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PREFACE

This profile of the coral reef community of south Florida is one in a series of community profiles that
treat coastal and marine habitats important to humans. Coral reefs are highly productive habitats which provide
living space and protection from predation for large populations of invertebrates and fishes, many of which have
commercial value. Coral reefs also provide an important economic benefit by attracting tourists to south Florida.

The information in the report can give a basic understanding of the coral reef community and its role
in the regional ecosystem of south Florida. The primary geographic area covered lies seaward of the coast from
Miami south and west to the Dry Tortugas. References are provided for those seeking indepth treatment of a
specific facet of coral reef ecology. The format, style, and level of presentation make this synthesis report adapt-
able to a variety of needs such as the preparation of environmental assessment reports, supplementary reading in
marine science courses, and the education of participants in the democratic process of natural resource manage-
ment.

Comments on or requests for this report should be directed to:

Information Transfer Specialist Records Management Section (OPS-4)
National Coastal Ecosystems Team Gulf of Mexico OCS Region

U.S. Fish and Wildlife Service Minerals Management Service
NASA/Slidell Computer Complex Post Office Box 7944

1010 Gause Boulevard Metairie, Louisiana 70010

Slidell, Louisiana 70458 (504) 8374720 ext. 2519

(504) 255-6511
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Satellite photograph of southeast Florida. Note large passes between islands in
the middle Keys. Florida Bay lies between the mainland and the Keys.

French Reef off Key Largo. Waves breaking on the reef flat; dive boats anchored
on the deeper spur and groove zone,

Looe Key National Marine Sanctuary viewed from seaward to landward, The
western area has deep reef development. Photo: Bill Becker, Newfound Harbor
Marine Institute.

Looe Key spur and groove zone, boats are between 20 and 30 ft long. White area
(mid left of photograph) is where the M/V Lola was aground. Photo; Bill
Becker, Newfound Harbor Marine Institute.

Grecian Rocks Reef, Key Largo National Marine Sanctuary. The dense cover
of coral is mostly Acropora spp. (brown color).

Fire coral Millepora complanata Middle Sambo Reef.

Octocoral Pseudopterogorgia acerosa hardgrounds off Soldier Key.

Staghorn coral (Acropora cervicornis) Eastern Sambo Reef.

Elkhorn or moosehorn coral (Acropora palmata) (heavy blades) and fused
staghorn coral (4. prolifera) (right).

Star coral Montastraea annularis at Elkhorn Reef, Biscayne National Park .

Brain coral Diploria strigosa on Elkhorn Reef,

Large star coral Montastraea cavernosa.

Pillar coral (Dendrogyra cylindrus) off Key Largo.

Coral polyp, central mouth, ring of tentacles; small knobs on the tentacles are
the nematocysts, color from algal symbionts, zooxanthellae.

Acropora palmata ovary with an unfertilized egg.

Closeup photograph of the brain coral Colpophyllia natans with two feather
duster worms (Spirobranchus giganteus) at French Reef.

Stony coral skeleton of Scolymia lacera, Florida Middle Ground.

Large tub sponge Xestospongia muta.

A large colony of elkhorn coral (Acropora palmata) turned over during a winter
storm at Elkhorn Reef. New branches are developing from the former base area.

Vegetative recruitment from branch fragments of Acropora palmata.

Patch reefs, aerial view, John Pennekamp Coral Reef State Park; halos surround the reef.

Patch reef, aerial closeup, John Pennekamp Coral Reef State Park.

Small patch reef, Montastraea and Diploria spp.

Seagrass Thalassia testudinum , adjacent to patch reefs.

Patch reef community; note the many juvenile fish.

A Siderastrea siderea star coral with protruding sponge ostia, octocorals, and
a young Haemulon sp.

Bank reef, reef flat zone, barren except for encrusting algae.

Bank reef, shallow spur and groove zone; fire corals and Palythoa are the
conspicuous organisms.

Bank reef, shallow spur and groove zone; fire coral and juvenile bluehead wrasse
(Thalassoma bifasciatum).

Bank reef, deep spur and groove zone, elkhorn coral (A cropora palmata).

Deep spur and groove zone, elkhorn coral (Acropora palmata) with resident
schoolmaster snapper (Lutjanus apodus).

Bank reef, forereef zone.

Bank reef, forereef zone; note extreme competition for space.

Bank reef, deep reef zone, platy lettuce coral (4garicia lamarcki), French
Reef, Key Largo National Marine Sanctuary.

Censusing coral at Elkhorn Reef, Biscayne National Park.

Fireworm (Hermodice carunculata), a coral-eating marine worm seen here
feeding on staghorn coral (4cropora cervicornis).

Diploria strigosa infected by black ring disease caused by the blue-green algae
Oscillitoria on Hens and Chickens Reef.

Spiny lobster (Panulirus argus), patch reef off Key Largo.
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CHAPTER 1

CHARACTERIZATION OF THE RESOURCE

1.1 OVERVIEW

Coral reefs are highly complex and diverse
communities of biota, a phenomenon of the tropics
and subtropics limited by such factors as suitable sub-
stratum, temperature, light, and sedimentation. In
simplest terms coral reefs are concentrated complexes
of corals and other organisms that construct a limestone
structure in shallow water. In the initial building process,
a set of primary framework builders set down the first
structure; later colonizers add to the volume. Skeletal
breakdown by physical and biclogical actions creates
carbonate sediments, which are recycled by other biolog-
ical processes or are cemented to the reef framework
through biological or geochemical processes.

The coral reef complex found off southeast
Florida represents a mosaic that exhibits extreme
variability in all parameters used to evaluate biological
communities. Coral reefs provide a wide spectrum of
vocational and recreational activities. Many important
fisheries are directly tied to these reef communities;
a reef’s principal resource value (economically) is as a
highly productive habitat: it concentrates marine protein
in a localized area. Coral reefs also play a significant
role in the tourist industry of southeast Florida,

While the level of reef usage is increasing as
southeast Florida experiences rapid population growth,
management of these reef communities tends to lag or
is unresponsive to the problems described herein.

Scientific and lay literature has reported real
and potential threats to southeast Florida coral reefs
(Straughn 1972; Voss 1973; Davis 1977a; Dustan
1977b; Bright et al. 1981). Impacts have included vessel
groundings and sinkings, oil spills, anchor damage, beach
renourishment dredging, fishery activities (lobster trap
recovery), tropical fish and invertebrate collecting,
shipwreck salvage, and diving-related activities. Individ-
ually these acts do not greatly affect the resource
vitality, but the chronic and synergistic nature of some
of these acts is cause for concern.

The goal of this document is to serve as a refer-
ence for those interested and concerned individuals
responsible for environmental management of the
resource, as well as those seeking a better understanding
of Florida’s coral reefs.

1.2 CORAL REEF DISTRIBUTION

Although the tropical coral reef communities
found off southeast Florida (Figure 1) are the emphasis
of this report, a brief summary of coral reef distributions
throughout Florida will aid in understanding this re-
source. From the Georgia border to near Fort Pierce on
the Atlantic coast, in depths of 15-50 m, Oculina (pret-
zel coral) bank communities are the dominant coral
community (Avent et al. 1977; Reed 1980). These are

low-diversity coral assemblages, but important fishery
habitat. Grouper find refuge, feed, and breed in and near
these structures. From Stuart (St. Lucie Inlet) to near
Palm Beach is a transitional community of Oculina bank
flora and fauna and hardier elements of the tropical reef
biota. This region is characterized by the convergence of
the temperate and subtropical climate zones. From Palm
Beach southward to Miami (Cape Florida) elements of
the tropical coral reef biota become increasingly impor-
tant in a north-to-south gradient; however, the building
of three-dimensional reef structures does not occur. This
area is characterized as an octocoral-dominated hard-
ground community (Goldberg 1973a). The two stony
corals most responsible for reef building (Acropora
palmata, elkhorn coral, and Montastraea annularis, star
coral) rarely occur here, and currently do not actively
build reefs. Acropora palmata was once an important
reef builder in this area, but it ceased building reefs
about 4,000 years before present (YBP) (Lighty 1977,
Lighty et al. 1978). Today only a few isolated colonies
are found north of Fort Lauderdale.

The region of maximum coral reef development
is restricted to south and west of Cape Florida, offshore
of the Florida Keys archipelago (Figure 1). This small
chain of islands extending from Soldier Key to Dry
Tortugas exhibits a diverse pattern of hardgrounds,
patch reefs, and bank reefs from 25 m to 13 km off-
shore. This is the only shallow water (< 10 m) tropical
coral reef ecosystem found on the Continental Shelf of
North America, and has been referred to as “The Florida
Reef Tract” (Vaughan 1914a). This discontinuous
assemblage of reefs forms an arc paralleling the Keys’
coastline in a general southwesterly trend. Landward,
the reefs are bounded by the Keys and a series of shal-
low embayments (Biscayne Bay, Card and Barnes
Sounds, and Florida Bay); seaward of the reefs are the
Straits of Florida and the Florida Current. The Florida
Current, a subsystem of the Gulf Stream, plays an
important role in the existence and maintenance of coral
reefs off southeast Florida. It modifies the environment
by moderating winter temperatures. The current’s source
is tropical;, hence, its waters are significantly warmer
than resident shelf water masses during the winter,
thereby modifying winter thermal conditions such that
offshore reef development is not hindered by extremely
cold weather that occasionally occurs when cold fronts
intrude into southeast Florida. Inshore patch reefs,
however, are more vulnerable to cold extremes caused
by winter weather. The current system is dynamic, and
eddies or meanders bring considerable volumes of water
into the reef environment. This brings plankton, a food
source, and new recruitment from nonresident popula-
tions to the reefs. The significance of the Florida Cur-
rent cannot be overestimated when considering coral
reef existence off southeast Florida.
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Figure 1. Tropical coral reef communities off south Florida.



The Keys or islands act as barriers to cross shelf
water transport from shallower bays and sounds. These
bays are very shallow, hence much influenced by mete-
orological events. Temperature, salinity, and turbidity
can be significantly affected. Heavy rainfall, drought,
and winter cold fronts are the major influences. Coral
reef distribution patterns reflect the extent of water
exchange between the bays and sounds and the Atlantic.
The larger northern Keys (Elliott and Largo) have exten-
sive reef development off their coasts; the middle Keys,
which are smaller and more separated, have numerous
channels communicating with Florida Bay (Plate 1a) and
exhibit less reef development than the upper or lower
Keys. The influence of Florida Bay on water quality
negatively affects reef development in the middle
Keys area.

Major bank reefs off the Florida Keys include
Carysfort, Elbow, Key Largo Dry Docks, Grecian
Rocks (Plate 3a), French (Plate 1b), Molasses, Alligator,
Tennessee, Sombrero, Looe Key (Plate 2a and b),
Eastern, Middle, and Western Sambos, American Shoals,
Eastern and Western Dry Rocks, Rock Keys, and Sand
Key. Dry Tortugas is studded with various coral reefs
(Davis 1979, 1982).

Off the west coast of Florida, tropical reef
development is nonexistent. Ledges and outcroppings
are a special rocky habitat which supports an association
of hardy corals and other biota; however, they do not
construct three-dimensional reefs., The Florida Middle
Ground (a fossil reef formation about 157 km northwest
of Tampa Bay), while exhibiting higher diversity in coral
species, is not an active coral reef comparable with those
found off southeast Florida. These areas in the eastern
Gulf of Mexico, however, are critical habitats that
should be provided with rational management, especially
since important fisheries are found in association with
the gulf live bottom communities,

1.3 COMMUNITY DISTRIBUTION

The Florida Keys possess coral reef communities
similar to those found in the Caribbean and other
tropical Atlantic areas. The reefs are bathymetrically
distributed from less than 1 to 41 m deep. Large-scale
synoptic mapping of the Keys’ reefs has been recently
completed (Marszalek et al. 1977; Marszalek 1981,
1982). Caution should be exercised when interpreting
these maps, as they use mapping units based on geo-
logical and biological criteria, and in some cases errant
interpretation could occur due to their large scale and
criteria used.

The basic pattern of marine communities in
southeast Florida (where commercial development has
not occurred) is one of a shoreline dominated by man-
groves, rocky intertidal, or sedimentary environments.
From the intertidal zone to Hawk Channel is a mosaic of
environments including sediments, seagrass exposed
Pleistocene rock, and some patch reefs. Seaward of
Hawk Channel, patch reef abundance and frequency
increase and bank reefs begin to occur. Seagrass is often
abundant and sediment is coarser. Seaward of the bank

reefs the sea bottom (where it has been investigated)
consists of sediments, sponge habitats, and rubble, with
occasional rocky outcrops that generally parallel the
basic reefs.

The coral reefs, seagrasses, and mangroves are all
integrated into the coastal ecosystem of southeastern
Florida. Motile species and trophic energy webs are
integrated and interrelated among the three communi-
ties.

1.4 HISTORICAL RESUME' OF FLORIDA CORAL
REEF RESEARCH

Arbitrarily, coral reef research can be chrono-
logically placed into three periods: early (to 1900),
middle (1900 to 1950), and recent (1950 to present).
Early research was descriptive and taxonomic, and was
stimulated by the need to provide safe navigation for
marine commerce. National security also had some
influence in that the Caribbean Sea prior to 1860 was
frequented by pirates and European naval powers.
During the age of discovery, the Florida coastline was
crudely mapped by the Spanish and English. Agassiz
(1852, 1869, 1880, 1885, 1888), LeConte (1857), Hunt
(1863), and Pourtales (1863-1869, 1871, 1878, 1880)
provided the earliest reef descriptions and details about
the coast. They also initiated systematic description of
the many organisms found in and near the coral reefs.

During the middle period, establishment of the
Tortugas Laboratory on Loggerhead Key by the Car-
negie Institution was the most significant factor bene-
fiting coral reef studies during the first half of the
twentieth century. Alfred G. Mayer and his colleagues
conducted much fundamental coral reef research from
the Tortugas Laboratory. Mayer (1914, 1916, 1918)
determined the thermal tolerances of tropical marine
organisms in general and reef coral in particular. T.
Wayland Vaughan was the most prolific Carnegie reef
researcher, reporting on the geology of Tortugas, south
Florida, and the Bahamas (Vaughan 1909, 1910, 1912,
1914a, 1914b, 1914c, 1914e, 1915a; Vaughan and Shaw
1916). He studied the taxonomy and growth rates of
scleractinian corals (Vaughan 1911, 1914d, 1915b),
summarized seawater temperatures at reef tract light-
houses (1918), and reported on the Tortugas current
structure (1935). Other students of scleractinian corals
include Duerden (1904), postlarval development in
Siderastrea radians; Matthai (1916), systematics; Bosch-
ma (1925, 1929), postlarval development in Manicina
areolata; Wells (1932), thermal tolerance knowledge;
and Yonge (1935a, 1935b, 1937), M. areolata aute-
cology, taxonomy of Siderastrea spp., and mucus
production in stony corals. Other reef-related research
from the Carnegie laboratory includes work by Cary
(1914, 1916, 1918a, 1918b), Octocorallia; Taylor
(1928), algae; deLaubenfels (1936), Porifera; and
Longley and Hildebrand (1941), fish. Another first for
the Tortugas laboratory was that the first underwater
color photographs of coral reefs were taken by Longley
at Tortugas. Dole (1914) and Dole and Chambers (1918)
reported on salinity at Tortugas and off Fowey Rocks



lighthouse. LeCompte (1937) described some Tortugas
reefs. Wells (1933, unpublished) contains considerable
information on the Tortugas reefs. A fire destroyed the
Tortugas Laboratory in 1937; it was never rebuilt,

Verrill (1902), Smith (1943, 1948, 1971),
Vaughan and Wells (1943), and Wells (1956) are the
relevant scleractinian taxonomic and systematic refer-
ences. During the recent period (1950 to present) there
has been a great proliferation of scientific literature
dealing with Florida coral reefs. Growth rates of coral
species were detailed by Broecker and Thurber (1965),
Shinn (1966), Jaap (1974), Landon (1975), Emiliani et
al. (1978), Dodge (1980), and Hudson (1981). Popu-
lation dynamics of scleractinian corals were reported by
Dustan (1977a). Brooks (1963), Halley (1979), Davis
(1982), and Porter et al. (1982) added to Tortugas
information.

Ecological studies and reviews include Smith et
al. (1950), Voss and Voss (1955), Jones (1963, 1977),
Glynn (1973), Hudson et al. (1976), Hudson (1981),
Goldberg (1973a, 1973b), Antonius (1974a), Kissling
(1975), and Shinn (1975). Coral reef fish studies in-
cluded Springer and McErlean (1962a, 1962b), Starck
(1968), Starck and Davis (1966), Bohlke and Chaplin
(1968), Emery (1973), and Jones and Thompson
(1978). Reef morphology and physiography were
reported by Stephenson and Stephenson (1950), Shinn
(1966), Kissling (1965), Starck and Schroeder (1965),
Starck (1966), Straughan (1978), Turmel and Swanson
(1971), Weeks (1972), Hannau and Mock (1973), and
Avent et al. (1977).

Geological literature includes Ginsburg (1956),
Brooks (1963), Alt and Brooks (1965), Hoffmeister and
Multer (1968), Duane and Meisberger (1969), Enos
(1970), Multer (1971), Raymond (1972), Ginsburg
(1973), Enos (1974), Gleason (1974), Hoffmeister
(1974), Enos (1977), Lighty (1977), Lighty et al.
(1978), Shinn (1980), Mitchell-Tapping (1981), and
Ghiold and Enos (1982). Geographical research includes
work by Ginsburg and Shinn (164), Marszalek et al.
(1977), Marszalek (1981, 1982), Reed (1980), and
Stoddart and Fosberg (1981).

Guidebooks or general references to Florida reefs
include Hoffmeister et al. (1964), Ginsburg (1972a,
1972b), Zeiller (1974), Voss (1976), Greenberg (1977),
Colin (1978a), and Kaplan (1982). Hurricane impacts on
Florida reefs have been documented by Springer and
McErlean (1962a), Ball et al. (1967), Perkins and Enos
(1968), and Shinn (1975). The effect on coral reefs by
other meteorological phenomena was studied by Jaap
(1979), Walker (1981), and Roberts et al. (1982).
Physical and chemical oceanography adjacent to the reef
tract includes studies by Hela (1952), Chew (1954),
Stommel (1959), Wennekens (1959), McCallum and
Stockman (1964), Gordon and Dera (1969), Hanson and
Poindexter (1972), Lee (1975), Lee and Mayer (1977),
Lee and Mooers (1977), and Leming (1979).

The Octocorallia were reported on by Goldberg
(1973a, 1973b), Opresko (1973), Cairns (1977), and
Wheaton (1981). Underseas parks were reported on by
Voss et al. (1969), Spotte (1972), Tzimoulis (1975), and

Jameson (1981). Florida Current plankton was reported
on by Bsharah (1957). Emery (1968) discussed coral
reef plankton. Coral predators and boring and rasping
biota were reported by Robertson (1963), Ebbs (1966),
Antonius (1974b), Hein and Risk (1975), and Hudson
(1977). Physiology of reef corals, particularly the
symbiotic relationships of corals with zooxanthellae, was
studied by Kanwisher and Wainwright (1967), Kriegel
(1972), Chalker (1976, 1977), and Chalker and Taylor
(1978). Reports on the impact of human activities
include McCloskey and Chesher (1971), Hubbard and
Pocock (1972), Straughan (1972), Voss (1973), Anto-
nius (1974b, 1976, 1977), Courtenay et al. (1974),
Griffin (1974), Jaap and Wheaton (1975), Manker
(1975), Shinn (1975), Chan (1976), Britt and Associates
(1977), Davis (1977a), Dustan (1977b), and Bright et al.
(1981). Coral reef growth rates in Florida were reported
by Hoffmeister and Multer (1964), Shinn et al. (1977),
and Shinn (1980).

Echinoid distributions in John Pennekamp Coral
Reef State Park were studied by Kier and Grant (1965).
Miller et al. (1977) reported on diatoms in the park.
Jameson (1981) reported on the biology, geology, and
cultural resources in deeper regions of the Key Largo
National Marine Sanctuary. Workshop and symposia
literature includes Stursa (1974) and Taylor (1977).
Shinn (1979) detailed collecting-permit requirements for
biological and geological sampling in the Keys’ area.

1.5 ECONOMIC SIGNIFICANCE

Exploitation of Florida’s reef resources began
with the Caloosa Indians, who harvested marine protein
(fishes, lobsters, and conchs), shells, and coral for
trading. Excavated middens occasionally contain coral
artifacts. During the mid-17th to late-19th centuries, the
Florida reefs posed a significant navigational hazard to
Europeans and Americans. Today, salvagers recover gold,
silver, and artifacts from the numerous shipwrecks
adjacent to the reefs. Many reefs are named for ship-
wrecks. Looe Key Reef is named for the 44-gun British
Frigate, the HMS Looe, which was wrecked on the reef
the morning of 5 February 1744. Molasses Reef is
named for an unknown vessel laden with molasses that
foundered there.

Early Florida Keys’ settlers had a thriving enter-
prise of luring unsuspecting ships onto the reefs with
false beacons. They then claimed salvage rights on the
wreck, salvaged the cargos, and auctioned them off.
Wood from the vessels was also salvaged. Many of the
older homes in Key West are constructed with salvaged
ship timbers. In an effort to reduce the shipwrecks, early
coral reef work was directed toward mitigating the
hazards. This resulted in the lighthouse construction
between 1825 and 1886 on the most dangerous reefs,
These lighthouses significantly changed the nature of the
Keys’ economy. Fishing, cigar making, sponge har-
vesting, and agriculture replaced shipwrecking as the
major economic endeavor at Key West.

Commercial sale of coral began in Key West
around 1830 and remained a poorly organized cottage



industry until 1950. During that period collectors
used either grappling hooks from boats or hand har-
vested while reef diving. The industry changed with the
advent of scuba diving and the increased interest by the
general public in the marine environment, There was
increased demand for coral by tourists as well as for
export to northern markets. No quantitative data exist
on the magnitude or economics of the coral harvest. It is
suspected that commercial coral harvest at no time
employed more than 20 individuals working on a part-
time seasonal basis. In 1973 and 1975 Florida enacted
statutes making it illegal to collect, sell, or damage stony
corals (Millepora and Scleractinia) and two species of sea
fan (Gorgonia) within State waters. In 1976, the Federal
Government (Bureau of Land Management) wrote
regulations under the authority of the Outer Continental
Shelf Lands Act to protect corals and reefs in the area
under federal jurisdiction (beyond the 3-mi limit in the
Atlantic). The Fifth Circuit Court of Appeals, however,
ruled that these regulations can only be applied when
active mineral or petroleum exploration or production is
occurring in the immediate vicinity of the coral. Current-
ly, the Gulf of Mexico and South Atlantic Fishery
Management Councils are preparing a management plan
for corals and coral reefs in the region between North
Carolina and the Texas-Mexican border.

Today, coral being sold is foreign. From 1977 to
1979, 200,000 pieces of coral were imported with a
dockside value of $31,500. Retail markup would place
the value of imported coral at about $95,000. Most of
this coral came from the Philippines, where collecting
and selling coral is illegal, but enforcement is difficult
because of the thousands of islands belonging to this
nation.

Economically, Florida coral reefs directly or
indirectly generate an estimated $30 million-$50 million
annually within the Monroe County region, These
monies come from all aspects of fishing, diving, educa-
tion, and research. Commercial fishing in particular
depends heavily on the coral reef habitats. Most of the
sought-after species spend all or part of their lives in the
reefs. For some species, the coral reefs are a nursery area
where juveniles mature into adults. Many species breed
and/or feed within the confines of the coral reef. Resi-
dent fish populations may only seek shelter and refuge
in the reef and feed in the nearby surrounding grass
flats or the open sea. The life history patterns of indi-
vidual species vary, but the reef is a critical link to the
success of these species. Table 1 presents commercial
landings of reef-related species in Monroe County for
1980.

Diving as a sport and hobby attracts more than a
million people to the Florida Keys annually. These
divers rent and purchase equipment, charter tours to the
reefs, and purchase food and lodging. Tourists come
from as nearby as Homestead and Miami, and as far
away as Europe and Canada. A 1979 Skindiver magazine
survey indicated that the Florida Keys was the most
popular diving location in the United States among
traveling divers. The survey reported that the average
diver spent about $718 per trip. There are 40 businesses

Table 1

Commercial landings of reef-related species in Monroe
County, 1980 (NMFS 1981).

Weight Value
Species (ib) %)
Ballyhoo 311,724 85,871
Jacks 29,881 2,674
Dolphin 89,977 33,099
Grouper & scamp 509,794 451,014
Hogfish 34,184 17,965
Jewfish 32,646 5,312
Shark 175,643 18,365
Snappers
Lane 15,526 6,890
Mangrove 240,117 127,530
Mutton 160,469 131,419
Red 15,532 20,820
Vermilion 915 861
Yellowtail 735,104 730,744
Triggerfish 105 19
Warsaw grouper 3,371 1,324
Spiny lobster 4,656,018 10,132,913
Spanish lobster 28,199 67,814
Total 7,039,205 11,834,634

in Monroe County devoted entirely to tourist diving. For
the most part this activity is a nonconsumptive form of
reef usage. Most tourists come to experience the reef
environment firsthand and to observe fish. Some divers
do spearfish and catch lobsters. Spearfishing is banned in
some marine parks and sanctuaries, i.e., John Penne-
kamp Coral Reef State Park, Key Largo National Marine
Sanctuary (JPCRSP—KLNMS), and Ft. Jefferson Nation-
al Monument. Much of the tourist diving is concentrated
offshore of Key Largo in JPCRSP—KLNMS, off Big
Pine Key at Looe Key National Marine Sanctuary
(LKNMS), and off Key West.

Besides diving, there are glass-bottom boat tours
that allow the nondiver to enjoy the reef firsthand
without getting wet. Charter airplanes also fly tourists
over the reefs. Tourist gift shops market many reef-
related souvenirs, from colorful T-shirts to postcards.

All levels of education, from elementary to
graduate school (including youth organizations, scouts,
sea camps, and diving schools), bring students to the
coral reefs to supplement classroom experiences. Special
publications, documentaries, and movies about the coral
reefs are produced. These are an economic and educa-
tional benefit to the Nation.

Economic impacts of applied and basic research
on coral reef communities include equipment rentals, air
fills, and lodging. Potential commercial applications
of this research will benefit pharmacology (anti-cancer
compounds from various reef organisms are being



tested), medicine (artificial bones), geology, reef fish-
eries management, aquaria, mariculture techniques, and
archaeology.

Revenue from all these activities reenters the
south Florida economy and generates employment for
many other people in the service sectors. The corals’
greatest value, however, is as a living resource, and not as

an item of commerce. Their habitat value and attraction
to divers are worth far more than as an item of com-
merce. While coral reefs remain on the seafloor, they are
like a good investment: they continue to generate
monies through the marine protein harvested there and
the divers who come to enjoy them. As curios, they
bring a smaller dividend to a fewer number of people.



CHAPTER 2

THE ENVIRONMENT

2.1 CLIMATE

The climate of southeast Florida is characterized
as subtropical marine in Miami and tropical maritime in
Key West (NOAA 1981). The region is heavily influ-
enced by the adjacent marine environments; the Florida
Current, Gulf of Mexico, and Atlantic Ocean affect the
terrestrial and marine climates during different seasons.
Daily average air temperatures in Key West range from
lows of 18.8° C during January to highs of 31.9° Cin
August (NOAA 1981). Compared to those of Key West,
Miami air temperatures are measurably lower in winter
and slightly lower during summer (Table 2 and Figures 2
and 3). There is a dry season from November to April in
Miami and November to May in Key West. Key West
averages 1,007.4 mm of precipitation annually; Miami,
1,518.9 mm (Table 3 and Figure 4). Key West’s weather
station is within 0.5 km of the coast and is more repre-
sentative of the reef situation. Throughout most of the
year southeast and east-southeast winds prevail, and
velocities normally range from 10 to 20 km/hr; wind
velocity is less during the summer (Table 4 and Figure

5).
2.2 HURRICANES

Severe hurricanes are common meteorological
phenomena in southeast Florida. A formal hurricane

Table 2

Monthly air temperatures (°C) for Miami and Key West
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Monthly mean air temperature for Key

West and Miami (NOAA 1981). Data base is 29 years
for Key West; 38, Miami.
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Key West and Miami (NOAA 1981). Data base is 29
years for Key West; 38, Miami.

Table 3

Monthly precipitation (mm) for Miami and Key West

(NOAA 1981). (NOAA 1981).
Miami Key West Miami Key West
a

Period? Range Mean Range Mean Month mean mean
January  14.8-242 19.6 18.8242  21.5 ;a““a”’ i‘;'g 33 'g
February  15.024.8 199 192248 220 Meb“}‘lary o 396
March 172264 21.8 21.0263  23.7 are o1 4 51
April 19.6-28.2 239  23.1-28.1 25.6 ﬁprﬂ 1554 38
May 21.5-29.6 256  24.7-29.6 27.2 ay By 115.6
June 233311 272 262311 286 June 17?'2 loa g
July 242317 279 267318 292 July 70 1135
August 24.3-32.2 283 26.6-319 29.3 A“g““b 2220 186.4
September 23.9-31.3 27.6 25.9-31.0  28.4 September o8 1415
October  21.7-29.2 25.4 240289  26.4 October o1 Pl
November 18.1-26.6 22.3 21.4-26.4  23.9 N“""‘Ee‘ 17 386
December 15.6-24.8 202 19.2247  21.9 December L _
Yearly 14.8322 242 18.8-319  25.7 Yearly total 1,518.9 1,015.7

aClimate data base for Miami = 38 years;
Key West = 29 years.

3Climate data base for Miami = 38 years;
Key West = 29 years.



300

D KEY WEST
O MiAMI
200 1
b
b=
100 4
Q0 = T T — T T T T Y T
J F M A M J J A S O N D
Figure 4. Monthly mean precipitation for Key

West and Miami (NOAA 1981). Data base is 29 years
for Key West; 38, Miami.

Table 4

Monthly wind speed (km/hr) and direction for Miami and
Key West (NOAA 1981).

Miami Key West
Month? Mean Direction Mean Direction
speed speed
(km/hr) (km/hr)
January 15.3 NNW 19.5 NE
February 16.3 ESE 19.6 SE
March 16.9 SE 20.3 SE
April 17.2 ESE 20.6 ESE
May 15.4 ESE 17.4 ESE
June 13.2 SE 15.6 SE
July 12.7 SE 159 ESE
August 12.7 SE 15.4 ESE
September 13.2 ESE 16.3 ESE
October 15.0 ENE 18.2 ENE
November 15.4 N 19.5 ENE
December 14.8 N 19.5 NE
Yearly 14.8 ESE 18.2 ESE

2Climate data base for Miami = 38 years;
Key West = 29 years.
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Figure 5. Monthly mean wind velocity for Key
West and Miami (NOAA 1981). Data base is 29
years for Key West; 38, Miami.

season exists from 1 June to 30 November. Thirteen
major hurricanes have passed across the reef tract and
struck the Florida Keys since 1894, Criteria for a major
hurricane include one or more of the following: 200-
km/hr wind speed; winds reaching out 160 km from the
hurricane eye; barometric pressure of 716.28 mm of
mercury or less; and/or tide surge of 2.7 m or greater.
The Florida Keys has a greater probability of hurricane
impact (one in seven) than any other Florida coastal area
(Florida Department of Natural Resources 1974). Facts
pertaining to hurricane impacts on coral reefs will be
detailed in the reef ecology chapter. Table 5 summarizes
major hurricanes that have crossed the reef tract since
1873.

2.3 SOLAR RADIATION

Peak solar radiation occurs between 0900 and
1500 hr in Florida (Barnes and Taylor 1973). Trans-
mittance through the water column is greatest at solar
noon; albedo (reflection) is significant during early
morning and late afternoon. According to Hanson and
Poindexter (1972), maximum solar energy was expended
at the air-sea interface from 1000 to 1400 hr; most of
the energy was expended in heating the water column,
Gordon and Dera (1969) studied solar radiation atten-
uation between Key Largo and Great Abaco Island,
Bahamas, and found that in the surface layers (0-5 m)
the attenuation (diffusion coefficient) was 0.11-0.57
Kd/m between Miami and the Florida Current. Hanson
and Poindexter (1972) reported that the amount of solar
radiation impinging on the bottom at 13 m ranged
between 5% and 17%; zenith angle, cloud cover, wave
action, and turbidity all influenced transmittance,
Kanwisher and Wainwright (1967) reported that Florida
reef corals required between 200 and 700 footcandles
(fc) of solar illumination for autotrophic self-reliance
(compensation point). On clear days these values cor-
related with a depth of about 30 m.

2.4 SEAWATER TEMPERATURE

The most extensive data base for reef seawater
temperatures appears in Vaughan (1918). These data
came from several lighthouses and Ft. Jefferson, Dry
Tortugas, and are summarized in Table 6 and Figures
6-10. More recent data from a patch reef in Biscayne
National Park are presented in Table 7 and Figure 11.
Temperature extremes are from 14° to 38° C; most
annual ranges are from 18° to 30° C. Mean values are
above 18° C, the threshold temperature generally ac-
cepted for structural reef development by reef building
corals (Wells 1956). Temperature variability (range and
standard deviation) is greater during the winter. In
recent winters (since 1976), polar air masses have cooled
coastal waters, causing fish kills and coral mortalities.
Areas that have suffered the greatest harm from thermal
stresses are off Loggerhead Key, Dry Tortugas (staghorn
coral thickets), and patch reefs off Plantation Key (Hens
and Chickens and The Rocks). Cold water masses are
created in Florida Bay during the winter passage of polar



Table 5

Major hurricanes crossing the coral reefs from 1873 to 1966 (Sugg et al, 1970).

Hurricane Date Wind speed Tide height
name Day Year (km/hr) (m)
18-30 September 1894 167 (est.) -
1896 161 (est.) -
27 August 1900 — -
11-22 October 1906 - -
6-13 October 1909 - —
9-23 October 1910 177-201 (est.) 5
2-15 September 1919 177 (est.) -
11-22 September 1926 222 24
22 September-4 October 1929 - -
31 August-7 September 1933 201-225 -
29 August-10 September 1935 322 5-6
30 October-8 November 1935 121 —
3-14 October 1941 121-198 -
12-23 October 1944 193 2-4
11-20 September 1945 175-315 2-4
5-14 October 1946 129 5
9-16 October 1947 — —
18-25 September 1948 196 2-6
3-15 October 1948 161 2
Easy 1-9 September 1950 117 -
King 13-19 October 1950 196-241 2
Donna 29 August-13 September 1960 225-322 4
Cleo 20 August-3 September 1964 177217 2 (est.)
Betsy 27 August-12 September 1965 266 (gusts) 2-3
Alma 4-14 June 1966 201 —
Inez 21 September-11 October 1966 21-150 2
Table 6
Reef seawater temperatures (°C) (Vaughan 1918).
Reef
Tortugas Sand Key Carysfort Fowey Rocks
(1879-1907) (1878-1890) (1878-1899) (1879-1912)
Month Range Mean Range Mean Range Mean Range Mean
January 19.4-248 22.1 17.9-24.1 21.8 18.2-25.9 22.5 15.8-26.2 22.2
February 18.7-244 221 18.3-25.3 228 20.6-24.8 23.0 15.6-24.5 22.5
March 19.6-254  22.8 20.4-27.3 238 21.1-25.6 23.1 18.7-27.4 22.9
April 17.9-25.8 23.6 22.5-28.5 26.1 22.4-26.4 239 21.0-29.4 24 .4
May 21.9-28.3 25.6 25.8-29.9 28.2 24.0-27.9 25.5 21.4-29.2 26.2
June 23.6-29.3 27.2 27.7-32.2 29.8 25.4-29.4 28.8 21.5-29.6 27.2
July 24.7-31.1 28.8 29.9-31.9 31.1 27.1-30.2 30.0 23.4-30.9 28.3
August 24.2-309 293 29.2-32.2 307 26.5-30.3 30.0 23.5-31.2 28.7
September 24.1-30.5 28.8 28.7-31.2 30.3 27.2-30.1 29.6 22.9-30.7 28.3
October 225294 273 24.5-30.1 27.6 23.8-29.1 27.6 22.3-29.4 27.0
November 21.4-2800 253 22.3-27.1 25.1 23.0-28.7 25.5 20.0-28.4 25.0
December 21.3-26.4 23.2 18.4-26.0 22.5 21.0-27.3 233 15.8-27.9 23.1




28
[ 2]
3
@ 24
w
(8]
S 204
i O MAXIMUM

16 O MEAN

O MINIMUM
2 b — —

M A M J J A S O N D

Figure 6. Monthly minimum, mean, and maximum
seawater temperature at Fowey Rocks, 1879-1912
(Vaughan 1918).
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Figure 7. Monthly minimum, mean, and maximum
seawater temperature at Carysfort Reef, 1878-1899
(Vaughan 1918).
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Figure 8. Monthly minimum, mean, and maximum
seawater temperature at Sand Key, 1878-1890
(Vaughan 1918).
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Figure 9. Monthly minimum, mean, and maximum
seawater temperature at Dry Tortugas, 1879-1907
(Vaughan 1918).
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Figure 10. Minimum monthly seawater temperature
at Carysfort Reef, Dry Tortugas, and Fowey Rocks.

Table 7

Bottom (3 m) seawater temperature (°C) at Elkhorn

Control Reef, Biscayne National Park, 1978 (from
daily thermograph data, Biscayne National Park).

Standard

Month Range Mean deviation
January 17.5-23.1 20.8 1.3
February 16.7-22.4 20.0 14
March 20.4-23.8 22.3 0.9
April 22.3-25.1 24.2 0.7
May 24.5-27.8 26.6 0.7
June 27.2-30.3 28.6 0.8
July 28.5-30.3 29.3 04
August 28.7-30.3 294 0.4
September 28.4-299 29.0 04
October 25.2-29.6 28.0 13
November 25.1-27.0 259 04
December 23.8-26.1 24.9 0.8
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Figure 11. Monthly minimum, mean, and maximum
seawater temperature (3m) at Elkhorn Control
Reef, Biscayne National Park, 1978 (from thermo-
graph data, Biscayne National Park).

air masses (Roberts et al. 1982). Offshore (into the
Atlantic) transport is the effect of tidal pumping,
northerly winds, and density gradients. Communities
adjacent to tidal channels suffer the greatest impact
from this thermal stress. Conversely, during the summer,
the Florida Bay water may become hyperthermal
C 31° C) because of solar heating, and communities
near tidal passes are more affected.

Seawater temperature reflects the annual climatic
cycle: seawater temperatures are lowest from December
through March. Temperature peaks in August or early
September and cools throughout the fall and winter.
A comparison of seawater temperature with air temper-
ature (Tables 2, 6, and 7) for Miami with the recent
Biscayne National Park data shows that mean seawater
temperature is warmer than mean air temperature
throughout the year.

2.5 TIDES

The Atlantic coast from Miami to Key West
exhibits a semidiurnal tidal pattern. The area close to
Key West is influenced by the Gulf of Mexico, which
experiences semidaily or daily tides. Table 8 presents
mean and spring tide ranges for several reefs. The major
effect of tides on reef communities is the reduction of

Table 8

Tidal ranges for several southeast Florida reefs
(NOAA 1981).

Mean
Location tide level Mean tide Spring range

(m) (m) (m)
Fowey Rocks 0.4 0.7 0.7
Molasses Reef 0.3 0.7 0.8
Alligator Reef 04 0.6 0.7
Sand Key Reef 0.2 0.4 0.5
Garden Key, 0.2 0.3 Not given

Dry Tortugas
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water depth during spring low tides when shallow reef
flats may be near emergent. During the summer, if wind
speed is low, heating of the water column may cause
hyperthermic conditions such that zooxanthellae (sym-
biotic algae within the coral tissue) may be expelled
(Jaap 1979; Hudson, in press). During the winter the
reef flat water may be hypothermic, again causing
thermal stress (Hudson et al. 1976; Hudson, in press).

A trend of decreasing mean levels and ranges is
noted as one approaches the Gulf of Mexico. Tidal cur-
rents for the reef area are not presented in the Tide
Current Tables prepared by the National Oceanic and
Atmospheric Administration. There are significant tidal
currents between Florida Bay and the Atlantic.

2.6 SALINITY

The reef tract area experiences oceanic salinities
as summarized in Table 9. The region adjacent to Bis-
cayne Bay is an area where heavy rainfall can reduce
salinities for short periods. Dole and Chambers (1918)
reported that heavy precipitation in Miami almost
always was followed by temporary reduction in chlorin-
ity and salinity at Fowey Rocks 24 hr later. Flat low
land, porous soils, and distance offshore minimize the
effect of rainfall on salinity in the reef tract areas.

Rarely, entrained Mississippi River spring runoff
is carried along the inshore side of the Florida Current.
This water mass has salinities of 32-34 ppt, which is
within the tolerance limits of reef corals.

Diurnal salinity fluctuations at Margot Fish Shoal
ranged from 37.8 to 37.3 ppt because of evaporation
and precipitation (Jones 1963).

During hot summer periods, density sinking on
shallow reef areas is common. Evaporation creates dense
hypersaline surface layers whick sink and mix poorly
with subsurface cooler waters. Swimmers can feel and
see this phenomenon.

2.7 DISSOLVED OXYGEN

Jones (1963) and Jaap and Wheaton (1975)
provide limited information on dissolved oxygen. The
water column ranges diurnally from 90% to 125%
oxygen saturation. Daily maximum values are attained
between 1400 and 1600 hr (Jones 1963).

2.8 TURBIDITY

Transparency (equivalent Secchi disc depth) for
several stations off the Florida Keys was reported by
Williams et al. (1960). They reported that the equivalent
Secchi distances ranged from 4.5 to 35 m in this area.
Variability of water clarity is considerable. Following
storms the water may be nearly opaque. Plankton and
suspended matter also affect water clarity.

Water clarity and sedimentation rates for a
dredge operation near Basin Hills, Key Largo, were
reported by Griffin (1974). Ambient or background
suspension concentration in the water column ranged



Table 9

Salinities in the Florida reef tract and vicinity.

Salinity
Location Dates range (ppt) Source
Dry Tortugas 1913 35.2-36.1 Dole 1914
Fowey Rocks 1914-1916 342-38.6 Dole and Chambers 1918
Soldier Key 1945-1946 33.1-37.1 Smith et al. 1950
Key West area 1953-1954 33.3-37.0 Chew 1954
Margot Fish Shoal 1961-1963 36.8-37.3 Jones 1963

from 0.5 to 3.7 mg/l at a nearshore patch reef. Suspen-
sion concentration within the dredge plume ranged from
18 to 212 mg/l. These levels are probably comparable to
the upper limits on the reef tract following a hurricane
Or major storm,

2.9 CURRENTS

A warm water current (the Florida Current)
flows through the Straits of Florida. Wust (1924)
calculated that 26 m3/sec pass through the constricted
area between Florida and Cuba. The current’s velocity is
in the magnitude of 150 cm/sec. It is composed of two
water masses in its surface layers. The eastern core is
composed of Caribbean water that flows into the Gulf
of Mexico through the Straits of Yucatan; the western
or nearshore portion of the current is composed of
water that flows from the Gulf of Mexico (Wennekens
1959). The Florida Current comes closest to Florida off
Palm Beach, where the central axis is about 15 km off
the coast. Off Dry Tortugas the current is 124 km south
of the islands. The current is very dynamic and meanders
a good deal. Generation of eddies off the main body of

the current brings current waters onto the shelf and to
the reef environments. As noted earlier, the current

moderates winter temperature and brings plankton of
Caribbean origin into the reefs. Maul (1976) presented
the variability of various components of the Gulf Stream
system (Figure 12). Schomer and Drew (1982) recently
reviewed the physical and chemical environment of
southern Florida.

2.10 GEOLOGICAL SETTING

The following information is paraphrased from a
field guide to south Florida sediments (Ginsburg 1972a).
The Florida-Bahamas region is a carbonate platform part
of the Atlantic and Gulf coastal province. The platform
is dissected by deep-water channels. The most important
consideration here is the Straits of Florida, which is
nearly 550 m deep. Marine portions of this platform are
generally shallow, less than 16 m deep in most places.
Deep test drilling in the area indicates the platform has
had a history of continuous subsidence and deposi-
tion of shallow-water carbonates and evaporites. Maxi-
mum depths of drill penetration (5,486 m at Cay Sal
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Bank) imply that no near-surface formations older than
upper Miocene are extant. The Florida pennisula south
of Lake Okeechobee has been a carbonate depositional
region during portions of the Mesozoic and throughout
the Cenozoic. Recent carbonate sediments are grossly
similar to older material. Two major strata dominate the
southern Florida coastal areas from Miami southward
along the keys. The Key Largo formation is a reef facies
formed during the Pleistocene and will be discussed in
more detail later. The Miami formation is also a Pleis-
tocene stratum that is composed of oolite and bryozoan
skeletons.

2.11 GEOLOGIC HISTORY AND PROCESSES

During the past 20 million years, major change
has occurred in western Atlantic coral reefs. Previously,
a cosmopolitan reef biota was found throughout the
tropics. Twenty million YBP, a land barrier emerged
terminating water movement between the Indian Ocean
and the Mediterranean Sea. Approximately 7 million
YBP, the Central American Isthmus developed, separat-
ing the Caribbean Sea and Atlantic Ocean from the
Pacific Ocean. What was previously a circum-equatorial
tropical zone had thus been isolated into separate
biogeographic provinces. During the late Oligocene and
early Miocene, 20-30 million YBP, the western Atlantic
area experienced its greatest proliferation of reef build-
ing. During the Pleistocene (at least 1 million YBP),
major environmental change extirpated the Pan Atlantic-
Pacific biota. Glacial periods occurred during this time;
during each period, sea level was drastically reduced and
the marine climate was cooler. Pacific genera of Sclerac-
tinia that were eliminated from the western Atlantic
include Stylophora, Pocillopora, Goniastrea, Goniopora,
Pavona, and Seriatopora (Newell 1971).

In Florida, a major coral reef community devel-
oped during the last major interglacial period, San-
gamon, 100,000-112,000 YBP; it was killed during
the last glacial advance (Wisconsin) because of the
reduction in sea level and the cooler climate. This
Pleistocene reef, known as the Key Largo formation,
extends from Miami Beach to at least Dry Tortugas and
seaward to the Straits of Florida. It varies in thickness
from 23 to 61 m or more; the basement has not been
reached in several cores. Wherever its base has been lo-
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cated, the formation was found to rest atop calcareous-
quartz sands. From near Miami to Big Pine Key the Key
Largo formation is found near the surface, but from Big
Pine Key to Key West it is overlain by the Miami Oolite
formation, which may be upwards of 12 m thick (Hoff-
meister and Multer 1968). Hoffmeister and Multer
(1968) and Hoffmeister (1974) reported that the ex-
posed portion of the Key Largo formation in the Florida
Keys is representative of a low-wave-energy patch-reef
community. The main evidence for this is that certain
scleractinian corals, in particular Acropora palmata
(elkhorn coral), are absent in the fossil record. Presum-
ably a series of events occurred such that the seaward
part of the Key Largo formation did, at one time,
possess high wave-energy communities similar to today’s
reefs; however, as sea level rose during the Holocene
transgression, these fossil communities were appar-
ently eroded away by wave action. Hoffmeister (1974)
reported that a core made near Looe Key Reef recovered
fragments of A. palmata from 18 m below the surface.

The Holocene transgression of sea level (Figures
13 and 14) indicates that 10,000 years ago the sea level
was about 30 m lower than today (Lighty et al. 1982).
Shinn et al. (1977) cored several recent reefs from Miami
Beach to Dry Tortugas and dated initial growth from
5,250 to 7,160 YBP. Reef growth or accretion rates

ranged from 0.65 to 4.85 m/1,000 years (Table 10;
Shinn et al. 1977). For comparison, Adey (1977)
reported reef growth off St. Croix, U. S. Virgin Islands,
was 15 m/1,000 years (this is the upper limit for Carib-
bean reef growth). Shinn et al. (1977) reported that the
base of recent reefs was Pleistocene Key Largo Reef,
fossil mangrove peat, and cross-bedded quartz fossil sand
dunes.

More recently, an extensive barrier reef existed
off the Ft. Lauderdale area, but it was extirpated about
7,000 YBP (Lighty 1977, Lighty et al. 1978). This reef
was a shallow-water Acropora palmata community. The
demise of this reef was attributed to environmental
change caused by increasing sea level (Lighty et al.
1978). Recent coral reef growth off the Florida Keys
started from 5,000 to 7,000 years ago.

Development of a coral reef integrates biological,
geological, chemical, and physical processes. Soon after
the first coral colonies settle and start to grow, the
breakdown of organism skeletons by biological and
physical agents occurs. Sediments created by these
activities become a part of the reef.

Finer sediments filter into voids and borings, and
the coarser fractions fill the interstitial space between
the reef framework. Reef tract sediments are carbonate
and are dominated by algal and coral skeletal material
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Table 10

Age and growth rate of Recent Florida reefs (Shinn et al. 1977; Shinn 1980).

Base age (YBP) Accretion Growth rate
Reef (with confidence limits) (m) (m/1,000 yr)
Long Key 5,630%120 5.0 0.65
Carysfort 5,250185 7.3 0.864.85
Grecian Rocks 5,950£100 9.5 6-8
Bahia Honda 7,160185 4.6-8.2 1.14
Looe Key 6,580490 7.3 1.12
Bird Key 6,017490 13.7 1.364.85

(Ginsburg 1956). Halimeda and other codiacean algal
plates are the most common algal skeletal material. The
sedimentary material becomes incorporated into the reef
framework through the process of being bound to the
platform by crustose coralline algae and through the
geochemical processes of in situ cementation by high
magnesium calcite cements. Ginsburg and Schroeder
(1973), among others, detailed the processes of marine
cements in coral reefs.

Stearn et al. (1977) presented the most recent
quantitative budget of calcium carbonate (CaCOj)
within a coral reef ecosystem (Figure 15). This was
based on the study of a Barbados fringing reef. While the
magnitude of individual components may differ, the
concepts are valid and applicable to Florida reefs. Stearn
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et al. concluded that crustose coralline algae and stony
corals (nine species) annually fixed 163 metric tons of
CaCOj; on a reef platform with a surface area of 10,800
m? (9 kg CaC03/m2/year). For comparison, nonreef
depositional marine environments in southeastern Flor-
ida are reported to produce 0.25-1 kg CaCO3/m2/year
(Stockman et al. 1967; Moore 1972).

Ghiold and Enos (1982) studied CaCOj3 produc-
tion in the brain coral Diploria labyrinthiformis from
several patch reefs in John Pennekamp Coral Reef State
Park (JPCRSP)-Key Largo National Marine Sanctuary
(KLNMS). Production (CaCO3) was 11.840.3 kg
CaCOgy /mz/year of area occupied by the colony. Porites
astreoides annual CaCOj production ranged from
13.6%3.5 to 14.043.1 kg/m2/year at Middle Sambo Reef
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1977).
near Key West (Kissling 1977). Montastraea annularis years, which is within the magnitude of Holocene reef
has demonstrated annual CaCOj3 production of 20 kg growth in Florida (Shinn et al. 1977).
CaCO3/m2/year in Barbados (Stearn et al. 1977). Frost et al. (1977) and Taylor (1977) contain
Ghiold and Enos (1982) extrapolated production many papers about coral reef geology.

values to vertical reef accretion rates of 2.2 m/1,000
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CHAPTER 3

CORAL REEF COMMUNITY TYPES

3.1 INTRODUCTION

A biotic community as defined by E.P. Odum
(1971) is any assemblage of populations living in a pre-
scribed area of physical habitat, Four discernible coral
community types occur off southeast Florida.! Gener-
ally in a seaward progression are found live bottoms,
patch reefs, transitional reefs, and bank reefs. The
relief (height above bottom) of these communities and
the dominance of stony corals as a structural element
increase in a similar progression. All of these communi-
ties can be physically characterized as shallow water,
wave-resistant, three-dimensional carbonate accretions
constructed by limestone-secreting organisms (prin-
cipally corals, algae, and bryozoans) on a pre-existing
hard substrate. This basic structural component is
augmented by other community members, sedentary
and mobile, permanent and transient.

3.2 LIVE BOTTOM COMMUNITY

The live bottom community, also known as
hardground, is generally found closest to shore, e.g., in
tidal passes, under bridges, and short distances seaward
of the intertidal zone. It usually occupies exposed fossil
reef formations, limestone, and other rocky substrates.
The faunal and floral elements are not consistent, and
the assemblage is usually visually dominated by octo-
corals, algae, sponges, and smaller hardy stony coral
species.

These communities do not actively accrete or
build massive structures. They support diverse inverte-
brate and vertebrate communities and provide an impor-
tant nursery area for commercial and sport harvested
species. Live bottom habitats are scattered from St.
Lucie Inlet southward to Dry Tortugas in depths ranging
from less than 1 m to beyond 30 m. While these descrip-
tions may imply a single community type, the nearshore
and offshore types differ greatly in species composition.
In either case the octocorals (soft corals) often dominate
in terms of numerical abundance and density. An
example of an offshore live bottom community is
the reef (Schooner Reef) at number 2 buoy in Biscayne
National Park (BNP, Figure 16) off Elliott Key. It exhib-
its little relief with the exception of a small ballast pile
from an old shipwreck on the north side off the reef.
The platform is limestone with small ledges, solution
holes, and pockets of sediments. It is heavily colonized

IDarwin (1842), based on his experiences in the Pacific
and Indian Oceans, defined three types of coral reefs:
fringing, barrier, and atoll. Although many attempts
have been made to extrapolate these forms to Atlantic
coral reefs, Darwinian-defined reefs do not presently
occur in Florida.
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by octocorals and a sparse number of stony (hard) corals
(Table 11). The live bottom community may vary in size
from a small area of tens of square meters to one of
several hundred square meters. The stony corals most
commonly found in the nearshore associations include
Siderastrea radians, Porites porites, P. astreoides, Mani-
cina areolata, Solenastrea hyades, and S. bournoni.
Along with these species, Diploria clivosa, Millepora
alcicornis, and Dichocoenia stellaris are commonly
found in deeper communities. The region surrounding
the live bottom communities is sedimentary, seagrass,
rock, or sponge. The seagrass community is treated in
detail in Zieman (1982).

Stony coral species are commonly found in the
seagrass and sedimentary environments adjacent to the
reef communities. These are Manicina areolata, Porites
porites, Cladocora arbuscula, and Siderastrea radians,
hardy tolerant species that do not attain great size.

3.3 PATCH REEF COMMUNITY

Patch reefs (Plates 1la, 11b, and 12a) are the
second major type of coral community, and they are a
most conspicuous element in this region. Their distri-
bution is mostly seaward of Key Largo and Elliott Key;
however, they also occur off Big Pine Key, Key West,
and Dry Tortugas. They are usually found seaward of
Hawk Channel, but a few very nearshore patch reefs
exist. Two examples of nearshore patch reefs are (1) an
assemblage of patch reefs just to the north of Caesar’s
Creek (BNP) and (2) a small reef just off Cow Key
Channel, Boca Chica Key. Both of these reefs present
the general impression of survival under marginal con-
ditions.

A patch reef characteristically has upward of 3 m
of relief and is dome-shaped. The surrounding bottom
may be sedimentary, seagrass (Plate 12b), or rock. Most
patch reefs off southeast Florida are found in 2- to 9-m
depths; their upper surface may be nearly emergent at
low tide, exemplified by Basin Hill Shoals off Key
Largo. Patch reefs are roughly circular in outline and
vary in size from about 30-700 m in diameter. Because
of different ages of the numerous patch reefs and their
local environmental conditions, generalizations fail to
adequately characterize them. Jones (1963, 1977)
presented information about their physical and chemical
environment near Margot Fish Shoal off Elliott Key and
the dynamics of developmental stages. Smith and Tyler
(1975) and Jones (1977) presented the view that the
patch reef community is similar to a super organism, in
that it goes through several life stages. The nature of the
community reflects the reef’s age. While the coral
community goes through its cycle of development, the
fish assemblages change according to niche availability.
An assumed developmental sketch of a patch reef would
include the following:
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Table 11

Live bottom corals from Schooner Reef, Biscayne National Park (four 1-m? quadrants; Jaap and Wheaton 1977 MS.).

Percent Mean
B.I.b No. of of total no. of
Species Typea (ranking) Frequency colonies colonies colonies/ m?
Plexaura homomalla (0] 73 4 18 9.63 4.50
Porites porites S 73 4 18 9.63 4.50
Gorgonia ventalina (6] 70 4 14 7.49 3.50 Density
Pseudopterogorgia americana (0] 70 4 14 7.49 3.50
Briareum asbestinum O 67 4 10 5.35 2.50 Mean colonies/m2 =46.75
Eunicea tourneforti O 65 4 8 4,28 2.00 Standard deviation = 15.46
Muricea atlantica (0] 65 4 8 4.28 2.00 Range =25-61
Pseudoplexaura porosa (0] 63 4 6 3.21 1.50
Plexaurella fusifera 0 62 4 S 2.67 1.25
Eunicea succinea (0} 58 3 25 13.37 6.25 Mean species/m2 =18.50
Plexaura flexuosa (0] 51 3 11 5.88 2.75 Standard deviation= 4.53
Muriceopsis flavida (0] 51 3 10 5.35 2.50 Range =13-21
Porites astreoides S 47 3 6 3.21 1.50
Plexaurella dichotoma (¢} 47 3 3 1.60 0.75
Millepora alcicornis S 34 2 7 3.74 1.75 Diversity indices®
Pseudoplexaura flagellosa (6] 32 2 4 2.14 1.00
Eunicea laciniata 6] 32 2 2 1.07 0.50 H' =427
Agaricia agaricites S 32 2 2 1.07 0.50 H'max. =4.91
Plexaurella grisea (0] 31 2 2 1.07 0.50 J' =0.87
Eunicea mammosa ¢ 30 2 2 1.07 0.50
Pseudoplexaura wagenaari O 29 2 2 1.07 0.50
Dichocoenia stellaris S 16 1 2 1.07 0.50
Pseudopterogorgia acerosa (o) 15 1 1 0.53 0.25
Eunicea calyculata (0] 15 1 1 0.53 0.25
Eunicea fusca 0] 15 1 1 0.53 0.25
Favia fragum S 15 1 1 0.53 0.25
Pseudopterogorgia kallos (0] 14 1 1 0.53 0.25
Pseudopterogorgia bipinnata (0] 14 1 1 0.53 0.25
Siderastrea siderea S 14 1 1 0.53 0.25
Montastraea cavernosa S 14 1 1 0.53 0.25
Total 187

40 = octocoral, S = stony coral.
B. I. = Biological Index, McCloskey (1970).
cDiversity computed with log,.



(1) Initial pioneering settlement of coral larvae
on appropriate substrates. These species might include
Porites porites, Manicina areolata, and Favia fragum.
They would be preparatory colonizers which would
eventually die and their skeletons would become the
hard substrate that the major framework corals would
settle on. If the bottom were rocky, this stage might be
unnecessary.

(2) The settlement and growth, both upward and
outward, of the primary framework builders. While
other coral species are common in the patch reef com-
munity, Siderastrea siderea, Montastraea annularis,
Diploria strigosa, D. labyrinthiformis, and Colpophyllia
natans build the massive frame or three-dimensional
structure of most reefs. Shortly after the framework
element has settled, the boring and rasping fauna starts
the production of reef sediment. Sediments fill inter-
stitial space and are incorporated into the reef frame. In
time, some coral deaths occur providing space for
settlement of coral larvae, an essential element for
growth of the reef. The newly developing reef is a focal
point for attracting the diverse flora and fauna common
to the coral reefs. Some of this occurs because of larval
settlement, especially for the sessile species. Mobile
invertebrates and vertebrates (some residents, some
temporary refugees) move to the reef as niches favorable
to their requirements become available (Plates 13a and
b).

(3) The maturing stage. During this stage the reef
grows upward and outward, providing surface area for
secondary colonizers. The major framework builders
attain 2 m in diameter and greater. The boring and
rasping fauna excavate considerable material from the
basal surfaces of the corals, creating a labyrinth of caves
that become occupied by a cryptic biota. In time, these
caves and tunnels are enlarged, and larger fish and
invertebrates take refuge in them. The new niches within
the interior of the reef are colonized by a wide taxo-
nomic spectrum of shade-loving organisms.

(4) The fully mature stage. Because the primary
framework-building corals have approached sea level,
upward growth is limited. The undersurface of these
corals is cavernous, and in time the framework becomes
so weakened that the upper surface may collapse inward
forming a rubble or boulderlike surface. This is usually
irregularly flat and, in many cases, is dominated by
octocorals. Haystacklike colonies of M. annularis appear
to have large dead areas that are colonized by other
species (Millepora alcicornis and Gorgonia ventalina).
If the reef completely collapses from a major storm or
vessel grounding, the former major relief patch reef
becomes a low-relief pile of rubble that is usually domi-
nated by octocorals and nonframework building stony
corals. In this growth and decay of the patch reef
community into the live bottom community, geo-
chemical processes play an important role in cementing
and binding sediments.

The association of coral found on any particular
patch reef is most probably governed by random chance.
Some patch reefs have very diverse stony coral faunas
while other reefs, only a few meters or kilometers away,
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have a less diverse, nearly monospecific fauna, Patch
reefs exhibit extreme variability in coral abundance,
density, and diversity (Table 14). Macrobenthic algae
constituted from 0% to 7% of the linear biomass, sponge
0% to 3.6%. Octocorals constituted a numerically domi-
nant element; however, their linear biomass and macro-
habitat potential are less than many of the stony corals,
especially the massive framework builders. Octocorals do
occupy much of the space on the mature older patch
reefs. There appears to be a competitive exclusion by
octocorals in the interior of older patch reefs. A repre-
sentative patch reef is the reef at buoy number 4 (Dome
Reef) in BNP 16. It is about 250 m in diameter. The
greatest relief is about 2 m and is found on the north-
west side. Tables 12a and b and 13a and b present
the octocoral and stony corals found in this reef based
on several transects. Reef organic linear biomass based
on line transect surveys from four patch reefs in Bis-
cayne National Park shows that mean stony coral cover
was 25.7£10.6% in the stony coral-dominated zones
(Table 14). In the interior octocoral-dominated zones
the organic linear biomass for stony corals was 14.3%
19.7% (Table 14). There is usually a halo of barren sand
and reef talus (rubble) with sparse grasses and algae sur-
rounding the periphery of most patch reefs (Plates 11a
and b). The rubble, composed mostly of dead coral
colonies that have been swept away from the reef by
storms, is potential substrate for colonization, Qutward
reef expansion is presumably dependent on the reef talus
in sedimentary environments for substrate creation.
Halos around some patch reefs resulted from the black
sea urchin (Diadema antillarum) feeding nocturnally on
algae and seagrasses surrounding the reef, according to
Sammarco (1972), Ogden et al. (1973), and Sammarco
et al. (1974). Randall (1965), however, reported that
herbivorous reef fish were responsible for patch reef
halos. In either case, the herbivorous consumers graze
away the flora adjacent to the reef, creating a barren
zone or halo.

Patch reefs are important habitats for many reef
fish, permanent and transient (Plate 13a). They provide
shelter, food, and breeding ground for mobile fauna. The
spiny lobster (Panulirus argus) (Plate 19b) utilizes patch
reef habitats during part of its life history.

Like most reefs, patch reefs show a temporal
change when storms or temperature extremes disturb the
communities. Smaller coral colonies are dislodged and
transported from their growth positions. If the new
position is favorable, they may continue to grow; if not,
they may die. This is especially true for octocorals and
encrusting colonies of Mijllepora that are on unstable
substrates, principally octocoral axes. These colonies
may be swept completely off the reef by heavy wave
surge. There appears to be high mortality due to this
stress; if so, intense recruitment usually prevents large
open areas.

3.4 TRANSITIONAL REEF COMMUNITY

The term transitional reef is used to describe
those reefs that have the rudiments of bank reefs (see



Octocorals at Dome Reef (two 20-m transects, 1977; Wheaton, in preparation a).

Table 12a

Percent
B.I.2 No. of of total
Species (ranking) Frequency colonies colonies
Plexaura flexuosa 39 2 41 19.33
Plexaura homomalla 36 2 29 13.67
Pseudoplexaura porosa 36 2 28 13.20
Pseudopterogorgia acerosa 34 2 29 13.67
Pseudoplexaura flagellosa 31 2 12 5.66
Gorgonia ventalina 31 2 12 5.66
Pseudopterogorgia americana 30 2 17 8.01
Briareum asbestinum 29 2 10 4,71
Plexaurella fusifera 26 2 7 3.30
Eunicea tourneforti 25 2 6 2.83
Plexaurella nutans 22 2 2 0.94
Eunicea fusca 15 1 4 1.88
FEunicea succinea 14 1 3 1.41
Muricea atlantica 12 1 4 1.88
Eunicea laciniata 12 1 4 1.88
Eunicea calyculata 10 1 1 0.47
Plexaurella grisea 10 1 1 0.47
Muricea elongata 10 1 1 0.47
Eunicea mammosa 10 1 1 0.47
Total 212
3B.1. = Biological Index, McCloskey (1970).
Table 12b
Octocorals at Dome Control Reef (two 20-m transects, 1977; Wheaton, in preparation a).
Percent
B.12 No. of of total
Species (ranking) Frequency colonies colonies
Plexaura homomalla 40 2 49 19.76
Pseudoplexaura porosa 36 2 30 12.10
Plexaura flexuosa 35 2 32 12.90
Pseudopterogorgia americana 35 2 26 10.48
Pseudopterogorgia acerosa 34 2 25 10.08
Gorgonia ventalina 27 2 10 4.03
Briareum asbestinum 26 2 12 4.84
Eunicea tourneforti 26 2 9 3.63
Pseudoplexaura flagellosa 26 2 12 4.84
Eunicea calyculata 26 2 12 4.84
Eunicea succinea 22 2 4 1.61
Plexaurella fusifera 22 2 4 1.61
Plexaurella grisea 22 2 4 1.61
Muricea elongata 22 2 4 1.61
Eunicea fusca 21 2 3 1.21
Muricea atlantica 21 2 3 1.21
Muriceopsis flavida 14 1 N 2.02
Eunicea laciniata 11 1 2 0.81
Plexaurella nutans 10 1 1 0.40
Eunicea clavigera 10 1 1 0.40
Total 248

ap I. = Biological Index, McCloskey (1970).
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Table 13a
Stony corals at Dome Reef (two 25-m transects, 1977; Jaap, unpublished).

Percent Percent
B.12 No. of of total Cover of total
Species (ranking) Frequency colonies colonies (cm) cover
Montastraea annularis 40 2 21 53.85 880 0.6592 Density
Millepora alcicornis 38 2 8 20.51 140 0.1049
Siderastrea siderea 36 2 2 5.13 30 0.0225 Mean colonies/trans. = 19.50
Porites porites 36 2 2 5.13 15 0.0112 Standard deviation = 2.12
Colpophyllia natans 19 1 1 2.56 170 0.1273
Dichocoenia stellaris 19 1 1 2.56 10 0.0075 Diversity indicesb
Mycetophyllia ferox 19 1 1 2,56 65 0.0487
Porites astreoides 19 1 1 2.56 5 0.0037 H' =220
Favia fragum 19 1 1 2.56 5 0.0037 H' max. =2.20
Diploria clivosa 19 1 1 2.56 15 0.0112 I =0.66
Total 39 1,335
ag1. = Biological Index, McCloskey (1970). bDiversi’cy computed with log, .
Table 13b
Stony corals at Dome Control Reef? (two 25-m transects, 1977; Jaap, unpublished).
Percent Percent
B.I.b No. of of total Cover  of total
Species (ranking) Frequency colonies colonies (cm) cover
Siderastrea siderea 39 2 10 33.33 290 31.69 Density
Dichocoenia stellaris 38 2 4 13.33 105 11.48
Agaricia agaricites 36 2 2 6.67 20 2.19 Mean colonies/tran. = 15.00
Millepora alcicornis 20 1 3 10.00 75 8.20 Standard deviation =11.31
Montastraea annularis 19 1 1 3.33 280 30.60
Porites astreoides 18 1 2 6.67 25 2.73 Diversity indices®
Porites porites 18 1 2 6.67 25 2.73
Diploria labyrinthiformis 18 1 2 6.67 40 4.73 H' =288
Montastraea cavernosa 18 1 2 6.67 45 4.92 H' max. = 3.32
Favia fragum 17 1 1 3.33 5 0.55 I =0.87
Eusmilia fastigiata 17 1 1 3.33 5 0.55
Total 30 915

dReef similarity = affinity between Dome experimental and control reefs: Jaccard’s coefficient = 0.3333; Morisita’s coefficient = 0.5295.
B.1. = Biological Index, McCloskey (1970).
cDiversity computed with log,.



Table 14

Attributes of stony coral associations, Biscayne National Park,
based on several line transects at each reef (8 reefs, 18 transects) (Jaap, unpublished).

Stony coral associations

Transitional
Attributes bank reefs Patch reefs Livebottom
Transects? E2,3;EC1,2,3: St1,2;S8tC1;D1,2; E1;Sc1,2;ScC1,2;
(1977) 5 transects DC 1: 6 transects StC 2; DC 2: 7 transects
Dominant species Acropora cervicornis Montastraea annularis Porites porites
Acropora palmata Millepora alcicornis

Porites astreoides

% of colonies 67.2 442 48.2
Unique species Millepora complanata Stephanocoenia michelinii, Diploria labyrinthiformis
Siderastrea radians Colpophyllia natans,
Mycetophyllia ferox,
Mycetophyllia lamarckiana
No. of species 12 16 14
No. of colonies 186 124 140
Diversity indicesb
H'n 2.79 2.89 2.84
H'c 2.57 2.14 291
H' max. 3.58 4.00 3.81
J'n 0.78 0.72 0.75
J'c 0.72 0.54 0.76

% cover (X *SD)

Algae 0303 1727 2.0%25
Sponge 0.720.8 1114 2733
Octocoral 252128 232114 383153
Stony coral 28.9115.1 25.7£10.6 143 % 9.7
Abiotic substrate
(sand, + rubble+ 46.7% 9.3 48.4 +12.1 42 *19.0
rock)

3E. Flkhorn Reef

D: Dome Reef

Sc: Schooner Reef

St: Star Reef

C: Control Reef, e.g., StC: Star Control Reef.
bH n, J'n computed by abundance.

H'c, J'c computed by cover.
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Section 3.5) but are not as fully developed. They can
be thought of as embryonic bank reefs, or a series of
coalesced patch reefs, or well-developed hardgrounds
with relief. The marginal bank reefs found inshore of
Pacific Reef and continuing south to Pennekamp Park
boundary in BNP are examples of the embryonic bank
reefs. They possess a well-developed reef flat with some
trend of spur development by Acropora palmata on the
seaward fringe. The reef at number 1 buoy (Elkhorn
Reef) at BNP (Plate 18a) exemplifies these reefs.
Elkhorn Reef is about 500 m long in its north/south
axis and some 200 m long in its east/west axis. The reef
flat is a rocky platform with undercut solution holes and
ledges and sedimentary environments seaward and
landward. Off the northeast reef flat there are several
large haystack colonies of Montastraea annularis (Plate
5b), which are extensively excavated on the under-
surface. Their upper surfaces are dead, in some cases
supporting the sea fan, Gorgonia ventalina. The area
seaward of the reef flat platform is visually domi-
nated by octocorals and occasional large clusters of
Porites porites. There is a slight slope to the reef flat that
in some places has dense clusters of Acropora palmata,
elkhorn coral. A summary of coral species, abundance,
and density is presented in Tables 15a, 15b, 16a, and
16b.

Acropora palmata colonies on the reef flat
interface are situated with major branches oriented into
prevailing seas, east/southeast. On the reef flat small,
more uniformly oriented colonies in less dense aggrega-
tions are common. They are associated with colonies of
Millepora complanata, Gorgonia ventalina, and Diploria
clivosa. This coral often propagates or spreads by vege-
tative “fragments” (Plate 10b). Broken fragments
settle in the nearby bottom and in a short time are
solidly attached. They grow upward forming new colo-
nies. The clustered distribution of this species is proba-
bly related to the fact that fragments are not transported
great distances from parent colonies. Mergner (1977)
reported that M. complanata (Plate 3b) is an indicator of
heavy wave surge. It is common in the reef flats and spur
and groove tract areas where wave surge is greatest.
Acropora cervicornis (Plate 4b), the other common
stony coral, occurs in small patches. It is not firmly
attached to the bottom and is moved about a good deal
during storms. Porites astreoides and P. porites are also
very common on the reef flat, The former is firmly
attached, while the latter is not.

On occasion, dislodged A4. cervicornis colonies
come in contact with 4. palmata colonies; a gall or fuse
is formed by a rejection reaction where the tissues of the
two colonies meet. The tapering cylindrical branches of
A. cervicornis grow upward entwined with the flat
frondose branches of 4. palmata. A. palmata overgrows
A. cervicornis when they are in contact (J. C. Lang,
University of Texas, Austin; personal observation).

Another type of transitional reef develops on
the artificial substrates found throughout the reef tract.
They attract reef biota and in time become very reeflike.
They include shipwrecks and other materials. A good
example is the Benwood wreck in KLNMS. This large
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steel ship sank during WWII and has numerous corals and
other sessile growth. The fish fauna is similar to those
of nearby natural reefs. The “French wreck” is a similar
phenomenon off Loggerhead Key, Dry Tortugas. Arti-
ficial reef substrate is also provided by ballast stone or
large blocks of igneous rock that were lost in shipwrecks.
These are also colonized by reef organisms, notably
Millepora sp. A number of large barges and ships have
been purposely scuttled in waters of 30 m and greater as
fish havens; these also develop natural reef growth.

3.5 MAJOR BANK REEF COMMUNITIES

Bank reefs are typically elongated and form a
narrow, linear, discontinuous arc from Miami south and
west along the Keys to the Dry Tortugas. They are
located near the abrupt change in bottom slope, which
marks the seaward edge of the Floridan Plateau and they
occur mostly between the 5- and 10-m depth contours.

The distinctive features of these reefs are the
occurence of Acropora palmata, the coral zonation by
depth (Table 18 and Figure 18), and the seaward spur
and groove formation.

Major bank reefs vary in morphology and species
composition. Some, such as Long and Ajax Reefs
(Figure 16 and Table 17), off Elliott Key, are sparsely
developed in their shallow zones, but below 12 m there
is growth on antecedent reef platforms. Better developed
bank reefs exhibit a zonation which varies from reef to
reef. Reef age, relative position, hydrodynamics, and
underlying topography are the major influences on
differences in reef morphology and zonation. The
general pattern is presented in Table 18. Specific details
for individual reefs are given below.

Carysfort Reef

Carysfort Reef (Figure 17) is the northernmost
reef in the KLNMS system. A large lighthouse is near
the north end of the reef flat. The reef flat has an
extensive concentration of Acropora palmata on its
seaward flank. The spur and groove formations are in an
early stage of development. Seaward portions of the reef
flat grade into a nearly barren area that separates the A.
palmata colonies from the buttress zone. The buttress
zone has extensive areas of low relief residual spurs and
grooves that have coral development. Haystack size
colonies of Montastraea annularis and fields of A.
cervicornis are common. The reef platform terminates at
about 27 m. Table 19 presents density and abundance
information for the stony corals in the 14- to 15-m
depth range. A broad expanse of rock separates the
reef platform proper from hard-substrate deep reef
communities. These deeper communities were described
by Jaap (1981) and Wheaton (1981). Outlying com-
munities continue to a depth of about 41 m. The stony
coral composition is similar to that of the deep reef;
Agaricia lamarcki, A. fragilis, and Helioseris cucullata are
the dominant species on vertical faces, while Siderastrea
siderea, M. cavernosa, and Madracis mirabilis are com-
mon on the horizontal surfaces.
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Table 15a

Elkhorn Reef stony coral fauna (four 4-m?2 plots sampled per reef, 1978; Jaap, unpublished).

Percent
B.13 No. of of total Mean no.
Species (ranking) Frequency colonies colonies colonie:s/m2
Porites astreoides 315 16 60 54.05 3.7500 Density
Acropora cervicornis 210 11 15 1351 0.9375
Diploria clivosa 132 7 11 9.91 0.6875 Mean colonies/m? = 6.94
Porites porites 95 5 7 6.31 0.4375 Standard deviation = 2.35
Acropora palmata 59 3 6 541 0.3750 Range =3-12
Siderastrea siderea 57 3 4 3.60 0.2500
Millepora alcicornis 38 2 3 2.70 0.1875 Diversity indices
Palythoa sp. 19 1 i 0.90 0.6250
Millepora complanata 19 1 1 0.90 0.6250 Mean species/m2 =3.31
Favia fragum 18 1 1 0.90 0.6250 Standard deviation = 1.54
Diploria strigosa 18 1 1 0.90 0.6250 Range =1-6
Dichocoenia stellaris 18 1 1 0.90 0.6250
- H' =2.99
Total 111 H' max. =3.59
J' =0.64

2B.1, = Biological Index, McCloskey (1970).

Table 15b
Elkhorn Control Reef stony coral fauna (four 4-m? plots sampled per reef, 1978; Jaap, unpublished).
Percent
B.I2 No. of of total Mean no.
Species (ranking) Frequency colonies colonies colonies/m2
Porites astreoides 260 14 68 59.65 4.2500 Density
Millepora alcicornis 146 8 9 7.89 0.5625
Diploria clivosa 115 6 7 6.14 0.4375 Mean colonies/m? =7.13
Acropora cervicornis 96 5 6 5.26 0.3750 Standard deviation = 2.35
Porites porites 94 5 7 6.14 0.4375 Range =39
Agaricia agaricites 76 4 6 5.26 0.3750
Siderastrea siderea 56 3 5 4.39 03125 Mean species/m2 =3.19
Palythoa sp. 38 2 2 1.75 0.1250 Standard deviation = 1.22
Dichocoenia stellaris 20 1 1 0.88 0.6250 Range =1-5
Millepora complanata 19 1 1 0.88 0.6250
Porites branneri 19 1 1 0.88 0.6250 Diversity indices
Favig fragum 19 1 1 0.88 0.6250
- H' =222
Total 114 H'max. =3.58
¥ =0.62

3 I. = Biological Index, McCloskey (1970).



Elkhorn Reef octocoral fauna (three 20-m transects, 1977; Wheaton, in preparation b).

Table 16a

Percent

No. of of total

Species B.I2 Frequency colonies colonies
Gorgonia ventalina 59 3 46 22.01
Eunicea succinea 56 3 31 14.83
Plexaura flexuosa 55 3 28 13.40
Pseudopterogorgia americana 54 3 35 16.75
Plexaura homomalla 48 3 13 6.22
Muricea atlantica 46 3 9 431
Pseudoplexaura porosa 45 3 7 3.35
Pseudoplexaura flagellosa 42 3 3 1.44
Eunicea tourneforti 34 2 17 8.13
Plexaurella fusifera 29 2 5 2.39
Pseudopterogorgia acerosa 27 2 3 1.44
Eunicea laciniata 27 2 3 1.44
Pseudopterogorgia kallos 16 1 6 2.87
Muriceopsis flavida 13 1 1 0.48
Eunicea calyculata 13 1 1 048
Plexaurella dichotoma 13 1 1 0.48

Total 209
g1 = Biological Index, McCloskey (1970).
Table 16b

Elkhorn Control Reef octocoral fauna (three 20-m transects, 1977; Wheaton, in preparation b).

Percent

No. of of total

Species B.I2 Frequency colonies colonies
Pseudopterogorgia americana 54 3 39 13.27
Eunicea succinea 55 3 50 17.01
Gorgonia ventalina 54 3 49 16.67
Plexaura homomalla 52 3 29 9.86
Pseudoplexaura crucis 52 3 32 10.88
Plexaura flexuosa 51 3 31 10.54
Eunicea tourneforti 43 3 15 5.10
Muricea atlantica 40 3 11 3.74
Pseudoplexaura porosa 39 3 10 3.40
Pterogorgia citrina 37 3 8 2.72
Muriceopsis flavida 35 3 4 1.36
Pseudoplexaura flagellosa 28 2 7 2.38
Plexaurella dichotoma 24 2 3 1.02
Plexaurella fusifera 22 2 3 1.02
Eunicea fusca 13 1 1 0.34
Briareum asbestinum 13 1 1 0.34
Eunicea calyculata 10 1 1 0.34

Total 294

4B 1. = Biological Index, McCloskey (1970).
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Table 17
Ajax Reef stony coral fauna at 17 m (fifteen 1-m? plots; Jaap, unpublished).

Percent
B.12 of total Density
Species (ranking) Abundance colonies Mean Std.dev. D.I.b
Montastraea annularis 32 52 24.19 3.47 2.92 C
Siderastrea siderea 32 50 23.26 4,17 2.86 C
Millepora alcicornis 25 32 14.88 2.13 1.96 R
Montastraea cavernosa 18 21 9.77 1.40 1.55 R
Stephanocoenia michelinii 10 14 6.51 0.93 1.75 C
Madracis decactis 9 9 4.19 0.60 0.74 R
Porites astreoides 8 8 3.72 0.53 0.64 R
Agaricia agaricites 5 5 2.33 0.40 0.51 R
Dichocoenia stellaris 3 3 1.40 0.20 0.56 R
Porites porites 3 3 1.40 0.20 0.77 C
Eusmilia fastigiata 3 3 1.40 0.20 041 R
Agaricia lamarcki 2 2 0.93 0.13 0.52 C
Siderastrea radians 2 2 0.93 0.13 0.35 R
Diploria labyrinthiformis 2 2 0.93 0.13 0.52 C
Meandrina meandrites 2 2 0.93 0.13 0.35 R
Acropora cervicornis 2 2 0.93 0.13 0.35 R
Mycetophyllia aliciae 1 1 0.47 0.07 0.26 R
Madracis mirabilis 1 1 0.47 0.07 0.26 R
Mpycetophyllia lamarckiana 1 1 0.47 0.07 0.26 R
Helioseris cucullata 1 1 0.47 0.07 0.26 R
Colpophyllia natans 1 1 0.47 0.07 0.26 R
Total species 21
Total colonies 215
Density, square meter Mean Std. dev. Range
Species: 6.13 2.36 1-9
Colonies: 14.33 6.59 1-27

g 1. = Biological Index, McCloskey (1970).
bD.I. = Dispersion Index, Elliott (1971): C = Contagious (clustered), R = Random, U = Uniform.
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Figure 17. John Pennekamp Coral Reef State Park and Key Largo National Marine Sanctuary.
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Table 18

Bank reef zonation patterns.

Depth
Zone {m) Conspicuous organisms
Back reef/rubble area 06- 1.8 Porites astreoides, Favia fragum
Reef flat 06- 1.2 Diploria clivosa, Porites astreoides,
(Plate 14a) Crustose coralline algae
Shallow spur and groove 1.2- 2.4 Millepora complanata, Palythoa sp.
(Plates 14b and 15a)
Deep spur and groove 24- 46 Gorgonia ventalina,
(Plates 15b and 16a) Acropora palmata
Buttress or fore-reef 4.6-30.0 Montastraea annularis, Diploria
(Plates 16b and 17a) strigosa, Colpophyllia natans
Deep reef 41.1 Helioseris cucullata, Agaricia fragilis,

(Plate 17b)
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Figure 18. Cross-sectional diagram of Looe Key Reef.
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Table 19

Carysfort Reef stony coral fauna at 14 - 15 m (ten 1-m? plots; Jaap, unpublished).

Percent
B.12 of total Density
Species (ranking) Abundance colonies Mean Std.dev. D.I.b
Montastraea annularis 18 45 36.00 4.50 3.70 C
Acropora cervicornis 11 26 20.80 2.60 4.60 C
Agaricia agaricites 8 15 12.00 1.50 3.10 C
Siderastrea siderea 6 6 4.80 0.60 0.80 R
Porites porites 5 12 9.60 1.20 3.50 C
Stephanocoenia michelinii 5 7 5.60 0.70 1.90 C
Porites astreoides 5 7 5.60 0.70 1.90 C
Colpophyllia natans 2 2 1.60 0.20 0.40 R
Mycetophyllia aliciae 2 2 1.60 0.20 0.40 R
Mycetophyllia lamarckiana 2 2 1.60 0.20 0.40 R
Millepora alcicornis 2 2 1.60 0.20 0.60 C
Helioseris cucullata 1 1 0.80 0.10 0.30 R
Total species 12
Total colonies 125
Density, square meter Mean Std. dev. Range
Species: 3.70 1.06 2-5
Colonies: 12.50 8.44 4-31

ap I. = Biological Index, McCloskey (1970).

bD.I. = Dispersion Index, Elliott (1971): C = Contagious (clustered), R = Random, U = Uniform.

French Reef

French Reef, KLNMS (Figure 17; Plate 1b)
is farther south and is a popular reef for dive tours. It
has a widely separated reef flat and poorly developed
shallow spur and groove zones. The deep spur and
groove zone is well developed and has cavernous tunnels
through many of the spurs. Acropora palmata and M.
annularis are the dominant stony corals on the spur
formations. The spurs are usually 5-6 m deep on their
tops; this limits the firecoral Millepora complanata and
the yellow mat zooanthid Palythoa sp. from this reef
zone. Table 20 presents information on the abundances
and densities of stony corals from the deep spur and
groove zone at French Reef. The deep spur and groove
zone merges with a well-developed fore-reef buttress
zone. Seaward outcrops similar to those at Carysfort
Reef are also present seaward of French Reef. A deep-
reef survey seaward of about 40 m characterized the
bottom as sedimentary with occasional sponges, tilefish
burrows, and occasional outcrops of limestone with
epibenthic reef biota (Jameson 1981). A few solitary
corals (Paracyathus puchellus) were collected. Algal
nodules were found between 33 and 45 m (Shinn 1981).
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Grecian Rocks

Grecian Rocks, KLNMS (Plate 3a), described in
detail by Shinn (1963, 1980), is located somewhat
inshore of the main reef line of Carysfort, Elbow,
French, and Molasses Reefs. Unlike most bank reefs,
Grecian Rocks has no fore reef or buttress zone. The
zonational pattern includes five zones based on Shinn’s
(1963) terminology (Table 21). It is about 600 m long
and 200 m wide with the long axis in a northeast/south-
west trend. The reef is surrounded by sediments and has
a narrow bathymetric range of 1.5-7.6 m.

Key Largo Dry Rocks

Key Largo Dry Rocks is near and similar to
Grecian Rocks, but has greater depth and more defined
spur and groove development. Orientation of 4. palmata
branches are toward the prevailing seas, east to east/
southeast.

Key Largo Dry Rocks received much study
following Hurricane Donna in 1960 (Ball et al. 1967,
Shinn 1975). At that time the charts referred to Grecian
Rocks as Key Largo Dry Rocks and vice versa.



Table 20

French Reef stony coral fauna at 6 m (twenty-seven 1-m2 plots; Jaap, unpublished).

Percent
B.12 of total Density
Species (ranking) Abundance colonies Mean Std.dev. D.I.b

Acropora cervicornis 40 172 51.05 6.40 9.10 C
Millepora alcicornis 32 50 14.84 1.90 1.90 R
Acropora palmata 20 42 12.46 1.60 1.60 R
Agaricia agaricites 17 18 5.34 0.74 1.23 C
Montastraea annularis 16 19 5.64 0.72 1.00 R
Siderastrea siderea 13 14 4.15 0.50 0.83 R
Porites astreoides 12 14 4.15 0.50 0.93 R
Dichocoenia stellaris 2 2 0.59 0.11 0.32 R
Mycetophyllia sp. 1 1 0.30 0.03 0.21 R
Colpophyllia natans 1 1 0.30 0.03 0.21 R
Porites porites 1 1 0.30 0.03 0.21 R
Montastraea cavernosa 1 1 0.30 0.03 0.21 R
Favia fragum 1 1 0.30 0.03 0.21 R
Diploria clivosa 1 1 0.30 0.03 0.21 R

Total species 14

Total colonies 337
Density, square meter Mean Std. dev. Range

Species: 3.37 1.71 1-6
Colonies: 12.48 8.74 1-36
agI. = Biological Index, McCloskey (1970).
bD.I. = Dispersion Index, Elliott (1971): C = Contagious (clustered), R = Random, U = Uniform.
Table 21
Grecian Rocks zonation pattern (Shinn 1963, 1980).
Depth Conspicuous organisms

Zone (m) and remarks

Back reef 0-09 Nonoriented 4cropora palmata,
A. cervicornis

Reef flat 0-09 A. palmata
Acropora palmata 0-1.2 Oriented A. palmata
Weak spur and groove 12-1.8 Montastraea annularis, M. complanata
Seaward rubble 1.8-24 Mostly coral rubble, few Siderastrea

siderea and M. annularis
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Since the hurricane, staghorn corals (4. cer-
vicornis) have overgrown a great deal of Key Largo Dry
Rocks previously unoccupied by reef corals. The slower
growing star corals in the reef proper are also being
overgrown by the more rapid growing staghorn corals.
Shinn (1975) reported on this phenomenon and has
followed up the situation with annual inspections of a
particular set of colonies that are being encroached upon
by A. cervicornis.

Molasses Reef

Molasses Reef, KLNMS (Figure 17), is the
southernmost of the offshore bank reefs in the park
system. It is the most popular reef with scuba diving
tourists and has a large lighthouse that makes it very
easy to find. This reef fits most of the patterns defined
in Table 18; however, its reef flat is located a relatively
long distance from the spur and groove zone. The
buttress zone is quite narrow, but has large colonies of

M. annularis just seaward of the deep spur and groove
zone. Table 22 provides information on the densities and
abundances of stony corals in the spur and groove zone
at Molasses Reef. The investigation of seaward zones
with a submersible revealed rocky outcrops and sedi-
mentary environments similar to those described for
Carysfort and French Reefs (Jaap 1981).

Looe Key Reef

The zonation and morphology of Looe Key
Reef, Looe Key National Marine Sanctuary (Plates 2a
and b) are presented in Figure 18. Table 23 lists the
density and abundance of stony coral fauna on Looe
Key Reef. The major significant difference in this reef
from others is the wide area between the buttress zone
and the deep reef. In the northeastern part of the reef,
the deep reef does not exist; however, in the south-
western end, the deep reef community is evident in
patches between sedimentary deposits. Shinn et al. (in

Table 22

Molasses Reef stony coral fauna at 5 - 6 m (twenty-five 1-m? plots; Jaap, unpublished).

Percent
B.12 of total Density
Species (ranking) Abundance colonies Mean Std.dev. D.I.b
Acropora palmata 43 108 33.23 433 343 C
Acropora cervicornis 39 125 38.46 5.00 6.31 C
Montastraea annularis 19 38 11.69 1.53 4.11 C
Millepora alcicornis 17 20 6.15 0.82 1.00 R
Siderastrea siderea 6 6 1.85 0.22 0.73 C
Millepora complanata 4 5 1.54 0.21 0.50 R
Agaricia agaricites 4 4 1.23 0.20 0.51 R
Montastraea cavernosa 3 3 0.92 0.10 0.43 R
Porites astreoides 2 2 0.62 0.10 0.32 R
Favia fragum 2 2 0.62 0.10 0.43 R
Diploria labyrinthiformis 2 2 0.62 0.10 0.32 R
Madracis mirabilis 2 3 0.92 0.11 0.60 C
Mycetophyllia lamarckiana 2 2 0.62 0.10 0.30 R
Colophyllia natans 2 2 0.62 0.10 041 R
Dichocoenia stokesii 1 1 0.31 0.04 0.21 R
Meandrina meandrites 1 1 0.31 0.04 0.21 R
Mycetophyllia aliciae 1 1 0.31 0.04 0.21 R
Total species 17
Total colonies 325
Density, square meter Mean Std. dev. Range
Species: 3.36 1.55 1-7
Colonies: 13.00 6.71 4-29

23 I. = Biological Index, McCloskey (1970).

bD.I. = Dispersion Index, Elliott (1971): C = Contagious (clustered), R = Random, U = Uniform.
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Table 23

Looe Key Reef stony coral fauna at 1 - 27 m (fifteen 1-m?2 plots; Jaap, unpublished).

Percent
B.123 of total Density
Species (ranking) Abundance colonies Mean Std.dev. D.l.b
Porites astreoides 23 52 26.94 3.51 3.72 C
Millepora complanata 19 47 24.35 3.13 461 C
Agaricia agaricites 16 35 18.13 2.32 3.33 C
Porites porites 7 8 4.15 0.51 1.34 R
Favia fragum 6 7 3.63 0.50 0.62 R
Siderastrea siderea 6 8 4.15 0.51 1.13 R
Acropora cervicornis 6 7 3.63 0.50 1.10 C
Madracis decactis 5 9 4.66 0.61 1.63 C
Stephanocoenia michelinii 4 5 2.59 0.32 0.70 R
Siderastrea radians 3 4 2.09 0.30 0.82 C
Montastraea cavernosa 3 3 1.55 0.23 0.83 C
Mycetophyllia lamarckiana 2 2 1.04 0.12 042 R
Millepora alcicornis 2 2 1.04 0.12 0.50 C
Acropora palmata 1 1 0.52 0.10 0.30 R
Montastraea annularis 1 2 1.04 0.12 042 R
Meandrina meandrites 1 1 0.52 0.10 0.32 R
Total species 16
Total colonies 193
Density, square meter Mean Std. dev, Range
Species: 4.06 2.19 1-8
Colonies: 12.19 9.29 3-34

33 1. = Biological Index, McCloskey (1970).

D.I. = Dispersion Index, Elliott (1971): C = Contagious (clustered), R = Random, U = Uniform.

press) reported that net sediment transport was to the
southwest and that sediment was slowly covering the
reef’s deeper areas.

Eastern and Middle Sambo, Eastern Dry Rocks, Rock
Key, and Sand Key Reefs

These reefs follow the general bank reef pattern.
They have well-developed seaward platforms that are
separated from the main reef structure and that have
significant relief. Again, these platforms are separated
from the main reef body by sediments.
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Bird Key Reef

Bird Key Reef, Dry Tortugas National Monu-
ment (Figure 19), is unusual in that it does not have a
spur and groove zone in shallow water, and A. palmata is
not found at all in this reef community. The major coral
accretion is in waters deeper than 10 m on an antecedent
spur and groove formation that apparently developed
during a lower Holocene sea level stand. Shinn et al.
(1977) reported that cores bored on the shallow areas of
Bird Key Reef revealed that the reef was not founded on
a solidified platform but rather on considerable uncon-
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Figure 19. Cross-sectional diagram of Bird Key Reef,

solidated sediments overlying a Pleistocene basement.
The shallowness of the reef and severe winter temper-
atures probably prevent A. paimata from occurring on
the shallow reef at Bird Key.

Summary

No universal pattern exists; each reef has dif-
ferent features. Major controls include geographic con-
figuration of the Florida Keys archipelago (Ginsburg
and Shinn 1964), winter cold fronts chilling Florida
Keys water masses (Hudson et al. 1976, Walker et al.
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1982); reef age or stage of development (Shinn et al.
1977, 1981); and relationships with sedimentary en-
vironments (Ginsburg 1956; Shinn et al. 1981). Com-
munity structure patterns reflect the stage of reef
development. For example, spur and groove construc-
tion requires long term dense aggregations of Acropora
palmata (Shinn 1963; Shinn et al. 1981). Development
of the spur and groove habitat in turn creates micro-
habitats (niches) that are necessary for the existence of
other reef organisms. For example, the Millepora com-
planata association is found in the turbulent shallower
portions of the spur and groove habitat (Mergner 1977).



CHAPTER 4

CORAL REEF BENTHOS

4.1 INTRODUCTION

The benthos (bottom-dwelling organisms) within
a coral reef is complex, diverse, and for many taxa,
poorly known. Benthos in a coral reef constitutes the
critical biota or foundation species. In particular, the
corals and crustose coralline algae are most significant in
niche creation for the other multitudes of species.
Complexity is shown by the infaunal boring biota;
reports of species within a single coral head ranged from
30 to 220 and the number of individuals ranged from
797 to 8,267 (McCloskey 1970; Gibbs 1971). Most orga-
nisms were polychaetes, a group that is poorly under-
stood. Because it would be literally impossible at this
time to compile a total benthic community profile, this
chapter will cover those groups which are critical to
the community: algae, sponges, and Cnidarians (e.g.,
corals). Since corals are major elements of the reef,
emphasis will be on the Milleporina, Octocorallia, and
Scleractinia,

Volumes 2 and 3 of Biology and Geology of
Coral Reefs (Jones and Endean 1973, 1976) contain
information on many benthic groups, but the major
emphasis is on Indo-Pacific reefs. Although the infor-
mation can be extrapolated in many cases to Florida, the
species are for the most part different. Recently, Rutzler
and Macintyre (1982b) published a fine volume on the
biota from the barrier reef at Carrie Bow Cay off Stann
Creek Town, Belize.

4.2 ALGAE
(by Harold Humm, Department of Marine Science,
University of South Florida, St. Petersburg)

Historical

Knowledge of the benthic algae found on coral
reefs of southeast Florida is based largely on inference
from work done on coral reefs in the West Indies,
especially in the Virgin Islands, Puerto Rico, Jamaica,
Curacao, Barbados, Guadalupe, and Martinique. There
are many seaside research facilitie§ open to visiting
scientists in the Caribbean area but only one in southeast
Florida, and that with limited facilities for visitors. Thus,
for these and other reasons, studies of the benthic algal
flora of Florida coral reefs are sparse.

William Randolph Taylor of the University of
Michigan was the first to make a significant contribution
to the knowledge about the species of benthic algae
found on Florida coral reefs, after he spent the summers
of 1924-1926 at the Carnegie Laboratory, Dry Tortugas.
Taylor’s work at Tortugas was a general floristic survey;
his field data provided information on species associated
with reef environments. These data are included in
Taylor (1928) and Taylor (1960), Marine Algae of the
Tropical and Subtropical Coasts of the Americas, still
available from the University of Michigan Press.
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Earlier references for the study of benthic algae
found on Florida reefs and the western Atlantic in
general include Harvey (1852, 1853, 1858); Vicker
(1908); Collins (1909); Borgesen (1913-1920); Collins
and Harvey (1917); and Howe (1918, 1920).

Contemporary studies of great value include
Earle (1969, 1972b), which list virtually all algae known
to occur on Florida’s coral reefs.

Grazing on algae of coral reefs is discussed by
Randall (1961a), Mathieson et al. (1975), Wanders
(1977), and Brawley and Adey (1981).

Productivity of algal components within coral
reef communities, including those that bore into lime-
stone and the coral symbionts, is treated by Marsh
(1970), Littler (1973), and Vooren (1981).

Colonization and succession of reef algae were
reported by Adey and Vasser (1975), Wanders (1977),
and Brawley and Adey (1981). Algal zonation at
Curacao was described by van den Hoek et al. (1975).

Algae that bore into coral and limestone were
studied experimentally by Perkins and Tsentas (1976).
Coralline algal ridges (Note: these are not found in
Florida) are reported by Adey (1975, 1978). The coral-
line algae were recently treated by Johansen (1981).

The only recent reef algae study from Florida
reefs is Eiseman (1981), who made diving observations
and collections during the KLNMS deep reef survey
using a submersible. The study began at a 30-m depth
and reported 60 species from reef and lithothamnion
cobble habitats. The algal species from these two habi-
tats were virtually exclusive.

Algae in Coral Reefs

One of the characteristics of coral reefs the world
over is the apparent paucity of benthic macroalgae on
and around the reefs, at least to the casual observer.
“Where are the plants?”’ might be an immediate question
of a biologist who is familiar with temperate or boreal
seas and views a coral reef for the first time because
rocky substrata in clear, shallow water would normally
support a dense stand of large benthic algae.

A significant biological control of algae on coral
reefs is the competition for space with other epibenthic
sessile organisms. The diversity of organisms on a coral
reef probably exceeds that of all other marine eco-
systems. The sessile animals occupy space that would
otherwise be colonized by benthic algae. On recently
exposed limestone substrates, especially following
physical impact, benthic algae may be the first colo-
nizers, but they are usually replaced by sponges, tuni-
cates, corals, and bryozoans after a short period. An-
other major biological control on benthic macroalgae
is grazing by the herbivorous invertebrates and fish.
Of all shallow-water marine ecosystems, none are more
profoundly affected by grazing than coral reefs.

The effects of grazing on coral reefs have been



demonstrated experimentally in many reef studies, al-
though apparently not in Florida, by placing a barrier
over a selected site and observing the response of the
algae that are protected from most grazing. Randall
(1961b), working in Hawaii, found a significant differ-
ence between the algal cover inside an enclosure and that
of areas outside it after 2 months. Inside the enclosure
the algae grew to normal height and breadth (to 30 mm);
outside the enclosure, the algae averaged 1 mm in height.
In Lameshure Bay, St. John, Virgin Islands, Randall
excluded fish, but allowed herbivorous sea urchins
(Diadema antillarum) in the closed area. Results showed
that the fish were the major grazers. While the urchins
also fed on algae, their action did not affect the algae as
severely as did the fish. Randall also showed that parrot-
fish and surgeonfish graze on seagrass adjacent to the
reef, thereby causing the sand halos around patch reefs,
Research conducted during the submersible habitat
study known as Tektite Il at Lameshur Bay, St. John,
Virgin Islands, confirmed and expanded Randall’s
observations on grazing. Fish grazing was found to be a
major factor influencing biomass and species diversity of
benthic algae on coral reefs. In addition to cage exper-
iments, algae was transplanted from elsewhere to the
reef; the algae was rapidly eaten. Grazing pressure was
intense to a distance of 30 m; beyond that distance it
gradually tapered off (Earle 1972a; Mathieson et al.
1975).

Ogden (1976) reported on algaegrazer relation-
ships on coral reefs and reported those algae that grazers
tend to avoid. Prolific algal growth occurred only in
areas inaccessible to grazing herbivores, such as wave-
washed surfaces and beachrock benches. Ogden and
Lobel (1978) summarized the role of herbivorous fish
and urchins in coral reef communities with special
reference to reefs around St. Croix, Virgin Islands.

A comprehensive study of the effects of elim-
ination or reduction of grazing by means of cages was
reported by Wanders (1977), who worked at Curacao.
His results are applicable to Florida reefs. He found that
crustose coralline algae depend upon grazing for protec-
tion from competition by erect fleshy algae. Under a
cage that covered a patch of coralline algae, the fleshy
algae soon colonized the surface of crustose species,
resulting in the death of the crustose species. The
crustose forms were penetrated by microscopic species
that bored into the limestone. When clean artificial
substrates were placed under cages on the reef, a succes-
sion was observed as the fleshy algae colonized it. During
the first 6-8 weeks the colonizers were principally
filamentous brown and green algae of the genera Grif-
fordia, Cladophora, and Enteromorpha. After 10-15
weeks these were replaced by larger filamentous and
parenchymatous species, in particular, the filamentous
red algae Centroceras clavulatum and Wrangelia argus; a
small, erect-growing coralline red, Jania capillacea; the
larger red algae Spyridia filamentosa, Pterocladia amer-
icana, and Laurencia microcladia; and the flat, dichot-
omous brown algae Dictyota dichotoma. All of these are
common species on Florida coral reefs and can be found
where succession on new substrates would be similar to
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the experiment at Curacao. Wanders concluded that
grazing does not reduce the primary productivity per
unit area in Curacao, but only affects species compo-
sition.

Brawley and Adey (1981) observed the effects of
another category of grazers on coral reefs (other than
fish and macroinvertebrates such as urchins) that might
be referred to as micrograzers, crustaceans of the Order
Amphipoda. In a coral reef microcosm in the Smith-
sonian Institution, Washington, D.C., they observed that
a tube-building amphipod of the genus Amphithoe
grazed selectively on filamentous algae. They suggested
that this micrograzer may help reduce competition for
the encrusting coralline algae.

While grazing by fish is a major factor in the
paucity of fleshy algae in coral reef habitats, there are a
few coral reef fish whose activity has the opposite effect.
One of these is the three-spot damselfish, Pomacentrus
planifrons. It establishes a territory, especially in the
proximity of Acropora cervicornis, A. palmata, and
Montastraea annularis, and then bites segments, strips, or
patches of the coral, killing the polyps. These dead coral
areas are colonized in a few days by a variety of erect
-growing fleshy algae. The damselfish, by its unusual
aggressive habit of defending its territory, keeps out algal
grazers and thus maintains extensive patches of fleshy
algae on the reef where normally they would not exist.
Detailed observations on the damselfish and their algal
lawns were reported in Jamaica by Brawley and Adey
(1977) and in other Caribbean localities including
Jamaica by Kaufman (1977). The three-spot damselfish
occurs on Florida’s coral reefs as do all the algae species
recorded and listed by Brawley and Adey from Discov-
ery Bay, Jamaica. The exception is Halimeda goreaui.

Algal Groups

Benthic algae of tropical coral reefs can be
categorized into four major groups, all occupying areas
of the reef itself or areas under the influence of grazers
inhabiting the reef. They are crustose coralline algae
that encrust corals, reef rock, and other limestone
skeletal material; filamentous and fleshy algae, which
occur as sparse vegetation and dense vegetation; algae
on unconsolidated sediments, which are erect macro-
algae of the order Siphonales and mats of bluegreen
algae; and excavating or boring algae.

Crustose Coralline Algae

The most distinctive and characteristic algal
group of the coral reef is the crust-forming coralline red
algae Rhodophyceae, order Cryptonemiales, family
Corallinaceae, subfamily Melobesieae. These algae form a
thin or massive crust with or without erect branches and
are calcified throughout. When living, they are usually a
shade of red in low light, but may be yellow-brown in
surface light. They are chalk-white when dead, but soon
become greenish as a result of the establishment of the
green and bluegreen algae that bore into limestone and
lend color to the upper few to 5 mm of the skeleton.



Crustose corallines form small, scattered colonies
or large, distinct patches. On Florida reefs, there may be
some degree of development of incipient algal ridges, a
formation found extensively on coral reefs in the eastern
Caribbean Sea (Adey 1978). Coralline algae are common
on the underside of corals such as Acropora spp. and
colonize dead coral fragments that break off and fall to
the seafloor. Large patches are found on the reef plat-
form limestone, the living surface layer covering former-
ly living veneers of the same species. Minute species that
form small, thin crusts are often epiphytic upon larger,
fleshy algae, seagrass leaves, octocoral skeletons, mollusk
shells, and hydroid colony bases. Crustose corallines are
best developed in shallow, turbulent areas where light
intensity is high and fish grazers are partially deterred by
wave forces.

Colonization, succession, and growth rate of the
tropical crustose coralline algae were unknown until the
study of Adey and Vassar (1975) in St. Croix. Their
results probably apply in Florida, which has fewer
species, for April through November. Adey and Vassar
(1975) reported that the margins of a crust grow 1-2
mm/month and that accretion rates are 1-5 mm/year,
depending on herbivore grazing, especially parrot-
fish.

Filamentous and Fleshy Algae

Filamentous and fleshy algae are uncaicified
coral-reef macroalgae that colonize coral rubble and reef
limestones. This group is most adversely affected by
grazing. Two subdivisions are recognized: the dense and
sparse vegetation. They comprise the same species,
although the dense community, if not spatially limited
to crevices or small patches, exhibits greater species
diversity. The sparse community occurs in areas re-
ceiving the heaviest grazing pressure, resulting in cropped
forms often 1-2 mm high. There is a transition of sparse
community on or near the reef to the dense community
located away from the reef, resulting from a gradient in
grazing pressure.

Unconsolidated Sediment Algae

Few algae have the functional ability to anchor
in unconsolidated sediment. For this reason, the sea-
grasses, rooted forms that evolved on land and radiated
into the marine environment, dominate shallow sedi-
mentary habitats, especially in tropical regions. There
are, however, a few specialized algae on loose sedimen-
tary environments; these are especially well represented
in coral reef habitats.

There are two major groups capable of colonizing
sandy or muddy bottom areas. The bluegreen algae
(Cyanobacteria) form mats and penetrate the sediment
to some extent. Green algae, belonging to the order
Siphonales, erect coenocytic plants (lacking cell walls)
having a dense cluster of root-like rhizoids at the base
that provides a firm anchorage in unconsolidated sedi-
ments. Mathieson et al. (1975) included an underwater
photograph of this community.
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The mat-forming bluegreen algae community is
composed primarily of filamentous species (sensu
Drouet 1968), e.g., Microcoleus lyngbyaceus and Schizo-
thrix calcicola. Other filamentous species, including
Porphyrosiphon notarisii and Schizothrix arenaria,
and several coccoid (spherical) species are usually
associated with these mats. Ginsburg (1972b) reported
that the filaments of mat-forming bluegreens grow
upward during the day and selectively trap sediment
particles at night; horizontal growth of another species
results in binding of trapped sediments.

Erect-growing anchored green algae in sediments
are found within the genera Halimeda, Penicillus, Udo-
tea, Rhizocephalus, Avrainvillea, and Caulerpa, They are
usually scattered and scarce immediately around the
reefs, but become progressively more abundant away
from the reef proper as grazing pressure is reduced. The
dense cluster of rhizoids that anchor these plants stabi-
lizes the sediments and absorbs nutrients. Since these
algae are coenocytic, transport of nutrients to the tops
and of photosynthetic products to the rhizoids is carried
on rapidly in conjunction with cytoplasmic streaming.
They are a unique group of highly evolved green algae, as
advanced among the algae as the flowering plants on
land.

Members of this group also contribute signif-
icantly to calcium carbonate production and sediment
on and around the reef. This is especially notable among
the species of Halimeda.

Excavating or Boring Algae

Among the least conspicuous and most often
overlooked algae are those possessing the ability to bore
into limestone by dissolving it as they grow. To the
unaided eye they are visible as a greenish tinge or dis-
coloration at the surface of dead coral, mollusk shells,
dead coralline algae, and other limestone material.
Boring algae belong to three taxonomic groups. Most are
bluegreen (Cyanobacteria), some are green (Chloro-
phyta), and the remaining one (Xanthophyta) has no
common name.

Representatives of three families of bluegreen
algae are known from Florida coral reefs: Entophysalis
deusta, family Chamaesiphonaceae; Schizothrix cal-
cicola, family Oscillatoriaceae; Mastigocoleus testarum,
family Stigonemataceae. The green algae Gomontia
ployrhiza and the xanthophyte Ostreobium quekettii
are known from Florida.

These algae are collected by dissolving a small
sample of greenish limestone in dilute hydrochloric acid
and examining isolated filaments. Keys to the species are
found in Humm and Wicks (1980). A comprehensive
experimental study of limestone-boring algae is found in
Perkins and Tsentas (1976); the study was from St.
Croix. They reported five bluegreen and three green
algae species. One of their bluegreens, Calothrix sp.
(Calothrix crustacea; sensu Drouet 1968), has not been
reported as a boring alga in Florida; however, it is
abundant on Florida reefs and must be presumed to be a
borer. Algae that bore into limestone contribute signif-



icantly to the dissolving of limestone, adding calcium
and bicarbonate to the mineral pool in the reef environ-
ment.

4.3 SPONGES
(by G.P. Schmahl, South Florida Research Center,
U.S. National Park Service, Homestead).

Sponges (Porifera) are an important component
of the benthic fauna of Florida reef. Although not
usually dominant, sponges are common in most reef
zones and can be especially abundant in certain situ-
ations. Substrate analysis of the benthic fauna on
selected upper Florida Keys patch reefs indicated a
sponge component ranging from 1.2% to 9.2% of the
surface area sampled (Jaap and Wheaton 1977).

Taxonomy

Sponges are grouped into four classes. The largest
is the Demospongiae, which account for 95% of all
recent species. Virtually all common shallow water reef
sponges are demosponges with most of the remainder be-
longing to the class Calcarea. The Demospongiae are
characterized by skeletal components consisting of
siliceous spicules that are supplemented or replaced by
organic spongin, which forms fibers or acts as a ce-
menting element. The skeleton of the Calcarea, as the
name implies, is made up of calcareous, usually triradiate
spicules. A third class of sponges, the Sclerospongiae,
secrete a compound skeleton of siliceous spicules,
spongin fibers, and calcium carbonate. Sclerosponges can
be an important structural component of some deep fore
reef environments (Lang et al. 1975) but have not been
reported from Florida reefs (Dustan et al. 1976). The
fourth class of sponges, the Hexactinellida, are mainly
deep water species and are characterized by hexactinal
(six-rayed) megascleres (type of spicule).

Classification of the sponges is based primarily
on the size and shape of the spicules (megascleres and
microscleres) and the organization of the skeletal matrix
of spicules and organic fibers found within the various
species. Gross morphology, surface texture, color, and
arrangement of the incurrent and excurrent ostia are also
considered important. Recently, studies in the areas of
comparative biochemistry (Bergquist and Hartman
1969), reproductive life history characteristics (Levi
1957), structure and function of sponge cells (Simpson
1968), and ecology have contributed much to clarify
taxonomic organization. In spite of this, classification of
the Porifera is still in a state of change and confusion.
However, the widespread use of scuba, in situ color
photography, and standardized collecting techniques
have all helped in the field identification of major
sponge species. Field guides are now available (Voss
1976; Colin 1978a; Kaplan 1982) which offer to the
nonspecialist some information on Caribbean reef
sponges. Of these, the identifications given in Kaplan
(1982) are the most up-to-date. Inconsistencies in
nomenclature found in these publications reflect the
confusion that surrounds sponge systematics. Most
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common sponge species have characteristic shapes,
colors, and habitat preferences which allow them to be
identified confidently in the field, at least within a
specified geographic area (e.g., Florida).

Of the more technical taxonomic literature on
Caribbean sponges, only a few were based on collections
primarily from Florida. An early work that described
some Florida reef sponges was that of Carter (1885).
Later Florida studies on the sponges of the Guilf of
Mexico by de Laubenfels (1953) and Little (1963) also
included some reef species. The most complete work of
sponge taxonomy for Florida reef sponges was made by
de Laubenfels (1936) in the Dry Tortugas. Although
now somewhat out of date in terms of the present
interpretation of sponge classification, this is an impor-
tant work in that all known Caribbean sponge families
were listed and their taxonomic characteristics des-
cribed. Since the sponge fauna found on Florida reefs
is decidedly West Indian, taxonomic works from other
areas of the Caribbean are sufficient for most Florida
species. Recent studies of this type include those from
the Bahamas (de Laubenfels 1949; Wiedenmayer 1977),
Bermuda (de Laubenfels 1950), Jamaica (Hechtel 1965),
and Curacao (van Soest 1978, 1980). The studies by
Wiedenmayer (1977) and van Soest (1980) introduced
new classificatory interpretations. Taxonomic works on
burrowing sponges likely to be found in Florida include
Pang (1973a, 1973b) and Rutzler (1974).

A definitive list of Florida sponge species does
not exist. de Laubenfels (1936) described 76 species
from the Dry Tortugas, but 5 were dredged from 1,047
m and 9 others were collected from sites ranging from
70 to 90 m, which is out of the range of most typical
Florida coral reef growth. Wiedenmayer (1977) des-
cribed 87 shallow water species from the western Ba-
hamas in a work that reevaluates the validity of scientific
names applied to many common reef species. Careful
reference to synonymy must be taken into consideration
when comparing Wiedenmayer’s (1977) lists with those
of previous workers. Given the proximity of his study
site, it is reasonable to assume that most of the 87
species Wiedenmayer (1977) described can also be found
in Florida. Fifty-seven species of sponges have been
recorded from Bermuda (de Laubenfels 1950) and
Jamaica (Hechtel 1965). Of the species treated by
Wiedenmayer (1977), 39 listed are from the Dry Tor-
tugas and 22 from the Florida Keys. These lists were the
result of a literature review and not based on field
studies, so the actual number of species in these local-
ities is open to question.

A brief survey of sponges of the Dry Tortugas by
National Park Service investigators revealed 85 species,
only 43 of which were recorded by de Laubenfels
(1936), and 57 of which were among the 87 species
described by Wiedenmayer (1977). The low overlap of
species lists indicates a species pool much larger than
reported by any one study; the number of species
present is seemingly correlated with the amount of time
spent looking. It is important to note that the above
studies deal with all sponge species encountered in the
area, including those common in lagoonal areas, man-



groves, and inshore pilings. Those sponges that dominate
in reef areas are a more or less distinct group and, with
some overlap, are substantially different from those
which are abundant in lagoonal areas (Wiedenmayer
1977). An extensive study of the patch reefs of Biscayne
National Park (upper Florida Keys) reported the occur-
rence of 98 species associated only with inshore reefs in
less than 10 m of water (Schmahl and Tilmant 1980).
Additional species have been collected from deeper
water on the outer bank reefs. From the evidence so far,
a conservative estimate of the sponge species occurring
on or around Florida reefs must be at least 120.

Autecology

Sponges exhibit both asexual and sexual repro-
duction. Asexually sponges may be regenerated from
fragments, gemmules, and reduction bodies. Sexually,
the group has both dioecious and hermaphroditic
species. Fertilization is usually internal and both ovip-
arous and viviparous species are common. This fact
forms the basis of the division of the Demospongiae into
its two- main subclasses: Tetractinomorpha (oviparous)
and Ceractinomorpha (viviparous), although exceptions
are known. Viviparous species usually incubate paren-
chymula (solid) larvae, while development in oviparous
forms is usually external.

Amphiblastula (hollow) larvae are exhibited by a
third subclass of Demospongiae, the Homoscleromorpha,
and some calcareous forms. A promising method that
may be used to access the extent of asexual reproduc-
tion in an area is the ability of sponges to recognize
tissue of like genetic composition (*‘self”’). Experiments
may be carried out whereby strains can be recognized
through differential acceptance of tissue from other
individuals in an area (Kaye and Ortiz 1981). Repro-
duction in sponges was reviewed by Fell (1974), but
there is much yet that is unknown about that process in
most species. A recent review by Simpson (1980)
pointed out the many areas open to research.

Larval ecology and behavior is fundamental to
the distribution of adult forms. Most sponges have sex-
vally produced larvae that are free-swimming, at least for
a short period, although some species have been shown
to produce larvae that do not swim but creep over the
substrate (Bergquist 1978). Three physical attributes
influence the swimming and settlement of sponge
larvae: light, gravity, and water turbulence. The com-
paritive morphology and behavior of some Demosponge
larvae have been reviewed by Bergquist et al. (1979).

Sponges are filter feeders and must take in great
quantities of water from which they remove plankton,
bacteria, organics, and other nutrients from the water
column. It has been estimated that the abundance and
pumping activity of sponges on the fore reef slope of
Discovery Bay, Jamaica, are such that a volume equiv-
alent to the entire water column passes through the
population every 24 hours (Reiswig 1974). Sponges are
capable of removing extremely small organic particles.
In a study by Reiswig (1971b), 80% of the organic
carbon removed by three species of sponges could

38

not be seen under an ordinary light microscope and was
thus postulated to be of colloidal (quasi-particulate)
nature. Many sponges depend on ambient currents to aid
in water transport through their tissues and to decrease
the amount of energy expended on pumping activities
(Vogel 1977). Thus, hydrodynamic regimes are impor-
tant in shaping sponge distributions. In tropical areas,
where reef boundary layers are typically low in nutrients
and organic particulate matter, increased water flow by
currents can be essential for the survival of many large
species.

Light intensity can be important in shaping
sponge communities for various reasons. In one respect,
reduced light intensity increases sponge abundance due
to decreased competition from reef corals that depend
on light for survival of symbiotic zooxanthellae, Sponges
typically proliferate in deep fore reef areas below the
zone of maximum coral growth. Some sponges, however,
have been shown to contain species of symbiotic blue-
green algae (or Cyanobacteria) which have been impli-
cated in the distribution of those species, restricting
them to shallow areas where light is abundant (Wilkinson
1978).

For a good general review of sponge biology,
consult Bergquist (1978). Several recent collected works
have been compiled as the result of symposia on the
biology of sponges or in response to the need for cohe-
siveness in sponge research. These include Fry (1970),
Harrison and Cowden (1976), Levi and Boury-Esnault
(1979), and Hartman et al. (1980).

Quantitative ecological studies of sponges on
Caribbean reefs are few. The most complete series of
studies of Caribbean demosponges to date were those
carried out by Reiswig (1971a, 1971b, 1973, 1974) on
three common species found on Jamaican reefs. These
studies set the standard for ecological methodology of
sponges and their information is generally compatible
with Florida populations. His findings emphasized the
variability displayed by the different species in regard to
pumping activities, feeding, life history characteristics,
population dynamics, and respiration, Ecological studies
on entire sponge communities are rarer still. Alcolado
(1979) investigated the ecological structure of sponges
on a Cuban reef, and data were given in Wiedenmayer
(1977) stressing synecological relationships of sponges in
his Bahama sites. The difficulty of carrying out such
studies is reviewed by Rutzler (1978) who also gave
some methods for quantitative assessment of sponges
on coral reefs.

From these studies and from qualitative and
incidental observations, sponge communities are known
to be partitioned along habitat and depth gradients on
coral reefs. Habitat preference, reproductive strategies,
growth form, and competitive ability are important
biological agents that influence sponge distribution.
Abiotic factors, some linked directly or indirectly with
depth (e.g., light intensity, temperature, intensity of
wave and surge action, and sedimentation) are also major
controlling forces in shaping sponge assemblages.

Massive sponges are rare on reef flats where small
or low encrusting forms are predominant (Reiswig 1973;



Alcolado 1979), presumably because of the scouring
action of waves and the increased sediment load caused
by turbulence. Many species cannot tolerate high sedi-
ment loads. In Verongia lacunose pumping rate is re-
duced under increased sediment conditions (Gerrodette
and Flechsig 1979). Species with high sediment toler-
ance, such as Tethya crypta, can be common on the reef
flat as are encrusting species such as Spirastrella cunc-
tatrix and Thalysias juniperina. Species of the genus
Cliona are also common, infesting dead coral skeletons
and other suitable substrate. In deeper areas (>> 7 m),
where conditions are more predictable and favorable,
massive sponges increase in abundance. Common species
found on the outer reefs of the upper Florida Keys
include Amphimedon compressa, Iotrochota birotu-
lata, Ulosa ruetzleri, Ircinia strobilina, Ectypoplasia
ferox, Callyspongia vaginalis, Niphates erecta, N. digi-
talis, N. amorpha, Cliona deletrix, and Xestospongia
muta (name designations after van Soest 1978 and
1980, and Wiedenmayer 1977).

Synecology

Sponges are major competitors with other epi-
benthic organisms for space and other resources in reef
habitats. Sponges have the greatest overgrowth capa-
bility of the major groups of organisms encrusting
undersurfaces of foliaceous corals (cheilostome ectop-
rocts, crustose algae, and other algae). Results varied
with depth, but sponges were the superior overgrowth
competitors in 77% of the interactions monitored
(Jackson and Winston 1982). Overgrowth of Caribbean
corals by sponges has been observed for Chondrilla
nucula (Glynn 1973), Ectyoplasia sp., and Plakortis sp.
(Lang 1982), and has been demonstrated for Antho-
sigmella var. f. incrustans (Vicente 1978), which was
found to have a high level of competitive superiority
compared with corals and other sponges. Some sponge
species have been shown to exhibit toxicity to corals
which they overgrow, causing necrosis of the coral tissue
along the line of contact (Bryan 1973). Such a mech-
anism of competitive interaction presumably concerns
the production of species-specific allelochemicals (Jack-
son and Buss 1975; Buss 1976), which can lead to
intricate competitive networks and act to allow high
diversity in areas of low disturbance. Sponges have also
been shown to enter into complex epizoic relationships
(living on one another) with one another (Rutzler 1970)
which may be in response to competitive pressures.

Sponges are involved in symbiotic relationships
with other reef organisms. Many sponges exist in sym-
biosis with bluegreen algae (or Cyanobacteria), which are
mostly free living within the mesophyll and may consti-
tute up to 52% of the cellular material of the sponge
(Rutzler 1981). Nutrient translocation of algal products
to coral reef sponges has been demonstrated by Wilkin-
son (1979). Sponges can, therefore, supplement their
energy requirements through this relationship. Goreau
and Hartman (1966) noted that the Caribbean sponge
Mycale laevis has a symbiotic relationship with some
stony corals. The sponge benefits from a protected and
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enlarging coral base to grow on, while the coral is aided
by protection from boring organisms that usually gain
access through the coral’s undersurface. The coral
possibly benefits also from greater access to hetero-
trophic energy sources carried in the sponge-created
water currents. An obvious symbiotic relationship in
Caribbean sponges involves species of Zoanthidea
(Anthozoa) which grow on the surface of some sponges.
Taxonomy of the sponge-associated zoanthids has been
given by West (1979). Aspects of the ecology of sponge-
zoanthid associations have been investigated by Crocker
and Reiswig (1981), who found a high specificity be-
tween species of host sponges and their associated
zoanthids. Lewis (1982) studied some functional aspects
of this relationship and suggested that the zoanthid
presence may have a deleterious effect by decreasing the
host sponge’s pumping capabilities.

Another important role of sponges in coral reef
ecosystems is that of providing shelter for other reef
organisms. Tyler and Bohlke (1972) listed 39 species of
fish that associate with sponges, at least 5 of which are
obligate sponge dwellers. The interior cavities of certain
sponges are inhabited by numerous invertebrates (Pearse
1932; Westinga and Hoetjes 1981), mostly crustaceans,
of which the alpheid shrimps are the most prominent.
The residents also include polychaete and annelid
worms. Reiswig (1973) reported that the sponge Veron-
gia gigantea supported large populations of Haplosyllis
spongicola in the canal system; densities of 50-100
polychaete individuals per ml of sponge were found.
Haplosyllis spongicola is also a frequent inhabitant of
the sponge Neofibularia nolitangere.

Sponges serve as a food source for other or-
ganisms, predominantly coral reef fish and some marine
turtles. In general, however, predation is not intense.
Only in 11 of 212 fish species (5%) studied by Randall
and Hartman (1968) did sponge remains comprise over
6% of stomach contents. Angelfish of the genera Holo-
canthus and Pomacanthus and the whitespotted filefish
(Cantherhines macrocerus) were the major sponge
predators. Abundance of mineralized sclerites, noxious
chemical substances, and tough fibrous components have
been identified as reasons for low predation pressure on
most coral reef sponges. The toxicity to fishes of many
common exposed (noncryptic) Caribbean sponges has
been shown by Green (1977) through forced feeding
experiments. He also noted that, in general, as latitude
decreases, the incidence of toxicity in sponges increases,
presumably in response to the high diversity and density
of associated fishes in the tropics. Predation, therefore,
is not usually considered a direct force limiting the
distribution of coral reef sponges. This is not true for all
sponge ecosystems, as was illustrated by Dayton et al.
(1974) in an Antarctic community.

Sponges have been regarded as a major force in
the bioerosional process on coral reefs (Goreau and
Hartman 1963; Rutzler 1975). The boring sponges are
classed mostly in the family Clionidae (genus Cliona),
but species of the Adocidae (Siphonodictyon) and the
Spirastrellidae (Spheciospongia, Anthosigmella) have
also been shown to excavate coral limestone skele-



tons. They weaken the substrate, causing the collapse
and dislodgement of some corals and creating cryptic
habitats in the interior of coral skeletons. In a study of
Cliona lampa in Bermuda, Neumann (1966) found that
as much as 6-7 kg of carbonate detritus could be gener-
ated from 1 m? of sponge-infected substrate in 100
days. Hudson (1977) reported six species of boring
sponges that were principal in the bioerosion of Mon-
tastraea annularis (star coral) at Hens and Chickens Reef
in Florida.

In contrast to the erosional effects of the boring
species, many other species contribute to the structural
integrity of coral reefs by binding unconsolidated reef
frame material together and thereby increasing rates of
carbonate accretion (Wulff and Buss 1979).

Sponges play a major role in the ecology of
Florida coral reefs, but have been greatly neglected in

ecological studies. As Willlam Beebe (1928) wrote:
. . .when, in the lliad, Homer described a sponge as ‘full
of holes,” he expressed about all the knowledge which
mankind has possessed until comparatively recent
times.”” Although there have been some advances in
knowledge of sponge biology since 1928, there is still
much to be learned about the physiology, ecology, and
evolution of sponges.

4.4 CNIDARIA

The phylum Cnidaria (Table 24) includes jelly-
fish, sea anemones, corals, and hydrozoans. Although
extremely variable in appearance, all members have a
radially symmetrical body plan. The saclike body has
a central stomach cavity with a single opening that is
usually surrounded by food-capturing tentacles. Stinging

Table 24

Classification of major reef benthic Cnidaria.

PHYLUM CNIDARIA (COELENTERATA)
CLASS HYDROZOA
ORDER MILLEPORINA: fire corals
ORDER STYLASTERINA: hydrocorals

CLASS ANTHOZOA

SUBCLASS OCTOCORALLIA (ALCYONARIA) sensu Bayer 1961

ORDER STOLONIFERA
ORDER TELESTACEA

ORDER ALCYONACEA: fleshy soft corals

ORDER GORGONACEA: sea whips, sea feathers, sea fans, sea plumes, other gorgonian corals

ORDER PENNATULACEA: sea pens
SUBCLASS ZOANTHARIA (HEXACORALLIA)

ORDER ACTINIARIA: anemones

ORDER CORALLIMORPHARIA: false coral anemones

ORDER ZOANTHIDEA: carpet anemones

ORDER CERIANTHARIA: tube anemones, often parasitic in other organisms

ORDER SCLERACTINIA (MADREPORARIA): true stony corals

ORDER ANTIPATHARIA: black or thorny corals




capsules (nematocysts) on the tentacles narcotize prey
before they are drawn into the mouth, and sometimes
can inflict powerful stings on humans.

The two classes of Cnidaria in which major
colonial reef forms are found are the Hydrozoa and
Anthozoa. Within the Hydrozoa class is the order
Milleporina, containing the fire corals. The Anthozoa
class has two subclasses: (1) Octocorallia or soft corals,
including those in the order Gorgonacea (gorgonians),
and (2) Zoantharia, containing the order Scleractinia
or true stony corals, The following will describe the
fire corals; the soft corals, especially the gorgonians;
and the stony corals.

Milleporina

On Florida reefs, the Milleporina are represented
by a single genus, Millepora. These fire corals are quite
common throughout the western Atlantic tropical coral
reefs. A colony consists of a calcareous skeleton with an
internal meshwork and external pores through which the
polyps retract and expand. The two kinds of polyps are
the dactylozooid and the gastrozooid. The dactylozooid,
the defensive and food-collecting polyp, has potent
stinging apparatus, the nematocyst. The nematocyst
contains a small hypodermiclike structure. This is a
capsule with a coiled barb, flagella trigger, and a strong
neurotoxin. Upon stimulation the trigger releases the
barb that is shot into the prey or predator by hydraulic
pressure, and the poison is released. The gastrozooid
contains a mouth and digestive enzymes. Dactylozooids
and gastrozooids are distributed in cyclosystems of five
to seven dactylozooids around each gastrozooid.

Two species of Millepora are found in Florida, M.
alcicornis is a digitate branching form, and M. compla-
nata (Plate 3b) is a truncated bladed form. In many
cases, it is impossible to render a specific determination.
Thin encrusting veneers of reef rubble, the skeletons of
other organisms, and jetsam prevent recognition of the
specific characters. The western Atlantic species, M.
squarrosa, is a nominal species. Stearn and Riding (1973)
and DeWeerdt (1981) showed that M. squarrosa was an
ecomorph of M. complanata. Boschma (1948, 1956) dis-
cussed the systematics and taxonomy of Millepora.

Millepora’s life history reflects hydroid meta-
genesis or alternation of polyp and medusa generations.
The polyp represents the benthic stage. It asexually
produces planktonic medusae, which develop gametes
that, when fertilized, produce planktonic larvae. The
larvae settle and metamorphose into a juvenile Millepora
colony. Recruitment can also come from fragment
propagules. Following storms or physical impact, the
broken pieces have regenerative powers to grow into new
daughter colonies.

Millepora is a functional autotroph and hetero-
troph. It has very dense concentrations of zooxanthellae
(microscopic, symbiotic dinoflagellate algae) in its
endodermic tissues, discussed in detail in Chapter 7. The
zooxanthellae are autotrophic and provide the host
animal tissue with carbohydrates and some proteins.
Polyp nitrogenous wastes and CO, are used by the
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zooxanthellae in protein synthesis. The calcification rate
and colony growth are greatly enhanced by this sym-
biotic relationship. Plankton, captured by the dactylo-
zooids and digested by the gastrozooids, probably
provide the micronutrients to the polyps.

Growth rate data for Millepora are limited or
nonexistent. After settlement the growth seems to be
very rapid, probably upward growth approaches 10 cm
annually (author’s subjective estimate). Encrusting forms
are transitory, instability of substratum usually leads to
early mortality for the colony.

Wahle (1980) reported that Millepora colonies
detect octocoral colonies from stimuli present in sur-
rounding seawater and redirect growth to reach the
octocoral colony. Millepora then grow over the surface
of the octocoral, thus gaining new space.

Millepora complanata has a limited bathymetric
distribution. It is generally restricted to the reef flat and
shallow spur and groove zones (0-5 m). On Looe Key
Reef (Table 23) it was second in abundance and frequen-
cy, with a mean density of slightly greater than three
colonies per square meter. Mergner (1977) reported that
M. complanata was an indicator species of photophilic
and rheophilic environments; its ecological niche is ap-
parently limited to the shallow, well-illuminated and tur-
bulent waters found in shallow windward reef communi-
ties.

Octocorallia (Soft Corals)

The Octocorallia, commonly called soft corals or
octocorals, are conspicuous in coral reef communities
off southeast Florida (Table 25). They have various
shapes ranging from inconspicuous encrusting mats to
large sea fans. Nearly all types possess calcareous spicules
embedded in an organic matrix. Specific species charac-
teristics include colonial morphology, branching pat-
terns, and morphology and configuration of the spicules.
The fundamental morphological character is the polyp,
which has eight pinnate tentacles.

The Gorgonacea (gorgonians) are the common-
est octocoral in southeast Florida reefs in depths less
than 30 m. They include the sea fans, sea plumes, sea
feathers, sea whips, and sea rods (Plate 4a), which are all
very flexible and attached by a holdfast or base to the
reef platform. Branches of gorgonians possess a horny,
solid center, while other groups have a solid or calcar-
eous axis.

The taxonomy of the major categories is cur-
rently being revised. Bayer (1961) is the most complete
single source for identification of the shallow water
octocorals found off southeast Florida, and Cairns
(1977) is a useful field guide. Deichmann (1936) report-
ed on the deep-water octocorals.

Octocoral autecology, including environmental
tolerances summarized by Bayer (1956), is similar to
that of the stony corals (see next section, Scleractinia).
Octocorals exhibit polytrophism, obtaining energy from
multiple sources; planktivory and autotrophism are the
two major sources.

Reproduction is generally dioecious. Colonies



Table 25

Octocoral fauna in shallow (<30 m) southeast Florida
reef communities (Bayer 1961; Opresko 1973;
Wheaton 1981, in preparation b).

Species Patch reef Bank reef

Briareum asbestinum
Iciligorgia schrammi
Erythropodium caribaeorum
Plexaura homomalla
P. flexuosa
Pseudoplexaura porosa
P, flagellosa

P. wagenaari

P. crucis

Eunicea palmeri
pinta

mammosa
succinea

fusca

laciniata
tourneforti
asperula

. clavigera

. knighti

. calyculata
Muriceopsts flavida
Plexaurella dichotoma
P. nutans

P, grisea

P. fusifera

Muricea muricata

M. atlantica

M. laxa

M. elongata
Lophogorgia hebes
Pseudopterogorgia bipinnata
P. kallos

P. rigida

P. acerosa

P. americana

P. elisabethae

P. navia

Gorgonia ventalina
Pterogorgia citrina
P. anceps

P. guadalupensis
Nicella schmitti
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release sperm into the water column; however, fertiliza-
tion and embryological development are internal. Plan-
ula larvae are released through the polyp mouth. Those
species studied spawn during the spring, summer, and
fall. Recruitment of new colonies results from larval
settlement following a brief planktonic period. Meta-
morphosis occurs after the larvae settle on appropriate
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(solid) substrate. Juvenile (sexually immature) character-
istics are not significantly different from the adult’s.
Greatest mortality occurs during larval and juvenile
stages. Growth proceeds by asexual budding of polyps
and is determinant. Octocoral growth rates have not
been intensely studied. Kinzie (1974) reported that the
black sea rod (Plexaura homomalia) exhibited colony
growth of 1040 mm annually. The study also noted that
sexually mature colonies were 25-35 mm in height.
Kinzie’s study was in the Cayman Islands but would
generally apply to Florida populations.

Octocorals suffer high mortality from storms
when wave surge is too great for the holdfast or the sub-
strate itself becomes dislodged. The colony is often car-
ried off the reef proper and recovery after dislodgement
is frequently unsuccessful.

Density of octocorals ranges from very dense to
sparse, dependent upon the habitat; variability is quite
high. Work at Biscayne National Park, for example,
documented a range of 10-50 colonies within a square
meter. Both Wheaton (in preparation a) and Opresko
(1973) conducted studies in patch reef habitats. Domi-
nant species at Biscayne National Park were Plexaqura
flexuosa, P. homomalla, Gorgonia ventalina, Eunicea
succinea, and Pseudopterogorgia americana. Opresko
reported mean densities of 6.9, 11.3, and 27.1 colonies/
m? at three reefs.

The octocoral fauna from about Stuart-Palm
Beach to Dry Tortugas in depths to near 30 m is typical
Caribbean or Tropical Atlantic in species composition.
Local environmental conditions (depth, light, substrate,
and current) control community structure.

The octocoral fauna is an important component
of coral reef communities, principally as shelter and
refuge for numerous commensal and epibiotic species
important in the trophic structure of the reef commun-
ity ranging from bacteria to fish. Copepod, decapod,
amphipod crustaceans, barnacles, ophiuroids, gastropod
and pelecypod molluscs, and often small stony corals
attach to the central axis stem or holdfast. The fisheries
management plan for coral and coral reefs reported the
following predators and parasites of western Atlantic
octocorals;

1. Algae in Pseudoplexaura, Pseudo-
pterogorgia, Plexaurella, Plexaura,
and Muriceopsis are manifested in
abnormal growth (tumors) in the
branches.

2. Millepora (fire coral) overgrows the
octocoral.

3. The fireworm Hermodice caruncu-
lata (Plate 18b) preys on many
corals including a number of reef
octocorals.

4., Cyphoma spp. gastropod molluscs
feed, sometimes in groups, on octo-
corals. Gorgonia ventaling is a
favored prey.



5. Numerous fish have been observed
feeding; however, they do not
appear to be obligate octocorali-
vores (Randall 1967).

Octocorals are increasingly harvested for human
purposes. Many octocorals contain pharmacologically
active compounds within their tissues. Medical-phar-
macological research requires harvest of prodigious
quantities of octocorals to isolate active compounds.
Bayer and Weinheimer (1974) reported on the prosta-
glandin compounds extracted from Plexaura homomalla.
Concern has been registered that this might eliminate a
species population over a wide area if harvest restrictions
were not instituted. Another exploitation of octocorals
within the area is for live aquaria. Information provided
to the Gulf of Mexico Fishery Management Council
reported 5,845 colonies of octocorals belonging to nine
species are harvested annually and sold as aquarium
specimens; several are nonreef species. Current State and
proposed Federal statutes only protect the sea fan, genus
Gorgonia.

Scleractinia

The Scleractinia (stony corals) are a specialized
order of Zoantharia, distinguished by an aragonite
calcareous exoskeleton. The skeleton (Plate 9a) is
composed of a basal plate, external wall, and specialized
internal structures—the septa, pali, and columellae. The
group in general expresses radial symmetry set in a hexa-
merous mode. Yonge (1940, 1973) and Wells (1957b)
reviewed scleractinian biology, and Vaughan and Wells
(1943) and Wells (1956) provided a glossary of terms
and definitions.

The order Scleractinia is divided into five sub-
orders (Table 26)—Astrocoeniina, Fungiina, Faviina,
Caryophylliina, and Dendrophylliina. Most shallow-
water, reef-building corals are fou