at the shelf margin off Black 
Rock, Little Bahama Bank and San Salvador Island. Objectives at 
the Bahamian sites were to determine rates of sediment production 
by various biogenic sources 1 to identify sediment transport 
pathways, and to determine rates of sediment flux from the shelf 
to the slope. 

The JOHNSON-SEA-LINK (J-S-L) I and II submersibles were used 
for sampling, deploying experiments and recorders, lockout diving, 
and photographic reconnaissance. These submersibles are capable 
of diving to 800 m for a duration of 3 to 5 hours and consist of 
1. 5-m diameter acrylic sphere, which carries a pilot and one 
scientist, and an aluminum dive chamber, which carries one 
scientist and a dive tender. The J-S-L's were fitted with some or 
all of the following equipment: two Benthos cameras (each with 
30-m rolls of 35 mm film); 3/4 inch color video tape recorder with 
pan and tilt; manipulator arm with 19x19 em clamshell grab, jaws 
and suction collecting tube; 12-bucket rotating sample basket; 
fish poison dispenser; conductivity-temperature-depth (CTD) 
recorder; transmissometer; current meter; and scanning sonar. 
Precision tracking of the submersible is presently plotted on the 
mother ship (R/V JOHNSON or R/V SEA DIVER) with a Honeywell 
digital acoustic positioning system and an Epsco plotter. Loran c 
and satellite navigation are used for ship positioning. 

RESULTS AND DISCUSSION 

Distribution of Oculina Banks 
An initial determination of the distribution of the shelf

edge Oculina banks off eastern Florida was compiled from 
transcripts and film from over 135 submersible dives, 57 dredge 
and trawl records, and numerous echo-sounder and side-scan-sonar 
recordings (Avent et al., 1977; Reed 1 1980; Thompson and 
Gilliland, 1980). This bank system roughly parallels the 70-80 m 
bathymetric contour from approximately 27o32'N to at least 
28°59 'N and possibly as far north as 30°. It consists of dozens 
and possibly hundreds of isolated prominences. 

The prominences are steep-sloped (30-45°) structures, with 
maximum relief of 25 m and bases a few hundred meters in 
diameter. Numerous knolls with less than 5-m relief also occur in 
this region. Some of the prominences are covered with massive 
thickets of contiguous, living colonies of Oculina varicosa which 
grow 1-2 m in height. Maximum coral growth is usually on the 
south side of the prominences, facing into the Gulf Stream. Other 
prominences are covered completely with dead coral rubble or 
standing, dead colonies of Oculina. Prominences with all dead 
coral have been found within a few hundred meters of those with 
living coral, and the causes of death are unknown. Isolated 
colonies and thickets of living Oculina also occur on relatively 
flat sandy bottom among the prominences. A 92 nm2 area of the 
Oculina bank system bounded by 27°30'N and 27o53'N has been 
designated as a protected habitat within the Coral and Coral Reefs 
Fishery Management Plan (Gulf of Mexico and South Atlantic Fishery 
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Management Councils, 1982). 
Although echo-sounder records are useful to document the 

physiographic features of the shelf, and side-scan-sonar can 
detect hard bottom versus sand, neither technique can 
differentiate between living and dead Oculina. Thus it is 
necessary for direct observation with submersibles to determine 
the extent and distribution of the Oculina banks. 

Physical Environment 
A one to two year data base of near-bottom temperatures, 

currents, light levels, and sedimentation rates were collected at 
Jeff's Reef (80 m) with equipment deployed and recovered from the 
submersibles. The shelf-edge Oculina banks occur in a region of 
cold-water upwelling. Yoder et al. (1983) reported that upwelling 
occurred along the southeast U.S. 50% of the time from November to 
April. Our thermographs recorded a range of temperature from 
7.4oc to 26.7°C and an average of l6.2°C (Reed, 1981). Cold water 
upwelled periodically from the Florida Straits with each event 
lasting l-4 weeks and temperatures rapidly dropped below l0°C. 
During upwelling periods, levels of nitrates, phosphates and 
chlorophyll g_ increased by nearly an order of magnitude (R.M. 
Gibson, personal communication). 

Although surface currents are usually strong and northerly 
from the Gulf Stream, the bottom currents have strong E-W, north, 
and south components (Hoskin et al., in press). Average near
bottom current speed was 8. 6 em sec-1 but occasionally was in 
excess of 75 em sec-1 (Hoskin et al., 1983). Salinity was stable, 
ranging from 35.7 to 36.4 ppt (Reed, 1981). 

Licor light meters recorded less than 1% of surface light at 
the 80-m reef. Most living Oculina on the banks lack 
zooxanthellae but some of this algae is present in the coral near 
the crest of the higher prominences. Turbid bottom water often 
inundates the Oculina banks reducing visibility to less than 1 m. 
This turbidity appears to be caused both by resuspension of shelf 
sediment and by plankton blooms resultant from the upwelling. 
Sedimentation rates averaged 53 mg cm-2 day -1 (Reed, 1981). 

Ecological Studies 
The Oculina biotope supports dense and diverse invertebrate 

and fish communities. A preliminary assessment of the 
macroinvertebrates (>0.5 mm) was made during a one year study in 
which 2-4 coral colonies (147-2715 g dry weight) were collected by 
scuba and lockout scientist-divers every 2-3 months at four reef 
sites (6, 27, 42 and 80 m). A total of 42 Oculina samples yielded 
over 20,000 individual invertebrates and were species-rich in 
mollusks (230 spp.), decapods (50 spp .) , amphipods (47 spp.), 
echinoderms (21 spp.), and polychaete worms (23 families). Also 
common were nemertine and sipunculan worms, pycnogonids, tanaids, 
isopods, ostracods and copepods. 

The shelf-edge Oculina (80 m) had a greater diversity of both 
decapods (Reed et al., 1982) and mollusks (Reed, 1983) than the 
inner and midshelf reef sites. The macroinvertebrate community 
composition and structure was distinctly different bet'l.veen the 
inner- and outer-shelf reef sites. Detri ti vores were the most 
abundant type of decapod at the shelf edge, whereas for the 
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inner and midshel f sites, mollusks, carnivores and coral-eating 
species dominated. Upwelling may provide an essential supply of 
nutrients and plankton to the shelf-edge Oculina community (Reed, 
1983). 

Other studies utilizing J-S-L submersibles on the Oculina 
banks resulted in descriptions of new species, subspecies, and in 
situ behavioral patterns of echinoderms (Miller and Pawson, 1979; 
Pawson et al., 1981; Pawson and Miller, 1983; Miller, 1984; 
Hendler and Miller, 1984a,b). 

Dense populations of commercially and recreationally 
important fishes occur on the Oculina banks (Figure lB) . Over 70 
species of fishes have been identified (R.S. Jones and R.G. 
Gilmore, personal communication, Marine Science Institute, 
University of Texas, Port Aransas , TX 78373) including scamp, 
gag, speckled hind, snowy grouper, black sea bass, porgies, and 
snappers. 

Figure 1. A) Lockout diver-scientist measures growth of Oculina 
coral at shelf-edge reef (80 m). B) Aggregation of fishes (scamp, 
snowy grouper, and drums) at base of Oculina reef (75 m). C) 
Sedimentation trap deployed with submersible's manipulator arm at 
base of wall (90 m) off Little Bahama Bank. D) Coral debris and 
Halimeda sand and gravel in groove of steep slope ( 464 m) off 
Little Bahama Bank. 
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Dense schools of anthiids (Hemanthias vivanus) congregate 
over and in the coral. Although fi. vivanus is considered 
plankti vorous, they have been observed (JKR) picking small food 
i terns from among the branches of Oculina. Schools of amberj ack 
commonly travel among the banks. Spawning by the squid (Illex 
oxygonius) and mating by the roughtail stingray (Dasyatis 
centroura) have also been observed (Reed and Gilmore, 1981). 

From submersible observations, grouper and snapper 
populations do not appear stable on any one reef but apparently 
travel among the banks and tend to prefer areas with living coral 
rather than dead coral rubble. Atkinson and Targett (1983) 
reported that greater fish densities were found on the outer shelf 
between Cape Canaveral, Florida, and Cape Hatteras, North 
carolina, in zones of upwelling. The exact relationship and 
importance of the coral-associated invertebrate community to the 
fish community remains unknown. The influence of upwelling upon 
the entire Ocu1ina bank system is also unknown. 

Geological Processes - Oculina Banks 
The substrate on which the Oculina banks have developed may 

be relict oolitic limestone ridges formed during the Holocene 
transgression (Macintyre and Milliman, 1970). The thickness of 
the coral rubble, sand and mud matrix which has built upon the 
rock base of the prominences is unknown. A lockout diver (JKR) 
was able to probe the sediment near the crest of Jeff's Reef with 
a l/4 inch rod to a depth of 3.7 m without hitting bedrock. Rock 
outcrops are not visible on the majority of the prominences on 
which we have dived; however, rock pavement is often visible in 
small patches in the flat bottom surrounding the reefs. Rocks that 
we have collected from the base of several reefs consisted of 
oolitic, conquinoid, and pelletoid limestone. In addition, one 
sample collected at a reef base (88 m) was an Oculina biolithite, 
consisting of lithified coral rubble and mud. 

Although we know from in situ measurements that the linear 
growth rate of Oculina branches averaged only 1.6 em yr-1 at 80 m 
(Reed, 1981), the accretion rate of the banks is unknown (Figure 
1A) . One piece of Oculina rubble that was recovered from a depth 
of 8-12 em in a short core taken by a lockout diver near the crest 
of Jeff's Reef was radiocarbon dated at 480 ± 70 yr B.P. (Hoskin 
et al., in press). Unfortunately, standard sub-bottom profiling 
is not suitable and deeper coring is not economically practical to 
determine the thickness of the coral and mud matrix on these 
prominences. 

A detailed study was made of the surficial sediments at 
Jeff's Reef and the surrounding shelf and slope (Hoskin et al., in 
press) . Non-reef samples were collected with a Smith-Mcintyre 
grab from a surface vessel and the reef samples were collected 
with a clam-shell grab attached to the manipulator arm of the 
J-S-L submersible. The surficial reef sediments consisted of 
modern carbonate mixed with relict carbonate and quartz. There 
was more gravel in reef sediments (mean % = 23.8) than surrounding 
non-reef sediments (0.9-8.5%) and reef gravel consisted mostly of 
Oculina branches. Reef sand was mostly quartz (26. 8%), mollusk 
shells (23.6%), foraminiferans (12.2%), barnacles (7.3%), and 
pellets (6.7%), along with carbonate rock fragments, echinoderm 
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fragments, coral, and coralline algae. In general, the reef sand 
contained significantly more barnacles and coral, and less ooids 
and pellets than surrounding non-reef sediments. 

The reef sediment also contained a greater percentage of mud 
(14.3%) than nearby shelf sediments (4-8%). Some of this mud may 
be trapped by the reef from the water column through a baffling 
effect, and part is generated by rnicroborers. Preliminary studies 
by the authors on bioerosion of Oculina indicate that attack is 
dominated by clionid sponges, 7 species of bivalves, eunicid 
polychaetes, sipunculans, and a boring cirriped. When weakened by 
bioerosion, the Oculina colonies become more susceptable to 
breakage by peak currents. In a tow-tank test, Oculina branches 
showed breakage at current speeds of 140 ern sec-1 (Hoskin et al., 
in press). The coral rubble is then subject to mechanical 
abrasion resulting in further production of gravel, sand, and mud 
size particles (Hoskin et al., 1983). 

Shelf Margin Sediment Transport 
Studies on the Oculina banks showed that currents may not be 

strong enough to transport coral gravel far from the reefs but 
export of coral sand is detectable (Hoskin et al., in press) . 
These studies have not yet addressed whether the Oculina banks act 
as a barrier to the transport of sediment from the shelf to the 
slope as suggested by Emery (1968). However, transport of shelf 
sediment is part of several on-going studies in the Bahamas. 
Rates of erosion by chemical solution, physical abrasion, and 
bioerosion on the shelf have been measured by CMH. Bioerosion was 
found to be 20 times more intense than the other processes. One 
study showed that a population of 92 x 103 boring echinoderms 
(Echinornetra lucunter) off Black Rock (400-rn long) produced 9 tons 
of sediment per year; associated rock infauna produced an 
additional 6 tons yr-1 (Hoskin and Reed, 1985). The transport of 
the shelf sediment to deeper environments occurs by two main 
modes: 1) mud is transported in suspension over the shelf break, 
and 2) sediment moves through notches that cut through the shelf
edge reefs which otherwise act as barriers to sediment transport. 
This carbonate sediment is deposited in submarine aprons which is, 
recently, of interest to petroleum geologists. 

We measured the rate of sediment transport over the shelf 
margin by deploying sediment traps with the submersibles in 
notches at the top of the shelf break (38-45 rn), on ledges near 
the base of the vertical wall (80-90 rn) (Figure 1C), and on inter
groove areas on the slope (464 rn) (Hoskin et al., 1986). Initial 
results indicate that there is a decrease in sediment flux rates 
between the shelf margin and the base of the wall, indicating that 
some of the sediment is lost from surficial transport and is 
deposited as internal sediment. Average sediment flux through the 
bank margin was 1.34 kg notch -1 yr -1. The grooves on the deep 
slope contained much coarse grained sediment of shallow water 
origin, primarily Halimeda plates and also dead coral colonies up 
to l rn diameter (Figure 10). This downslope transport undoubtedly 
produced these grooves in the bedrock of the slope. 
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Future Studies 
The above studies begin to unravel the complexities of the 

interrelationships among physical, geological, and biological 
processes. Physical factors such as current and wave surge are 
important for sedimentary processes such as bedload transport, 
sedimentation, abrasion, and breakage of coral. Other physical 
factors such as upwelling may be crucial for the maintenance of 
the shelf-edge Oculina banks and associated fauna by supplying 
nutrients and the concommitant plankton blooms. The physiographic 
features on the shelf-edge reefs affect sedimentary processes by 
trapping suspended sediment and damming sediment, which restricts 
transport off the shelf. The diversity of the faunal community at 
the shelf edge is also related to these geological features. 

Some objectives for future submersible studies are: 

l) What is the extent of the living versus dead Oculina 
reefs at Florida's shelf edge? 

2) What agent(s) have caused the extensive areas of dead 
Oculina? 

3) Is upwelling a major source of nutrients supporting the 
Oculina reefs and associated fauna, and what are the 
pathways of energy transfer? 

4) What densities of commercially and recreationally 
important fish populations occur on the Oculina banks, 
and how are these fishes distributed in relation to live 
versus dead reefs? 

5) Are the physiographic features of the Oculina banks 
primarily due to a buildup of coral debris and mud matrix 
or a result of antecedent rock structures capped with 
only a thin veneer of coral rubble and mud? 

6) What are the pathways and processes of deep-sea apron 
formation at the margin of carbonate banks, and what is 
their potential as hydrocarbon reservoirs? 
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