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BENTHIC COMMUNITIES AND GEOMORPHOLOGY OF THE TESORO
ISLAND CORAL REEF, COLOMBIAN CARIBBEAN

Juan Armando Sénchez M.

ABSTRACT

The benthic communities distribution in Tesoro Island {Colombian Caribbean) coral reef
was determined by cartography of reef merphology and functional groups from aerial photographs,
theodolite triangulation, and bottom transects over depths ranging from O to 30 m. Tesoro Island
is a sand cay reef developed over an emerged reef platform whose basal cone possibly originated
by mud diapirism on the continental shelf. The benthic communities are distributed as subzones
of the geomorphologic units. The reef crest lies along the breaker zone, formed by Millepora spp.
buttresses covered on their tops by Palythoa spp. and seawardly by a turf of Dictyota spp. The
rear reef (varying from 0.5-1.5 min depth) is composed of paverment and grooves with live Porites
porites and P. astreoides. The fore-reef terrace (2 to 9 m in depth) shows a low relief spur and
grooves, composed of Acropora palmata skeletons on the windward side and A. cervicornis on
the leeward side; sandy accumulations with dense and tall colonies of the gorgonaceans
Pseudopterogorgia spp. are also appreciated. In the sandy reef platform there are monospecific
patches of Montastraea annularis, P. porites, M. faveolata, dead Acropora cervicornis and wide
sandy zones where patches of Halimeda monile are found. The slope edge, (depthsranging between
7 to >30m} shows mixed corals and gorgonaceans, at the drop-off, laminar corals, especially
Montastraea franksi and Agaricia spp., jointly with other deep water organisms such as ellisellid
gorgonaceans and antipatharians are found. The benthic communities distribution is influenced
by reef geomorphology, wave energy diffraction and the past mass mortality of Acropora.

RESUMEN

Se determiné la distribucién de las comunidades benténicas de los arrecifes coralinos
de Isla Tesoro (Caribe colombiano} cartografiande su morfologia arrecifal y grupos funcionales
mediante el uso de fotografias aéreas, triangulacién con teodolito y transectos de fondo entre
0 y 30 m de profundidad. Isla Tesoro es un arrecife de cayo arenoso desarrollado sobre una
plataforma arrecifal emergida cuyo cono basal posiblemente fue originado por diapirismo de lodo
enlaplataforma continental. La distribucién de las comunidades benténicas coincide con subzonas
de las unidades geomorfologicas. La cresta arrecifal se dispone alo largo de la rompiente, formada
por contrafuertes de Millepora spp. cubiertos en |a parte superior por Palythoa spp. y hacia el mar
por un tapete de Dictyota spp. El arrecife trasero (0.5-1.5 m) esta compuesto por pavimento y
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canales, dominando Porites porites y P. astreoides. La terraza prearrecifal (2-9 m) con espolones
y canales de bajo relieve, esta compuesta por esqueletos de Acropora palmata hacia barlovento
y de A. cervicornis hacia sotavento, son también abundantes algunas acumulaciones arenosas
conagregacionesde enormes colonias de Pseudopterogorgiaspp. Enla plataformaarrecifal arenosa
se encuentran parches monoespecificos de Montastraea annularis, Porites porites, M. faveolata,
Acropora cervicornis muerto y extensas zonas arenosas con Halimeda monile. El talud (7 a méas
de 30 m) presenta hacia el borde, corales y gorgonaceos mixtos, y cuando aumenta la pendiente
dominan los corales laminares, en especial Montastrea franksi y Agaricia spp., junto a otros
organismos de aguas profundas como antipatarios y gorgonéceos elliséllidos. La distribucién de
las comunidades benténicas estd influenciada por la geomorfologia arrecifal, la dispersién de la
energia del oleaje y la pasada mortalidad de Acropora.

INTRODUCTION

Due to the complex distribution of benthic communities on coral reefs, it is
necessary to develop studies in order to recollect detailed geographical and
geomorphological information. This will be useful for following researchers in the
selection of study areas. There are few published works for the Colombian
Caribbean, which results in lack of detailed cartography of coral reefs, as compared
with the information available from studies done elsewhere in the Caribbean (e.g.
Saint John: Kumpf and Randal, 1961; Saint Croix: Adey, 1975; Dry Tortugas:
Davis, 1982; Belize: Riitzler and Macintyre, 1982; Bonaire and Curagao: Van
Duyl, 1985; among others). However, in Colombia we can mention the works of
Geister (1975) at San Andrés Island, and Robertson and Cano (1987), Marquez
(1987) and Geister (1992) at Providencia and Sta. Catalina islands and recently
Diaz et al. (in press) at Courtown and Albuquerque atolls. At Tesoro Island,
previous coral reef studies are restricted to general revisions of the composition
and abundance of corals populations in the whole Rosario Archipelago (Pfaff,
1969; Werding and Sanchez, 1979; Sarmiento et al., 1989). Quintero et al. (1993),
in a preliminary work, a bioecological map of the island was achieved; however its
geomorphology and benthic communities were not defined.

The origin of a coral reef is usually related to such classic types as fringing
reefs, barrier reefs, atolls or banks. Their basic morphology changes according to
their position in relation to the continent, waves or recent sea level changes among
others (Geister, 1983). Tesoro Island is located on the continental shelf in a place
where several geological processes were active in the Holocene, such as mud
diapirism, recent tectonism and a continuous reef formation (Erffa and Geister,
1976; Vernette, 1986), making its origin difficult to categorize in the classical reef
model. Its early evolution appears to have been a complex sequence of events. The
purpose of this study is to give a detailed map of the actual geomorphology and of
the benthic communities found in Tesoro Island reef and also to present an
explanation about its origin.
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STUDY AREA

Tesoro Island (Treasure Island) is a small island located in the Rosario
Archipelago of the Caribbean coast of Colombia (northern South America,
10°14°13" N - 75°44°36" W) (Fig. 1). This archipelago is a National Natural Park
since 1988 and Tesoro Island lodges a permanent military post for the Colombian
Army. Actually, the island is not influenced by tourism. Tesoro is lying in the path
of the Intertropical Convergence Zone under trade winds dominion, which alternate
from northwest to southeast. The average annual sea-water temperature is 27.5°C
and the average annual precipitation of 1013.1 mm, typical of dry tropical climate.
The main current has the same direction as the northern winds which are stronger
between December and April during the dry season. In the rain season, May
through November, the Colombian current comes from the south, and it has an
temporary influence on the archipelago area by bringing continental runoff from
the Bahia de Barbacoas (Fig. 1). In 1992, I observed waves breaking throughout
the year at the northern side of the island. The average salinity in the area is 35
mg/l (Martinez and Vernette, 1981; Sanchez, 1989). Additional information about
the study area is available from Sanchez et al. (1992), Quintero et al. (1993), and
Sanchez and Ramirez (1994).

MATERIALS AND METHODS

Preliminary cartography of Tesoro Island coral reefs was drawn by the
interpretation of black and white aerial photographs (scale: 1:40000) and oblique
color photographs taken during a low altitude flight (altitudes ranging from 100 to
300 m) above the island; from these, an approximate map scale 1:15000 was
composed. The delineation of reef morphology was based on sandy zones, dense
reef and reef slope patterns, as recommended by Hopley (1978). The position
calibration of the distinguished reef features was made during 1992 in two phases.
The first, the land phase, was accomplished by the implementation of the theodolite
triangulation method (Stoddart, 1978) measuring the horizontal angles of 23
projecting reef points (Fig. 2) from two previously selected and fixed points on the
island. The triangulation of these points improved the position of the reef features
on the map and permitted to correct calculated distance erros. The second phase
was achieved by skin and SCUBA diving tasks, in this phase 8 transects
perpendicular to the island shore that crossed previously defined reference points
already located (Fig. 2). In each transect the bathymetry was recorded from the
island shore down to 30 m of water depth; the substrate types (mud, sand, rubble
and coral rock) and the most important functional groups in the sessile macrobenthic
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Figure 2. Bathymetric map of Tesoro Island reef with transects location and reference points (triangles) for
mapping of the reef morphology.
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communities (hermatypic corals, sea grasses, turf algae, fleshy macro algae,
calcareous macro algae, crustose coralline algae, sponges, gorgonaceans and
antipatharians) were registered. These components were ranked in situ every two
meters with an observation field approximately 5 m in width, in both sides of the
line transect, and using a subjective frequency scale (+++= very common, ++=
common, += occasional, -= rare), modified from Riitzler and Macintyre (1982).
Also, a manta board tows survey was practiced in order to complete the observations.

For the zonation and reef geomorphology the terminology of Geister (1983),
Battistini et al. (1976), Burke (1982) and Riitzler and Macintyre (1982) was applied.
The most frequent taxonomic groups were identified in the field. The hermatypic
corals were identified following Wells (1973), Cairns (1982) and Fenner (1993).
The species of the Montastraea complex recently reviewed by Weil and Knowlton
(1994) were identified from video records taken in 1992. For the conspicuous
algae the field guide of Littler ef al. (1989) was employed. Gorgonaceans octocorals
were collected, dried and identified according to Bayer (1961).

RESULTS

The Tesoro Island reef-complex is approximately 2.5 km in length and 1.5
km in width, displaying an ovoid shape (Fig. 3). Five main geomorphologic zones
are evident (Figs. 3 and 4).

Sandy reef platform: an extensive sand plain of lagoonal environment, 0-7
m deep, on the leeward side of the island; in it there are scattered large Montastraea
annularis and M. faveolata patches (Fig. 5d), stands of Acropora cervicornis
skeletons colonized by algae, and shallow patches of Porites porites; in this zone
there is a mud hole with 15 m in depth (Fig. 3).

Rear reef: is a narrow flat located behind the crest platform, ranging from
0.5 to 1.5 m in depth, which levels towards the sandy platform (Fig. 5b); it is
formed by pavement with shallow grooves and presents scattered growth of Porites
porites and P. astreoides corals.

Reef crest: lies at the breaker zone (Figs. 5 a, b), with depths varying
between 0 and 2 m. It is the most pronounced relief of the reef (Fig. 4) and it is
composed by buttresses of the hydrocorals Millepora complanata and unidentified
Millepora spp. covered on the top by the zoanthids Palythoa spp.

Fore-reef terrace: also refered as inner fore-reef is located seaward in
front of the crest, with depths varying from 2 and 9 m (Fig. 5b); it is the largest
zone of the reef, nearly forming a fully circular shape. It is characterized by a low
relief spur and groove system. Its basal substratum on the windward side is
composed of dead Acropora palmata stands, which are replaced gradually by A.
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Figure 4. North to South bottom profile of the Tesoro Island coral reef; A. Windward outer fore-reef (mixed
corals); B. Windward fore-reef terrace (dead Acropora paimata); C. Reef crest (Millepora-Palythoa); D. Rear
reef (Porites); E. Tesoro island; F. Sandy reef platform with Montastraea spp. patch reefs; G. Inner mud hole;
H. Porites porites patch; I; Leeward fore reef terrace (Montastraea spp.- dead A.cervicornis), J. Leeward outer
slope (mixed corals). (total length: 1.3 km aprox.)

cervicornis at the leeward side.

Outer slope: or outer fore-reef is between 7 and 40 m in depth, the live
coral growth reaching more than 30 m in depth on the windward side. The edge
begins with a mixed corals and gorgonaceans zone at the windward side that
gradually becomes a low ridge of 4. cervicornis skeletons at the leeward side. The
drop-off (40-70° of inclination angle) is colonized by platy corals, especially
Montastraea franksi and Agaricia spp.

The morphology of the zones is clearly influenced by diffraction of waves
over the reef, which decrease in potency towards the eastern and western sides
until the harmonic movement is lost in the south (Fig. 6). It is also influenced by
the ancient morphology of a bank reef platform.

Benthic communities

Twelve properly defined communities or multispecies assemblages, were
recognized and mapped (Fig. 7) according to the abundance of benthic components
(about 80 species of sessile organisms). Reef building corals are represented by 40
species and 10 forms (see appendix for systematic list).

Patches of Montastraea annularis and M. faveolata: the sandy reef
platform, 2 to 7 m in depth, positioned nearby the cay, shows numerous and
extensive patches of M. annularis. Seaward, these patches are a mixture of M.
annularis with M. faveolata, and occasionally found with M. franksi in deep parts
of the calm turbid waters of the mud hole. In some places it is possible to find the
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Figure 6. Wave diffraction over Tesoro Island coral reefs; thin lines are waves and thick lines breaking waves.

three species together. Their colonies exhibit massive growth, reaching areas ranging
from 1 and 7 m in diameter. On the sides and undersides they support diverse
benthic assemblages composed of turf algae, crustose coralline algae, frondose
algae such as Galaxaura oblongata, Amphiroa tribulus, Halimeda opuntia and H.
tuna, the anemone Condylactis gigantea, the gorgonians Briareum asbestinum and
Plexaura homomalla, the small hydrocoral Stylaster roseus, many crustose sponges,
and few other corals such as Isophyllastrea rigida, Agaricia tenuifolia, Siderastrea
siderea and Diploria spp.

Stands of Porites porites: in some areas of the rear reef and the sandy reef
platform, in conditions of moderate wave energy and shallow depth (0.05-1.5 m),
there are dense monospecific stands of Porites porites, which in some cases cover
an uninterrupted surface areas lager than 50 m2. The inferior parts of the branches
are densely colonized by frondose algae such as Halimeda opuntia, Amphiroa
tribulus, Anadyomene sp. and Glacilaria sp.; also by many epibionts like the
foraminifera Homotrema rubrum and Peyssonnelia sp. and other crustose coralline
algae. Sometimes colonies of Porites astreoides and the hydrocorals Millepora
alcicornis and M. complanata are found. These flats of P. porites contribute with a
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large amounts of calcareous rubble to the reef sediments.

Stands of Porites astreoides: in the rear reef behind the reef crest there are
large areas composed of P. astreoides crusts of 5 to 40 cm in diameter, in depths
from 1 to 2 m. Generally, it is the only organism found there, growing over a
substratum composed basically of pavement, rubble and sand. Close to the crest
this stand mixes with other species such as Agaricia tenuifolia, P. porites, Millepora
complanata, Palythoa spp., some crustose algae, Halimeda opuntia, Dictyopteris
delicatula and extensive beds of filamentous turf algae. In the rear reef mixed
stands of P. porites and P. astreoides occasionally conform a particular assemblage
with abundant algae such as H. opuntia, Amphiroa tribulus, Laurencia sp. and
Dictyota spp.

Buttresses of Millepora complanata and Palythoa spp.: in conditions of
very high wave energy in the breaker zone, it is possible to find the association
between the hydrocorals M. complanata and Millepora spp. with the zoanthids
Palythoa spp., which occupy nearly 100% of the reef flat substratum. The hydrocoral
builds buttresses (0-2 m in- depth) transversed by admission grooves, and the
zoanthid covers the superior surface. The sides of these buttresses have many
attached organisms such as Agaricia tenuifolia, Porites porites, P. astreoides,
Plexaura flexuosa, Dictyopteris delicatula, Halimeda opuntia and several species
of crustose coralline algae (i.e. Lythophyllum, Porolithon etc.).

Seagrasses: toward the southern coast of the island, in the leeward region
beyond the beach, there are a few beds of Halodule found in depths ranging from
0.5 to | m, being the only significant sea-grass meadows in these reefs. On this
sea-grass beds, some algae such as Padina sp., Caulerpa cupressoides, C.
sertulariodes, Dictyota spp. and Sargassum polyceratum, exist among others. In
the west side of the island near the coast and nearby the small fossil reef rocks,
there is a small meadow of the algae Avranvillea digitata with turtle grass Thalassia
testudinum. They are rooted in thick sand substratum with some rubble.

Stands of Halimeda monile: on the sandy reef platform and in the sandy
channels of the fore reef, there are numerous H monile algae rooted in the sand, in
depths varying from 2 to 6 m. Usually, it is one of the few epibenthic colonizers. It is
also possible to find it with Dictyota sp. and, in some places where there is rubble
accumulation, with Udotea spp. and Penicillus pyriformis. At the inner slope of the
mud hole, it is possible to find it with Lobophora variegata and occasionally with H.
incrassata and also with branching sponges such as Aplysina spp.

Dead Acropora palmata: on the windward fore reef terrace there is an
extensive monospecific stand of dead skeletons of A. palmata and some areas of
bare calcareous bottom with scattered corals. These Acropora skeletons are almost
completely collapsed. Only a few sites present live colonies or skeletons in life-
position. Growing over the dead corals there are many species of crustose coralline
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algae, especially Lithophyllum sp., and of filamentous turf algae, brown sponge
Cliona aprica, and occasionally some corals such as Diploria strigosa, Siderastrea
siderea and Montastraea faveolata, the zoanthid Palythoa caribaeorum, and the
hydrocoral Millepora alcicornis. The gorgonacean Pterogorgia citrina is generally
found.

Dead Acropora cervicornis: on the leeward fore-reef terrace there are large
monospecific stands of 4. cervicornis found in depths from 2 to 9 m. Actually in
full death, but still mostly in live-position properly cemented by crustose coralline
algae and Peyssonelia spp. The dead coral is covered by an algal community
composed of Galaxaura oblongata, Amphiroa tribulus and Dictyota sp. In depths
of 5 m and beyond the dead coral is covered by Lobophora variegata. 1t is also
possible to find some corals, especially Millepora alcicornis, Colpophyllia natans,
FEusmilia fastigiata, Mussa cubensis and Porites porites. Recolonization foci by
live A. cervicornis are very rare and often invaded by filamentous algae and
damselfish territories.

Mixed corals and gorgonaceans: a the windward edge of the slope, just
above the drop-off, in depths from 7 to 15 m, there is a community of organisms
with the greatest number of coral and gorgonacean species in the whole reef-
complex. It consist of the scleractinian corals Montastraea annularis, M. faveolata,
M. franksi, Colpophyllia natans, Siderastrea siderea, Madracis decactis, M.
miriabilis, Diploria strigosa, D. labyrinthiformis, Mycetophyllia ferox, M. danaana,
Eusmilia fastigiata, Porites astreoides, P. porites, Isophyllia sinuosa, Leptoseris
cucullata, Mussa angulosa, M. cubensis and Meandrina meandrites among others,
and the gorgonaceans Pseudopterogorgia spp., Plexaura spp., Pterogorgia citrina,
P. homomalla, Plexaurella spp., Muriceopsis flavida, Eunicea spp., Muricea spp.
and Gorgonia ventalina, just to mention some.

Pseudopterogorgia zone: in the windward fore-reef terrace over large sand
accumulation in depths ranging from 5 to 10 m, there are many gorgonacean
colonies, until 2 m in height, of Pseudopterogorgia americana, P. rigida and P.
acerosa, which form a dense forest.

Dictyota spp. turf: in the seaward margin of the reef crest the hard
substratum, in depths ranging approximately from 1.5 to 3 m, is colonized by
several species of Dictyota. The species with greater coverage is the creeping and
iridescent Dictyota cervicornis and D. pfaffi, while D. jamaicensis and D. ciliolata
are fixed to the substratum with the thalli constantly moving due to the wave
motion. It is also possible to find Stypopodium zonale, Laurencia sp. and Amphiroa
hancockii jointly with other reef-crest species such as Millepora alcicornis, Palythoa
spp. and the gorgonacean Plexaura flexuosa.

Outer slope: in the deep slope zone, in depths varying from 15 to 60 m,
there is a community formed by corals with laminar or platy shape, especially
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Montastraea franksi, M. cavernosa, Diploria labyrinthiformis, D. strigosa, Porites
astreoides, Leptoseris cucullata, Colpophyllia natans, Mycetophyllia aliciae, M.
lamarckiana, M. reesi, Madracis decactis, M. miriabilis, M. formosa, Agaricia
agaricites (several forms), A. lamarcki, A. undata and A. fragilis. There is also a
large cover of the alga Lobophora variegata, crustose coralline algae and
Peyssonelia sp. and some tubular sponges of different sizes. There are also black
corals (Antipatharia), these are generally found beyond 15 m depth, under or in the
sheltered sides of platy corals; the wire coral Sticopathes spp. is the most common.
The majority of antipatharians occur in large reef buttresses where very dense
aggregates of Antipathes gracilis, A. atlantica, A. pennacea and Antipathes sp. are
found jointly with large colonies of the azoxanthellated gorgonacean Iciligorgia
schrammi. Among these, Ctenocella schmitti is the most numerous, forming dense
aggregations under laminar corals. In this zone the sea whip C. barbadensis can
reach 2 m in height. Some zooxanthellated gorgonaceans such as Pseudopterogorgia
bipinnata, P. americana, Pseudoplexaura spp., Eunicea spp. and Muricea laxa
among others, tend to disappear with increasing water depth between about 30 and
60 m.

DISCUSSION

Tesoro Island is a sand cay reef formed over an emergent Holocene coral
reef; the recent reef complex has a platform composed by large amounts of sand
and rubble on the leeward, but it has neither a developed lagoonal terrace, nor an
extensive seagrass flat (Battistini et al., 1975); this makes it different from other
conventional reef types. The geomorphological zonation of the sand cay reef of
Tesoro Island reflects both its geological origin and wave energy diffraction. Its
size 1S the same of the subrecent development of the coral bank platform, when it
emerged was exposed to a very regular direction of waves at the windward side.
Its benthic communities, as others in the Caribbean, change in composition according
to the decrease of wave energy (Geister, 1977; 1983). However, Tesoro Island
case is slightly different to the standard example of Caribbean reef (Grauss and
Macintyre, 1989). It is important to note the absence of an outer Acropora
cervicornis zone below A. palmata on the windward side, as known from other
Caribbean coral reefs (Goreau, 1959; Riitzler and Macintyre, 1982) as well as
from Isla Grande, the main island of the Rosario archipelago (Coral and Caycedo,
1983). The seasonal effect of the ‘Northers’, the main perturbation of the West
Indian trade wind circulation, on exposed reefs at Tesoro Island, may cause abrasion
on the windward fore-reef terrace, as well as breakage and death to both A.
cervicornis and A. palmata, forming an active abrasional platform or hardground
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(Geister, 1992). Tesoro Island don’t lie in a hurricane belt, however, ‘Joan’ in
1988 had slightly affected these area, unafortunately post-hurricane records or
observations at Tesoro reefs are not available. A comparable reef to Tesoro Island
is found at Lobos Island, off the east coast of México (Rigby and Maclntire,
1966). But there are morphologic differences between both reefs, possibly due to
their different origins.

The benthic communities of Tesoro island are composed of a group of
species adapted to determined environmental conditions related to water depth,
wave exposure and the basic type of substratum. This view agrees with that of
many authors who consider that the reef geomorphology or the physical environment
are responsible for community organization (Liddell and Olhorst, 1987; Jaap et al.,
1989, among others).

Possible origin of Tesoro Island reef

As shown by seismic data, the Rosario Archipelago originated by progressive
coral colonization on banks of diapiric origin formed at the continental shelf
(Vernette, 1986). The regional geomorphology, the actual Tesoro Island reef,
subrecent corals preserved in the cay, as well as the presence of emerged terraces
in the other archipelago islands, suggest clues for the development of a hypothesis
to explain the origin of Tesoro Island reef and also to better understand some
aspects of its evolution. In the proposed hypothesis (Fig. 8) the exact time and
sequence of events of reef formation are unknown; thus, these stages must remain
speculative until new and conclusive evidence by further research.

1 . Diapiric dome: as shown by seismic data, mud diapirism at the inner
continental shelf was originated from movements of unconsolidated material forming
muddly layers that crossed the overlying beds to form a dome-like topography.
The diapirs change the morphology of the shelf, with a series of domes oriented
30°N, according to the structure of the Sinu belt (Vernette, 1986; Vernette, 1989).
The Tesoro island dome may have been smaller than the present reef. The age of
its formation is uncertain, but it possibly dates back to the Plio-Pleistocene, similar
to tectonic that took place at nearby Tierra Bomba and Baru Islands, and at Tortuga
Bank (Vernette, 1986).

2. Coral bank: Apparently, when the diapiric dome reached the photic
zone, it was colonized by hermatypic corals with the subsequent topography
flattening as the reef developed (Vernette, 1986). The formation of the coral bank
began with growth of massive and foliaceous corals on top of the diapiric dome.
The same species (i.e. Montastraea spp.) could take platy shapes on the reef
slopes. This first step for the reef development, usually takes place in calm or deep
waters (Geister, 1983).
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Figure 8. Hypothetical explanation (2 D) of the possible origin of the Tesoro island coral reefs. 1- Diapiric
dome, 2- Coral bank, 3- Limestone karst island and immersion, 4. Second emergent platform, 5- Present
situation,

3. Limestone karst island: During the last glacial stages the sea level was
60 to 100 m lower than the actual and the coast line was close to the northern side
of Tesoro island (Vernette, 1986). Before the last transgression, the Tesoro bank
reef emerged and formed a large island, with erosion processes producing karst
holes in the platform, like the one that become the actual inner “mud hole”. It is
possible that a stillstand during the transgression subsequently molded the fore-
reef terrace.

4. Tectonic elevation: on the subrecent plain of the cay an extensive reef
emerged composed principally by the scleractinian coral Agaricia tenuifolia followed
in abundance by Acropora cervicornis, Montastraea faveolata, Colpophyllia natans
and Siderastrea siderea is preserved. Taking these species as sea level and
environmental indicators (Geister, 1984), the top of this platform possibly reaches
to 5 to 12 m of water depth. The corals of the emergent reef of Tesoro Island date
from 2780 + 120 years according to dates by C'* (Vernette, 1986). This age agrees
with the more than 10 m in height tectonic elevation, found in the reef terraces of
Tierra Bomba and Baru islands, few kilometers away, which took place no more
than 3000 years ago (Erffa and Geister, 1976; Geister, in. litt.) creating Tierra
Bomba, Bard, Grande and Rosario islands as well as the reef platforms, such as
found in Tesoro Island (Vernette, 1989). This catastrophic event is the most
important for the origin of Tesoro island sand cay reef, due to it, the reef platform
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emerged, producing great erosion in the reef and also sand accumulation on the
leeward region. Wave action formed an enormous sandy platform and the “mud
hole” is gradually filled with sediments.

5. Actual sand cay reef of Tesoro Island: as the sea level rose to the
present level, heavy reef platform erosion took place. On the new substrata reef
organizing facies of began to develop, eventually reaching superficial waters.
Because of the actual stability of sea level structures, the reef crest was formed at
the same place where it is today. The reef crest protects a limited area of the
subrzcent plain were the cay was formed. During this stage, important reef facies
were formed such as monospecific stands of Acropora palmata on the windward
side, and 4. cervicornis and reef patches of Montastraea spp. and Porites porites
in the leeward side. At this stage the reef started to develop, reaching a structural
climax in the windward side where in front of the crest there are large areas of A4.
palmata and A. cervicornis, and mixed corals towards the slope (Grauss et al.,
1987), the low relief spur and groove system developed in the 4. palmata zone.
Acropora species easily colonized sand and hard substrata, in sites of low and high
wave energy respectively (Geister, 1983; Multer & Zankl, 1985).

Present situation

The sand cay reef of Tesoro Island is marked by large areas of substratum
covered by Acropora palmata and A. cervicornis skeletons, whose mass mortality
occurred approximately twelve years ago. Werding and Sanchez (1979) described
these zones when they were alive, and some years later Coral and Caycedo (1983),
Ramirez (1986), Sarmiento et al. (1989) and Garzon-Ferreira and Kielman (1993)
when they were dead. This mortality also took place in many areas of the Caribbean
(Jordan, 1992) sponsoring changes in the geomorphology of the reefs. The presence
of A. palmata stands in the inner fore-reef terrace is record of water depth levels in
the development of a reef framework (Macintyre and Glynn, 1976). Since, this is
one of the rapid growth species, it helps to build structures against wave abrasion,
originating the spur and grooves systems which formed by growing coral colonies
and by erosion channels which admit wave energy (Shinn et al., 1981), the latter
being appropriate for coral-octocorals communities (Riitzler and Macintyre, 1982).
However, with the death of Acropora, the structures of high and moderate relief
that were beginning to form spurs were flattened by bioerosion. As the colonization
of this species at 2 to 5 m depth is slower than the rate of abrasion by waves
(Jordan, 1992), a gap is created due to the appearance of new low relief substrata
where the abrasion of unconsolidated sediments does not permit the settlement of
coral larvae of species unadapted to abrasive environments (Jordan, 1989). The
fore-reef terrace of Tesoro Island, where the stand of Acropora palmata once
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existed, originally exhibited a moderate relief, which became a low relief abrasion
terrace. On the leeward side where A. cervicornis dominated, the recolonization
process is slower, possibly due to the large quantity of algae covering the substratum,
thereby, making the recolonization by corals very difficult. There is also strong
grazing pressure on the recruits and surviving colonies of this species, which after
mass mortalities, may have carried populations to a collapse (Knowlton et al.,
1990).

On the other hand, it is also important to note that numerous axial skeletons
of Gorgonia ventalina in the shallow fore-reef near to the crest are possibly an
indicator that a past mass mortality occurred in this zone (Garzon-Ferreira and
Zea, 1992). However, gorgonaceans of the genus Pseudopterogorgia and possibly
Pterogorgia are capable of colonizing sand accumulations or abrasive areas, such
as dead Acropora palmata stands. Their larvae are able to bury in sand until they
find a hard substratum. In addition, the sun light reflection over the sand greatly
benefits those species associated with zooxanthellae (Kinzie, 1973). Also Briareum
asbestinum, thanks to its successfully stolon-vegetative propagation (Lasker, 1983),
colonizes hard substrata in low energy environments as dead A. cervicornis stands.

At the present time, the largest scleractinian coral development is on the
slope edge and on the sandy reef platform with low wave energy, where the most
important species are Montastraea annularis, M. faveolata and M. franksi. These
species are sedimentation resistant (Macintyre and Grauss, 1982) and indicate the
lowest wave energy level areas in the reef (Geister, 1977; Grauss and Macintyre,
1989). However, on heterogeneous environments they seem to have a bathymetric
separation, M. franksi being the deepest and M. faveolata the shallowmost species
(Van Veghel, 1994). Recently, their taxonomical status has been discussed (Van
Veghel and Bak, 1993; Weil and Knowlton, 1994). Although the slope is an area
of low energy area and appropriate for coral development, the coral cover is not as
high as it should be, perhaps due to the presence of the brown unpalatable algae
Lobophora variegata, which inhibits coral larvae recruitment (Kinzie, 1973; Jordan,
1989). The reason for its abundance could be the Caribbean-wide mass mortality
of the sea urchin Diadema antillarum, which occurred some years ago, which was
one of the few consumers of this alga (Lessios ef al., 1984).

Particular to Tesoro Island reef are the small beds of Thalassia testudinum
and Avrainvillea digitata, being this the only locality where the latter alga is found
in all the Rosario Archipelago (Diaz-Pulido per. com.). Sea-grasses are poorly
developed at Tesoro Island reef possibly due to the absence of a ‘boat channel’,
which would offer a more suitable place for sea-grass growth. Other algae such as
Dictyota jamaicensis and Stypopodium zonale among others collected in Tesoro
Island were first records for the Rosario Islands (Bula et al., 1993). The slope with

.laminar corals offers to black corals sites sheltered from light, ideal places for
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their larval settlement (Ortiz and Sanchez, 1992). On the slope there are also
numerous ellisellids, azooxanthellated gorgonaceans showing a characteristic red
color, that seem to share the same habitat of the antipatharians (Sanchez, 1992).

Finally, it is necessary to note that the method used to prepare the basic
map is considered by Stoddart (1978) as very expensive because it is necessary to
have additional people and some special conditions in the reef, such as fixed
marks, usually placed in varying depths with the tips showing clearly above the
sea level. However, in Tesoro Island many marks were found on the reefs that
were ideal for the mapping process. It is possible to suggest as a conclusion that
the employment of joint aerial photographs, transects and triangulation, is one of
the best methods for reef mapping and results in a clear structures definition.
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APPENDIX

Systematic list of reef corals found in the Tesoro island coral reef, Colombian Caribbean,
during 1992,

Phyllum COELENTERATA

Class HIDROZOA Owen, 1843

Order MILLEPORINA Hicksen, 1901
Family MILLEPORIDAE Fleming, 1901

Millepora aicicornis Linnaeus, 1758
Millepora complanata Linnaeus, 1758
Millepora spp.

Class ANTHOZOA Ehrenberg, 1834

Order SCLERACTINIA Bourne, 1900

Suborder ARCHENOCAENIIDA Alloiteau, 1952
Family ACROPORIDAE Verrill, 1901-1902

Acropora cervicornis (Lamarck,1816)
Acropora palmata (Lamarck,1816)
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Family STYLOPHORIDAE Milne Edwadrs & Haime, 1857

Madracis decactis (LLyman, 1859)
Madracis miriabilis (Duchassaing & Michelotti, 1861)
Madracis formosa Wells, 1973

Suborder ASTRACOIDA Alloiteau, 1952
Superfamily ASTRAEOIDAE Alloiteau, 1952
Family FAVIIDAE Gregory,1900

Favia fragum (Esper,1788)

Diploria labyrinthiformis (Linnaeus,1758)

Diploria clivosa (Ellis & Solander,1786)

Diploria strigosa (Dana,1846)

Colpophyllia natans (Houttuyn, 1772) (=C. breviserialis)
Montastraea cavernosa (Linnaeus,1766)

Montastraea annularis (Ellis & Solander, 1786)
Montastraea faveolata (Ellis & Solander, 1786)
Montastraea franksi (Gregory, 1895)

Family COLUMNASTRAEIDAE Alloiteau, 1952
Stephanocoenia intersepta (Esper, 1795) (= S. michelinii)

Superfamily MUSSIOIDAE Alloiteau, 1952
Family MUSSIDAE Ortmann, 1890

Mussa angulosa (Pallas, 1766)
forma lacera (Pallas, 1766)
Mussa (=Scolymia) cubensis (Milne Edwards & Haime, 1849)
Isophyllia sinuosa (Ellis & Solander, 1786)
Isophyllastrea rigida (Dana, 1848)
Mycetophyllia lamarckiana Milne Edwadrs & Haime, 1849
forma hydnophoroida Zlatarski y Martinez, 1982
Mycetophyllia aliciae Wells, 1973
Mycetophyilia ferox Wells, 1973
Mycetophyllia danaana Milne Edwadrs & Haime, 1849
Mycetophyilia reesi Wells, 1973 '

Suborder MEANDRIIDA Alloiteau, 1952
Family DENDROGYRIIDAE Alioiteau, 1952

Dichocoenia stokesi Milne Edwadrs & Haime, 1848 (=D.stellaris)

Family MEANDRIIDAE Alloiteau, 1952
Subfamily MEANDRIINAE Vaughan & Wells, 1943

Meandrina meandrites (Linnaeus, 1758)



Subfamily EUPHYLLINAE Alloiteau, 1952

Eusmilia fastigiata (Pallas, 1766)
forma flabellata Wells, 1973

Suborder FUNGIIDA Duncan, 1884
Superfamily THAMNASTERIOIDAE Alloiteau,1952
Familia AGARICIIDAE Gray, 1847

Agaricia agaricites (Linnaeus,1758)
forma agaricites (Linnaeus, 1758) (=crassa; =masiva)
forma carinata Wells, 1973 (=bifaciata)
forma purpurea (Lesueur) (=unifaciata)
forma humilis Verrill 1901
forma danai Milne Edwards & Haime, 1851
Agaricia tenuifolia Dana, 1848
Agaricia fragilis Dana 1860
forma contracta Wells, 1973
Agaricia lamarcki Milne Edwards & Haime, 1851
Agaricia undata (Ellis & Solander 1786)
Leptoseris cucullata (Ellis & Solander,1786)

Superfamily SYNASTRAEOIDAE Alloiteau, 1952
Family SIDERASTRAEIDAE Vaughan & Wells, 1943

Siderastraea radians (Pallas,1766)
Siderasiraea siderea (Ellis & Solander,1786)

Superfamily PORITIOIDAE Alloiteau, 1952
Familia PORITIDAE Gray, 1842

Porites porites (Pallas,1766)
forma furcata (Pallas,1766)
Porites astreoides Lamarck,1816
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