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SPECIES PRESENCE AND DISTRIBUTION OF SCLERACTINIA
(CNIDARIA: ANTHOZOA) FROM SOUTH CAICOS,
TURKS AND CAICOS ISLANDS

S. C. C. Steiner

ABSTRACT

The species presence and relative abundance of scleractinian corals was recorded on
the narrow shelf of the Caicos Platform, off South Caicos Island, in the southeastern
Bahamian archipelago. Belt transects were used to survey 100 m? at each of three topo-
graphic reef zones, namely “pavement” at 9 m, spur and groove at 18 m, and the forereef
escarpment at 27 m depth. Thirty-three species were thus identified in situ. Including
species of the environs, a total of 40 zooxanthellate and mostly hermatypic species were
recorded. Three distinct coral assemblages were depicted. Low species richness, and a
comparatively even distribution of individual abundances, characterized the coral assem-
blage at 9 m, influenced by the persistent wave impact of easterly Trade Winds. The coral
assemblage at 18 m, spatially restricted to the spurs of the spur and groove topography,
harbored the highest species richness and diversity, while exhibiting comparatively het-
erogeneous individual abundances. Outcrops, ledges, and sand chutes characterized the
reef at 27 m, where the number of species decreased, vet the evenness of occurrence
increased. Siderastrea siderea and Porites astreoides were among the most frequently
occurring corals at all depths, indicating that they are eurybathic and inter-specifically
competitive. Agaricia spp., Montastraea annularis, and M. faveolata, were abundant at
depths of 18 and 27 m, where they constitute the main scleractinian framework builders.
The general paucity of Acropora spp. and the lack of Acropora cervicornis accretions at
mid depths is another attribute of South Caicos.

The coral reefs of the Caicos Islands, in the southeastern Bahamian archipelago, be-
tween 21° and 22°N, and 71° and 72°30'W (Fig. 1), have been scarcely documented.
Surveys of the Bahamian region by Bunt et al. (1981) include data from a single 10 m
transect, examined at 15 m depth, near East Caicos, and account for 28 species of sponges,
scleractinian corals, octocorals, and hydroids. A description of reefal ridges, reef flats,
and surficial sediment types of the Caicos Platform was given by Wanless and Dravis,
(1989). Scleractinian abundance patterns of South Caicos were first described by Sullivan
et al. (1994). Based on 15 to 30 m? examined at each of five distinct reef locations, they
report the presence of 35 hermatypic scleractinians with a low percent cover relative to
other regions of the Caribbean. Mumby et al. (1998) provide further data on biotic and
abiotic surface cover of the South Caicos area, in a recent effort to gauge and evaluate
remote sensing imagery.

Coral reefs fringe the Caicos Platform on the windward side of its eastern and north-
eastern islands, as well as on the leeward side of its northern and western islands (pers.
observ.). The interior of the Caicos Platform is characterized by relatively barren tidal
flats, lagoons, shallow subtidal areas with a few intermittent shoals (Wanless and Dravis
1989), and sediments ranging from oolitic grainstone to peloidal packstone-grainstone.
These sediments are widely bioturbated by Callianassa (Wanless et al., 1988). Coral
growth in these areas is predominantly associated with tidal channels adjacent to islands,
but Siderastrea radians can also be found in lagoonal settings with sediment accumula-
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Figure 1. Location of South Caicos Island and the study site.

tions no deeper than 10 cm, often in close proximity to Rhizophora mangle stands (pers.
observ.).

While international concern about the condition of coral reefs has augmented (Dight
and Scherl, 1997, Spalding and Grenfell, 1997), there remains a paucity of records on the
reefs in regions that lack research stations, yet receive increasing human use (see Cortés,
1997). In the Turks and Caicos Islands tourism has become the leading industry and
primary user of coastal environments on the Islands of Providenciales, Grand Turk, and
marginally South Caicos. But the industry is growing and evidence of direct anthropo-
genic disturbances includes scars from poor boating practices and gear loss. Fishermen’s
accounts of decreasing catch per unit effort, mainly in the extraction of Strombus gigas
and Panulirus argus, indicate the possibility of faunal and algal phase shifts as docu-
mented in Jamaica (Hughes, 1994) and other Caribbean regions (Rogers, 1985). This
study presents further insight into the coral reefs of the Turks and Caicos Islands.
Scleractinian species presence and relative frequency of occurrence along the southern
shelf, adjacent to South Caicos, are described and compared to other areas in the greater
Caribbean. Bathymetric distribution patterns are discussed on the basis of Jocal hydrody-
namic parameters.

METHODS

Steny S South Caicos is the southernmost island of the Caicos islands (Fig.1). The study
site, located on the windward side of Long Cay, consisted of three distinct topographic zones (Fig.2).
A low relief (<1 m) platform or pavement extends seaward from 0 to 12 m of depth. Spur and
groove formations of 1 1.5 m relief, span depths from 12 m to 18 m. Within the spurs, colony
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rugosity is up to 1.5 m. A steep forereef escarpment begins at 18 m, and drops to 2100 m, the Turks
Passage. It is characterized by outcrops, sand chutes, and intermittent ledges.

Stations for this study were selected at 9, 18 and 27 m depth. At the 9 m station, the algae
Dictyota spp. and Lobophora sp., the octocorals Gorgonia sp., Pseudopterogorgia sp., Plexaura
sp., and encrusting colonies of the stony corals Siderastrea siderea, Siderastrea radians,
Stephanocoenia intersepta, and Porites astreoides constitute the visually most common sessile
macro benthos. It is the most turbulent station, influenced by a persistent incoming surge (Antilles
Current, Trade Winds) and its reflection from Long Cay (Fig. 1). At the 18 m station, Dictyota spp.,
Lobophora sp., the sponges Pseudoceratina crassa, Ectvplasia ferox, Neofibularia nolitangere, and
Aplysina cauliformes, the octocorals Pseudopterogorgia sp., Plexaura flexuosa and Plexaura
homomalla, and the stony coral Montastraea annularis were visually common, while the 27 m
station was characterized by Lobophora spp., the sponge Aplysina archeri, folios Agaricia spp., and
Montastraea favaeolata.

Dara CorLectioN—Records of species presence from approximately 400 snorkel- and SCUBA
dives, carried out between September 1994 and August 1996, at various locations around South
Caicos, Long Cay, and Six Hills Cay (Fig. 1), were compiled to a reference list for the area. A
sample size of 20 m” was determined by plotting species per-area curves (Loya 1978) for each of
the three selected depths. Using SCUBA, five 20 m transect lines were then nailed to the substra-
tum, parallel to the shoreline and to each other at the 9 m, and 18 m stations. The transects were
installed at 5 m intervals, resulting in a depth difference between the shallowest and the deepest
lines of 0.5 m at the 9 m station, and 1 m at the 18 m station. At the 27 m station, such a layout would
have incurred a 9 m change in depth. Therefore, transects were installed in a tandem position along
the reef escarpment. Using |-meter-long PVC pipes as visual reference, every scleractinian colony
within 0.5 m of the transect was counted and identified in situ. Thus, a total of 300 m’ reef surface
were surveyed, 100 m” at each depth. Species that were observed between the stations, but did not
occur in the transects, were also recorded.

Species identification was based on Cairns (1982), Goreau and Wells (1973), Humann (1994),
Smith (1971), and Weil and Knowlton (1994). Fourteen solitary polyps could not be identified, and
were not included in the subsequent data analysis. Individual colony boundaries were defined as the
discontinuity of live coral tissue. Although this approach leads to high counts in columnar species
such as M. annularis with partial mortality sensu Hughes and Jackson (1980}, it is more replicable
in dense and convoluted reef structures, than to define colony boundaries as skeletal entities. Each
transect was surveyed up to 6 times until counts of species and individuals were consistent. Visual
observations of colony size and percent live coverage were noted. Transect surveys were carried out
from October to December 1995 and from March to April 1996.

COMMUNITY STRUCTURE ANalLysis.- Counts of formas were pooled to single species counts prior
to calculating species richness, species diversity (II', log ) as expressed by Shannon and Wiener
(1948) and Pielou’s (1966) evenness index (J') for each transect. Data were subsequently subjected
to a hierarchical, agglomerative cluster analysis. The Bray-Curtis index was used as distance mea-
sure with centroid method of linkage (Digby and Kempton, 1987).

Resuirs

Ser:cies PRESENCE AND DisTrRIBUTION.—A total of 40 Scleractinia, from 22 genera and 10
families, were identified in the reefs off South Caicos (Table 1). Within the 300 m- sur-
veyed in detail on the windward side of Long Cay, 33 species were recorded. Only 17 of
these species were found at the 9 m pavement. They comprise encrusting species as S.
radians, D. clivosa, and small colonies of massive corals as S. intersepta and M. cavernosa.
The three most frequently occurring corals at this depth were P, astreoides, S. siderea, and
D. stokesii, constituting over half of the coral colonies counted. The comparatively largest
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Table 1. Coral species and their relative abundance at 9, 18 and 27 m. Additional coral species
present around South Caicos, observed outside the belt transects.

Family and Species 9 m 18 m 27 m
ASTROCOENIIDAE
Stephanocoenia intersepta 5.57% 7.10% 11.43%
POCILLOPORIDAE
Madracis decactis 0.99% 5.99%
Madracis mirabilis - 0.90% -
Madracts formosa - - 2.21%
AGARICIIDAE
Agaricia agaricites
Sorma agaricites - 13.31% 8.94%
Sforma danai - 2.94% 2.15%
Jorma carinata - 3.59% 2.60%
SJorma purpurea - - 0.40%
Agaricia humilis - 0.99% 0.11%
Agaricia fragilis - 2.55% 2.49%
Agaricia grahamae/lamarcki - - 2.88%
Leptoseris cucullata - 0.47% 3.07%
SIDERASTREIDAE
Siderastrea siderea 17.77% 15.38% 21.51%
Siderastrea radians 3.44% 0.90% 0.34%
PORITIDAE
Porites poritey
Jforma porites 3.44% 1.25% 0.28%
Porites astreoides 34.22% 10.02% 15.34%
Porites branneri 2.65% 0.04% -
FAVIIDAE
Favia fragum 4.51% 1.08% 0.34%
Montastraca annularis 2.12% 24.649 1.36%
Montasiraea faveolata - 6.67% 11.20%
Montastraea franksi - 1.03% 0.34%
Montastraea cavernosa 6.36% 2.07% 2.43%
Diploria clivosa 0.79% - -
Diploria strigosa 1.32% 0.30% -
Diploria labyrinthiformes 0.53% - -
Colpohyvllia natans 0.53% 0.12% 0.17%
Manicina areolata 0.26% 0.12% 0.45%
MEANDRINIDAE
Meandrina meandrites 1.32% 0.60% 0.68%
Dichocoenia stokesii 14.59% 1.68% 0.68%
MUSSIDAE
Mussa angulosa - 0.08% -
Scolvmia cubensis - 0.08% 0.51%
Isophvllastrea rigida 0.53% 0.04% 0.06%
Isophvilia sinuosa - 0.04% -
Mycetophyvllia danaana - 0.21% 0.68%
Mycetophyllia lamarckiana - 0.08% 0.06%
CARYOPHYLLIDAE
Fusmilia fastigiata - 0.73% 1.30%
Total Number of Species 17 29 26

Species absent in the transects. but present in South Caicos: ACROPOPRIDAE Acropora cervicornis,
Acropora palmata, Acropora prolifera: CARYOPHYLLIDAE Tubastrea coccinea; PORITIDAE Porites
colonesis, Porites porites forma divaricata: MEANDRINIDAE Dendrogyra cvlindrus: MUSSIDALL
Mycetopyllia ferox
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Figure 2. Diagrammatic profile of the study site, perpendicular to the shore of Long Cay, including
schematic illustrations of benthic composition.

number of species was recorded at the 18 m spur and groove zone (Table 1, Fig. 1), where
an increase in colony size and coral cover was also observed. S. siderea was again among
the most abundant species, together with M. annularis and A. agaricites. The columnar
colony morphology of M. annularis leads to the highest count of individuals per species
at 18 m, based on the colony definition “discontinuity of live tissue”, used here. It is
likely that S. siderea and A. agaricites outnumber M. annularis at this depth, if skeletal
entities were used as colony definition. Alternatively, the A. agaricites count is comprised
of the identified form as agaricites, danai and carinata, which are considered to be dis-
tinct species by some researchers. The species presence records from the 18 m spur and
groove zone, and the 27 m escarpment, differ in the lack of P branneri, D. labyrinthiformis
and M. angulosa at 27 m (Table 1). The absence of P branneri at 27 m, and its rarity at 18
m, is considered to be an indication of this species depth limits. However, D.
labyrinthiformis and M. angulosa were identified in parts of the reef deeper than 27 m.
Deeper parts of the escarpment, at least up to 45 m, appeared similar in species composi-
tion. Tabular M. faveolata and Agaricia sp. increasingly dominated in terms of surface
cover.

As species richness increased with depth, so did the number of forms and varieties per
species (Table 1). Green, and reddish-brown varieties of M. faveolata composed the counts
at 18 and 27 m. Folios and tabular morphotypes of the same species start occurring at
approximately 30 m, and appear to dominate at depths of 45-60 m. Tridescence was ob-
served in the reddish variety of M. cavernosa. At 18 m, two colonies of D. labyrinthiformes
with peculiarly narrow, yet deep indentations along their meandering ridges were ob-
served. Large colonies of S. intersepta (0.5 m diameter) were only found in deeper
waters (220 m). All of these colonies hosted Serpulidae. C. natans colonies observed at
30 m had widened grooves.

S. siderea and P, astreoides were the bathymetric generalists. S. siderea had a persis-
tently high number of colonies at the three depths examined. Similarly, P astreoides was
present at various depths, abundant in shallower and more turbulent waters with less
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Figure 3. Differentiation of coral assemblages at 9, 18 and 27 m.

apparent spatial competition. S. siderea, by contrast, abounded in deeper and denser coral
asscmblages.

Communiry Structure.—Three coral assemblages could be differentiated (Table 2, Fig.
3). Each assemblage corresponds to a particular morphological reef zone. The pavement
coral assemblage at 9 m (Table 2), had the comparatively lowest species richness (17) and
species diversity as expressed by the Shannon and Wiener index (H' = 1.83-2.19), and the
most homogeneous distribution of individuals per species (J' = 0.71-0.89). The spur and
groove formations at 18 m had the overall highest species richness (29), higher diversity
(H' = 2.18-2.29) than the pavement, but displayed the most heterogeneous frequency of
occurrence among individual species (J' = 0.71-0.75). Despite equal differences in depth
between the three stations, the coral community of the escarpment is similar to that of the
spur and groove formation (Table 2), with slight increases in diversity (H'=2.21-2.35),
and evenness (J' = 0.73-0.78).

DiscussioN

Serciis Prsiiner.—All 32 species previously recorded by Sullivan et al. (1994) were
also identified in this study, which reports 40 species. The discrepancy in species richness
is due to the larger area surveyed here, and differences in species definition, as in the case
of the M. annularis species complex (sece Weil and Knowlton, 1994). However, accounts
of Agaricia tenuifolia (Sullivan et al., 1994) could not be confirmed. In situ differentia-
tion of Agaraicia spp. is often difficult, but based on a reappraisal of Sullivan’s study sites



STEINER: SCLERACTINIA FROM SOUTH CAICOS 867

Table 2. The number of species (species), number of colonies (colonies), Shannon Wiener index
of diversity (H'), and Pielou's evenness indcx (J') for each of the transects 9—1 through 275, and
ANOVA for each depth.

Transect Species Colonies H' J
9-1 12 83 1.89 0.76
9-2 13 90 1.83 0.71
9-3 I 69 1.97 0.82
9-4 11 61 2.13 0.89
9-5 o 14 74 219 083
18-1 22 556 2.26 0.73
18-2 21 444 2.29 0.75
18-3 22 392 2.22 0.72
184 21 508 218 0.71
R 406 2.22 0.73
27-1 21 310 2.29 0.75
27-2 19 278 2.31 0.78
27-3 18 458 2.21 0.76
27-4 18 295 2.19 0.75
2= o244 23 04
ANOVA F =43.36 F =50.7 F=15.54 F=392
df 12 df 12 df 12 df 12
P < 0.001 P < 0.001 P =0.002 P =0.048

and the extensive surveys around South Caicos, previously reported A. tenuifolia are con-
sidered A. agaricites forma danai.

Solenastrea and Oculina have not yet been recorded from South Caicos. This may
indicate a zoogeographic trait of these genera. Another attribute of South Caicos may be
the relatively high abundance of P branneri as depicted in Humann (1994), or “Porites
branneri” sensu Weil (1992). It composed 2% of the colonies counted at the 9 m station,
and is a common benthic component in sea grass beds among short stands (<5 ¢cm) of
Thalassia testudinum and Svringodium filiforme (pers. observ.).

Forty-eight hermatypic scleractinian corals were documented on the reefs of Discovery
Bay in Jamaica, which is considered the center of diversity in the Atlantic (Goreau and
Wells, 1973; Stehli and Wells, 1971). Fricke and Meischner (1985) report only 17 species
in the Bermudian reefs characterized by the absence of the genera Acropora, Mvcetophyllia,
Mussa and Colpophyllia (Veron, 1995). Latitudinally, the Caicos islands are situated be-
tween these two locations. With an increase in distance from the center of diversity, a
decrease in species could thus be expected.

Obviously, the “promotion” of ecomorphs to species (see Montastraea in Weil and
Knowlton, 1994; Porites in Jameson, 1997), as well as the “demotion” of a species com-
plex to a single species (e.g., Agaricia in Zlatarski and Estallela, 1982; Scolymia in Fenner,
1993) often undermines the usefulness of earlier field records of species presence and
abundance (Knowlton et al., 1992). Ideally, field surveys should include forms and vari-
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eties. Data sets would remain valuable whenever growth forms are redefined as species,
or the taxonomic position of a coral is changed.

CommuntTy StructUurE.—Bathymetric species distribution and abundance patterns al-
low the differentiation of coral assemblages between 9 and 27 m (Table 3), reflecting
variations of abiotic and biotic parameters. At 9 m, water movement causes a sea floor
void of loose coral rubble or sediment accumulations. Turbulence and scouring can limit
the scttlement and growth of corals (Brown, 1997; Geister, 1977; Sheppard, 1982) and
are probably the main physical control of coral growth at 9 m. The species that do tolerate
the conditions at the 9 m station (Table 1), occur in comparatively even numbers (Table
3). At 18 m, moderate or “intermediate levels” of water movement sensu Connell (1978),
allow a greater variety of corals to flourish. However, suitable hard substrates for coral
settlement are limited to the spurs of the spur and groove topography. As sediments are
transported along and into grooves, the spurs become the “hard substrate islands” for
coral settlement. Limited spatial resources thus contribute to an increase in spatial com-
petition (see Lang and Chornesky, 1990), a potential cause for the increase in heterogene-
ity of relative abundances evident at 18 m (Table 3). At 27 m, limitations to coral growth
again increase, shifting from turbulence to sediment run-off washed across the escarp-
ment by along-shore currents, and the depth limits of zooxanthellate corals. Sheet-like
growth forms typical of deeper reefs with lower light regimes (Goreau, 1959; Jackson,
1991) also characterize the escarpment in South Caicos where M. faveolata outnumbers
its cogener M. annularis at 27 m, and M. faveolata and Agaricia sp. form tabular colonies
of up to 3 m in diameter.

The decline of particular coral species, and consequent changes in community struc-
ture in the greater Caribbean, have been well illustrated for Acropora palmata and Acropora
cervicornis (Lewis, 1984; Aronson and Precht, 1997; Greenstein et al., 1998). In South
Caicos, the brittle Acropora spp. are most negatively affected throughout their depth rang
by the persistent wave impact powered by easterly Trade Winds. On this windward loca-
tion, Acropora spp. are absent above, and rare below, 9 m. Similarly, Sullivan et al. (1994)
describe the absence of A. cervicornis accretions at mid-depths. 4. cervicornis thickets do
exist on the leeward side of Long Cay and isolated colonies of A. cervicornis can be seen
on sand patches at depths of approximately 20 m on the windward side of Long Cay.

Nevertheless, sub-fossil 4. cervicornis branches of up to 6 cm in diameter form a loosely
packed stratum, of undefined breadth, underneath approximately 1-2 m of reef structure,
to the East of Cockburn Harbour. It can therefore be assumed that 4. cervicornis was a
more substantial component of older reefs than it is today. Considering reef accretion
rates of Holocene reef structures, as discussed and compared in Aronson and Precht (1997),
the A. cervicornis layer mentioned here can not be linked to the drastic decline of this
species within recent decades, yet falls well within time periods of human activity in
South Caicos (see Jackson, 1997). Natural disturbances such as hurricanes and disease
also remain among the possible causes for the apparent discrepancy between the current
and past abundance of A. cervicornis. Similar trends may be discernible for 4. palmata
which has a rather narrow depth range, and whose recent declined in dominance was
reported from Barbados (Lewis, 1984). 4. palmata frameworks fringe tidal channels of
Cockburn Harbour. This species is also a principal framework element of patch reefs
located on the wider shelf along the eastern side of South and East Caicos. However, in
1996 live coral cover on these reefs averaged 3% including A. palmata, which had practi-
cally disappeared in some areas (pers. observ.).
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While measures of biological diversity elucidate the composition of coral assemblages
and their comparison on a local scale, direct comparisons of such quantitative data and
indices from distinct locations in the Caribbean and Western Atlantic are difficult. Hy-
drological parameters, the examined depth range, and sampling techniques applied by
investigators vary substantially among the studies from Barbados (Ott, 1975), Jamaica
(Goreau, 1959; Huston, 1985), Panama (Porter, 1972) and Puerto Rico (Loya, 1976), as
reviewed by Liddell and Olhorst (1987). The same holds true for the studies from Colom-
bia (Antonius, 1972), Costa Rica (Cortés and Guzman, 1985), Curagao (Bak, 1975), Florida
(Burns, 1985), Mexico (Jordan et al., 1981), the northeastern Caribbean (Edmunds et al.,
1990), Venezuela (Antonius, 1980) and other works already cited here. It can be said that
as in Panama (Porter, 1972; Guzman et al., 1991), Jamaica (Houston, 1985; Liddell and
Olhorst, 1987), and Saba (Edmunds et al., 1990), the higher diversity values determined
for South Caicos can be attributed to an “edge effect”. In South Caicos favorable condi-
tions around 20 m depth include (a) levels of turbulence that are evidently not an impedi-
ment to coral settlement and colony growth, (b) low levels of turbidity coupled with low
precipitation (Wanless et al., 1988) and corresponding terrestrial run-off, course sedi-
ments (Wanless et al., 1988) which settle within 1-2 d after resuspension from storm
events (pers. observ.), and (d) along-shore currents of the Turks Passage inducive to up-
welling. Similarly, coral cover is highest between 20—45 m depth, and, although not mea-
sured here, certainly exceeds the values of 1.6-6.5% reported for shallower locations by
Sullivan et al. (1994).

In conclusion, the South Caicos coral community harbors a comparatively large variety
of species in a small area. Suitable hard substrates for coral growth are predominantly on
the windward, narrow shelf of the Caicos Platform. There, persistent hydrodynamic dis-
turbances limit coral growth, at least up to depths of about 20 m, where M. annularis, M.

faveolata, and Agaricia spp. are currently the main scleractinian components. S. siderea
and P, astreoides are consistently numerous at all depths and thus the most eurybathic
species of South Caicos.

ACKNOWLEDGMENTS

I am very grateful to M. Ashe, S. Seddon-Brown, T. Davignon, E. Duffy, K. Elkins, K. Hurley, J.
Lartigue, K. Pattinson, L. Rao, M. Robbart, M. O’Leary and N. Valtz who gathered substantial
portions of the field data. Special thanks are due to my colleagues D. Carrington and A. Gude for
their cooperation and logistic support at the Center for Marine Resource Studies, South Caicos
Island. B. Riegl and J. Cortés provided helpful reviews of the manuscript.

Literature CiTED

Antonius, A. 1972, Occurrence and distribution of stony corals (Anthozoa and Hydrozoa) in the

vicinity of Santa Marta, Colombia. Mitt. Inst. Colombo-Aleman Invest. Cient. 6: §9-103.
. 1980. Occurrence and distribution of stony corals in the Golfo of Cariaco, Venezuela.

Int. Rev. ges. Hydrobiol. 65(3): 321-338.

Aronson, R. B. and W. F. Precht. 1997. Stasis, biological disturbance, and community structure of a
Holocene coral reef. Paleobiology 23: 326-346.

Bak, R. P. M. 1975. Ecological aspects of the distribution of reef corals in the Netherlands Antilles.
Bidjr. Dierk. 45: 181-190.



K70 BULLETIN OF MARINE SCIENCE. VOL. 65. NO. 3. 1999

Brown, B. E. 1997. Adaptation of reef corals to physical environmental stress. Adv. Mar. Biol. 31;
222 301.

Bunt, J. S., W. T. Williams and B. E. Chalker. 1981. Coral associations at depths of 45 to 125 feet in
the Bahamian region. Proc. 4th Int’l. Coral Reet Symp. 1: 707- 714,

Burns, T. P. 1985. Hard-coral distribution and cold-water disturbances in South Florida: variation
with depth and location. Coral Reefs 4: 117 124.

Cairns, S. D. 1982, Stony corals (Cnidaria: ITydrozoa, Scleractinia) of Carrie Bow Cay, Belize. In
K. Riitzler and 1. G. Macintyre, eds. The Atlantic barrier reef ecosystem at Carrie Bow Cay,
Belize. 1. Structure and communities. Smithson. Inst. Press, Washington, D.C.

Connell, J. H. 1978. Diversity in tropical rain forests and coral reefs. Science 199: 1302-1310.

Cortés, J. 1996. Status of Caribbean coral reefs of Central America. Proc. 8th Int’l. Coral Reef
Symp. 1: 57-64.

and . M. Guzman. 1985. Organizmos de los arrecifes coralinos de Costa Rica. IIl.
Descripcion y distribucion geografica de corales escleractinios (Cnidaria: Anthozoa: Scleractinia)
de Costa Rica. Brenesia 24: 63—-132.

Dight, 1. J. and L. M. Scherl. 1997. The International Coral Reef Initiative (ICRI): Global priorities
for the conservation and management of coral reefs and the need for partnerships. Proc. 8th
Int’l. Coral Reef Symp. 1: 135-142.

Digby, P E. and K. R. A, Kempton. 1987. Multivariate analysis of ecological communities. Chapman
Hall, London. 206 p.

Edmunds, P. J., D. A. Roberts and R. Singer. 1990. Reefs of the northeastern Caribbean. I Scleractinian
populations. Bull. Mar. Sci. 46: 780-789.

Fenner, D. P. 1993. Species distinctions among several Caribbean stony corals. Bull. Mar. Sci. 53:
1099-1116.

Fricke, . and D. Meischner. 1985. Depth limits of Bermudan scleractinian corals. Mar. Biol. 88:
175 -187.

Geister, J. 1977. The influence of wave exposure on the ecological zonation of Caribbean coral
reefs. Proc. 3rd Int’l. Coral Reef Symp. 1: 23--29.

Greenstein, B. J., H. A. Curran and J. A. Pandolfi. 1998. Shifting ecological baselines and the
demise of Acropora cervicornis in the western North Atlantic and Caribbean Province: a Pleis-
tocene perspective. Coral Reefs 17: 249-261.

Goreau, T. F. 1959. The ecology of Jamaican coral reefs. I. Species composition and zonation.
Ecology 40: 67-90.

and . W. Wells. 1973, The shallow-water Scleractinia of Jamaica: Revised list of
species and their vertical distribution range. Bull. Mar. Sci. 17: 442453,

Guzman, H. M., J. B. C. Jackson and E. Weil. 1991. Short-term ecological consequences of a major
oil- spill on Panamanian subtidal reef corals. Coral Reefs 10: 1-12.

Hughes, T. P. 1994. Catastrophes, phase shifts and large-scale degradation of a Caribbean coral
reef. Science 256:1547-1551.

and J. B. C. Jackson. 1985. Population dynamics and life histories of foliaceous
corals. Ecol. Monogr. 55: 141-166.

Humann, P. 1994. Reef coral identification. New World Publications, Jacksonville, Florida.

Huston, M. 1985. Variation in coral growth rates with depth at discovery Bay, Jamaica. Coral Reefs
4:19-25,

Jackson, 1. B. C. 1991. Adaptation and diversity of reef corals. Bio. Sci. 41: 475-482.

. 1997. Reefs since Columbus. Proc. 8th Int’l. Coral Reef Symp. 1: 97-106.

Jameson, S. C. 1997. Morphometric analysis of the Poritidae (Anthozoa: Scleractinia) off Belize.
Proc. 8th Int’l. Coral Reef Sym. 2: 1591-1596.

Jordan, T. P, M. Merino, O. Moreno and E. Martin. 198 1. Community structure of coral reefs in the
Mexican Caribbean. Proc. 4th Int’l. Coral Reef Symp. 2: 303-308

Knowlton, N., E. Weil, L. Weigh and H. M. Guzman. 1992. Sibling species in Montastraea annularis,
coral bleaching and the coral climate record. Science 225: 330-333.



STEINER: SCLERACTINIA FROM SOUTH CAICOS 871

Lang, J. C. and E. A. Chornesky 1990. Competition between scleractinian reef corals—a review of
mechanisms and effects. Pages 209-252 in Z Dubinsky, ed. Coral reefs. Elsevier, Amsterdam.

Lewis, J. B. 1984. The Acropora inheritance: a reinterpretation of the development of fringing reefs
in Barbados, West Indies. Coral Reefs 3: 117 122.

Liddell, W. D. and S. L. Olhorst. 1987. Patterns of reef community structure, North Jamaica. Bull.
Mar. Sci. 40: 311 329,

Loya, Y. 1976. Eftects of water turbidity and sedimentation on the community structure of Puerto
Rican corals. Buil. Mar. Sci. 26: 450 466.

1978. Plotless and transect methods. Monogr. Oceanogr. Methodol. 5: 197-217. Unesco,
Paris.

Mumby, P. J., E. P. Green and C. D. Clark. 1998. Digital analysis of multispectral airborne imagery
of coral reefs. Coral Reefs 17: 59 69.

Ott, B. 1975, Community patterns on a submerged barrier reef at Barbados, West Indies. Int. Rev.
ges. Hydrobiol. 60: 719-736.

Pielou, E. C. 1966. The measurement of diversity in different types of biological collections. J.
Theor. Biol. 13: [31-144.

Porter, J. W. 1972 Patterns of species diversity in Caribbean reef corals. Ecology 53: 745 751.

Rogers, C. E. 1985. Degradation of Caribbean and western Atlantic coral reefs and decline of
associated fisheries. Proc. Sth Int’l. Coral Reef Cong., Tahiti. 6: 491-496.

Shannon, C. E. and W. Wiener 1948. The mathematical theory of communication. Univ. Illinois
Press, Urbana, Illinois. 117 p.

Sheppard, C. R. C. 1982. Coral populations on reef slopes and their major controls. Mar. Ecol.
Prog. Ser. 7: 83—115.

Smith, F. G. W. 1971. Atlantic reef corals. Univ. Miami Press, Corals Gables, Florida.

Spalding, M. D. and A. M. Grenfell. 1997. New estimates of global and regional coral reefs areas.
Coral Reefs 16: 225-230.

Stehli, F. G. and J. W. Wells 1971. Diversity and age patterns in hermatypic corals. Syst. Zool. 20:
115-126.

Sullivan, K. M., M. Chiappone and C. Lott. 1994. Abundance patterns of stony corals (Milleporina
and Scleractinia) on platform margin reefs of the Caicos Bank, southeastern Bahamas. Baha-
mian J. Sci. 3: 2 11.

Veron, I. E. N. 1995. Corals in space and time. Cornell Univ. Press, Ithaca, New York.

Wanless, H. R., L. P. Tedesco and K. M. Tyrrell. 1988. Production of subtidal tabular and surficial
tempestites by hurricane Kate, Caicos Platform, British West Indies. J. Sed. Petr. 58: 739-750.

and J. J. Dravis. 1989. Carbonate environments and sequences of the Caicos Plat-
form: Field Trip Guidebook T 374, Amer. Geophys. Union, Washington, D.C. 75 p.

Weil, E. 1992. Genetic and morphological variation in the Caribbean and Eastern Pacific Porites

(Anthozoa, Scleractinia). Preliminary results. Proc. 7th Int’l. Coral Reef Symp. 2: 643--656.

and N. Knowlton 1994. A multi-character analysis of the Caribbean coral Montastraea
anularis (Ellis & Solander 1786) and its two sibling species M. faveolata (Ellis & Solander,
1786) and M. franksi (Gregory, 1895). Bull. Mar. Sci. 55: 151-175.

Zlatarski, V. N. and N. M. Estellata. 1982. Les scleractinaires de Cuba. Edition de I’Academie
Bulgare de Science, Sofia. 472 p.

Date Susmitrep: July 17, 1998. Dare Acceprep: February 18, 1999.

Abppress: Institute for Tropical Marine Ecology, Worcester, New York 12197-0430, phone: (607)
397-9796 e-mail: <admin@itme.org>.



