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this natural event may be impaired by cronic stressors such
as siltation and pollutants.
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INTRODUCTION

The importance of the coral reef ecosvstem has been

mentioned and documented on numerous occasions by several

writers.

a)

b)

c)

d)

e)

In summary:
Reefs are among the most biologically productive
ecosystems containing a great variety of benthic
crganisms and providing a habitat for large num-
bers of juvenile fish of mwany species. Reefs
shelter and support the majority of fish and
:cfustéceans that are commercaally extracted from
our coastal processes.
Reefs provide a buffer against seas pounding
sharelines aﬁd m;derafe currents-the?eby influen-
cing the deposit and maintainance of sand on
beaches. As an example, the calm waters and depo-
sited sands of Luquillo Beach would be lost if
the protecting reefs were to disappear.
Fragments from dead coral or from other calcium
carbonate producing organisms which inhabit reefs
are the principal components of many Puerto Rican
beach sands. Many islets are a.so formed by the_
deposition of these.
Many organisms inhabiting reefs, such as algae
and certain soft corals, produce chemical subs-
tances with valuable medicinal properties.

Reefs are a recreational -resource for skin and



SCUBA diving.
f) Due to the fact that reefs are the most exten-
sive coastal communities of the earth and due
| to their complexitiy in terms of taxonomical
5 B diversity and trophic relations, these are of
- unlimited interest in the study of the dynamic
relations of biological processes.

The interest of this report is to give a general des-

crintion, status and localization of our reef resource

- - and to stimulate in the beginner science students the .
i curicsity and desire to initiate ecological studies of
! this most important and threatened ecosystem. We also
| - attempt to create a consciousness of the alarming rare |
of degradation of this practically non-remewable resource:
in the layman and to promote their right to publicly oppose
prdjeéts which may further endaﬁger the latter. Finally,
we intend to delineate guidelines, based on the analysis

of our and others' observations, for the management of

. the coral reefs in the best social interest.

B This document initially shows coral reef distribution

in the world and especially in the Caribbean Sea. Followin

is a mention of the physical and biclogical conditions

necessary for the development of coral reefs. Then, the
most common zonation patterns and the different reef types
are discussed. Reef distribution along the Puerto Rican
coasts is described based on published literature, Teports

and personal observations., Next are our conclusians and
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recommendations. Includ=i as appendices are profiles of

selected reefs and tables containing detailed data.

R o



Ohserve

er profile.

-
=

fMlg. 1.

Diver making an underws

sea fans in gorgonrian zone.



‘sydeafojoyd 1RII8® JOo uoiyBOO] & "BTA

LR L LEal B




METE2DS AND MATERIALS

Tris reef inventory was carried out during a one
vear period. Observations were limited to a maximum of
one day per reef and measurements were made only whenever
sea conditions, e.g. high water transparency and reduced
surge and wave action, permitted it.

Topographic profiles of the forereef were made with
a line marked every five merers. This-line was laid,
perpendicular to the shore, from the closest area of the
geéf flatr that sea conditions permitted te the windward
bése of the-reef. Denth measurements and observations
were made at five meter-intervals (or less where pertinent)
and recorded on an underwater slate (Fig. 1). Self con-
tained underwéiér breathing apparatus (SCUBA) was uséd
on areas where use of a snorkel was not appropriate.

The site of the preofile was chosen aftefianalyzing
2erial photography of the area and after making an under-
water reconnaissance of the reef, Occasionally a diver
was towed on an underwater sled to cover larger areas.

The area most representative of the forereef was selected.

Coral species diversity, equitability and living
cover were made with line transects according to a method
designed by Loya (1972) and later modified by Rogers (1977)
411 transects were 10 m long and parallel to depth contours
These were run with the aid of SCUBA.

Bléck and white photographs were taken with a Nikonos

e

III carera with a 35 mm lens,



Reefs where profil.- were not made due to diverse
reasons, are described - the Coral Reef Development in
Puerto Rico section.

All aerial photography is vertical unless otherwise
specified. The locality and area of cover is shown in
Fig. 2. The approximate areas where underwater profiles
were made is shown with a lime. Corresponding sections
of nautical charts are included with each vertical aerial
photograph.

Available north coast aerial photography was analyzed

and areas Qhere coral growth was suspected wére spot-checked
in the field with the aid of a boat towed underwater sled.
' The section Detailed Reef Information includes:
1) The fore reef profiles Sh&wing the distribution of
the most common species within each zone and 2) Tables
mentioning specific details of the zones or of the reef
as a whole.

The coral reef inventory does not include the islands
of Mona, Vieques, Culebra and Desecheo. For informatipgn
on the reef fauna of the first three the reader is reffered
to Cintron and Thurston (1975), Torres (1972) and Cintrén

et al (1974) respectively.



WORLDWIDE CORAL REEF DISTRIBUTION

Hermat -pi¢ or reef building corals, which are the
main components of the coral reef, flourish in tropical
zones with seawater temperatures ranging from 25-29°C.
These areas 1ire situated within a belt roughly bounded
by the Tropics of Cancer and Capricorn, imaginary lines
which are drawn around the earth 23.5° north and south
of the equator, Within this 4800 kilometer-wide belt,
coral reefs are abundant on the eastern shores of the
Americas, Africa and Australia, but far less common off
the western shores of these continents. Why is this? In
the Northern Hemisphere ocean currents are forced into
a clockwise c¢ircular movement by the earth’'s rotation
and associated wind aistribution {Coriolis effect). The
oppésite is true in the Southern Hemisphere. As é result,
warm water -travels toward the poles along the eastern shores
of the continents. On these shores, therefore, there is
a much wider extension of warm water suitable for vigorous
coral growth. On the western shores the reverse is true.
Cold waters running toward the equator, combined with
upwellings of cold water from the depths, greatly restrict
the extent of shoreline favorable to coral growth.

Non hermatypic or noﬁ-reef building corals, contrary
to hermatypic ones, are by no means restricted to the tropics
and can be found in the cold seas lying within the Artic

and Antartic circles as well as in the Norwegian fjcrds,



(T rocky shaores of the United States, Canada, ar’  the
ccasts of England and France. None c¢f these cold-water
corals, however, grow so actively or to such a size as
the larger reef corals of the tropics. Their form is
usually small and delicate rather than large and massive

(Smith, 1948).

e
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DISTRIBUTION WITHIN THE ATL~" '1C OCEAN

"Most coral reef development in the Atlantic Ocean
is restricted to the Caribbean and adjacent areas in the
southern Florida and the Bahamas. Although viable reef
production is nill north of southern Florida (due to low
winter temperatures), isolated hermatypic corals can
survive as far north as Cape Hatteras (35 N, see average
winter and summer temperatures in the Atlantic Ocean and
the Caribbean in Figs. 3, 4). One notable exception is
Bermuda which contains a surprisingly large number of
corals, but stilﬁ Tacks some of the most prolific West

Indian species such as Acropora palmata (Stoddart, 1969).

Also, these reefs appear to be only thin enc¢rustations
over Pleistocene rock (Milliman, -1973). The Gulf of
México is Easicaily an area of terrigenous sedimentation,
but some scattered marginal reef growth is present near
Veracruz, Mexico, together with many relict ccral and
algal mounds throughout wuch of the Gulf shelf (Milliman,
1973). The northern portion of this area, roughlg‘that
area north of a line passing through Progreso, Mex;co,
and Havana, Cuba, can be considered to be margina: tropics
in that winter temperatures cpmmonly fall below 22°C and
coral reef development is poor as compared with the central
and southern Caribbean.

Coral reef development in the Atlantic Ocean reaches
its southern limit off Rio de Janeiro, Brazil. These

communities are, however, biologically quite distinct from

those of the Caribbean and, as in Bermuda, lack many o7
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T;"' ECOLOGICAL Z(: ATEON =3miv !

Identifiable ecological zones are creaté@ by the
degree to which the various physical and topographical
factors positively or negativelv affect reef d;ganisms

throughout the reef area. The characterization of each

zone may, therefore, be based on the name of one key or-
ganism and/or the name of the physical factor or feature
I estimated to be of greatest importance to the ecology of

5 the zone. Overlap or combination of zones may occur

“anywhere as a result:of fhe'variedvgffect of tidal currents,

M .

wave action or bottom structure.

Following is a general scheme of reef zonation (lee-

ward to windward). It should be borne in mind that this
varies from location to locatiéﬁ"and even within the

same area.

(a) Reef apron -
The reef apron is the area of sediment accumulation
leeward of the reef flat. It is generally a barren area

'in the sense of epibenthic biota although in some cases

it is extensively burrowed by shrimps or holothurians
(sea cucumbers) which form mounds that sometimes cover

most of the barren sand areas (Mathews, 1974). It may

also contain beds of marine phanerogams (flowering plants)
such as turtle grass (Thalassia) and/or patch reefs.
Sand is primarily biogenic as in the case of Cayo Enrique,

La Parguera, where its principal constituents are mainly

P~
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ral and coralline algae fragments (Morelock et al,

(b) Reef flat - low wave action zone

This is a shallow area of sand and rubble that lies{

1behind the reef front. The depth may vary from 0 to 1 m.

Usually even though wave pounding is minimal, a very
strong cufrent is created by the outrushing of the water
accumulated by incoming waves which come over the reef
front.

* . During severe tropical.storms, large_quantities of

1iving coral are dumped into this area forming islets of

 considerable heights above sea level.

As depth decreases in this area, an important litto-

" ral community’; the mangrove forest,'may become established

creating a new habitat for many specieé of birds, fishes
and invertebrates. Mangrove trees may, at fie same time,
influence the surrounding reef habitat by providing a
nutrient subsidy by decomposition and exportation of leaves.
Corals present in this area are generally sturdy
encrusting and small branching such as Porites asteroides,

Porites porites and, to a lesser degree, Manicina areolata,

Favia fragum, Diploria clivosa, Agaricia agaricites, and .

Siderastrea radians. Corals present in this zone are

sometimes, as in the case of S. radians, very tolerant
to sedimentation and their distribution is influenced

by the presence of adequate substrates, such as coral

L3




fragmén®s, which favor tHeir establishment. N
Thalassia beds and their associated biota are also
common in this area.
(c) Reef crest; Millepora - zoanthid zone; Breaker
zone (Figs. 5,6).
This is the zone of highest wave energy and water

movement. Prominent organisms include Millepora compla-

nata (fire coral) and several species of-zoanthids (co-
lonial anemones) (Fig. 7). Sometimes this zone extends
above the low tide level forming emergent communities.
Under slightly lower energy régimes Millepora may be

replaced by the elk horn coral Acropora palmata.

Other organisms, very conspicuous in this are, include

the encrusting gorgonian Erythropodium caribgeorum, various ..

species of calcareous red algae and sea urchins.
| Even though a discussion of this subject is out of

the scope of this report, it should be mentioned that
recent studies have confirmed the existence of emergent
algae ridges, similar to those present in several Indo-
Pacific reefs which replace the Millepora zone (Glynn,
1976). This algal ridge is best developed in areas of
very high wave energy. '

(d) Acropora zone

This zone extends seaward from the bottom edge of
the Millepora zone and generally is monospecific contai-

ning, almost exclusively, the elk horn coral (Figs. 8,9,

10,11). Various forms of this coral are present depending
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Flg. 5. Dense M.

" complanata on Teef
crest. Note beginning
of reef flat in the ‘
background.

T

Fig, 6. Reef crest.

Fig. 7. Abundant colonial
anemones (zoanthids) in
the reef flat. Several
black urchins (Diadema
antillarum are present in

e background.




Fig. 8. A. palmata zone. Note 100% cover and high ver-
- ~ Tical relief.. : , ) '

A

Fig. 9. Large colony

of A. palmata shelte-
ring grunts (haemulon sp.
and goat fishes (Mulloi-
F;q; dichthys gp.)




rFig. 10.

A. palmata stand marginal to buttiress zone.

Fig. 11.

Distinct morphological shape of the staghd:n
coral (A. palmata).

-
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on the degree of exposure.

Other corals and different algae species may grow
on the protected substrate beneath the branches of the
elk horn coral.

° (e) Buttress - Montastrea annularis zone

Seaward of the Acropora zone there is usually a
small drop off where massive heads or buttresses of the

star coral Montastrea annularis occur (Figs. 12, 13).

Very large isolated colonies of the elk horn coral are
also:prgﬁenﬁ thus @féating an area of very high relief.
Soft corals or gorgonians, brain corals (Fig. 14) and

pillar coral (Fig. 15) also abound here.

... - This area with all its-stéep and narrow channels,

canyons, tunnels and towerlng coral heads provide a great

variety of habitats for reef organisms (Figs. 16, 17) and
is generally the area of highest biotic diversity. Large

patches of A. cervicornis shelter numerous fish (18).

(f) Reef fore slope - gorgonian - head coral zone

Beyond the buttress zone, the reef flattens out
towards its dase. Gorgonians (Fig. 19) are usually the
most frequent life form in this area, sometimes forming
dense forests. Between the gorgonians encrusting coral

such as Montastrea cavernosa, M. annularis, Siderastrea

siderea, Diploria labyrinthiformis and Porites asteroides

occur. Other corals present are Isophyllia multiflora,

Isophyllastrea rigida, Mycetophyllia lamarkiana, and

19



Fig. 12.

M. dnnularis buttress. Note large quantities

of plarktivorous fish. Transect line can be
seen in the background.

Fig. 13.

Diver making observations in buttress zone.
Observe large variety of invertebrates.

20
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—4 Fig. 14. Brain coral in buttress
zone. Observe goby lying on the
coral.

“Fig. 15. Colony of the pillar
coral Dendrogyra c¢ylindricus.
Note large stand of the elkhorn
coral (A. cervicornis) and a

gorgonian To the right of the
Photograph.




Fig. 16. School of surgeon fish (Acanthurus sp.) in the
buttress zone. Observe buttress to the rizht

of the picture.

Fig. 17. Lobsters (Panulirus argus) wheltering within
crevice in the buttress zone.

22
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Fig. 18. :Large staghorn colony sheltering a hamlet --

 (Hypoplectrus sp.)

Fig. 19. Gorgonian or
soft coral in the fore
reef slope. OCbserve
the dominance of gorgo-
nlans over scleracti-
nians (hard corals) in
this zone.




o
.......

24

Mussa angulosa. Sponges are also comﬁon heretéfig. 20).
A green turtle was observed in this zone (Fig:'zi). Usually,
corals growing near the base of the slope are heavily silted
and dead colonies are frequent.

Small patch reefs sometimes occur beyond the base of
the.slope. In areas where the reef base is shallower than
about seven meters a contiguous sea grass bed is present.
Normally a "halo" or non vegetated stripe occurs adjacent

to the reef base as a consequence of reef fish grazing

(See Fig. 221.
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DIFFERENT REEF TYPES
a) Rock reef
Rock reefs are shallow eolianite platforms thinly
veneered by stony corals. These will be discussed upon
the description of Puerto Rican north coast.
b) Fringing reef
Fringing reefs grow marginal to the coast and are
separated from the latter by a shallow lagoon generally not
exceeding a couple of meters and sometimes nearly exposed ’
to the atmosphere. )
| éj-Pétch reef - - ' t
These are isolated coral colonies usually surrounded
by a sandy bottom and occuring close to shore. They are
irregular in shape. S - i o
) Jaj Bank or ribbbnvreefs
Bank reefs are developed on calcarenite cuestas or
on droﬁned synclines. These will be discussed in detail in
the description of the southwest coast.
e) Barrier reef
These are sually emergent reefs separated from and
by a deep and wide lagoon.
f) Atolls
Atoll are oval hsaped reefs rising from deep water
and surrounding a lagoon in which there is little or no land.
They develop, usually but not always, on the gradually sub-

3iding cones of extinct volcanoes.
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Fig. 20. Sponge (center) and massive corals (fore and
background) in the fore reef slope.

Flg. 21. murtle (probably Chelonia mydas) in the fore
reef slope. -
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Barrier reefs and atolls are not found within the
Puerto Rico shelf or in its v1c1n1ty altﬂguéh‘che;e types
are found in the Caribbean. The best known and largest
barrier reef in the Caribbean flanks the coast of Brittish
Honduras (Belize) which stretches for more than 200 km and
has’lagoon depths or more than 20 m. The best known Caribbean
atolls are Hogsty Reef, Alacran Reef, Light House Reef,
Glover's Reef and Serrana Bank. These are found off the coast
of Honduras, Belize and the Yucatan Peninsule.

These def1n1t10ns should be used carefully due to the

common - occurrence of intermediate forms
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ECOLOGICAL CONTROTS OF REEF GROWTH

The environmental controls of local coral growth

and of general reef distribution have been summarized

by Stoddart (1969).

Physical and chemical determinants

(a) Light Intensity

Most hermatypic (reef building) corals grow
at depths of less than 25 m and maximum growth rates
appears in depths less than 10 m. Thls has been explalned
"in terms of the 1ncrea51ng concentratlon of suspended
sediments with depth (Wood-Jones, 1910) but the critical
control seems~to be 1llum1nat10n (Gardiner, 1930). This
;decrease in llght intensity W1th depth limits photosyn~
thesis by the symbiotic algae present in coral endodermal
tissue which play an important role in the process of calcium
deposition.

It should be pointed out here that recent observa-
tions of deep reef slopes by means of submersibles have
shown that certain species of hermatypic corals extend
up to 100 m depth though in general, they cease to be
framework constructors at about 70 m (Lang, 1974; Colin,
1974, Lang et al., 1975; Ginsburg and James, 1973, 1976;
Neumann and Ball, 1970; Porter, 1973).

Light penetration is limited by turbidity as well
a8 depth. Weak reef growth, especially in shallow waters

on leeward reefs, has been explained by turbidity of

g
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the water.
(b) Temperature
The effect of cold water currents on coral reef
distribution has already been discussed in the previous
section.

Corals also have an upper temperature tolerance
limit. Vaughan (1919) found that the highest temperature
endurable by West Indian reef corals is about 36°C. Edmon-
son (1929) presented similar data for Hawaiian species.
Temperatures close to these sometimes occur in stagnént”
waters of shallow reef lagoons during extreme low tides,

thereby precluding coral growth or killing established

- cOrals. -

(¢) Salinity ‘ h
Torrential rain on wide shallow reef flats or
coincident with low spring tides may lower local saiini-
ties and lead to physiological damage or death. Goenaga
and Canals (1979) observed mass mortalities of Millepora

complanata (fire coral) during heavy rains on the Puerto

Rican east coast.
(d) Emersion
Exposure to the atmosphere during tidal cycles,
especially if coincident with midday sunshine or with
rainfall, mayllead to coral death (Edmonson, 1929). Dura-
tion of emersion is obviously an important factor (Sto-

ddart, 1969). Mass mortalities of echinoids and other

3
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reef flat organisms coincident with midday, low water
exposures in La Parguera, Puerto Rico, has been reported
by Glynn (1968). As with other detrimental factors,
coral survival varies with the species.
- (e) Water turbulence

Wave turbulence and energy are certainly impor-
tant controls of coral growth. Storr (1964), based on
studies of the Abaco reef tract, Bahamas, concludes that
wave thrust is the environmental factor which results in
-ecological separation of the various reef organisms.
Apparently, extreme‘turbulence or extreme absence of it
is detrimental for certain species of corals. While water
movement has an important direct physical effect, it is _
aléé responsible for bringing Supplies of fresh water and:-
nutrients to corals. Removal of CO,"1is related also to
degree of water turbulence (Stoddart, 1969).

(f) Sedimentation

Sedimentation as a control of reef growth in
Puerto Rico has been stressed recently by workers such
as Cintron et al (1973), Kolehmainen (1974), Loya (1976),
and Rogers (1977). Branching corals are relatively better
able to withstand sedimentation than massive corals; others
especially with large polyps, have developed efficient
Tucus and ciliary cleaning mechanisms (Yonge, 1935; Mar-
shall and Orr, 1931). The role of sedimentation in island-
wide corai distribution in Puerto Rico has been discussed

by Keye (1959) and Almy and Carrion-Torres (1963).

*



-landing of the former.~

(g) Storms . |

The major cause of catastrophic coral mortality
on reefs is destruction during tropical storms. This
destruction is mostly mechanical. Colonies are uprooteéd,
carried above sea level or into deep water or fragmented
in situ by wave action. In some cases, though, corals
may survive the storm but later succumb to changed envi-
ronmental conditions resulting from it (Stoddart, 1969).
Glynn et al (1965) reported on minor hurricane Edith in
1963 in Puerto RlCO. Wlnds less than 90 km/hr. caused
extensive coral destructlon espec1ally of branchiﬁg

corals. During the course of this study, we observed the

disastrous effects of two tropical storms (Dav1d Frede-

ric, Sept. 1979) on, the outer east coast and especially
on the southern coastal reefs. Damage was most obvious
at the shallow A. palmata zone where these corals were
ripped off and overturned causing damage at the same time

to massive corals which were extensively bruised by the

Stoddart (1963) also reported very extensive reef
damage on the British Honduras reefs resulting from ano-
ther tropical storm in 1961. .

(h) To this list, other not so natural environmental
controls may be added. These are different kinds of man-
made pollution. Johannes (1975) has given an extensive

account of forms of environmental degradation caused by




33

man which are detrimental to coral growth. Among others,
erosion caused by upland deforestation, sanitary effluents,
thermal effluents; dredging, chemical spills and bombing
have been pcinted out as unquestionable degraders of coral
reef communities.

The environmental controls mentioned in this list
may act in isolation (as single factors) but most frequently
synergistically (in conjunction) where the sublethal effects
of one are aggravated by the presence of another. The
gffgéf pfwthése‘hay'bé summarized as folloﬁs:

(1) Upland deforestation

Natural erosion is an essential process without
~which we would have’no soil, and the_dglivery by rivers

of nutrient-ladégﬂéoil to the ocean enhances mérine'pfo-
ductivity. In excess, however, and due to excgfsive upland
deforestation or bad land management, siltation of erosion
Products leads to decreased productivity of coral reef
communities and, ultimately, to their destruction. Exposure
of reefs to brackish, siltladen water associated with flood
runoff has probably been the single greatest cause of reef
destruction historically (Johannes, 1975). Undoubtedly

some damage is natural, but aiso there can be no doubt

that bad land management has greatly magnified the problem.
Maragos (1972) has reported extensive reef damage in southern
Kaneohe Bay, Hawaii by terrigenous sediments. Van Eepoel

and Grigg (1970) report that in large areas of Lindberg Bay,
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.St. Thomas, most corals and other°sessi.é ahimals have

live cIdserd on the average, to their lower oxygen -limit

been destroyed and conditions remain unsuitable for their
establishment due to sedimentation caused by bulldozing,
construction and the surfacing of land that drains into

the bay. A subsequent survey (van Eepoel et al., 1971)

indicated that conditions were rapidly worsening. Damage
to reef communities due to accelerated terrigenous sedi-
mentation has also been observed in Tanzania by Ray (1968)
and in the Seychelles by Vine (1972).

' (2) sanitary effluents

The relation between organic or nutrient enrich-
ment and lowered, stressful oxygen levels is well known.

Johannes (1975) has pointed out that tropical marine qrgaq;smi

than biota in colder waters. Kinsey (1973) observed that ;

oxygen levels artificially depressed only slightly below

normal levels on a healthy reef caused the death of many

reef inhabitants. Depressed oxygen levels in reef and

near reef environments subjected to sewage effluents have E

been reported by Bathen (1968) and Wade et al. (1972).
(3) Thermal effluents

Tropical organisms -1ive at temperatures only a
few degrees below their upper lethal limit (Mayer, 1914).
Consequently, the threat of destruction or alteration of
marine communities by overheating is greatest in the Tropics-j

Heated effluent from a power plant in Guam led to extensive
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destruction of reef cora’s (Jones and Randall, 1973).
Jokiel and Coles (1974) reported on the impact of thermal
effluent on corals in Hawaii. Nearly all corals in water
4-5°C above ambient were killed.
(4) Dredging

Brock et al. (1966) give a detailed account
of the destruction of corals and reduction of fish and
echinoderm population at Johnston Island due to siltation
btought about by dredging. Deterioration of reef commu-
n1t1es continued for at least a year after dredglng ceased
because of contlnual resuspen51on of sedlments Grlgg )
and van Eepoel (1970) observed the destruction of hard

Af-
corals due to sedimentation associated w1th the release

of clays brought about by the dredge removal of overlying™’
sand in Water Bay, St. Thomas. Apart from siltation,
dredging can also cause an increase in chemical oxygen
demand which may constitute an additional stress (Johannes,
1975). Also, alterations of reef topography through
dredging, filling or underwater construction will alter
current velocity and directions which influence reef
2onation and may alter settling and survival patterns
(Hpbbard, 1974). Examples of reef damage through dredging
activities are numerous in the literature.
B (5) Bombing

An account of the disastrous effect of Naval

Baneuvers on coral reefs off northern and southern eastern

i



Vieques, P.R. is given by Rogers et al. (1978). uy--

Biological determinants

Bioerosion or the presence of certain organisms
which bore into the reef framework have been shown to
control reef growth in the deep fore reef of Bahamas,
Jamaica and Belize (Lang, 1974; Colin, 1974; Neumann and
Ball, 1970; Porter, 1973; Lang et al.; 1975; Ginsburg
and James, 1973, 1975). An example of this are the boring
sponges which weaken coral skeletons and holdyfasts, thus

influgpéing tHe size and growth forms of corals which

live at their lower depth limit (Hartman and Goreau, 1970).

Other biological processes such as competitive inter-

actions, bioturbation (small scale distruptions) and

predation also assume an increasing influence on commu-
nity structure in deeper and more diverse reef assem-

blages (Glynn, 1976; Lang, 1973).




CORAL REEF DEVELOPMENT IN PUERT:! ‘RICO

Individual coral colonies grow almost everywhere in
ball four coasts of Puerto Rico. Coral reefs, as such,
" however, are present only where favorable conditions
are present,

Reef development along the western two thirds of the
north coast of the Island is poor. Kaye (1959) summarized
‘the possible factors affecting the distribution of coral
reefs on the north coast. He pointed out that the water-
'Ehed of the' north coast is the largest of the Island, in

:iboth area and volume of discharge, and the large volume
t"“:of silt-laden waters from the north coast rivers may be
;;;the most imbortaﬁt-f;ctor inhibiting coral growth. The .

.importance of salinity and ligﬁi penetration fof'coral
growth has been mentioned ea;lier in this report. Flood .
discharges from the several large rivers reduce the sali-
nity of the coastal waters near their mouths. Alter
heavy rains the long plume of muddy river water off the
mouths of the rivers (generally diverted to the west)

may interconnect one major rivér mouth with the next, and
form a widespread apron of turbid, low salinity water
along much of the coast. The‘possibility that these
turbid waters are responsible for inhibiting reef growth
is given some support by the fact that well formed reefs
occur only east of the mouth of the eastern most major

river Espiritu Santo. Kaye also mentions that because
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of the large storm waves that rake the north coééf from
time to time, reefs growing on sandy or muddy bottoms

in relatively shallow water have particularly unstable
foundations. Most known :eefs in Puerto Rico are in sha-
llow water and a majority of them rest on a platform
with depths that are within the range of large stomm

waves that would stir up the sand and mud and, in general,

both destroy the foundation of young reefs that are struggling§

to establish themselves and smother them in the stirred-

-up sediment. § L o S
Anofher factor may be the bossible bevelling of the

shelf area by intense wave action which removed any pro-

jections above the bottom that would provide a suitable

-~ place for reef devélopment.

It should be mentioned here that intensive upland

deforestation during the last 30 years has probably in-
gf creased sediment runnoff aggravating this situation.
The possible presence of "luxurious deep reefs"

between 30 and 100 meters in the north coast of Puerto

Rico has been mentioned by Kolehmainen and Biaggi (1975)

11 based on the presence of these in the north coast of

Jamaica..- We, however, question this assumption due to

the very different wave regimes and much lower precipi-

tation on the Jamaican north coast.

East of San Juan lies a discontinuous chain of poorly

developed and heavily stressed rock reefs trending in a
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general east-west direction and extending close to 1.5 ku

{i:

offshore (Fig. 23). These, from their alignment with
eolianite ridges are interpreted to consist of a relatively
thin coral veneer growing on a shallow eolianite platform-
which, in some cases (e.g. Isla Piedra, and Isla Cancora)
rise above tidal level (Kaye, 1959).

Off of Punta Las Marias reef patches occur which
typically are moundlike and rise to within a couple of
meters of the surface. The center of the top of these
small mounds consist of peagjborais'iimméd on its bordgrs i

by the elkhorn coral (Acropofa'balmata) and on its lower

slopes by sea fans and other gorgonians.

Northwest of Boca de Cangrejos lies what was a well
developed. reef systeﬁ. -Here, extensive‘égfél formations
were common from the surface down to 10 meters in fairly
‘clear waters. This reef was virtually destroyed by sedi-
ments derived from extensive dredging within Torrecilla
Lagoon and organic sediments discharged into this same
lagoon by sewage treatment plants. At present, barely
any living coral exists below approximately 1.5 m.

Stony corals are present on the rock reefs and beach
rock platform at Punta Vacia Talega (Fig. 24). Most are
encrusting growths and not major contributors to reef
construction or maintainance. These are most abundant
along the northern side of the inner reef. Millepora

complanata is the most abundant coral near the surface



Fig. 23.

Line of rock reefs (Trending east to west) offshore
San Juan. o
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Fig. 24,

Heavily silted reefs off Punta Iglesias and Punta San
Agustin (center). Punta Vacia Talega can be seen at
the left of the picture.
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of these rock reefs. Diploria and Isophvllia are also

common on deeper areas. Soft corals are present on pro-

tected areas. g%

Scattered patch reefs*breaklng the surface. are found
‘between Purita, 131881as and Punta San Agustln iFig 24).

Even though they do not form a cont1nuod§“barr1er they

have formed an effectlve ‘wave energy absorb1ng structure

At present the patches adjacent to shore are dead probably

1wy
-~ -

by 511tat10n Water condltlons here are characterlzed

‘ by high lewels of’suspended particles and low v151§§ﬂlty .:f’

Water quallty and health of corals 1ncreases offshore,gA -

~:r=~‘

v

living coral being present only in the ShaLlow (1-3 m) :f:fffﬁ

depths of the outermost reefs. Slgns of*sharp eroslon SNRC O

s o <_i$ - —

= are evident: at the base of the reefs._:fféff””

Farther east, on the north and west side of Punta
Miquillo and on the nerth and east side of Punta Picﬁa,
are fringing reefs which average about a quarter of a
mile wide (Fig. 25). It is probable that both Punta
Miquillo and Punta’Picua were formerly sand cays developed
from these reefs, which since have been tied to the main-
land by a broad marsh and narrow sand tombolos. These
two reefs, specially that of ‘Punta Miquillo, are in very
poor health situation with very low living coral cover
and diversity. The Punta Miquillo reef has suffered )
serious perturbations and partial destruction of its com-

ponents as a result of the dredging of a channel parallel




Fig. 25. Fringing reefs off Punta Migquillo and Punta Picua.

Annular reef off Rio Mameyes is seen to the center
right of the photograph.
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to the shoreline which affected the structural integrity
of the reef framework and created a silty environment,
due to resuspension by wave action, which is detrimental
to corals. Punta Percha is part of the same system exhi-
biting similar conditons but slightly higher living
coral cover. |
Ensenada Comezon (Fig. 25) is lined with numerous
patches covered principally by algae. Stony corals cover v
these to a lesser extent. The patches, more than a couple

of meters in relief, present neo distinct zonation. (Coral

species present are M. lamarckiana, A. agaricites, M. squar-

rosa, P. asteroides, and P. strigosa. Surrounding waters

are generally very turbid.

L wa large patch reefs occur offshore from_fhe-mouth
of Rio Mameyes. Both are roughly circular (300-500 m in
diameter) and with an exposed shoal of coarse sand (mainly
Halimeda) and broken pieces of coral. They consist mainly
of shallow grass beds incised by north-south trending

sand channels. The underwater edge of the island is
fringed with a narrow band of coral of which less than

20 per cent is alive. The seaward edge also contains en-
crusting coqalline‘algae. The fore reef consists of a
steeply sloping coral pavement, sparsely covered with
living corals and terminating in a barren sand flat. Corals

Present are Acropora palmata, Montastrea annularis, M. caver-

nosa, and Diploria strigosa. The general low diversity




here is apparently due to silting by the out flow of Rio
Mameyes. These islets and their surroundings were heavily

impregnated with Bunker oil during an oil spill in December

21, 1978.
° East of this reef system there is a complex of barrier,
fringing and patch reefs which are responsible for the
formation of Luquillo Beach (Fig. 26). Some of these

probably rest on rock foundations with the éxception of

those northwest of Luquillo which occur at considerable

" distances from rock out crops and therefore may be built

on sand or mud. These reefs have undergone various stages

of degradation. The fringing reefs surrounding the northern

‘and eastein end of .the beach show degradation in the sez-

‘ward edge where growth has been limited to the upper

three meters. _
East of Luquillo water trénsparency increases gra-
dually and reef exhibit slightly higher living coral cover.
East of Rio Juan Martin are a series of patch and

fringing reefs which have been described by Torres (1973).

Coral species diversity here is low, A. palmata, S. sidereas,

D. strigosa, and M. cavernosa being the most common species.

The areas of highest abundance, namely the outer reef
flats, had 30 per cent coral coverage. Torres did not
observe significant coral growth below 3 m depth. Reduced
illumination, caused by silt particles in suspension,

appears to be the limiting factor. The seaward edge is




46

1g. 26. Punta Percha with fringing reef protecting Lugquillo Beach.



characterized by overhanging ledges. In scme areas
these ledges have collapsed creating crevices and cave-

like structures. The presence of uneroded dead coral

-

masses, mainly of A. palmata, -suggest a recent death.

Pumping activities of qi;er'accﬁmulated in sand extrac-

~ tion pits was observed by Torres.- These activities are

“an additional stress to these already stressed coral coFe-

nies.

A reef system fringes thé area comprised between .

' ‘ west of Cabeza Ch1qu1ta ta Cabo—San Juan (Fig-.. 27)

This reef is also undergoxng rapld'degradatlon from the

=

» effects of siltation and also from systemlc extraction .

- e .
R e ¥8 - . I

of corals for sale. The northernmost;port;on,of this:, -

.kﬁéfﬂﬁas a very shallowvreéfgpiatfdrﬁ'(parfuof‘théimentipned

system) which terminates at the beach after mérging into
a shallow Thalassia and algal bed. -Corals are actively
growing along an eastern channel edge and back reef.
Northward of the reef crest is a steep slope terminating
abruptly in a sand flat. Fire coral is very abundant

in this reef's crest.

The best reef development on the northeast coast is
found in the fringing reefs formed around the string of
islets which overlie La Cordillera, a shallow, narrow
submarine ridge approximately 18 miles long which trends

east-southeast from the northeastern most tip of Puerto

Rico to Culebra (Fig. 28). These reefs are of high quality,

-
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Fig. 27. Reef fringing area from Cabeza Chiguita to Cabo San Juan.
Observe also reef fringing eastern coast of Las Cabezas.
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Icacos, westernmost islet of La Cordillera.

Fig. 28
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in terms of diversity, high l:iving coral cover, and extensive-
ness. The islets of La Cordillera, specially Icacos and
probably all (Kaye, 1959) are not reef constructions but
are composed of oolitiéféblianite which was deposited and
partially submerged somertiﬁé.previdus to the development
of the reefs. Most of fHé?e'are.high;islands and generally
possess land “and/or beach_vegetaifbﬁ; Rock reef fringes
two thirds of Icacos-north shore. "Corals here cover less
than 50 per cent of tﬁ;_aﬁégiéblégsurface area (Mckenzie
Eﬁdiﬁentbn;-1972).,16f%7the southwestern shore of Icacos

is a more pfatécted arééAggich exhibits fairly high coral
development. South of the main line of La Cordillera reefs
but ;till on-thé same platform there lie the Palominos
(Fig;72§) complex and CayovLaigo (Fig. 30), two other reefs
of high biotic quality and extensiveness. Between these
and the mainland lie some other islets (Fig. 31) posse-
ssing highest reef development on their eastern shores.
Palominos and Isla de Ramos are the tops of partially
submerged hills according to Kaye (1959). Ridges of the
former continue south and east as large shallow submerged
banks. The degree of development appears to be related
directly to the distance from the mouth of Rio Fajardo.
Palominitos, Isleta Marina, and Cayo Ahogado have been
formed by wave deposited sand and coral fragments atop

a reef platform. These rise only less than 3 m above

sea level and are susceptible to occasional drastic wave

-




Fig. 29.

Palominos

e

i
r

and Palominitos (southern sandy islet) off Fajardo.
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Fig. 30.

1 Km

-
e,

Cayo Largo, off Fajardo.
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Fig. 31. 1Islets and reefs off Fajardo. From the bottom Isla de
Ramos, Cayo Ahogado and Isleta Marina (Cayo Cbispo and
Cayo Zancudo) are seen.
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erosion, espacially Palominitos and Ahogado. £

Fringing the mainland, an extensive but dying reef
borders the coast from northeast Cabo San Juan to the
north end of Punta Sardinera (Fig. 27). The entrance
to,B;h{a Las Croabas is protected by this reef. From
Playa Sardinera to Punta Barrancas there are no coral
reefs fringing the coast probably because of the influence
of the Rio Fajardo which carries significant amounts of -
silt. Narrow coral reefs, however, project eastward about
450 m from Punta Barrancas and Mata Redonda (Fig. 32).
There is a shéilow reef in the northern Bahia Démajagua
which rises abruptly from about 2 m to the reef crest
(about .3 p). Coral growth and reef development is not
.73itensive. Going we;tﬁard theré.iq a-déep boulder coral
zone which merges into a Acropora zone and is followed
by the reef crest where fire coral predominates. West-
ward is a grass bed with thick mounds of P. porites and
extensive zoanthid carpets. Sea fans and other gorgonians
are present east of the boulder zone (McKenzie and Benton,
1972).

0ff Medio Mundo, Ceiba, is Isla Pifieros (Fig. 33)
with moderate coral growth on its northern and eastemn
coasts and Cabeza de Perro. This latter islet was used
by the U.S. Navy for bombing practices and marine life
is wanting.

South of this point up to Punta Lima the coast is

fringed principally by Thalassia meadows although occasional
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Fig. 33. 1Isla Pifleros and Cabeza de Perro off Medio Mundo, Ceiba.
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small fringing and patch reefs occur.
Some of these fringing reefs of the east coast pro-
bably rest on sand or mud foundations judging from their
~location at the edge of tidal swamps (Kaye,_i???). These,
mfor the most part seem to grow from a 6-7 mefefs deep
platform. Also, many patch reefs that do not reach inter-
tidal level occur off this stretch of coast.

The high levels of light penetration, typical of

the south eastern end of the island, firnds its limit at

. Punta Lima. West of this point the coastal waters become

turbid due to a series of sediment laden rivers and creeks
that sharply reduce its transparency. The first signi-

ficant one is Rio Anton Ruiz which is occasionally dredged

and pumped. Another source of siltation is the recent
development of Palmas del Mar at Humacao which has cleared
the vegetation in extensive areas of steep slopes and loose
soil. Erosion here has been so extensive that deep scars,
which have resulted in damage to beach and coastal commu-
nities, are evident in the washed soil. Here occur several
islets such as Cayo Santiago and Cayo Batata (Fig. 34)
which present some coral growth specially in shallow

waters and in areas open to sea (facing §outh). Surpri-
singly dense 90 per cent living elkhorn coral stands inter-
mingled with gorgonian and head corals occur close to the
surface. Coral cover diminishes drastically with depth
giving way to areas of very sparse soft coral growth. It

appears that water movement caused by the incoming waves
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Flg. 34, Cayo Santlago (upper right) and Cayo Batata (center) off
Humacao. Several submerged patch reefs, including Bajo
Parse, can be seen south of Cayo Santlago.
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is cufficient to keep coral colonies free of sedimer.
but at the same time water transparency is too low to
permit coral growth except in the shallow depths. Sub-
merg:d. sheals- w1th sparse cdthl grow@h also.occur occa-~
§;§ﬁally off Humacao. An. example of thls is BaJo Parse
(Fig. 34), which consists of numerouswgorgonlans; small

head corals and “extensive patches of the encrusting

sponge (Anthosigmella varians. Depth is Rever more than

about 5 m. T

o — - - . —

Adéquate ecologlcal condltlons for the successful

growth of corals do not exist at present in most areas

of theyYabucoa Bay ~ The annular reef located at the
--solthern pazx~of the bay,(Eig, 35) is not an exception
and, in spita of the fadt that affeéfliving.coraig are
found there, several other biological indices fro; orga-
nisms thriving there indicate that environmental condi-
tions existing at present interfere with the nommal
growth of corals. These conditions seem to be the influ-
ence of fresh water coming from the rivers, ravinés, and
creeks which empty into the bay and resuspension of fine
sediments by propellers from the heavy ship traffic.
Characteristics of this annular reef are: (1) the scattered
growth of A. palmata and many other dead corals, (2) the
macroscopic algae colonizing the dead or dying corals,

(3) the luxurious growths of large benthic marine algae

among the corals, (4) the establish of marine phanerogams,
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' Fig. 35a. Annular reef off Yabucoa Bay.
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35b. Non vertical aerial photograph -  the same reefl.
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mainly Cymodocea among the corals, (5) the scarcity of Chmdemton

reef Foraminifera and the presence of Foraminifera not
characteristic of coral reefs (Diaz-Piferrer, 1969; and
Seiglie, 1969).  About 5.5 nautical miles east of Yabucoa
Bay there is a reef called La Conga by native fisherman.
This reef was not visited but presumably it forms part

of the submerged barrier reef which borders most of the
southern shelf of the Island which I am going to describe

later.

- Sargeant Réef, .3 km. southeastward of Punta Tuna
is i.08 km long and .1 km wide at its widest point.
Because it breaks the force of the southeast swell, the
reef affords protection from the southeast for the shore-
line in thé Vicinify of- Punta}Tuna where the reef is from
.12 to 18 km from shore. This reef is of a high quality

in terms of living coral cover and diversity. It presents

a reef flat with abundant A. cervicornis thickets. Following

south is an area of reduced A. palmata growth with high

‘encrusting algal cover. This area gives way to a very

dense Porites biotope (with patches larger than 100 square
meters in some areas) which alternates with overwash colo-
nies of A. palmata. Farther - -seaward is an area of dense,
100 per cent cover of A. palmata which is reduced gradually
south merging with an area where gorgonians predominate.

A fringing reef extends almost continually for four
miles aiong the coast between Cabo Mala Pascua to Puerto

-

Patillas. This is exposed at low tide and protects a low
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sandy apron which lies at the foot of the Sierra de
Guardarraya. A similar highly stressed reef is respon-
sible for the seaward protection of Punta Figue?as
(Fig.~36). Partially responsible also for the protection
of this area and Puerto Arroyo is Arrecife Guayama (Fig. 37)
about .6 to .9 km off Punta Figueras. This reef is

very extensive (nearly 5 kilometers) but is partially
affected by siltation rendering an average low living

coral cover. The reef flat of Arrecife Guayama is frag-

- mented in, -small buttressess with fire of elkhorn coral

on their tops depending apparently on the degree of expo-
sure. The finger coral is also an important component

of -these structures. The Acropora palmata zone has a

very low cover and ﬁigh mortarity of standing colonies.
Seaward is a zone of small sized gorgonians and dead stag-

horn coral (A. cervicornis) which increases its depth

gradually up to the shelf edge. Westward of this reef
are the Corona and Algarrobo patch reefs which appear
relatively healthy and not much affected by siltation.
South of Las Mareas, Guayama, lies Arrecife Las Mareas
(Fig. 38) which is nearly totally devoid of living coral.
The death of this reef is probably due to*siltation by
Guamani River east of Punta Ola Grande. Tongues of silt
have been observed spreading predominantly westward from
the mouth of this river (Torres, 1978). High seas and

heavy surf action prevailing in this open beach maintain
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Fig. 36. Fringing reef off Punta Figueras.




Sh B M 0 o Li i

§
| Km
(- I
. Fig. 37. Arrecife Guayama south of Punta Figueras.




Fig. 38. Arrecife Las Mareas off Guayama (lower right).
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the silt in suspension. Furthermore, the rock jetty
protecting the entrance to Puerto Las Mareas, blocks the
westward movement of the silted waters retaining them on
the eastern side. Exten51ve dredgfng operatlons took
place here for the constructlon ef‘the artlflcial harbor

at Las ﬁgieas and may have“concrlbutedhto hlgh sediment

" levels. R C f;?fi‘** ST .
Southwest of Punta Pozuelo extends a frlnglngnbarrler -

reef called Cayos Caribe for a d1§¥ante of about 2.5 km.-

As part of tﬁe same reef system, but a£V1ded from it and

each other by shallow-channels are Cayus de Barca and ;;1,a§§

Cayos: de Pajaro (?18~ 39) Theew fam -a dlgtlnc?arc _

that effect1vely2protect§?:he* ntran:slmf.ﬁafw

‘§1aIIY‘Cayq§Ear1be, -

e 2

are a score of narrow sand cays fringiﬁ by mangrove vege-

tation and oriented normal to the reef margin which are
separated from each other by drainage channels. These
channels drain the water that washes over the higher,
outer margin of the reef to the bay (Kaye,-1959). Living
coral cover is moderate and increases westwaxd.

Numerous offshore keys occur south of Salinas (Fig. 40)
and Santa Isabel (Fig. 41). These are, west from Cayos
de Pajaros, Cayo Morrillos, Cayos de Ratones, Arrecife
Media Luna, Cayo Alfefiique, Cayos de Caracoles, and Cayo
Cabuzasos. These are in very healthy state with high

living coral cover and support rich benthic and nekton

i —
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Fig. 39. Cayos de Barca, Jobos.
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Fig. 40.

Reefs off Salinas.
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Fig. 41.
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Reefs off Santa Isabel.
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populations. Most of them except Medi: Luna have mangrove
vegetation in various stages of development. Crescent-
shaped Cayo Alfefiique, with its arms projecting to the
northwest, shows the importance of the sou@&g&@& w1nds -and
_the northwest and westerly currents in the molding of these
features (Kaye, 1959). o | o

Cayo. Berberfa (Fig. 42) west of Cayo Cabuzasos has
an'exten51ve iiiqglng reef lylng on its eastern and
southern shores._ Cof%I”development reaches its maximum
on the s;;thern shore where the.A p ata zone reaches o

a 95 per. cent ;eovern and thereers.aneextenslve fishefauna.
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extfhsxve elkhorn coral EOverage and denSE‘gorgonian

stands. Fish life is especially abundant here.

About .6 km southeast off Ponce is Isla Caja de
Muertos (Fig. 43) which presents highest reef development
‘on its northeastern shore. Specially notable of this
reef is its complex high relief lagoon which supports
a large variety of benthic and nektonic fauna.

Off Ponce lie numerous mangrove islets fringed by
coral reef (Isla del Frio, Isla de Cardona, Isla de Ratones,

and Cayo Cardona) (Fig. 44). These present stands of

Acropora palmata surprisingly dense for these silt laden

waters. Secleractinian coral growth, though, is sparse

tlvely unfcuched‘mangxpyé"forést~éhfthe7 R
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Fig. 42. Cayo Berberi{a off Santa Isabel. Highest reef
development in south coast.
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Fig. 43.
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Isla Caja de Muertos. off Ponce.
development in eastern coast.

Highest reef
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Fig. 44, Cayo off Ponce. Arrecife Ratones can be seen at left.
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in deeper waters where gorgonians dominate.

About 2.5 km south of Ponce is also Bajo Tasmanian,
an area of prolific coral growth. Bajo Tasmanian con-
sists of a two leveled platform (Beach, 1975). The nor-
thern level ranges in depth from g{téflz meters apdrthe
southern between 18 and 24 meters. »&héfstaghorn coral
(Acropora cervicbrnis) is particularly abundant over much
of thislower level. At the shelf edge of this lower
level are large shingle-like gfowtbs oﬁggargghs massive -

corals. - ' ’, o -* ‘#_” _

. .

The industrial development,oanahla Guayanllla and'i

Tallaboa haye 51gn1flcantly altered thahnatural.toastal_aﬂﬂ"

T et

features and offShore reefs:of th ~ Sl _;?5?;‘

Tallabod (Fig:fi_?

f§§'3t&;*at prassnf“~nn&br &1gh'stress.~_'
. T T -
conditions due mainly to 31ltaﬁ§bn by—perlodlc dredging

of ship channels propeller stirring (Fig. 45a) and also
to the discharge of bilge water containing oily wastes
into the water as well as the industrial effluents which
are presently descharged into this bay. Living coral
cover in shallow reef areas off Tallaboa is close to zero

with some isolated heads of Acropora palmata and Millepora

complanata still surviving in the seaward side. Generally

these zones of dead coral are continued south by sparse
gorgonian growth and then by slightly higher living,
massive coral cover at the reef slope where the sediment

appafently does not accumulate. Off Punta Verraco (Fig. 46)
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Stressed reefs off Tallaboa.
complex close’'to reef area.

Note oil refining
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Fig. 45a.
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Ship stationed between Cayo Rio and Cayc Palomas
in Tallaboa Bay.
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Reefs off Punta Verraco, Guayanilla.
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is a reef which has an extznsive Thalassia and Syringodium

bed on its reef flat. Stony coral cover in the shallow

front reef is very reduced with the zocanthid Palythoa

covering most of the CaCo0, framework: - In the deeper fore

re;f,is an extensive and quite healthyfcommunity of the

possibly more tolerant soft coral or gorgonians. .

An extensive submerged reef surrounds the coast from
Punta Ventana to Punta Vaquero, where it breaks the sur-
face here first as a fringing reef and later as a barrier
reef that protecfs Playa'Tamariﬁdo Bahia de ;a_;ﬁélléndﬁ
and Playa de Cafia Gorda (Flgs. 47 48) This reef~i§

almost totally’devoid of 11v1ng corai-and huge living

~ carpets of the fast-growlng-colonlaI'anemQQQS‘Zoanthus

and Palythoa lie over the dead coral framework.

West of Punta Jorobado coral reefs become more pro-
lific and complex fofming a series of provinces and brea-
king the surface as far as two nautical miles offshore.
These are the La Parguera reefs which not only protect
other important littoral communities such as mangroves
and Thalassia meadows but serve as their foundation
(Figs. 49-59).

Here, between the shelf edge and the coast, two
elongate reef systems, aligned approximately east-west
divide the shelf into an inner, middle and outer shelf.

Two theories have been presented to explain the pos-

sible origin of La Parguera reefs, these are:

7 8
i
i
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! Fig. 47. Fringing and patch reefs off Guénica.
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Fig. 48. Reefs protecting Playa Cafla Gorda, Guénica.
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.Patch reefs off Isla Cuevas.

50.

Fig.
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Fig. 51. E1l Palo - Atravesado reef.
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Margarita reef.

Fig. 52.
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San Cristobal reef

"Fig. 53.
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Laurel reef.
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Media Luna reef.
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Fig. 56. Enrique reef.
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Caracoles reef

La Gata -
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: " Fig. 58. Enmedio reef.
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Mario reef.
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(1) The major geological features of La Parguera
are a result of deformation of upper Cretacous limestones
(with 1nterbedded mudstones and volcanic rocks) into a
WNg FSE trending syncllne'uhose axis passes through Mague-
yes (Almy, 1969) * The northerft Ilmb of the- syncllne is
represented. by the La. Parguera hllls, ‘and p0551b1y, the
southern limb-by the treng of»corfl reefs on the shelf.
A longer exposure of the south limb éf the syncline to
attack by the surf zone él times of low sea levels would
result in a'lower relief:_ With a'rise in sea level follo-
wiﬁg the‘end of the last Pleistocene glaciation (Wiscoﬁéin),
the low limestone ridges on the shelf would have been gra-
dually submerged, _prov%dxngﬁpreferred sites for coral
growth and subseciuo;gjt ‘rétf formatlon (Glynn, 1973) _

(2) Kaye (1959) isof thé oplnlon that the reefs
'in these areas have developed on drowned, calcarenite
cuestas, which were formed as eolianite structures para-
llel to the shore during;the Wisconsin glacial period.

Present seismit‘evidence (Morelock et al, 1977) fits
the origin proposed by Kaye (1959) for the inner shelf
provinces. However, there is no data for the outer lines
of reefs and they may have formed according to the first
theory presented.

These reef systems, which are considered the counter-

' part of the reefs of La Cordillera, Fajardo, have been

subjected to comparably little pressure from industry or

b3

development. Limited amount of rainfall, minimum runnoff




L i and great quantities of organic matter contributed by
fringing mangroves nearby have also contributed to the
formation of these highly developed systems. Increased
inland deforestation of La Parguera limestones, proposéd
resort development, domestic waste discharges and close-
ness to heavy industrial areas, may impose in the near
future, a serious threat to these communities.

At this point, I will discuss one of the most spec; v
tacular reef systems of Puerto Rico: the shelf edge reef.

" A well developed submgrggd:barfief reéf borders much of

A

the shelf edge south of Pﬁéfio Rico. These systems Eave

l been most extensively studied in the southwestern shelf.

The top of this reef is shallower than further inshore

areas and at a debth‘of 17 to 25 m aféﬁéfp break in the
nearly level bottom occurs, dropping away at an angle of
up to 45 into the Caribbean. A buttressed spur and
groove formation (Figs. 60, 61, 62) has been observed for
more than 3 km on the shelf edge (Morelock et al, 1977).
Sand channels up to 6 m deep with vertical walls generally
less than 2 m wide and 20-30 m long are cut into the upper

insular slope. These have walls covered with encrusting

coral growth, algae, and boring sponges and are separated
by a wide coral buttress dominated by massive coral and
Agaricia having lushest growth at the shelf edge (Fig. 63).
These appear to be some type of surge channel which allows
movement of sand from the outer shelf to the slope (Morelock

L

et al, 1977). These sands form an obvious trail down the
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Fig. 60. Spur and groove system.
Observe high coral cover.

Fig. 61. Idem. Spur and groove g4
system. Note high coral cover,

specially Agaricla sp., lining
the sides of e grooves.




 Fig. 63. Diver working at

the shelf edge.
slope.
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F4g. 62. Idem. Note whip antiBdz™
Marians (black coral). Spur and

groove system. Note whip coral
(Stichopathes sp.) in the fore-

ground. Accumulated sand can bde
seen between spurs.

Note insular




_ Fig. 63. Diver working at

the shelf edge. Note insular

slope.
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F4g. 62. Idem. Note whip antifa-""
Marians (black coral). Spur and
groove system. Note whip coral
(Stichopathes sp.) in the fore-
ground. Accumulated sand can ove
seen between spurs.
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slope below each channel and have been traced below 70 m.
Coral growth is so intense on the walls that they some-
times roof over the grooves providing an excellent habi-

tat for a great variety and number—of fish. These grooves

i

contlnue northward formlng shaIlow channels (Flg‘ 64)
containing calcareous sand and co;a¥rrubbled(Qu1nn, 1972).
Iﬁey tend to branch and neander‘andnferminate gradually"
inﬁ&orai ridges which are aligned east te west g%fallel
to”the>shelf edge. These~coral ridges rise slightly to41
shallower depths and are covered “with dense staads of o {ﬂ*
gorgonians. Living coral cover- 1s redﬂBed here.»‘éand.
flat93 also parallel to the shelf edge, occur to the
north of the cpial radges. These~are sllghtly deeper - "~
thqnuxhe coral ridg;: and exhibit rlpple marks.

The slope, south of- the groove and spur system,
consists of cemented or dead coral pavement with little
relief below approximately 30 meters. Zonation is dras-
tic,dense stands of gorgonians and antipatharians increa-
sing downwards in relation to a decrease in stony herma-
typic corals.

Along shelf edge surveys, Morelock et al (1977)
observed areas where the upper 30 to 40 meters of the
slope are vertical. Where this occurs there are no grooves
and the general nature of the submerged reef is similar
to other Caribbean submerged reefs (MacIntire, 1972).

It is postulated that the reefs on the shelf edge

built up as barrier reefs during the Pleistocene low sea



Fig. 64. Low: relief. sand channels north of the
,-shelf edge. - - ) .

Fig. 65. sShelf edge. Note high coral cover. Insular shelf
edge. Note high coral cover.
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stand (Goreau and Burke, 1966). The shelf edge was sub-

jected to-interm: ttent surface drainage of water accumu- : - ted to
lated by wave action or runoff during this periods when
subaerial erosion occurred thus forming drainage channels.
No growth occurred on the floor of these incisions as a
result of continued scourings. As the reefs were drowned
by the rapid eustatic sea level rise over the last 4,000
years, these erosional features were enhanced by coral
growth forming the buttresses. Erosional processes con-
tinue at the present time, their rate being greater than

" accretion (by.coral gfbwth)vwhich is also affected by
boring spongés kéoréau, l9é6). .Currents o}'substantial
velocity (7.5 - 13.0 cm/sec.) move through the channels
preyentipé §eposition of coral larvae (Arneson, undated).
The shoréﬁard.ridges and sand flats described ea;lier
are generally shallower than the shelf edge and probably
were above the surf zone at the time of lower sea stand,
therefore not affected in the same way as the shelf edge
by contact with oncoming waves. They may be a more recent
phenomenon of coral growth and sediment entrapment in the
lower lying areas of the sand flats (Quinn, 1971). Goreau
(1966) has described a similar pattern in Jamaica. Quinn
(1971) also postulated that coral growth is lushiest near
the shelf edge (Fig. 65) on top of the spurs due to the
direct exposure to the oncoming wave trains which provide
a continual supply of nutrients.

Coral reef development along the west coast of Puerto

Rico can be considered from fair to moderate in relation
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“té6 éither the northeast or the southwest coast&*"Batween
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Cabo Rojo and Mayaguez there are various sporadic frin-

ging reefs (Figs. 66, 67) which appear to be suffering

.. from high turbidity of the water, unusually slight wave

action and heavy land drainage. The broad bank that lies
immediately offshore not only minimizes wave action against
the shore by reducing wave energy but also limits the

amount of ocean water available for diluting land drainage
(Kaye, 1959). Siltation, due to sugar growing activities

and especiaily;ﬂtp inbfeasing'industria{.and housing_develop-
ment and low sélihities caused by the diséharge of Rio
Guanajibo during fall are other factors threatening these
reefs .(Kolehmainen and Biaggi, 1975) ‘and Morelock (per-
sonal communication). T |

These fringing reefs are generally wanting in stony
corals but possess spectacular dense "forests" of large -
sized gorgonians (soft corals). Living stony corals are
presently being covered by mats of macroalgae (Kolehmainen,
1974).

Offshore reef areas (Fig. 68) include Escollo Negro,
Arrecife Tourmaline, Las Coronas, Escollo Rodr{guez, Cayo
Fanduco, Manchas Interiores, Manchas Exteriores, Arrecife
Peregrina, and Gallardo.

Turbidity and sedimentation produced by resuspension
of local fine calcareous sediments during heavy, long-period
ground swells originating in the Atlantic Ocean mainly

during winter months were found by Cintron EE.&E; (1973),
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Fig. 66. Fringing reefs of the west coast. Alsc note
Cayo Ratones west of Joyuda Lagoon (upper right).
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Fig. 67. Fringing - barrier reef off Boguerdn.



Fig. 68.

Offshore
off spur

reefs of the west coast.
and groove system.

Square marks
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Kolehmainen (1974) and ‘toya (1974) to be the most impor-
tant factors affecting Arrecife Tourmaline during 1700
hour studies at an underwater habitat. Terrigenous sus-
pended sedimentsifrom the Guanajibo ﬁiverfand the pre-
sence of seston and plank;gnvin theAwater'belumn were
also found to increase water tufbidity during this

study. Montastrea cavernog!;#a coral species equipped

with many features that enable it to remove sediments
from its surface, was found to be the most importgpt reef-
-bu11d1ng coral in areas affected most by siltation. 1In

‘clear water reefs, this spe01es is an importantfreef-bull—

e

ding spe01es, but not the major one.,‘ ;:a<

. -',..-;_.“, = q“v - o

A low relleftspuraand groove systemathh sbundant
and diverse encrustlng coral growth characterlzes the
area of Escollo Negro marked in Fig. 68. Water trans-
parency and living coral cover are high. Shoreward, the
spur and groove system diminish in relief gradually disa-
ppearing. Gorgonian cover increases, stony corals being
then represented by small diameter head corals.

Las Coronas is a shallow (2-4 m) sand shoal colonized
principally by large sized gorgonians and occasional massive
corals. It extends east giving way to Cayo Fanduca which
is constituted essentially by the same fauna.

Manchas Interiores, Manchas Exteriores, and Arrecife
Peregrina also have low relief spur and groove systems

sloping more or less abruptly westward giving way to a

-~
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dense black coral-dominated fauna. Encrusting coral

growth with large pillar coral and gorgonians dominate
the shallower depths.

Escollo Rodriguez, situated about 1.6 km west of
Cafto Corazones is composed of a series of elongated
patch reefs. Large dead coral heads, probably.deposited
during storms, are permanently exposed. The rest of the
reef flat is exposed at low tide. This reef lacks any
zonation comparable to the other reefs mentioned. There .
is no back reef slope or apron as characteristic of southern
'Vygéfg."lﬁstead,-the reef flat drops abrﬁptly to deeper
back reef afeas where large éolonies of A. palmata occur
interspersed between clusters of various gorgonians.
_Other stony corals are very rare or absent. Acropora

cervicornis and Dendrogyra cilyndricus are common to some

extent. The reef is better developed on the northern end
where-a large Porites flat occurs. Fire coral and dead

Diploria and Montastrea heads overgrown by algae are

common. Very notable is the presence of crinoids in

rather shallow waters. To the west is also a rather abrupt
slope with very patchy coral growth. Even so, this is an
area of féirly high relief and fish life is abundant possi-
bly due to the abundance of sheltered areas. The reef,

in general, appears to be dying due to siltation by terri-
genous clays from the Guanajibo River. These observations
are based on a report by Schneidermann and Morelock (1973)

and on personal observations. '
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Bajo Gallard®™1% a well developed, relatively untouched
reef about.l1l3 kilometers west of Punta Aguila, Cabo Rojo.

It exhibits luxurious elkhorn coral growth and an abun-

et -
. L

‘ dant fish famna. ... T C T

North of Arrecife Peregrina to Pnnta nguero the in-

;"’lar shelf is very narrow’ (less than’~ 1 kilometer) and
has well developﬂd reefs at its outer . edge where the
bottom slopes steeply Stony corals, unusual gorgonlans
“and. black corals are abundant at depths of 15 to 40 m, .
bu; water transparéncy fs~quxte.varxable,-be1ng 1nf1uenced

by the Local;"rculat10n~and the dlscharge of the—nearby

P P -

rivers (Colin, 197& and“gersonal obserVEtlons)ﬂE e

;5 = Poor;yQEEQelqpod-frxngihg:reeff,f=nn313ting )rlmarrly
of partially:‘x:" gcrogcra. Qalma.gg Félk"hom cora.l‘ ‘and

3 r""‘ - R “"\--o-
sparse gbrgonians ‘6ceur’ on+the th side’ of the Rincon

Peninsula from Punta Higuero to Punta del Boqueron.

North of this point‘only scattered, undeveloped coral
growth occurs.

0ff Bajura, Isabela, on the north coast there is
an underwater cave system. This system is possibly rela-
ted to dissolution of the Aymamén limestone which under-
lays a ridge of young cemented sand dunes of the area.
Although not considered a coral reef, coral growth, espe-
cially by Agaricia (lettuce coral) colonies, is quite
dense on the outer walls and ledges of the caves (Figs. 69,

There appears to be a marked biotic zonation, possibly due

-
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70).
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-Plg. B9:* Bajura céves.

Fig. T1.
cave,

g
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:',’-

jura caves. Observe dense

Agaricla growth.

Large dead A. Qal mata colony inside
Its origin remains to be studied.
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to changes in light and current condltlons, from the various
| R g

entrances to the 1nter10r of these caves.
North of the town of Dorado is an extensive but highly

stressed reef frlnggng the shore (Flgure 72). Its reef

T e
-—~~" v-r

flat is about 1 S-meters deep where~se fhns (Gorgon;a) are
very abundant- (up t0*9 1nd1v1d.ils per square mexer) AR
Predomlnant stony corals are Q;plorla strlgpsa and D. c11vosa

m

The reef front is a hlgh relifed area w1th many dead coral

promontories overgrown.elther by algao or by other coral .
.~species” Depth increases seaward and about 100 meters ngith
. :*’_: . r“_,_,

PRSI

of the reef flat are small patch reef &t a depth of ZSameters

.."

w1th=abundant flSh fauna.

(Roberto Castro, personal communlcatlon),oreef development
on the north coast is reduced and cemented dunes are the
most important feature protecting our shorelines from the

severe buffeting of incoming high energy waves.




Fig. 72.

Reef off Dorado.
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- SUMMARY AND CONCLUSIONS

1. Clockwise around the Island, starting at San Juan,
reefs of very high quality and extensiveness are present
in: (1) La Cordillera (including Plamino and Cayo Largo),
Fajardo; (2) Sargent Reef, Maunabo; (3) all offshore reef;
between Bahia de Jobos and Santa Isabel (including Berberia
and Caja de Muertos); (4) Ratones, Ponce; (5) offshore reefs
of La Parguera, Lajas; (6) Tourmaline and E1 Negro reef
complex, Mayaguez; and (7) submerged barrier reef at the
edge of the southern and western insular shelf.
Zi'éxfeﬁsive'coralireef degradéfion was oﬁserved in (clock-
wise from San Juan): (1) all reefs from San Juan to Las
Cabezas de San Juan; (2) inshore Fajardo reefs; (3) Humacao
reefs; (4) annalarrreef-off ?uerto.YéBucoa;'(é) inshorg

.Poﬁcé reefs; (6) all reefs off Bahia G&ayanilla and Bahia

de Tallaboa; (7) all reefs off and fringing Guénica; (8) all

kb west éoast inshore reefs (from Boquerdn to Rincdn); (9) reefs
off Arecibo; and (10) reefs off Dorado.

3. The most important stress appears to be siltation possibly
due to several causes such as upland vegetation clearing
which leads to accelerated runnoff, periodic inshore dredging,
nd altefations in sediment dynamics. Other stresses may

be caused by discharge of untreated or partically ;reated
;sewage into the sea of into streams and rivers and mechanical

-

amage by boat anchorage. Coral extraction, though localized,
4

resents a serious problem in the reefs off Fajardo.
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can still have high total diversity due to high relief which
creates a very diverse habita. Examples of this are the
monospecific zones of A. palmata. Due to the high relief
caused by extensive branching of this species, many other
fish and invertebrate fauna populate the underlaying areas\
This situation has been reported by Rogers (1977) for San
Cristdbal reef at La Parguera. Spur and groove areas also
have a high diversity due to their high relief.

7. Observed stressed reefs are characterized by a general
paucity of coral species and by areas overpopulated by fast
growing'speciéi.suéhtés £he kGibnial anemones or zoanthids.
A clear example are the Gudnica reefs. The shallow area of

these reefs are sometimes 100 per cent covered with either

- Zoanthus or-Palzthoa. To a lesser extent Guay:-nilla reefs

present similar conditions.

8. Another characteristic we observed in stressed reefs is

the over abundance of the sea urchin Diadema antillarum.

This condition is probably related to ample supplies of algae
which colonize the surfaces of dead corals. Also, reduced

predator populations (e.g. Balistes vetula) related to a

dying reef, may cause a Diadema population explosion. An
example of this are the inshore reefs of Fajardo, such as
Ahogado. In contract to this; was the outer non-stressed
Cayo Largo which presented a markedly reduced urchin

population.

9. Colony death by bioturbation is common on healthy reefs.
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Various stages of this process were observed at Cayo Largo,
Fajardo. Large sized parrot fish were seen accidehtally
knocking off branches of individual colonies of A. palmata.
Consequently, "holes" were made on the otherwise 100 per
cent A. palmata covered zones. These "holes" are later

colonized by rapid growing species such as M. complanata.

10. Gorgonian populations were observed to thrive under
conditions of heavy siltation and high turbidity. Apparently
healthy and dense gorgonian stands were obsegved on the
deeper zones of reefs off Ggén@ca, Guayanilla, and Ponce.

11 Stony corals wéié-@i#@ob;eriéé td‘thriVe onr sloping
surfaces in areas with high rates of sedimentation. Due to
the nature of sloping surfaces, sediments appear to flow by
gravity to the: reef base. This is apparent on the fore reef
sloﬁe df Cayo Caribé, off TallaboélBay. .

12. Inshore reefs of La Parguera, although apparently under-

developed, present areas of very high coral species diversity
as shown by the fore slope of Cayo Collado, La Parguera.
This, however, may be due to the development of large numbers
of small-sized colonies on available, unoccupied substrates.
13. Areas of high water turbidity due to high amounts of

fine sediments in suspension permit coral growth on shallow
level surfaces. This is apparent in Humacao where A. palmatd
growth is fairly abundant. Wave action at the surface does
not permit the sediments to settle over the corals. Living

coral cover, though, decreases sharply with depth due to

water turbidity. -
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14. During the end of the field data gathering period
(August 30, 1979) two tropical storms, one of them (David)
of considerable magnitude buffeted the island causing
extensive reef damage especially in the shallower outer
reefs of the east and south coast. Some of these reefs are
under very heavy stress and their ability to recover in the
near future is seriously questioned by several reef scientists.
15. We conclude that the acceptance of ecological principles

is mandatory if the environmental integrity of the reef

ecosystem is to be maintained in the face of development.

Taking into account the extensive damage made by the two:
mentioned tropical storms, it seems reasonable to state
that an additional stress may seriously impair the natural

capacity of this ecosysteém to recover.
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RECOMMENDAT IONS

1. Pollution research has always been weighted towards
public health aspects. It is not always sufficiently
recognized by pollution scientists with a public health
background, that water containing levels of pollutants
which do not threaten human health directly are destructive
to aquatic communities (Johannes, 1975). Water pollution
research in relation to benthic marine commun;ties should
be promoted and sponsored by the Department of Natural
Resdhftes.in coérdination with the“Envirbﬁhental Quality
Board and the University of Puerto Rico. This research

should aid in the modification, if necessary, of our water

-pollution laws and }egulations. o T et

2. The enacfﬁent and effecti§é enforcement of apbroériate
laws, andithe public censure of polluters can only be brought
about when the public is made aware of their value. The most
important step in deterring both the corporate and the indi-
v1dual polluter is thus education (Johannes, 1975), We think
it should be of high priority to the Coastal Zone Management
Division to prepare televised educational programs for the
public in general in order to create consciousness of the
importance of this and 6ther‘important coastal ecosystems.

Several public information booklets have already been prepared

by this Division.
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3. Reef areas which because of their quality and extensiveness
should be included among the Natural Reserves are: (1) La
Cordillera, Fajardo, (including Palomino and Cayo Largo);

(2) Sargent Reef, Maunabo; (3) and offshore reefs between
Bahia de Jobos and Santa Isabel (including Berberia and "~
Caja de Muertos); (4) Cayo Ratones, Ponce; and (5) Tourmaline
and E1 Negro reef complex.

4. The underwater caves off Bajura, Isabela, should be
considered an important'and potential touristic diving
attraction. Safg;y measures, such as mark;ng its_diverse
-entrances and exits, should be taken by this:Dep;rtméﬁt.' 

5. Coastal Zone Management Division should prepare booklets
with the followin recommendations to divers and boaters:

| a) Boat anchors - These never “should be dropped on. top

of a reef. Daﬁages by dding ﬁhis'aré the tearing
up of coral when it hits, the continued slashing

of coral while the boat is anchored and the tearing
of more coral when the anchor is hauled up. A
Danforth-type anchor should be used by dropping it
in a sandy patch and letting the boat drift over
the reef.

b) Sitting and standing on coral - This not only causes

breakage of branching corals but abrades and injures
tissue which can then be infected by algae. Holding
onto coral can have the same consequences. Dead

coral and bottom rocks should be used for this purpose,.
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c) Shell collection - Pry-bars should never be used to

2

dislodge and turn over coral heads.
d) Spear fishing - Coral injury from flying spear
shalts and working a fish in a cave can be very

severe.

6. Laws requiring the replanting of land cleared of vegetation
have been poorly enforced in the past. We recommend that
these actions be monitored by these Department in order to

reduce reef siltation.

7. In summary, we recommend the active involvement of this

bepartment in ﬁbmiﬁg.actionsfguth;as dredging, upland de-
forestation, etc., which could result in the serious impairment
of the natural abilities of the reef ecosystem to repair

- itself and .recover after the past tropicél storms.. The new
" erosion regulation heing preﬁafea by the Coéstal Zone Management i
Division should, by all means, include the control of upland _
deforestation.

This active involvement is completely necessary if the

policy of this Department favors the preservation of these most

important and endangered Puerto Rican natural resources.
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Table 1. :
Reef : locality : Zomation : Diver-: Equita- : { Coral: Main :
North enst : * sity ! bility 1 cover :Component : OBSTRVYATIONS
p.’u;[l Cabo Tajardo ° . .
gnn ud u : * . !
‘oo rdina tes : : : : : :
::: ]ﬂ‘~22. l" : Reef ' ;I_\.m!m_g;g . Colonies heavlly sllted. Gorgonlans common.
onr. 65°37.2 ; crest - s -~ :5-10 . and :
: : : : - ":M.complanita:
I3 . . . ) ré
! palmata  } : : f >, '
. zone .- V- L= A. palmata_ . Very sparse growth. Many dead and overturned colonles.
: : : : : i
Slope ;—- -- s - :llcad corals :C(')lonles of the hydrocoral Stylaster common.
, K : ] : ‘and Agaricla
. ; : : ; : :
: : ; :
RE‘ARKS : ‘Heavlly stressed rcef probably due to discharge from Rig Fajardo.
\' B ]
i
)
. -
=
| [
! (%]
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Table 6. N
Pcef : locality : Zemation : Diver-: Fquita- : V Coral: Main :
: ! sity ! bility 1 cover ‘Component : OBSERVATIONS
1 Largo Fajardo : : . :
ToordInates : : H : B :
l.at. 18°18.8' H : H : H : ‘ ]
Lonp. : Reef : : : : ; Very abundant A. palmata with different shapes related (o degree
65°34. 8 : crest : 0 HER ;100 i A. palmata : of exposure. Very occasslional growth of M. complanata where
H : : K ) : : "holes” in the dense A. palmata occur.
: : : K -2 :
' . palmata - ’ g . Cover is slightly reduced. This area ends rather abruptly giving
! . zone - V- . 75 . .A. palmata | way to the mix zone. ’
) : : : H : :
' : Mix : : : H : Area of medium rellef wilth very high number of coral speciles.
! 20ne ¢t LS8  0.72 25 R ¢ Dlversity lower than in the slope due to patchiness of coral
; ; : ! : * distribution. M. anuularts, A. palmata, P, porites, M, complanata
N : ‘ and gorgontans common.
; : : : : :
. Slope . Loz ; 0.63 .35 . A.cervicornis.' Zone of low relief dominated by A. cervicornis on upper slope and
: : : . : and yargo- ., by gorgonlans on lower slope, P. porites very comman. Small
: : : . : nlans :+ head corals common, Hul
| . : 3 3 : : f
) ! Reef : : : : T
P flat P P P P P. porites } Porites biotope very weli developed covering extense aieas .
- Absence of Diadema and other urchins Is nolable.
REARKS: Reef terminates casiward wilh a bare sand “halo" about 8 meters wide after which a very healthy Thilassia bed starts. Targe "halo" may be
due to an extensive ichthyofauna. Numerous Queen Conch (stromhus ylgas) were present in this bed. Paucity of sea urchins in the reef

flat may be due to very low coral mortality which are overgrown by algae and grjized by these echinoids . Within the reel crest sogactimes is
N apparent the effect of bloturbalion (coral breakage by fish In this case). Apertures on the dense ¢one are then colonized by M. complanala_
and plate-like colonies of P, asleroldes. Several slages of this process were observed. This is a relatively untouched reef of great

complexity which deserves [urther study.
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Table 7. .
Peef : locality : Zonatlion : Diver-: Fquita- : V Coral: Main : ,
Romos T ! sity ¢! hility 1 cover :Component . : OBSERVATIONS
(West)  Fajardo : : : : ‘ :
Toordinates : : : t : :
Lat. 1818.9 : : : H : :
Lonr. 5°36.6 : ; : s : :
Red . M complanata absént. Small D. strigosa common. Large M.annul.
; crest : =" : - .= A. palmaty ;c0lonles wilh dead areas on their lop parts. Colpophyllla common,
:  Slope HEE HEE HEES :Gorgonlans : High gorgonian density. A. cervicornis and S. siderea common.
' Reef : : ; : :
. flat : -- . -- == .algae . Dead coral colonized malnly by several algal species. P. asteroide:
: : : . : . common. Sparse A. palmata increasing westward.
. : : : EH :
: S ; :
: : : : : 2t

REMARKS: West of the slope are dead A.cervicornis patches,

coral cover low,

a "halo” a.boul 3m wide and 8 Thalassia - Syringodium bed. Silitation evident. Living

.t
'
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Table 10.

Slope

gorgyonians

Peef : Locality Tonation : Piver-: Fquita- v\ Coral): Main :
tosity bility cover _:Component OBSTERVATIONS
Santlagyo Humacao
Coordinates : : T -
lat. 18°09.5 : : Colonles of very diverse shapes and with no deflalte orlentation.
Lonp. 66°44.0' ° palmata : . ¢ Thesec allernate with gorgonlans. In shallower areas, M,
’ zone -- -- 60-70 : A, palinata * complanata Is common, Smeall head corals, common.
--= -- -- Large heads of M. annularls common.

ve eolpe a0 00 44 40 cefae 2u a0 2e 4w es
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REMARKS: Reef terminates with n'area of very sparse gorgonlan growgh.
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This reef Is consldered as decaylng and unhealthy,

.
Table 11.
Reef & Locality : Zonatlon : Diver-: Fquita- : { Coral: Main : .
: ! sity ! bility | cover :Componcmt OBRSERVATIONS
Guayama  Arroyo ; ; : , :
Coordinates : : : ! : :
lLat. 17956. 5" . : . : : : Reef crest  fragmented into numerous patches where elther of the
lLonp. 66"01. 5 : Reef : : : . :A.palmata . (wo princlpal components dominate according to the degree of
' : crest R V- e tand M. com- : exposure. P. porites an important reef crest component A,
: : : : ! planata ! cervicornls and M. annularls common. 60% of A. palmata dead.
' paimata ! i : : :
. zone L= Lo 2 as " A.palmata . Reduced cover and many colonles dead.
.1 Mix : : : <t :
! a20ne HEE HIE R v i Gorgonlans : Gorgonlans very small in height. Dead A. cervicornis common.
; ; : f " i
' : : : ; : 2
; ; : : : :
: Dead A, : : : . N
. cervicornls ; -~ r - v - . A.cervicornls, Very few gorgonians present,
: zone : : : : v
H : : : : o,
PEMARKS: - ' '
- Southward of the dead A. cervicornls zone the depth Iricreases gradually to the edge of the shelf. Sparse gorgonians are present here.

-
s
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. . - . . . 1]
Peef : Localitvy : Zopnation : Diver-: EBquita- : t Coral: Main : ’
: ! sity ! bility 1 cover :Component : OBSFRVATI!IONS '
Las Mareas Guayama ‘! : : : : ‘ LI i
Coordinates : : : : : : ;
Lat., 17°85.8° : : : ' : ¢,
Lonp. gge08.5' ! Reef : : : ; ‘Princlpal algal components are Dyctlopterls, Hallmeda and Dyctlota,
. flat s -- . == = :Mgae “These cover almost 95% of the avallable substrate, Shoreward the
: : : : : :«cover s reduced.’ '
H : : : :Encrusting :Many over hanging ledges Indlcating eroslonal processes. Where this
¢ Slope De- Io—- .- ‘sponges and ‘zone merges with the reef flat there are extenslve plts made by the
: ; : ‘algac ‘sea urchin Echinomeltra lucuntar, !
I ; : : : : g
“Fore - ' . . Very abundant urchin plts. Promontories of high rellef overgrown
: reef” ¢ -- 7 - r-— : Echinumetra  : to different extent. These probably represent collapsed ledges.
: HEN : : lucunter H .
: : : : . »
: : ; : : o )

RE‘IARXS:

‘No living corals apart from Millepora squarrosa and Slderastrea radlans were obscrved. Tu?bldlw of the water was very high., No gorgonlans were

observed,

Shoreward from the reef flat Is a Thalassla bed followed by a Syringndium bed . Belween the latter bed (nd the shore Is a

depression where large amount of broken off algal fragments collect. (Obscrvations based on Torres 1978 and personal vislts to the arca),

[(92]
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Table 14.

Pee({ : Locality : lonation : Diver-: Fguita- : \ Coral: Main :
: ! sity ! bility | cover :Componcnt : OBSTRVATIONS
Pajaros  Salinas : ; : : 5 :
Coordinates : : : : : :
Lat. » ' : H : : : :
'-;'t\f' IZ.SS..;). : Reef : : : : ;- Fragmented into butiressess about 3m In rellef and overwash,
66°15. * : crest t - ¢ - . : M.complana: D. cliyosa and A, palata common. Ictyofauna abundant possibly
: : : : . ! due to the highly sheliered area. Encrusting sponge Cliona common
‘ palmata ! X ; : : ‘
! zone T .- .- To-- . A.palmata | Well developed.
. : Mix zone : H : { gorgonlans [ .
¢ and slope -~ Po-- ¢ -- * and head * Simtlar o Morrillos, Sallnas.
: : i : fcormls ~
' : : : : : .

!

REYARKS: The north side of this cay Is highly stressed with many dead aid overturned colonies.
b
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Table 15.
Peef : Locality : Zonation : Diver-: Fquita- : 3 Coral: Main : .
: sty ! bility 1 cover :Component : OBSERVATIONS
Morriilos  Salinas : : :
Coordimates : : : ' : :
' : H : H . H Lo
::‘ft\!' 17"55'8. : Reel . : : : : Very wide zone (fom north to south). Buttressess about 2m ia
X ’ © 66°15.3 : crest - 1o i-- : M, complanait rellefl present. Coralline algae avery important component
: : : : : * of this zone, Sand channels oriented N-35 between the
: : : . : : bullressess. Dead coral present In the channels,
f palmata ' -- . -- -- ‘ ' A.palmata Slightly deeper sand channels In this zone, No dead coral. just °
¢ zone . : . . .. bare sand tn the channels.
: ‘ : : H : g :
: ; : ; a :
! ‘i Mix zone : : : ! Head corals !, Mi. qvernosa, Meandrina nieandrites, S. radians. I, rigida, C.
_ ¢ and slope @ -- -~ Poe- ‘ and goryo- ° ‘natans and D._surlgosa common,
: : : : : ‘ nians v
j . M M H . R . 7
. ; : . ' .
: ; : P .

. REMARKS : : .
’ —————— Mangrove vagetallon present.

(93]
~1
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Table 16 .

rara e 8L gy S

Patoncs Salinas

Mver-

sity

Coordlinates

I.Onr.66tl7‘s.

0.38

R
w0
-

i
)
~
)

0,36

>

®e 80 24 o0 as %a)ee 0s 42 20 2o 02las o o aa ="

:Component 2 OBSERVATIONS
:ﬁ. palmata common.

;ﬁnl thoa common. Zone of coarse bare sand bctween crest

.and palmata zone.

T eofne satsc oo oo se[se oa oo oo ve as|we o0

» R . . . .
Gorponians very abundant amddominant in upper mix zone.

JMassive corals dominant near reef base. Mycetophyllia
.and Oculina common

a0 2o oo e,

®° %% #0 or oo e eg e os sw o solae en 95 2o wo cofes o o0 oo s 4a0e 2s mo 2e oo velee e 0w ae oo

®% 4 8% 20 sc 4cles 00 s 40 00 oo ee o0 sm we 20 20 )as 0 o0 42 se salen om ue w4 s osfve 4o oe .
®a a8 ve wa o0 oo [ne a6 sa on ae se]e

RE'ARKS: Seaward of the reef crest
Farther south depth decrcases asrapidly to a zone where medium relief mounds occur. =
M. complanata grows on top of these structures,

is an

abrupt slope Jeadiny to a barc sand area with occassional isolated small head corals.

8¢T
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Table 18.

1 Cdrnl: Hain

Peef : Locality
:Component

Cabuzosos Santa Isabel

~ Coordinates

3
o
-
]

1>

l

A.cervicornls

]
1
!
'

o se we ae

47 solea 4e 20 20 oo wvlee s 4o 28 0o sm|ve oy ve e €m se|oe o

>

.
.

L}
+
[}
1

[

®e mo o2 s 4o asfas ay oo se so colec e ve 98 26 Cejee o0 e o2 00 calas 9a sa c0 o an)ea o se oo oo

% ¢4 4s 90 o s esce av vo 2o 9o a0 8 tn ve o eoew e ca oo 2o sw|ae ae 44 4o e cofoe v se o e
e oo 00 45 80 sefee oo v @0 24 woee 06 0o ¢4 #s oo 2o 40 oo 20 o |ue os eo =% o0 woloe we €5 an s
20 te a0 op o0 su|ee as as 29 e so|ea oo we 02 ve ee[ne ov 20 20 2o 4e|es 2s 20 44 00 wolos oo wmm on o»

PO I T Y

OBSTRVATIONS

Sinall Diplorta clivasa and D. strigosa forinan Important component
Calcarcous algae also very common,
About 30% of the avallable substrate Is vac lonized

of this ares. Palythoa common.

Cover increases seaward.

Both components very abundant. M. annularis. P. asteroides,
Dendrogyra cllyndricus and Colpophyllis natans common.

. cavernosa, M. lamarckiana, Dichococnia stokessil, |. sinuosa,
aslerotides and several sponges common,

>

‘ .
* Well developed Parites biotope and farther north a

&

f

‘ bed mixed with Porltes.
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Table 20. . o
v L]
Pecf : locality : Zenation : Diver-: Equita- : \ Coral: Main :
- : * sity ¢ billty | cover :Component OBSERVATIONS
Cardona Ponce ‘ : . . . .
Coordinates : : : : H :
Lat,® : : : : : :
l:‘:‘l’ 17’57.5: . Reef : : : : . High cover. Low relicf mounds with M. comrlanata growing
66°38.1 : crest : -- : -- : 75 ;L/I.ggrgp_].maﬂ on thelr tops at slightly deeper areas scaward of the crest.
: : : : : : Palythoa common,
f palnata °* : High cover far high water turbidity present. Cover increases -
. zone - -- . 20-4S  A.palinata | scaward.
: : : : H] s
S N : : H :Gorgonjans
: gorgonian : : " :and occasslo-: Sparse growth,
: zone N -~ : -- ‘nal A. palmata®
: : : X )
. . . . . . R

Gorgonian zone commences seaward of the fore reef slope and contlnues for an unknown distance. Small head corals occur here.

' RE*IARKS:

t1

-
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Table 22.

e

:Dori't(‘,s_ 3

. .

e

Peef ¢ Locality : Zenation : Diver-: Fquita- : { Coral: Main : ,
: i sity ¢ bility 1 cover :Component : OBSERVATIONS
Carihe Tallabea : : : S :
B Ray : : : : : :
Coordinates : : : : : H
Lat., 17°*SAR,2° ! Nead : : : : *Arca consistinp mainly of coral rubble with Palythoa
1 . . . . . ; r 1y Talythoa
ONT-66%44,.0* ¢ coral : . : * DPead .and Millepora colonizinpg parts of the dead coral,
*  zone - : -- - : coral :Isolated A, palmata colonies, \
3 Former f f E f
. mix : . : . .
! zone Poe- : -- Poo-- ¢ Sporadical 901 .of zone is bare sand,
: : : : : porponians’
: : : : : ‘Gorponion density incrcases in slope. M. caverngsa,
! Slope Po-- : -- Po-- !Gorponian M, annularis, D. clivosa, and Dendropyra <cylindricus
: : : : : !Common, ‘lortality reduced,
1 Reef : : : ~:T)lnlnssia ftarge bare sand arcas. Manprove islet present,
: flat -- : -- t - Lrand I,

PE'YARKS :

o ve 8o e as e

Shallow parts of this rcef are dead possibly due to neaby dredginp and ship traffic which stir up the sedif@its thus

smothering corals,

deposited on coral's surface.
Fish life is sparse in the dead zone whiTe quitd, abundant on slope.

The slope, however, seems mormal possibly becanse scdiment runsdown thegieef base”wWithout being
Isolated A. palnata celonies in the dead zone may signify hipher individual tolerance.

1




135

. . ‘pues ale(_sI uotdy I K

"9a0sduvat 03 spuaixd_deyy yooy suvtuodiod puv spedy go seydied TIGTIoA; 40 wele TSPLYIULe YItm BTSSUIOY) e
asduds tadolory SOITIOY fowd (e DUT[LLI0D L POIUMDD STUdUAEs) [LL0s prop Ju edfe e SMO[[V) 1S4 go ylroy - SNUVLIY

: suvtuoddaod: : : H :
puL _$19331Yy): : : : :
. ‘S{elL03 peay puv sueruodiod jorguwdIAzISY: o, -- -- 3 -- 3 ey
21ed  ‘uowwod BIOTIDAQ  CSUYIUTOZ YILM PIN(W CLSSU{EUL: *» : . : : : goay
Wmm:hcuh>hau” : H H H
Tuoumod; 'V opue: : : 3 :
WIOJTYIUALYQE] €TIO(UT] puv ESOULITALD ke TStavnuue cf.  ueyuodiod; -- -- 3 .- : adoyg 3
. , : S nuue N o : . e . ouoz
iy .. ) . . : SSdaliny
uowwod §93ITLod °g pur STUAOIFALID *y *S[ei03 pray xayig,. : ‘ : : s : 4
N . ., AdLCL“. n. ". ". :
‘prop durder, : : : :
TUowwod ] -topun pue, . . . :
satuorod peap Ayrerised dJurpuely ‘uoriejuatio ajtutjop, eyvaged °y. -- -- -- auoz . .
OU Yi1M pUE 1DDIYI dIe SOPELY YINOS JoyIIr  ‘¢-l . : . . «  DTEU{T] .
142110 sopryy Jurary SoLUO([0d YIIM UOL]DIS IS0 uLayII oy, : : : s . :
wﬂﬂdncchmscu“ : . . m
. b bure o . : : : .
L qrvaged Yl - - e 15043 12790409 Tguor
*so120ds jJuvutrwoposd omy)” . , . : : : so0y L9Sest “av
Yl JO SISSI11INg ojuy vu«:u._.,_—...h.h Iy prros jou 3sauy’ : : : : : s$0jruUpIO)
- : 7 : : : P oexondany [uyorsesy
: : cod : : : vy uey
s ; .+ juduodwoy: _xda0d | Layrryq ;o Avgs . .
SNOTLVARTISHY : apeyy f[ero) yo: -eltaby i-a0agy ¢ uwogivuwuz ¢ Kyg(¥doq T ooy

‘ | ‘€2 o1qwy, ,




14

*sseaddesip A{renpeid 1f [Jiun 1Seam

ey o) doo:vwh S} wiojie(d Jo Yipip ‘edse STyl uj UowwIOD [eIoh peaq ‘ydep sioivw g Inoqe e joas Juolj vyl up wrone(d pedojpaop jfom FSAUVHIY
. . : m P :
: pa[sy : : :
‘9ao0lbucw pue t e : -- : ~~ ey .
‘uowwod SHfIUTOZ ¢ Bi§Evjeiy, : : : joou :
: : : ' H H i
i ‘odors 1amoy : : : :
. 9y} Uy sqesod, . . : :
“RuIn3Q) Jo sdunpd [euoisess) : dAaIssew pue, IS : e . | K odors :
‘uepunqe SJ1[D[IEBE *y pue Siieliitkie W ‘EROAIG - SH10D1AL0D y ; N s : : pue :
: : : : T 8u0zZ XN H
: T : : : : o
"ado|s jo ssamdniqe 01 anp paonpal puoz | eTBwifed Y ' g9 zZ Pogr suoz .
‘ . . . . ; evewed '
H : : : : :
) raehle auj[es0d duiog T Y . : : :
MuI0d “sajuo(od Bew(ed Y pauInlieAo ‘pee( uowwod SITUI (i P dwoesr iy 61 : 89" : v ° 15210 : 8°20.29 Juory
X . : : X jood WULSLL oy
: : : : : : sd1ruyprooy
i _ . esonbied ©] onbjuj
0 - luduodwo): 10a0d | AIy[tq ;  AIrs : _
SNOLLYANISHOU ot utep rgerog 4t -wignby t-a0Aaqy ¢ uwoypivuoz ¢ ayrese . yaag
" i
k "he oTqm]
L}
)

e o i et bt b ettt

prieee) o ——




147

'sapjoioise 3

. “juswido[aaop pue d21s J[QRIBPISUOD JO Jouy
Jo §31u0l0d asieds Ym SOITIS [ peap Jo ealR JopRolq [Haiuod - g pue Tyiije

‘v jo

TR

B!

“efsse(et)], asieds
©aIL UR SMO[[0}

1SUID JO YHON oy yvi,IY H )

‘sayduelq Jo sdiy peop yim WRWGT | - - .- — 1e1) -
: : : : : Py '
t : H H H adoys s
: *ds i . ¢ ¢ Jo yinos :
‘ease joyrar by : eropeby pue - -- : - ' - $300 :
! stinone iy m : L
o . : . . omipw .
: :o-- == i - edas .
*UOUIWOD S[eI0D praj) . : . : : : pue :
: : ’ : : tauoz X|py :
". m m L e
‘Plem YINOS poaonpal 18400 Yijm Buoz pado[aAdp [lom . eyeuvred 'y, 00! . - . -- . @wujid .
: i : : : . : .
‘vowwod Trew[ed § " m-1 pa3ijusyio sope(q eleuc|diucd W NTeOR[doD T |y ¢ - : - : - 3 18940 : 860029 .
. . . . . . (] o . COQ—
H H B . . L 1) .
: : : : : 1od : 979541 ey
: : ! : : : : sojrujploo)
| . . . esonbieg e  [oamneq
SNOILVAUIS €U : juduodwo): don0d | ;::: : Aiys .
o utey; i[udo) y i seltnby (-Xx9Afy ¢ uwotjuvuoz ¢t Ayf[udo] @ Juad
!




148

1 , ‘eunejodyld] juepunqe .
ue s§ 818y} aJaym ,saloeuurd ayy, A[ed0] patied Jal[al 18yhly UdAD JO OUOZ e S| jJaas SJy) Jo 1seT  ‘JoI[as yBly Auaa Jo Buoz ssemng $SAUVHIY '
-
L pegst ] . . . :
: sA0IhURW ! : . . .
-- S T T MR U SR ey
> .. awos ‘Apueg. . : . : Jaoy :
. . H H H 4 H
, : ‘da : : : : .
*(wz 19A0) ja(a1 ybyy Kiaa Jo puoz  f .Soltad ve'! -- -- P auoz _
L Sjrejnuue ‘W : : : gsaming :
DR : : : : : - _
, :SUeEDbIOk pue, : : : H
‘ybry se © . Fapjoriise-g.. : : : :
j0U m_ 13A02 (BNOY1 UdAD A11SIBAD [P10D 15aYyBIY Jo ealy et Imﬂmh.::; eW: z2°be : ¥8°0 YA : auoz H :
i H : H H XN H .
: N : : : :
m Lo S m “
‘yieauaq alensqns ay) : : : . : :
. U0 Pa1dB[ap 3q ued 1MOI6 dwOS *SB8Idads S| Aq Joaoo pljog | Elewed ‘- oot ¢ 0o 0 auoz
. . : : . @ewed |
F—rouera! : : ]
: “WO3'N pue; 85 ;  €9°0 3 SI'L 1se0
‘M-3 pajuapio ejeue[duiod ‘{§ Jo sepelg ‘S-N PoIUd[I0 ‘I1aunio)f : T ejemud fyj: ' : : : JELN : 2°10.9 .
eyl jo sayouelg °"eIBUC[AUIOD ‘I 4940 sojeujwop eyewed ty ' : : : : : ' * 7 Juo]
: : : : : : 7954l quy
HE : . : : : : S23tUpPL00)
. R1enbanyg ¢ | djownuny,
g : : uouoduo)y: 19A0D £ 1q ¢ Qs :
SNODLVvAwLsSHY : : c_r.zun:...ou 1 _ -=WM_mru m-hu”“: uojivuuz : A3jredo 1 jody

‘9¢ e1qey,




149

*SoA0IbURW 24) 01 BSOIO JOSUDD S18H YOJym ©f

ssejeyj asieds £Aq pamol|o) apim wg noqe

[J0D peap JO auoZ @ §] 15910 Jo YLION  “S8JUO0Y ueiuohios prop Afjeftied paie(os] yijm {puoz A1piqany Y6y © S| 8seq Jaas 8yl Jo YInog - TSXYVITY
o e - - b ey}
*uowwod oA[e ] pue Sn1UBO7Z : : : : Jo0y :
: syeso00: ' : H : :
TuUouIIoD : peay pue: -- : - : - . edolg :
ejojreby ‘§FHe[nuue " pue TSOhiNG @ ‘€50UIIALD " * supluobton® .t : : :
’ o > : : : :
% : : : : :
: ; i ; P ewozr ] .
*uowwod suejuobioh pue erenrjed asiedg . Syaernuue py . [ B - : - : X 1N ts
: : : : :
; : : : : auoz :
-- P wewred ¥isgeor ;0 -- P -- P @ewjed G
L *uowwod FAQISRYITMS - m-J pajuajio m_m..g\mlmo_mE. oo._\lcm ..x.ov ” - ” -- ” 15910 n
ejeue[dwosd *jq ‘menifed “y peap Afujeur 01eNSqNS 100q AUe. : : : : : Jooy u 092629 *duo
v : : : : : WSSl v
: : : : : : sdjCUy|lo0))
. . esanbaey e ejen) eq
SNOITLVAUISUOU . 3usuodwoy:  aoA0d | AIyriq : Aigs :
' Utegp fgero)y & -93qnby -d9Afy ¢ woyivwoz : A3y[edo] : Jood

*l¢ 9Tqmy,

By




3
x)
.|

‘Jussaid aaciBuew ON “1e[) JO2J Yl WO WYY 1BA0 JO BOURISIP B 1€ pue wg[ jo yidap e ye sarediSsS(p pue J58IO Jaas ay] wosj w Og(
INOQR ® Yiolb uejuoblob asump Jo auoz ¢ HUTYORAI piemiinos Ajjenpelb Sado[s Joay "YInOS O] ylIou wol) peolq AIoa S8U0Z Xjw pue “ejewged 'y

S L 3 SNYVLIY
- R i erssereqy.
. 8uwos Apueg: -- : -- : -- : uoidy :
E 31 17 KD AN -— ey :
* paupas pawuos Lipeg .m_ucov Afrenny : : : Jooy $ .
:suqobI06 pue |
*(S-N) @p1m w9 1aAa0 du0Z ‘juepunqe AJ1aAa suejuobior) : §oioa g, : : : s
STIeinde Ty - : - : - : euoz :
: : H H ¢+ S§saning H -
; S : : :
2u0Z (wQQl) 2pTM Q1euifed m. §4-SC - - euoz
: : P : | weirr |
. o SR _' o9 ¢} -~ P o f ysein f
“juepunqe’eoyiXeg -uowwod ‘sajuojoo eleuwijed Ty pazys [{ewg “leyuefduiod Ty ¢ : : . . .
. . ) . : R Jeay : L °9eL9 *Juor|
: : : : : : RASITYA SRR LN i
: : : : : : §9ilruypio0)
. . esanfied e elpaehiep
g . ¢ 3juduodwo)y: a3a0d | L3yyiq ;. A3ys :
SNOlLlvAuIdSHLU : drep fguao) y 1 o~B3taby -adAfy @ wojlvuuz : Kyr(udo : joog

-

. K _ ‘ge otasy,




. ) Co *mopeaw BISSE(R{|], asusp @ Aq 1919 pue auoz ejede[dwos ‘W i
© Aq pamo[|o] suoz “ejeligd ‘Y asudp e §| aJayl pue paonpar St yidap ayy oL Sy Jo IoN ‘luepunqe suejuohioy)  (D)xouv) ease siy) k
U} Yep Judwypasqng " sayuojos §UIdOS|AIBS ‘¥ pPoIC(os) Jo duvy B ST premisea Joyuey  Canoon ozys ofael Jo STIETHUUE *{ Jo speoay parelos w
PUv padNnpas S| 10A00 T EIRWIRT ‘Y ‘vuiv S{Yl JO plemise] ‘$a(wwiod ELn|rd Y (1010w WG ) pozys abie) Jo vale ue S§ 13[S] dacIBuRW . ! m
JO YINog  “juasord 1a(s) aacibuely  “1m0ju00 t1dap wg( oy 3O PremyINos 10020 sayoted ST niing N ‘yydop wig( INOGu je sated(s|p Jaay SSNUVILIY N !
. b .
u I : : :
. opssereqy ., : : . :
.- owos Yym , . . : :
: pues asuy ~- : ~- H -- : uoidy H
: Faqiuecz: : : : :
P UMM paxquwt ; : m : .
‘wowwod BRw(ed 'y puesoynod o§ : @jssefuilf: - -- M R 1eqy . :
| : : : P o
. Treuvid | c .
*juepunqr A19A STUIODIATOD . -iod ' pue, - : -— : -~ edoys :
{SAUODTAI3D {7 ; : : : pue auoz :
! 'suejuobior) : . : XN -
. 8UOZ Mol t vjewjed ‘Y. 09 . - . - auoz
: : ¢ waed
"Fleue[duwos TN ewos pue TOYIA[OY Juepunqe 11)m 18310 u1aYyInog ;. Byewned g -- s -- $ - 18210 :
nwon “sjIed - d .o.ahd,_wm_.mw “W U Buniuem 15012 J8as LIaYyUON : H H : H Joody H *Juo’g
: : : S : :. : RLE!
: : t : : : $3l1CUpLooy
: :. : : : : e1a0brvg sejoiay
; d : . H 4 : £ : : vy Uy
o : ! Juduodwo): 13A0D | LY 1§ ¢ s
SKoOrlvavwasuu : urep (uloy \ ¢ -w3{nby :iea9apy ¢ uwoylvueyr : A3j(usog Jood

’

*6c 91q%]

SRR s Gy <




‘Jooyy eas wou Anidniqe sasy: Jaay °u[e10d peay palejosy peap Ajfejued yipm

ado(s eyl Jo yinos au e piqunl A1y  *jaay onbjiug Jo uonoajold ay o onp A1qissdd eieueldwod " jo peaisuy Blewvod *§ Aq paieuywop 1s31)

‘1UASQR S) 15310 Blaym suejuobiob paje|os| pue PWBPEIF ulyon eas Jo suopehoibhe abiep ‘uocobe[ uj SPIYIUeOZ ON ' POU]IP [{3M JOU UO[IRUOZ ° AUV
I L : : : :
*$1iels mopeaur eJssn{ey] .v,“ .....\_m.._ou“ . . . .
ay) :u_:i Ja1)@ apysm W InOge ,O[eYy, © S} 1S3ID DY} JO YUON A FNEL MY v.._c. - . - . -- . ey .
: EIESVIOL, : : : Joey : ;
s . ‘. . . . . '
: I : : : 3
$9JUO[0D pOSsoNS Auepy : s{eann’d H : : : @
' peay jews: - - . edo(g ‘ “
t ..m:scoo._OO pue . . .
*adois jJo yitou 3sn{ suejuobiob paje(os] - - «; STUIOSIDE W ; - : - ¢ - . ouoz .
S IMUUE T : : : XTI :
ot : : : : !
-- ¢, Tevedjed -’ -- : -- oo ooz :
. : X : . @eued :
: ; : ". :
-—- : ereuejduiod ;- : . . s
..." * iy pue - : - H - : 18910 H
! eyen(ed -y : H : PERNY : *Juoy
: u.. H H H : ey
: + H H : : sdjrculploo))
: . . . mu..osu._cm e1*  opeboyy
SNOITLVAUIS O P dwouoduwoy:  toaed 1 Aipliq ;LS ; 0Avy)
: uteg tqulo) § @ -edgnby -adapy @ wopivuoz @ A3[(udo] ¢ yoo4

: _ "0t e1qmy,




-.! il T

tn
w
—

L X

.

.ﬁ;m ‘Y20[@I0N) sawibas Faem JUB1aJj[p O] anp ase suosde eunT ¢

ay) U} s)eujwopaid s|eI0D BAISSRW pue “S5LjjJ0d T ‘ STUI0dTAILS

yoruoneanaa aaolbuvu on
dU0Z ® BJaym PIeMDO[ DBINPBS ST A)jSUaf " sareu(wup TEdpjiaaiTe “d 24aym puey v Lq pumo{{o]

IPeN pue arbpiug Udaalaq sevualsajjig " vosde
Tanooo sukjuobiob pue ©IDJ[jOMd Y peap Jo
F3Y[10d " Jo auoz e S| 15640 By JO yuoN .

: Snuvih e

-- P eTsserey, | ; : \ :
I owos. Apws. -3 - -~ ; uocobeq ;
s T _ : : s
;. Suejuobiob . ' : i : : :
‘wa1s4s aA001hH pue snds parjwyy B puv syesox : : : : .
H anpsse: -- - : -~ adolg ;
— - sw1n6I0b pue, -~ . - -— euoz
. §{000DTAISD 'y, : : : XN :
% : : : : :
‘vowmtod STUIS3IAISS 'Y *  Gyew[ed ‘! 08 ! -- : - 8uoz :
: : ; : P eewjed
; §7UT03, ; ; : :
M -7 p21udldo SDIUO[0) . S13{2' N pue, - : - : - : 1sa1d : .

[ SR Ry . B8°20:49 - gyo-

;e dwod py : H : : 3 H uo’q

Jerat w: : X : o PU9SeLl quy

: : : : : : $21LUpPILD

: I . : H : eJanbied .ﬁd_ﬂ_‘

W . . . . . : o1 QPO
: — “¢{ jusuoduoy: £3r00 | Lijriq ;. Lags :

SNOTLYAYLSTU o Ute s(eao) § ¢ eelfuby 1-X0AYY ¢ woylvuuz : AIf(e307 § 3994

]

*TE 8T1quy,

i



- A v .";’
" ’ 3
— . i
. ¥
. . :
; !
.
‘lussaisd 181S| dA0IBURK UO|I1OE dAEM O} UOTIDD}0Id BA[SSBIXS O} anp A(qissod padojaaap [[am jou Jaay PONMVEL Y X
i H H H H H
+ : : H H H .
: : : : : : !
: SUCTIonIon, : : : . ]
. pue spit[nude, . . : : .
. R 'sidios, : ; X : ! i
_ ‘uolieljs o) anp Lpjuasedde SfUIGdTATOD + ~JAI0D 7y peap: -- : -- : - sedo|s pue : L
‘Y puv ®leu[ed -y jo sajuo|oc peap Auew ' mo| A1aa abelsano) : Terdjjjosidy: : : « 13U0Z MW : :
auoz moulreu Aiop ' @ewjed 'y -- : - : - : Quoz : - :
' : . . . ejelijed ; .
8pl Mo 1e posodx]y :eyeueduwicd TN - : - : -- 15340 ;-
: : : : : jooy : *duo1
: : : : : : v
: . : : : : sajeujpiou)
. . . . . . wenbied eAsaSUO)
SNOITLVAUISHU t Juouodwo)y: 2oAed | A3p[y1q : Ligs : 1 1
: utep tpuao)y { ¢ -ejgnby f-adayy @ worjvuuz : Lpprudo| 1 429y
. 4 . ~ . . . M .

B ' *2€ o1qwl,




155

‘purs axeq st uoady C “uorjeyadaa ,u>.:_m_,.:..m_.‘. Tonuz X iw Jo yinos Appunprid s2vugwia) yaay
‘auo01 _..uc__;_:._!_w__m‘n_f..lm SIYY _Udampayq DpTA Wl Inoge ._3_...:: “Howwoud uvwope iy PO SUYD UEYIIM Q0300 sucluodlod puv earaopys

Py P g [ERNOE I m— bl

TRiyEeIapYS ‘tIvuu (Jwod )l ‘STU10631a183 Y 4o $94aNYd PO (oS *ouoZ xtw pur vumed UBIMIdY pay EISSUUYE D13Idvwl(dyluy SNV

.1 sIpiuiAIse: : : : :
..... ' ,-" U .- H Lo-e t .- 2 vy) H
*uoodcy pue 3Sa1d SaprALp duoz WPpW T : Suitod S : : : FEEY
oL tursseeyy s : : : :
o : : : : :
*e. S|ra0d m . : : : :
ALSSIW pupe €2 : 160 : 102 anozr
e CUowaied o suguoifaoy : : : XUy 4
suciuu_ cifiqdodio)  cuowwod saliuedg  tjudswipas asavo) . s, : : : ;
‘pAq BUSSELY] JO YINOS A[[#D13FrAp £2IUIWWOD IVOT XI,, oot . . : :
_____pues ojupdory  elsse(eyg . - - - o pag
9sIKr9d uo POPYIY-310Yys pur uiyl eirssveyl UV Xtu : . ! coerssejuyl
puv v3vwed udom3Iag pag BYSselEYy), paIUIMIPOS pud asaedg - . . . :
*padoroAap |18A Jou pur soasey quoj Ujluijrd Uy | ES . o . t'0; _._2ouoz .
: : ;o viveal
: _ UhaemviiEs L gy 98°0 .  1z°L 1801) |
LI F TRV KT : oy : 399y *duo
i -ﬁn'ch.m . i : : : 3wy
J0a1 s1duuy 3y3 uo Juduodwod Jurldodur A1oa B S1 koylAlug ! -epdued X X . : sojrujploo;
. . .wvi1andieg ¢l opei[o)
POR¢ TVAidvidsHo : Judwedwo)l: aaa0d | A3ryvq ;. Aays :
Skol vA¥dsS : upep spedo0) y ¢ -e3Inbg ieadAayg ¢ uwoyltuoz ¢ A1jed0] b 493y

€€ oTamL

i

R Ry

o A v—r——Y



. t ey . e, e o

“Ybyy Aprpey Avipraing  sjoad 15200 150Mm 1910 pue sy} Jd o_::cv._ Je(noe1dadsa jsow ,815310), uejuobioo I ST
R H : : :
: 4 : : : : i
. : K m m :
C o : : H : -
v H H H H H
*813Z1UcloD 9105 se ' suejuobiog ° -~ - - adotg ¢
aouepunqe pue azjs 1eai1b jo suejuobhioun - AypiqIny yhbyy jo suog : : : : :
: K : : : .3 .
*Uowwod SUETRL §j{A{IGd{0] pue eS0UIBALD SJUIO3TA : : :
‘W ‘So1od J ‘STCIUUE N “soyoied TETEIDaATGT ‘v Yimm ;  -195 § pue - - - suoz
Bujjeusalje yimolh uejuohiob Arasuop Ason yim swaioneld papao] suejuonioc) : : : WXIWL, ¢
*asuap A1a1e10pow 0) 0E.cn_w . eissefeyy, - - ” - peq 9 ..N?S -duo’)
. . . . . “eissefeqy £°T000t “yeg
: : H : H H : $33LU]pPL0O0;
. ' ¢ R s . ﬁlsc%aa
" . . . : . ugianbog ofeg
S N : .. ¢ duwduadwo)y:  raaod ¢ LIyreq ;2 A1gs . : :
SKOTLVAYWILSRY L utugl sfedoy 4 : o -e3gnby r-asapy ¢ vwojivwoz : A3y[{edoy :  Jood
] N ) . . . . H

e Er————

[ Lo .#m a1q®l

.
Bt ST N




157

-sayo)ed uejuobiob

[EUO{S@ID0 YilMm 1{iS BUji] JO 8u0z B S5} 219y} 2dOIs J3as JO 1S3 “918A1) Aquedu Jo abieyds|p o) anp Ajqissod Jaar Bujbuyl) polfis A[1ARSE  1SNUV,, Y
v “suoz * i ; :
1e100 peap e Aq pemo(loj paq TISE[[EU] © S| a104S wosy piemeds . ejsseleyy ., -— -, - wey .
- : : : 190y
‘8U0Z XjW U| UOUIUIOD SIUIODIAIdD "y : .
‘uoutwod “Satiod -d pik TeuejydIewe| N ‘Sié{nuud W ‘T3iopys ! suejuobron ¢ 0z 20 ¢ 890 sdoys . ;
‘S ' §Juiodjoe ") 'su@eu *H  spieinicy " Jo spealt abiuy ¢ e : H : pue duoz "
‘(*wz 01 850D) sueluohiod pazys obiey Aa pareindod Alesuay * : : : : XN ¢ .
‘plem)sam Sasealdul 1ayie] suejuohlion - - _— suoz .
ayYl Jo A3J1suda “Yimoib ueruobiob asiseds Lroa pue JUlWLPAS Bury .. R : ¢ ueyuofuob
: : H i ! : H asivdg
‘uowWwod §21u0j0D peap * buipuelg ©  TeTeW{ed Y - - - suoz *
: . . . . . ejeni{id
: K : : ! : i
: erewyedy . : : : :
- : pue ' - - - 18810
oyne|duics T ° : : : jeay @ £720L9 <duoy
: : : : : : £L°20.80 ‘v
E : : : : : S$OJruUipIov)
- : . : . uQianbog eq[inbjuens
SNOI LVAHYISHU i 3uouodwo)y: 10h0d | Ayyfrq ; . A3ys .
: upep Ltero)d y : -edgnby i-goapy : wuwoyivuoz : Ayyrerol : 3Idd
. .
*GE 9tquy




‘paq eSS ele|], @ (s1e1s yojym Ja1p aseq
[}

“epndof ‘sauoley uey) 1aA0D [e10D taybiy AlybiS

J29J jo yswea  o[ey, 1310w BuQ

*Andniqe sajeujunia) jaay

{SXYVLAd

.

*uowwod §3pJolerIse 73 ‘ejew(ed 'y oN

joay

0°tlu9

1dA0D
feio) ¢

. Juduoduio)

utep

"mmﬁfd.v:ow . -
SNOILLVAYISHO :

Lrreg
-e31nby

Liys
~19A ¢y

uojjruuyz

. W Do : : : :

: H : :

: ? : : : :

. : 4 : m : :

= N & P . ] .

‘uowwod | .

“eoqiA{ed -uowwod T@IONSAQ ' ENBWOGUIYD] ufydun Aq paloq rey) . e[ssejeyy .- : - : -— ey :
J92J jo uojiod Bquiapisuo)y “BISSEIEq] (ws) paaea] [[ewg : : H H Jooy :
‘juepunqe: . : :

. me 8610 suejuohion ‘uowwod s[eiod pest|  edols 1dniqy . suejuobion -- -- - adoig ‘
: - -— 2 15810 :

i H H

.
.

ee *tws or sales @0 st 28 oo 00)ee ve ae oo on o0 ae

. *duo’|
§°50.81 v
sajrujproo)
ofoy oqen S8UONSO
ejung
Tiredor ooy

ana N

"9t °1qmy




‘uoIe}ols . (I€DY DA[SUIIXD 1M 13(S]

“eEoUIT{R[ Yylim paxjw luawipas oupy

“radoys jaas auoy oy 3o

b~

N
L]
159m dnulluod sjyoer yored [rews . SN UV IY ,

“180JD 0] 9S0[D UOWWOD ~SHpToTals e

l

34, *n ve|ee oc oo oo we sofer oa an oo 2o acfae 2o re av as aw

H
]
!
H
‘
:
:

J3d |

°d ‘uowwod B[RJOD 2alSSeW pAWINIBAC pue IIIDT - osseds | eisse(o|y - -- - 1ey) .
: : : Jooy :
TUoWWOd SUIB[NUUE |y pue eSoujaAed "y "Sueivu ¢j[Agdod]ory . Suefuohion - -— - ado|g X
o . . .
.. T (suoz ; :
. Juoz Tlewl; (auoz 018t ; Rleuijed ; :
*®SJUAIP ISOut 3yl S| auoz ¢ eyeurjed -y ud sumol): Tjid somor) Jomoi): auoz :
“OPWEd om0 poxjussiu) sauoz biviijvd Ty pue 35010 : t.ee t gop Doty ¢t @eujed :
‘ysemioao P TETUIOOIE W . -- - o8 13340
10 Juabrows S{UIBIOE ' uouwwoos Tiowijid G : 193y €7 1bL9 “duor
: : : H : : J7L0.800 tavg
H : : H : : $d1vujplLoo)
: . . : : : : epndo sauoje
SNOILVANYYSHUY i 3juouodwoyl  22A03 | Alypfq i A3ys : prfol 4
: Uty i(Lro) 4 -udgaby f-g2ayy ¢ woyilvuez : LA[(ud07

*LE etTqel




DEPHT (m)

W-Ammamum

NN\ — MILLEPORA COMPLANATA

Y— GORGONIAN

ig- OVERTURNED A PALMATA

Y'Y — STYLASTER ROSACEA

(777\— HEAD CORAL

r\ —PORITES ASTEROIDES

—J —AGARICIA AGARICITES

N

Sea Level

L}

' NORTHEAST COAST CABO SAN JUAN
Fajardo , P.R.

V.E.

1]
W

Distance from Resf! Figt in Mmeters




Depth (i

2 { tm - THALASSIA

eecceo~ CORAL RUBBLE

3] 0N\~ miLLEPORA cOMPLANATA

MM -~ PORITES PORITES

4 1T\ @r- MASSIVE CORAL

Y - ACROPORA PALMATA

5 7 - AGARICIA

X - MILLEPORA ALCICORNIS

~_corGoNiaN V.E.:3.3

ISLETA MARINA (este)
Fajardo, PR.

Sea level

5 l0

Distance trom ’Ro.p'l Flgt ln melers

4

20

25 30 35

191

e
.



Depintial

L —

2 A

3t

4-1

54

Figure 75

covered

T\ P\ ~uASSIVE CORAL

¥

y
¥

E

Com-olidond dead coral

by algae

- ACROPORA PALMATA

-~ MILLEPORA ALCICORNIS

-~ GORGONIAN

- AGARICIA

Cayo Zancudo (North)
Fajardo , P.R.

91

*.‘wf e i S s b s, A A AN
,




163

S1sisw Uj ID|4 J88Y WOL} 83UDIS|Q

0s ot ot o2
i 1 1 s 1 1

S= 3'A

-9

@ ) - Y02 IAISEYN — g/ ¥
: NVINODYOD ..\q‘vf
e R VIVAIVd YHOJOUIY - I - €
. VIVNV 1dA0D vuod31iin -\ YUY
<y 2
' A. y . F -
" /5 S ZANy ;. IRPIR . !
Lo /D

X

jene) uom/’

gg(ié%%%%g

‘4'd ‘opiofog
OQVOOHY OAVD 9/ @2In31yg

.
ety
o sl A, . P s

Bl e e i e

(w) 1ydag




164

00
.-

oa 0e 0y 09 0% o os oz oy -

. S Y YV G e R e et B e e M .

JEDEVE TSRS S

SILIDIHVOY ¥V -~ 5 ‘o
~ 1]
Sea - . TYHOD JAISSYNAL) \1 o
. s3lmod 4 - W
-g
.- 1eA®"} Deg - o B
'yd ‘opsofoy
aand
(4inog) SOLININOIVd L. 14 w,.

L

v
'
e e e A e i e 4 L e i
—_— = e L ST S T T e e e R ¥ R esai e R




JORDEI, = 5o . ki e

JEPITA M)

Distance from Reef Flat In meters

0 1 .
\800 Level
TATRTERTBTA L Ay, v
YAYAvAr,
)
2 - ICYP 7 v
N7- acrorora paLMaTa -

4 ] Ann—MILLEPORA ComPLANATA N

779 —PORITES PORITES %

\

6 - @_ MASSIVE CORAL '\‘

L(‘,--oomaomm e VI

-2y ey
8 - A<4€~ ACROPORA CERVICORNIS
N)
T
12 -
R
14 V.E. = 5.0 S
T T T T T T T T T T v
10 20 30 40 50 60 70 80 %0 _ 100 o

S91



22

166

2

22

o2

SJ0i10W U {01g j00) WOJj @35u0i8|Q

9l
1

14 (4} o1 Q 9 » £4 o

(! 1 ] ]

(0A®] De§

“3°A

VISSVIVHL = W\

NVINODYOS — ~

TTNUOJIIAYID VEOBIOUIV . >y -

d 1vyod m>.nm<zl§

..P VIVAIVd YHOdONIY ~— :

N _ _

‘Y4d‘opsnfoy
(01390) SONVY

- &

B

- 2

~ |

6, 9andry

(w) iydag




Depht(m)

-

(PN - MASSIVE CORAL \

li = ACROPORA PALMATA

\' - GORGONIAN ,i

RAMOS (este)
Fajardo, P.R. .. .

: I \Su Level

eseoee — CORAL RUBSBLE

NN - MILLEPORA COMPLANATA

~—~\ — POR|TES ASTEROIDES

8
A — OVERTURNED A PALMATA -
V.E.2 2.5
10 T T . T ] '
0 10 20 - 30 40 50

Distance from Reef Flatin meters

191

[ R



Depth (m)

Figure 81

PINEROS
Ceibo,P.R.
" , ) .
O-WWWWW{\;:W
/,I
7
7) |
1 - d !
ll _ .
)] Y
Iy X X[
24
(202N
NON —MILLEPORA COMPLANATA
x] Y — ACROPORA PALMATA
W" GORGONIAN ; , ‘
4_mﬁ/7;‘-mssws CORAL
. \
6—‘ L,
V.E.=6
| -
T= 1 | | - I : 1 ¥ v
° 10 . 20 30 . 40 50 60 70
i &
oo

_m”%mnuunngL;uuL.h.‘&Ju.uJ.u-nunn---—-—uu_muu-n-u——--nnnuuuﬂuv



169

ch

ot

ot

Bivjow U} 1014 Jasy woyy 9audys)q

¢e 0e S ]| ] 0

{0A07 Do~

NVINOOYO9 —~ W?

JVH0D IJAISSYR = N/ \Yy [

. VIV 1Vd. VEOGOUIV - X

VOHIRTIVY =y b

VIYNVIdNO) VB0dITIIN - VW

‘¥d'olenzoy pyungy .
#qlI0) 0hoy

(W) yideg



——

u0110q Jolies yb|H——o

- - -
- -
-

|9A0 Dog

2
9

i

[}

|——odojs je0y—| s

|—e0bi0 Aq paziuo|0d i0j) 400 PROQ—

o £
m k
v K.
T ’
pr}
3

; k

i

\J\I\(I\/\I\I\I\/\(l\l)\l\l\l\l\l\(l)\o\(l\(l\r)\?o

owokonyo
SYINVAN SV 3312348V

¢g eundiy




SCADADIY 101 Av 1ot Sesmoe somitms et

oy 09 ob o :
99°'2='3°A
gz
. 02
L] 'n- O
) m™m
. v
0\ _ . 2
< | , | iy
&. _ , * NYINOONO® ..&/ 3
: TVYH02 FAISSYW —\&/\@/
. VIVW1vd VH0J0BOV - Y
- VIVNV 1dW0D V804 I TN ~ 0!
. \i'gp Cs.
. ' 28,
, b, ye
4,
) L g
t \4& . S .- 1
<
{ \
4,
: I

£



[ 4
- SHILIW NI Lv1d 4334 Woud 3ONVLISIO
os! , ool 08 . o
, g t+ o1
. |
_ _ 21="3°A m
IvH0D 3AISSYINAY \2e o , :
m N
NviNoowoo A Lo T
VIVNIVd VHOdOuIY - J\ 2
VIVNYIdWOD VHO4ITIN -y 3
{eAe) Dog J :
g))\ég\g\%\é)g)))\rc
3 m
"M 'd "19qDs| piuDg e
3NOINISTIV OAVI “
S8 aundry




CAYO CABUZASOS
Santo lsabel, P R.

r‘l[i\ 4G, ' \Sca Levei

5 T

1
I AL
N- MILLEPORA COMPLANATA .
NN - MASSIVE CORAL 7’ 3 r
7 ~ACROPORA PALMATA

Q17
sf-concoumn \ 7‘ S

- - AGARICIA AGARICITES - RSN T s ) 2

10

V.E.= 4

50 100 - 150 200

DISTANCE FROM REEF FLATIN METERS




Depth (M)

Cayo Cardonc
Ponce ,P.R.

\Su Lovel

2‘ 1
O\ - MILLEPORA COMPLANATA
= - PALYTHOA
Y - ACROPORA PALMATA ,
Y - GORGONIAN .
4
%
-.-"é
V.E. = 6.6
0 10 20 10 a0 50 60 70

Distoance

i
trom Reet Filad in meters




L.

002

-bI...‘; Wi IM Y PTITQ mvep vewwey-y

091 021 08 od _ 0

. V40D JAISSYH = \Z Y \

. nvinoowos- ) [
._ . |
? VIVAIvd V804083V aanynyare - N7 |

-8
VIVAIVd YHOJOHIY - n_m
ZD o .
N~ S _ © VOM1ATVd -
, .

. S m— L9 .

o S .+ VLIYNVIdNOD VHOJITHN - U [7

. S . |

i i
., - Q !

- N T A »»»

1007 Do§

‘Nd tesuoy
soucioy 0h0H .
88 @1ndry

(W) Yidag

4
®

- L e



3 4338 WOHI 3IDINVISIO

(o]
Sit 00l 2 L os oz 0
i ] - A : 1 I N &
9'bs'IA .
i
. _
? ad Q '
.0 ’
m
o
o x
-t
" ‘sejuojod VIVNVIJNOD W E)
. . puo VIVWIVJ 'V peiojos) =
_ , syoZ |DJ0) pOeQ _
2

‘4'd 'Doqojjo} !
3814VD OAVD . 68 91n3yy w
i




o]

‘Y d‘orenbroy
TVBOLSIND NVS

WHOD VAN - \,Y

NYINODNOD ~ \w/“

SINGO3IAIIS V- 77

i

EINHODIDIV N- A _

VIVAIVE V- wr_

t

VIVNYIdNO0D W ~ \Jy _

01

(w) LHd3C




\,_w>u._ v3as

‘Hd‘vienbiog
3NOIYNI

\\
g1
¢=3A
g
o
NVINOOUOD - M m
' x
VIOIUVOY - S~ :
3
IVHOO AISSYN ~ @C
viviiva v - J{
VIVNVIdNGO W - Yuy [

R R




mmuhmz N! LY14 4338 NOUd IINVLSIO

2 o . 09 os o
| 8t="3°A “
‘. * , _
M “ LG |
b ! )
O . ; _
| atl
Q)
: NVINOD YOO - :7
? | ' TVHO0D 3AISSYN \ =\ ./
SINUODIANSZ) VHOJOHIV ~ 234
VIVWIVd VEOJO¥IV ~ JL
< VIVNVTWGS VEoITTIW-yuy |,
o Vr < LIJBNP,LNA
& . ) L br
2 AN“
L O

{A) LHd3Q



SUILIN NI AVYI 334 MOWS BINVLSIO

o
an
—

086 ' 09 oS ]
i . - 1 1
- B . 9E="IA :
A ~ ved
A \ ' .
.s?,* 1_ ) <
i & RN !
i - oY
\\ lllla
[ ]
. .
\\¢
A o - S
9 . NVINOOHOS |&7 B o
A\ T : satomvev violwvey - 2. [® B '
A : WHOI IAISSYN -\ Y > ;
! . Poa Mol H
»p : $31140d S3LIH0d -~ * .
- : SINH0DIDIV VHOJI 1IN - .
<& e\ - V' VIVWIvd VH04d0uEIY - )Y .
: VIVNY1dW0D VHO4T 1IN ~yyy s __
Ww ety \ | #
190, 5 @18 ) -
: > .
% |
‘ N X 9L | me
|eA®] Deg 2% IC] w
-0 i
- ‘N 'd ¢ osenbBing _
1 310NNYYNL OAYD ” f
. “ 3

e €6 2an814




181

SHILIN NI LVId EUUI WOM4d 3IONVISIO
.. .

09 sv os ) o
1 ] %y 1
§2'2 =3\’
t
]
) K
» '
\\B\\. ‘ |
& DI . -0l
IR IS .
)\ TTme T NYINODMNOD 9
A SANLRLE e
. . us <.u_x<e< ~
y Lo ) l.:.‘ adl \
e 4. . L ua- ._:.3 IAISSYN-
b V VIVNIVd YHOdOHIV -
. R VIVNVIanoeS vEod3 TN - WY
> Ll ¢
. Q)
Ah
L] lﬁ r F
| WL,
_ J
|soAs] DOS o , - | S oo
N L : ” o
. |
. m ‘d ‘013nbioy \

N N I S W )

(w) yideg




N TN e i
~:
pa .
LR, _H. L B .Af,— .- -
si9j0W U} o 4 ,-ooz Eo..,. 93UDJ8|Q] oo
ogl oil 08 GS. 09 14 : o.n ......_ (o]
HH4 AP — . - , .
- ° . o
Cires="3°A : . wo
: z<_200100l» 1.@
e . V0D .QVAR-\GY, |,
VIVNV W03 V8043 1< UW [ 3
. - o~
L i 3
w.w
, |0A®") Do g
‘4d‘ofoyoqor
V1IHVOHUVYWN OAVD
%
v :t
\

§6 @2andry




g
N
- K
bz €2 2z 1z o0z e 8 4 9 g w § g u o 6 9 s § ¥ & ¢ 1! al
. a
a . , . . !
' et
i " -
% P i
s et
_ 1="3°A €l
__
) cd
, I
= .
! o]
w.ﬂmlow_.y mu. 3V~ b~ ¢
> R 3 ' ‘ L )
<> . 8§ NVINOD Y09 |\.\~A/ ._
D |
: Y402 QY 3H ._-g /w..\ L
| ot ile
§ﬂ4 A :
I
: VIVRTVE ¥ - i
2> A M
_ > __
. 2
zm. o..o:?.o..m , L |
OQV90HY OAVD Lr
_—I®A® DEY . A
— -~ . P N e e e Ve Ve W DV aVaVe °

<
m

p—y

(LI




SY3FLIW NI LVId 4334 WOHd4. 3ONVL1SIO

ozl (o] 09 om o

99'¢ * 3'A . .
| o . - gt

(>
7
l)

LY
NN . ‘ ,
= . . m "~
Q) . a
L - . I.O. ﬁ
Leaata et N i :
R z<.zoo¢oot.»? 3
Ce o IVH09 FAISSYNT e 3

Nvs T I53TAHIS YUOI0U5V -~
N, . v ye YAVN]Vd VEOdOHOV- M\

> , h,,,.:m...z\c.ou_ou( CIZERRL N Y Gl
2y @, 9191V l! ; vEgaaIm-Lyy
: JC 5 L %
- ? AN Y Plﬁ ..—.'.H ' - i
l Lu 1y vy —— T
, F \P ! .L guU
{eAe) Deg BREE . £ A
- )
) - "“ .
' I [} ;
‘H 'd '0sanbiod
YNNI VIOIW OAVD i .-
. 16 2and1y




185

mzm._uz N} 2.:. 4334 xozu “FINVLISIO

. S om Y

‘4'd'oranbiod
VAH3ISNOD V1 OAVD

. . 7 ..s....,. a ;,. \U.r .L.l. !
) SR SERU .m...r\ -
' 5 P - e z<—z°° !oo
R d'S. VIDLEVOY -% .Im_f N
. .,A.,,..vqm.,:;, o
4 PRI T AL ,.”. 7
.. <¢uu:oz? 2% tﬂ\ra o
H02, 34 ISEV’ /K\ g M

-
ol T iomo
b

VIVWTv V- AN b2
VIVNY 1dW 0D

- * HE g Y
W-0 1 3

86 aandr1y

e

-

‘.
N



w

4% = "2°A

‘¥°'d YHINONVA
0aVv1102 OAVD

A v . ,,{’.lf » \ . N H
A PR Ny i SN ¢
.

I

ViVYNIVd YHOJO NIV — k

i
{

m mozounl &
! "

L ; Lot
el A Ty INODNOS — N

. ..\«,\.,\ u .
2 l-qyu05 3Aissvi w0 avan — k&Y

: .&mﬂﬂwml 1)

VIVNY 1aN09 W.—(uU
[ T *

. . WNE3ve)uvd VOAIXIvd ‘-

!

CCR T

A
At et ~ N
4
N
1 :
]
!
Loay
63

-0l

|
s = e -

PSS

B




OIC3NN3

~ [N P '
o0
—t . . - Ce o
. JOUY 8y 33000 ISOM O] |SDJ wo4) 0IUDIS(Q .
N A : :
09! obl 0zl 00! 08. 09 oy 02
I} el 1 1 Il I A A O—
0l ="3°A .
TVHO0D JAISSYN:
S31190d S31190d - ({/
STNHOJTA¥I) VHOJOHI - 5 >
K NVINOOYNO9 -%v -9
T et re
| [ ]
, - “...;:.».Z,d
VISSVIVAI = W Rt
oo et e
> cggesp P ogn
“ I PR !
m EURSAE MR
B ~ e N.\ n s
_ \ _
_ 1 4 ..b.ww.........:. w
H 16A®T] DOS _
:.{)&,\l\l\l\l\l.f\(\)\.(l\l\l\(l\l\ o °
g
' . _ " 'M'd* vosenbog

e

T



—

ol ¢l ozl sot 08 Y] 09 oy os st - 0
i ] i al L I | - -L - i ,- - 1
s Gl =" 3°A :
\ ( TINGDITATIY VHOIOUIV - )
j . V40D BAISSYN-\s/ ﬁn
/ HLTRIR raathoY <= -NVINOQUOD =
n ba S
WA , . 0D 5409 , VIVNVIdW03 Vigd
” ! wd ' { ) M - o LY H _;
- e <»<.ﬂ«m,<|¢.ﬂm_ 0¥ov- /2§
1
1, vgInve- Il
4 o N gL | *
k . - . O
: 0 V i ™
. 4 ) 3 R S p
F - f] k . 4 S
[EL1 0] B'W/ F L sﬂ. A ﬁ.
> o

FX

‘M 'd'uocsenbog
VITINDINYNO VINNd

101 21ndty

(wW)lHd3Q

-

~r -



T—— . - |

Depth (M)

Figure 102
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Figure 103
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