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Foreword

Nowadays the importance of coastal
regions and their resources, particularly for
small island developing States, hardly
needs argument. The challenge lies in
arriving at enduoring solutions to the com-
plex problems facing these unique areas,
where considerable ecosystemn services and
high human populabon pressure coincide.

In publishing CARICOMP — Cuaribbean
Coral Reef, Seagrass end Mangrove Sifes,
LNESCOs intent is to draw attention to a
network which has been successtul in mon-
itoring the state of Lhese three crikical
coastal ecosystemns. The systems under
study ane vital to the continuing health of
the bivsphere and crucial for the sustaine
able development of coastal countries, par-
ticularly in the tropical belt.

A regional eflort involving a number of
Caribbean laboratories, parks and reserves,
the CARICOMYP project has received sup-
port for over a decade from the John E) and
Catherine T. MacArthur Foundation, UUS
Mational Scicnce Foundation, US Depart-
ment of Stale, as well as from UNESCO.
The (hganization’s involverment, originally
within the framework of its coastal marine
programme, is currently being continued
as part of the endeavour enditled Tnviron-
ment and Development in Coastal Regions
and in Small [slands {C5I). Launched In
1996, (5l is designed to setve as a coopeta-

tive platform, encouraging cross-sectoral
actions that assist Membor Stakes towards
environmentally sound, sccially equitable
and culturally appropriate development in
their constal areas.

The principal objective of the CARI-
C2OMP project is to deterimine the produc-
tvity of the afore-mentioned ecosystems
arnd to assess the nalure and nfluence of
land-sea interactions. In order to cstablish
ecological basclines, the initial focus has
been on less disturbed habitats. In view of
the need to render explicit the societal rele-
vance of the project and influenced by
CS1's intersectoral mandate, CARICOMFP
has begun to address, more directly
with

respect to these three key ecosystems. As a

human-environient  interactions
result, an intersectoral woerkshop was
recently organized, bringing social and nat-
ural scientists together to refllect upon the
role of social sciences in understanding the
dynamics of coastal resource use.
Recopnizing the global concern aboul
the threat to coral reefs, the Intergovern-
mental Oceanographic Commission 1s
coordinating a worldwide offort to provide
data on the fends in the status of these
[ragilc ecosystems. [DC's Subcommission
for the Caribbean and Adjacent Regions
(I ARIBE) will expand UNWNESCO's coop-
cration with CARICOMP by helping to
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make the latter's experience and cxportise
available to other regions of the world.

The Coastal Region and Small Island
Papers series, a responsibility of the 51
platiorm, disscininates information to
managers and stakehaolders te assist in the
search for adequate solutioms to coastal
problems. This volume is the product of
many years of study and evaluation by a
mumber of CARICOMP spoeciatists. Under
the supervision of the cditor and through
the diligent work of his colleapues and
himsclf, these efforts have come together
herein as a serics of concise descriptive
texts. MNaturally recognition is given, first
of all, o the insttutions in the Cartbbean
region that have cooperated clcctively in
this mutually beneficial enterprise.

The publication of this sizeable docu-
ment received support both from pro-
gramines within the Sccretarviat as well as

from co-sponsors external to the Organi-

Pralogo

La imporfaneta que tienen las regiones cosle-
ras ¥y sus recursos, particularmente en los
pequerios Fstados insulares en desarrollo, es
universalmente reconocida. Rl desafio es ol
de encontrar suhuciones duraderas a los pro-
blesmas complejos que confrontan estas dreas
tgiicas, en las cuales convergen una cantidad
de intereses considerable de servicos v fun-
civnes de los ecosistomas, asi como wna [uer-
te prosidn demogréddica humana,

Con la publicacién de CARICOME -
Caribbeoy Corpl Reef, Seagrass aud Mangrooe

Zation. In addition to KOs support, fur-
thet assistance was received, through
TNLECCYs Man and the Biosphere (MAB)
Programm, from Cermany's Ministry for
Economic Co-cperation and Drevelopment
{BMZ) which supporks the sustainable
development of coastal ecosysiems.
Prnting and distribution wete facilitat-
ed also by the co-sponsarships of the Flor-
da Institute of Oceanography (FIO), USA, a
long-standing  supporter and  corrent
adminmistrative center of CARICOMY, and
of the International Instibute of Tropical
Forestry {IITF), Rit Piedras, Puerto Rico, of
the Forest Service, United States Depart
ment of Agriculture (LUISDIA). In particular,
Drs, John C. Ogden and Dean M. Milliken
{Director and Associate Director, respec-
tively, of FIO and 1o Aric] B, Lugo (Direc-
lor of IITFY have been instrumental in
securing the cooperation of their respective

instibations.

Sites {CARICOMIP® cstudia arrecifes de
coral, praderas de fanerbgamas marinas y
manglares del Caribe}, la UNESCO intenta
ponct en relicve la existencia de una red
que ha realizado una efectiva vigilanoa
combnua del estado de astes tres coosiste-
mas costoros de importancia fundamental,
Lo sistemas estudiados son vitales para la
salud de la bidsfera ¥ son esenciales para el
desatrollo sostenible de los paises costeros,
en particular en la franga iropical.

Desde hace ya mdis de una década, el

w




provecto CARICOMT, en el que participan
diversos laboratorios, parques v reservas
del Caribe, ha recibide apoyo de la Funda-
cion john D v Catherne T. MacArthur, [a
Fundacidn Nacional para las Ciencias de
los EEULL el Departamente de Estado de
los EELU, v de la UNESCO. Al inicio, la
participacion de la Organizacion sc llevd a
cabo en el marco de su programa sobre
areas cosleras marinas v continda actoal-
mente como parte de una iniclaliva lama-
da Medio Ambicnte v Desarrollo en Regio-
nes Costeras o Islas Pequeiias (OS5I Lan-
zada en 1996, ésta ha sido discfiada para
servir como plataforma de cooperacidn,
estimulande actividades interscctoriales
para asoserar a los Estados Miembros en
lograr un desascello de sus comas costeras
gue sea ccoligicamente sane, equitative
desde 2l punto de vista social v apropiado
culturalmente.

El principal chjetivo de CARICOMT es
delerminar a productividad de dichos eco-
sistemas ¥ evaluar la naturaless e influen-
cia de las interacciones ticera-mar. Con ¢l
propédsite de establecer las bases ecolégicas
necesarias para tales objetivos, se ha focali-
zado inicaalmente sobre habilals poco per-
tuthadns. Recientements, reconociendo Ja
necesidad de musstrar do modo explicite la
pertinericia social del proyecto ¥ teniendo
en cuenita el mandate intersectorial del OS5,
CARIZOMP ha comenzado a ocuparse
mas directamente de las interacciones enlre
poblacién humana y medio ambiente con
respeclo a eslos tres ccosistemas clave.
Corno resuliade de esta medida, se organi-
70 rmecientements un faller intersectorial

que reunio a {-.spr:.-r:ialif-;tas 1 CIoNCias Socla-

los ¥ naturales para reflexionar sobre el
papel de las primeras en la comprension de
la dindrnica de 1a utilizaciin de ios recursos
cosferos,

Reconociendo la preoccupacién mun-
dial acetra de la amenaza que enfrentan los
arrecifes coralings, la Comisidn Oceanogrd-
fica Intergubernamenlal coordina un
esfuerzo international para proposcionar
informacién sobre las tendencias en la
salud de estos frdgiles ccosistemas. [a
Subeamndsidn de la COT para el Caribe ¥
Zonas Adyacenles {IOCARIBLE) sumentard
la cooperacidn de la UNESCO con CARI-
COMT, peniendo a la disposicion do ofras
regiones el rundo la expericncia ¥ cono-
cimientos de cste vltimao.

La serie de publicaciones ‘Coastal
Region and Small Island Papers” difunde
infortnacién para gerentes, administrado-
res v otros interesados a fin de contribuir a
Ia buisqueda de soluciomes adecuadas a [os
prebiemas costeros.  Este volumen cs el
producto de muchos atios de estudio y eva-
luacién por parte de los especialistas de
CARICOMEP. Bajo la supervision v gracias
a la esmerada labor del redactor jefe, profe-
sor Kjerfve, v de sus colegas, sc han conju-
gado asi sus esfuerzos en vna serie de lex-
tos concisos y descriptives. Se defa cons-
tancia, ante todo, del debide reconecimicn-
to a las instituciones de la region del Cari-
e que han cooperado cficazmente en esta
operacidn tan beneficiosa para todos.

Tsla importante publicacidn conld con
aportes tanto de programas de la Crgani-
zacion come de copatrocinadores externos.
Ademids de la contribucitm de la COI, una

ayuda canalizada a través el Programa




sobre el Hombre v la Bidsfera (MAB), pro-
ving del Ministeric Alemdn para la Coope-
racién Econdmica v el Dosarrollo {BMZ}, el
cual apova ol desarrollo sostenible de cco-
sistemas costeros.

La impresién v la distribueion benehi-
ciaron de los copatrocinios del Institulo
Oceanogrifico de Florida (FIO) — una insti-
tueidn que presta su apovo desde hace
muchos aitos ¥ que alberga actualmente el
centro administrativo de CARICOMD — v

Avant-Propos

Limportance des réglons cotieres et de
leurs ressources nest plus & démontier, en
particulier dans le cas des petits Etats insu-
laires en développement. Il s'agit désor-
mais de trouver des selutions durables aux
preblémes complexes que connaissent ces
zones d'un intérét cxcepticnnel, ol coexis-
tent la mullitude des services rendus par
les écosystémes et unc forte pression
démographique.

En publiant CARICOMP — Caribbean
Cownl Reef, Searrass and Mangrove Sftes (les
sites de récifs coralliens, de phanérogames
¢t de mangroves aux Caraibes), 'UNESCO
se propose de faire connaifre un résean
d'activibés qui a réussi a exercer une sur-
veillance continue de trods dcosystémes
citiers exposés & des situations critiqucs.
Leur préservation est indispensable au
mainkien de l'équilibre de la biosphére et &
la réalisation d'un développement durable
dans les pays citiors, notamment coux de

la ceinture tropicale.

del Institute Internacional de Dasonomia
Tropdcal {(IITT) en Rio Piedras, I'ouerto Rico,
petteneciente al Servicio Forestal del
Departamente de Agricultura de fos
EEULU.  FEn particular, los Dres Jobn C
Odgen vy LDean M. Milliken (Dhrcctor y
Director Adjunto, respectivamente, del
FIOW ¥ el Dr Ariel Tuge (Director de ITTT)
cumplieron un papel fundamental on
garantizar la cooperacidn de sus respecti-

wvas imshtuciomnes.

Opération de portée régianale, i laquelle
cillaborent plugieurs laboratoires, de nom-
breux parcs et réscrves naturelles des
Caraibes, le projet CARICOME bénéficie,
depuis plus d'une décennie, du soutien de
la Fondation Jehn D. et Catherine T.
hMacArthut, de la Fondalion nationale des
Ftats-Linis pour la Science (NSF) el du
Déparlement d’Etat des Etats-Unis qui
viennent s'ajouter 3 celul de I'UNESCO.
Lancée initialement au titre du programine
cotier marin de TTNESCO, cette cam-
pagne s'inserit désormais dans I cadre de
laction de "Organisation inlitulée “Emvi-
ronnement et dévcloppement dans les
régions cftigres et les pelites ilos (S0
Inaugurée en 1996, la CSI constitue la
plaque tournante de la coopération en
cncourageant Ja création dactivités a
caractére intersectoriel dans e but d’aider
les Ftats membres & $'engager sur la voie
d'un  développement de lewrs zones

coliéres qui soit deologiquement sain,
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socialement équitable et culturellement
approprie,

Le projet CARICOMTD a pour principal
objectil de mesurer la productivité des trois
écosystémes étudiés et d'analyser la nature
des interactions terre-mer. Dans un pre-
mier temps, les lignes de bases d'un point
de vue écologigue ont été détermindes &
partir de |'étude des habitats les moins per-
turbés. Puis, par soud de mieux prendres en
compte la finalité sociale du projet et de
respector Je caractére intersectoriel du man-
dat de la C51, le CARICOME a commencé i
s'intéresser plus nettoment aux interactions
population-cnvironnement de ces trods sys-
témes. Clost dans oot esprit qu’'a &4 récem-
ment organisé un atelier intersectoriel gui a
permis a des spérialistes des sciences
sociales et des sciences naturelles de préci-
ser dans quelles mesurcs les scicnces
sociales peuvent contribuer & utilisation
fonctionnelle des ressources cdtigros.

Prenant en compte 'ingquistude grandis-
sante rclafive aws menaces pesart sur les
récifs coralliens, la Commission océanogra-
phiquc intergouvernementale coordorme
wne cntreprise mondiale ayant pour but de
fournir des dommées sur ["évolution de ces
fragiles écosystémes. La Sous-Cormmission
de la OO powr la mer des Caraibes et les
régions adjacentes (IO ARIIE) se charge
d'étendre la covpération de 'UNESCO aver
CARICOMP en contribuant & rendre dispo-
nibles Vexpérience et "expertise de ce der-
nicr a d’'autres régions du monde,

La callection Dossiers régions coliéres et
petites iles, unc initiative de C5I, diffuse,
auprés des gestionnaires et aufres per-

sotncs intéresseécs, des informations sts-

coptibles de les aider i Lrouver des solu-
tions appropriées aux problemes citiers, Le
présent document constifue le résultat de
plusicwrs années d'analyses cf de concha-
sions de nombreux spécialisltes du CARI-
COMPD. Places sous la supervision et la
direction éclairée du Professcur Kjerfve et
de ses collégues, leurs [ravaux sonk réunis
ici sous forme de descriptions succintes. TI
convient d'en remercier, au premder chef,
les organismes de la région des Caraibes
gui ont peuvreé onocomumun & cetle entrepri-
se d'intérét collectif, Cette publication a
regu, 4 travers le Programme sur IHomme
ot la Biosphere (MAB), Io soutien du inis-
tére fédéral allemand pour la coopération
économique et le développement (BMZ),
qui appui le développement des éonsys-
tomes cdbiers,

L'impression cf la diffusion de ce docu-
ment égalemenl ont &€ facilitées par le par-
rainage de doux mstitutions : IInstitud
d’ecéanographie de Floride (FIO) des
Etats-Unis — partenaire éprouvé du CARI-
COME, qui had sert achuellement de sigge
administratif, el 1’Instititf intcrpational de
sylviculure tropicale (OTI} & Rie Picdras,
Forto Rico, dépendant de 1'Office des foréls
du Département d'agriculture des [tats-
Unis. Les Drs John C Ogden of Dean M.
Milliken {(DHrecteur et Directowr adjoint du
FICON ot le 1% Ariel E. Lugno {Directour do
ITITF} ont cn particulier jousg un réle cle
pour obtenir la conpération de leuts insti-

tutions respoctives.

THrk . Troost
UNESCO-CEL Paris, 1Decomber 1498
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Editor's Note

The purpose of this volume is to document the international Caribbean Coastal
Marine Productivity (CARICOMP) program, network, and activities by describing Lhe
state of coastal habitats where the participating institutions, parks, and reserves have
implemented synchronized environmental monitoring, Most of the participating insti-
tutioms have provided chapters for this book, detailing the local mangrove, seagrass,
and coral reef habitats, the salient meleorological and oceanographic characlerislics,
and the anthropogenic activities and impacts on coastal ecosysterns, In addition, the
synoptic time series and habitat data 1993-1995, covering the first three years for
which the nelwork was fully functional in a date menitoring mode, are ncluded. The
data, which were collected by the participants in the nebwork, have been summarized
in tables in the concluding chapter by the CARICOMP Data Management Centre ab the
University of the West Indies on the Mona campus in Kingston, Jamaica.

This volume thus represents a snapshot of the state of coastal ccosystems in the
wider Caribbean regiom from Yucatan to Barbados and from Bermuda Lo the Caribbean
coasts of Colombia and Venezuela, as well as from many small and large islands and
the coast of Central America in between.

Like most books, this one has taken its fime to be bom, concetved in 1992 and only
now coming o fruition. What was initiaily thought to be a quick publication tumed out
to be net very quick after all. Subsequent to meeting with the chapter authors al a
mamber of CARICOMP Site Dwectors’ meetings, starting m Port Royal in 1993, and
continuing in 5t Petersburg in 1994, Boca Chica in 1995, and Cancdn in 1996, this volume
began faking shape. Initially, most cormmmunications and exchanges with the authors
were handled by sending either air or courior mail back and forth. When needed — and
that was guite often — fax transmissions were used to speed up cormunications. How-
ever, over the past wo years mosl communication with authors has been handled by e-
mail and the attachment of binary formatted text and graphics files. Thus, all text,
tables, figures, and photographs centained in this velume are now in a digital format
and may be readily trarsmitted and refermatted as necded. Although this technology
now 15 wied widely around the world, to gel Lo this poinl was nol an easy task from
locations in the Caribbean.

I'would like thank the many persons whe have helped make this ook a reality.

Unfortunately, they are toa numerous to list individually. They include the enthusias-
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tic CARICOMP chapter authers, and colleagues both near and far who reviewed the
manuseripts and offered constructive criticism. [ would like Lo thank my colleagues o
the CARICOMP Steering Committes for their support and generous help in reviewing
the manuscripts. Thanks also to Dulde Linton of the Data Management Centre at the
Lniversity of the West Indies-Mona in Kingstor, Jamaica, who provided information
and data in a timely fashion and on many occasions helped me reach difficult-to-
contack suthars,

[ would also like to express my gratitude to UNESCO), most recently to its unit on
Envitoniment and Development in Coastal Regions and in Small Islands (TSI Ower the
past two decades, four people in the Paris Sceretariat bave been intimately involved in
the project’s development. Dr. Marc Steyaert, of the former TNESC(Y Marine Science
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Caribbean Coastal Marine Productivity (CARICOMP] is a rcgional scientific program
and a network of marine laboratories, parks, and reservesj_ta_s.tuq.:li; land-sea interaction
processes in the wider Caribbean region. The program focuses on understanding and com-
paring the structure and function of mangroves, seagrasses, and coral recfs — the three
main coastal ecosystems in the Caribbean. The CARICOMP program was established in
1985. The CARICOMP network, started in 1990, has to date negotiated with 27
institutions in 17 countries to make standardized synoptic ecosystem measurements in
relatively undisturbed mangrove, seagrass, and coral recf systems, together with rele-
vant oceanographic and meteorological measurements. Since 1993, twelve institutions
have fully implemented the protocel, cight institulions have partially implemented
the protocol, and eight institutons have not progressed beyvond the planming phase.
Detailed site characterizatioms for 21 of the 27 participaling instilulions have been

completed and are included in this volume, The principal goals of the program are to

' CARICOMP -~ Caribbean Coral Reef, Semgrass mud Mangrote Sites {edited by B, Kjerfve), pp 1-16.
LINEZCO, Pards, 1998, 247 pp.
= The authors of this chapter are the members of the CARICOMI Steering Committee as of May 1998,
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determine the dominant influences on coastal productivity, Lo monitor for ecosystem
change, and ultimately to discriminate human disturbance from long-term natural
varialion in coastal systems over the range of their distribution. The CARICOMP
network is coordinated by the Data Management Centre at the University of the West
Indies in Jamaica, There is an increasing number of examples of regional responses to
large geographic scale perturbations. CARICOME is capable of responding te events
related to coral bieaching, mass mortality, disease, and storm and El Nifio phenomena,

and regularly organizes workshops and training sessions,

Coastal Tropical Ecosystems: A Caribbean Perspective

Mangrove wetlands, seagrass beds, and coral reefs dominate the land-sea margin in the tropics.
They barbor the highest biological diversity within the ocean. We exploit them for foed, building
materials, and firewood at the same time that they represent the natoral infrastruclure for founsm.
Teo often they are modified or destroyed to accommodate development. Within the wider Carfbbean
region, there is consensus that coastal marine systems are changing for the worse, The ultimale causes
are exponential population growth and anthropogenically driven changes both in the coastal rone and
in the upstream watershed. This, in han, affects the coastal ecosystems, which are dypamic and
changing in their natural state. PBecause the underlying causes of this decline are diverse, there is ro
agrecment on how the ecosystems can be stabilized and restored to their former state, or what con-
stituies sustainable development

I fact, all coastal ecosystems of the tropics are in decline from the direct and indirect disturbances
as a result of population growth {Wells, 1988 Wilkinson, 1994; ICHI, 1995). The Caribbean Sca is
entively located in the tropics, It covers 1,943,000 km® — or 0.38% of the global surface, whereas the
wider Caribbean s significanily larger. The Caribbean coastal covironment is a mosaic of interlinked
matine ecosystetns at the border between sea and land, in geographically diverse settings. A% a whole,
the coastal zone in the Caribbean supports approximately 100 million people in more than 25 countrics
and territories, with a predicted population doubling time of only 30 years at the current rate of growth
{Population Refercnce Bureau, 1996). Under pressurc of rapidly increasing humnan population, urbani-
zation, and demands for resources, the coastal zonc is the foeus of intensc housing, industrial, and tour-
ism development.

The Caribbean is interconnected by currents and tides and it shows great uniformity with respect to
marine bicta but, at the same time, exhibits high habitat diversity (Ogden, 1997; Roberts, 1957). A
slow maoving east-to-west flowing ocean current through the Caribbearn, the Caribbean Current is part of
the gencral North Atlantic circulation (Wist, 1964; [frucks, 1970; Kinder, 1983). As il traverses the
Caribbean, the flow is characterized by latge cyclnic and anticyclonic gyros, The Guyana Current
cnters the Caribbean via the Windward Islands as the oxtension of the Noerth Equatorial Cureent, and
the {low exits the Caribbean through the Yucatan Channel inlo the Gulf of Mexico and to the northwest
inte the Nerth Alanlic, Muller-Karger of al. {1989} have shown that lhe plume of the Orinoce River,

as tracked by satellite imapgery, seasonally penetrates across {he Caribbean Basin, potentially exerling
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a region-wide influence. Tides likewise show a great degree of coherence. The Caribbean tides arc of
lhe mixed type with the exceplion of a band from Puerto Hico to Venezuela where diumal fides pre-
dominate {Kjerfve, 1981). However, the astronomical tidal range is everywhern only 20-3¢ em. As most
rmarine organisms have a planktonic larval phasc of from several weeks to over a year, propagules can
be catried over limg distances, For example, Shulman and Bermingham {1995) found a high degree of
gene flow among widely separated populations of 8 species of reef fishes, regardless of spawning
strafegy or duration of planktonic larval cycle, Mitton ef 3l (1989) also found high gene flow among 17
widely distribited populations of the queen conch (Stromibnes gigas).

The extensive coral recfs, seagrass beds, and mangrove wetlands of the Caribbean are under acute
lhreat. hMangroves are being cut down for lumber, agriculture, aguaculture, and coastal constructton and
mining; seagrasses are being dredged for harbors; defercstation s leading to increased runoff and
scdimentation, increased nutrionts {rom sewage; and coastal fish stocks are being depleted (Rogers,
19485; (hrden and Gladfelter, 1986; Ginsburg, 1994; ICR]1, 1995). Pollution from agricultural, urban, and
indusirial centers adds ko the cumulative impact. Governments acknowledge the need for conservation
and restoration, but the development of rational management strategies is crippled by both politics and
an insulficient understanding of how coastal ccosystems function, how Lhey interact, and how distui-
barwe in one system can impact adjacent syslems.

Human disturbances are supcrimposed on patterns of ecosystem varlation at different time scales
due to naturaily occurring variability, including storms, hutricanes, and El Nifwo events (Woodley «f af,,
1981; Kjerfve ¢t al., 1986; Ogden, 1992), white- and black-band coral discases {Gladfelter, 1982; Ritzler
and Santavy, 1983), coral bleaching, and olher suspecled manifeslations of physical environmental
stresses and global climale change {Brown, 1990; Smith and Buddemeier, 1992; Brown and Ogden, 1993},
Pislinguishing ihe effect of human impacts from natural events can be difficull, but it is critical to our
understanding of ecosystem function and eventual management.

The decades-long dic-back of corals in the genus Acrapora In the Caribbean s a Httle undersiood,
potentially pathogenic condition operating mn a long time-scale {(Gladfelter, 1982). There is also evi-
dence of synergistic interactions between niatural and anthropogenic causes. For example, when corals
started bleaching throughout the Caribbean in 1987, there was speculalion that corals under stress from
terrestrial sediment input showed a greater tendency to bleach, although the primary factar appears to
e abnermally high or prolonged sununer seawater temperatures (Williams ¢t af., 1987; Ogden and
Wicklund, 1988; Brown and Ogden, 1993} Other sublethal stresses may be similarly magnified by
natural impacts. Tor example, rcet herbivore populations have declined in the Caribbean through
over-fishing and a 90-99% dic-off of the sca urchin Diadermg  antillarum durning the past two decades,
apparently caused by a pathogen which tracked the surface awrrents with romarkable fidelity (Hay,
1984; I cssios ot ol 1984, Rogers, 1985). The resultant reduction in grazing, presumably exacerbated by
increased nutrient availability and hurfcane disturbance, has resulted in increased algal abundance

and decrcased coral cover and recruitment at some locations (Hughes, 1983, 19%4).
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Caribbean Mangroves, Seagrasses, and Coral Reefs

Caribbean mangroves, seagrasses, and coral reefs are closely associated (Fig. 1); they exist in a
dynamic equilibrium influenced by contact with land (Ogden, 1988) and constitute approximately one
third of the trapical coasthine globally. Sediments and nutrients, carried by freshwater runoff, are first
fittered out by coastal forests, then by mangrove wetlands, and finally by scagrass beds. The existence
ol coral reefs is directly dependent upxm the buffering capacity of the shoreward coastal ecosvsterms.
Coral Tecks, in turn, buffer the influence of the open ocean on the land. Coral reets, seagrass beds, and
mangroves are among the most productive ecosystems in the wotld, ranking with intensively cultivated
agriculture such as sugar cane {T.ewis, 1977),

The high productivity of mangrove forests and seagrass beds depends upon external sources of nulkri-
ents. Produchive mangrove forests are found in river basins and on coastal floeodplaing, along the shotes
of cstuaries and lagoons, and in other protected areas with abundant discharges of nulrients. Mangroves
are also found on offshore sandbars, low islands, and desert coasts with minimal runoff, wihere they
grow it a scrub form, the productivity of which is an order of magnitude [ower than in areas wilh
abundant nuirient input (Lugo e af., 1973 Snedaker and Snedaker, 1984). Similarly, the mest produc-
ive stands of seagrasses noour where a balance exists between nutrient enhancement by cuneff from river
or coastal mangrove forests and high water clarity.

Coral rects have a tight internal cycling of nulrients because of a symbiotic association betiveen
zooxanthellae and corals. They depend Jess on external sources of rutrients. Their vigorous develop-
ment, however, requires clear water. They are strongly affected by sediments and pollutants from
terrestrial runoff. Unchecked runoff, or riverine discharge containing a heavy sediment load, can
destroy or severely restrict coral reef community development. Careless clearing of land within water-
shods, whether for agriculture, industry, or toutism purpeses, combined with deslruchion of coastal
margrove forests for construction of aquaculture ponds or to provide ooean access, is the mesl damaging

mfluence on coral reefs in the Coribbean,
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Fig. 1. Schematic representation of inleractions belween Lhe principal coastal marine ecosystems of the Canbisar,




CARICOMP: A Cartbbean MNetwork for Coastal Monitoring and Sciemtific Collaboration

Because of their different environmental requirements, coral reefs and mangroves rarely adjoin ore
another. When these communities are directly adjacent, one or both are usually highly stressed. How-
ever, some of the most productive areas along tropical and subtropical coasts arc found where broad
sEARTASE Meadows arc int::rposed between the mangrove and coral reef communities f{Ogden and (Glad-
felter, 1984},

Coral reefs, seagrasses, and mangroves may interact through nutrient transfer by organisms migra-
ting daily or seasomally from one ccosvslem to another (Ogden and Zicman, 1977; Zicman ef gl 19749
Mevyer ¢l al., 1983), bul the significance of this interaction is largely unknowr In one instance, the
utilization of mangrove krees as resting and nesting areas for birds increased the development and food
quality of both seagrasses and mangrove communities. Seagrass beds and mangroves are impuortant
nursery arcas for many species of reef fishes and invertebrates that are the basis for commercial
fisheries (Ogden and Gladfelter, 1983). The planktomic larvae of the French grunt (Haemndon flavo-
Itmegtum, Haemulidae), for example, selectively settle in scagrass-covered lagoons where they spend
the first few months of their life, moving gradually to reef habitats as small juveniles, Because of the
prescnce of juvenile fish, mangrove and seagrass murseries are cxcellent fishing areas for predatory
tishes (MeFarland et of, 1985). In ancther study, 70% of recreational fishery species and 90% of com-
mercial fishery species depend on mangrove-lined estuaries and coastal embayments at some stage in
their lives {Yokel ot al., 1964; Hooks et al, 1976, Fry and Parker, 1979,

While ferrestrial ecosystems contribube to the coastal zone with nuotrients and sediments, eco-
systerns at the land-sea boundary buffer these influences. Estuaries and coastal areas trap significant
guantilies of riverborne material, acling as filters between continents and ocean. To quantify the
capacity of coastal sedimentation basins as filters for different constituents and elements is an impor-
tant undertaking. The trapping is net solely a physical process but also due to biogeochemical processes,
which play an important tole in trapping and mobilization of sediment discharge.

Mangrove forests and scagrass beds buffer the effect of the land, reducing sediment load in the
water column and interrupting freshwater discharge, stabilizing the salinity of the coastal zone, and
promoling the growth of coral reefs offshore. Conversely, coral reefs dissipate the impact of waves m
the coastal zone (Jorddn and Martin, 1987), creating lagoons and protected waters thal favor the growth
of seagrasses and mangroves. Thus, the principal and perhaps most important interaction between
tropical coastal ecosystems is that of buffering the effect of the sca on the one hand and the land on the
nther,

Altheugh these and other interactions have becn recognized, we lack the quaniitative data neces-
sary to measure their importance and to compare different locations. Moreover, although the produc
tivity of mangroves, seagrasses, and coral reefs drives the produclion of coastal fisheries, we have not
measured these processes and cannot compare their relative importance between diverse geographical
lucations. How do the relative roles of the four ecosysterns (three cpastal, one oceanic} differ between
continents and islands? Between high and low istands, windward and lecward shores, high and low
latitudes, or upstrcam or downstream locations with respect to the Caribbean Current? It was to address
these questions that CARICOMY was formed: to collect information on factors affecting coastal marine

productivity by the use of identical methods at diverse sites across the wider Caribbean,
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Unfortunately, we lack Jong-term information about even the mest basic physical parameters —
g, seawater temperature. Although elevated water temperature is the parameter most suspected as
lhe cause for coral bleaching {Williams ef #f., 1987}, conlinucus temperature data sels arc sparsc in the
Caribbean, with the exception of sea surface temperature measuremnents from the thermal AVHER
channel onboard NOAA satellites, However, because af the 1.1 km pixel size, these data are of only
limited use in coastal waters, With ircreased concem for global warming and sea level rise {Budde-
meier and Smith, 1988), the need for basic environmental moniloring has become acute {Stewarl #f al.,
1990} This need can also be met by CARICOMP. Over the next decades, the Canbbean will undergo
significant changes, The CARICOMP Program is designed to address such problems by providing much
needed data along with emplovment of local seientists and technicians, thus providing local govern-
ments and private enlerprises with in-house cxpertise [or environunental management and problem

solving.

The CARICOMF Netwaork

The CARICOMD program is a unified, long-term, Caribbean-wide initiative to identify the factors
responsible for sustaining mangrove wetland, scagrass meadow, and coral reef productivily, lo examine
the interaction between these systamns, and Lo determine the role of terrestrial and ooeanic influences o
them. This informnation is needed {or management, for setting prieritices, and for defining optimum solu-
tions where competing human activities impact the coastal zone, thereby providing feedback from
science to managemenl.

The CARICOMEP network grew out of the 3%-year old Association of Marine Laboratories uf the
Caribbean (AMLC), The initial objectives of CARICOMI* were to foster research, educatiom and Erain-
ing, information and data exchange, and research applications. With support from UNES(COQ's Coastal
Marine (COMAR} Program, the first workshop was held at Discovery Bay Marine Laboratory in
Jamaica in 1985, The ratipnale for a regional monitering and research nebwork of Caribbean marine
laboratories, parks, and reserves was established and an international Sleering Comumiliee was
selected [Ogden and Gladfelter 1986; Ogden, 19871, Over Lhe next 10 vears, the Steering Comunittee
negobiated Memoranda of Understanding (MoUs) with 27 institutions n 17 countries (Fg. 2; 'lable 1}
within the greater Caribbesn region. While each institution had considerable local background infor-
mation and reference material, very few of the instititions had ecosystem monitoring programs in place
prior to the start of the CARICOMP Program (Smith and Ogden, 1994). The sites represent a varicty of
cnvironmental setbings, including low and high islands, continental margins, windward and leeward
exposures, high and low rainfall rates, and arcas of frequent and infrequent hurricane activity.

The MoUs specify the responsibilities of each nstitution ko the network, including the nomination
of a Site Director and the obligations of the network i terms of equipment and iogistical support. In the
auturnn of 1980 and 1992, workshops were held at the Universily of the West Indies (UWI) in Jamaica
to drafl the CARICOMP Methods Manual-Level T {CARICOMP, 1994a), consisting of a number of stan-

dardized observations and simple measurements, permitting an inshtution te participate in netwaork




CARICOMP: A Caribbean Netwaork for Coastal Moniforing and Scientific Cellaboration

Wi w s W e
e
2T
.
o
ATLANTIE OCEAN
|
1
| o
| CARIBEEAN SEA
5B .

iy oee Yo+

Fig- 2 The LARICOMI nelwork. Tilled circles indicate the incttutions which are parbicipating in the network and which have
chapiers in Lhis volame. Stars indicate insttutions whick hawe wet o impement the CARICOME protocal and which are oot
included in this volume (mumbers 5, 6, 9, 12, 20, and 24).

1. Tiscorvery Bay, JTamaica

2. Grand Cayman, British West Indies

3. Tusrks Morelos, Quinkana Koo, Mexico

4. Taguna de Celeshin, Yucatan, bMexico

5. LROMEX, Campeche, Mexicn

A Tl Chan, Belize

7o Calabash Caye, Turnetfe Tslands slall, Belize

5. Carrie Tow Cay, Bolize

9 Cayo Cochinas, Hondurig

1k Creat Corn 3land, MNicaraga

11, Cahuita and Laguna Candecs, Oosta Rica

12, Tapama

13 Bahia de Chenpue, Parque Natural Taveomna, Celombia
T4, Curagac, Metherlands Antilles

15, Bonaire, Wetherlands Antilles

15, Parque Wadoeoal Morrocoy, Venesuela

17, Tunta de Mangle, Isla de Mangrarita, Yenezuela
18 Duccoa Beel and Bon Accond Lagoon, Tebaga, Republic of Trinidad & ['obage
19, Harbados

20 Sanka Lucia

21, Saba, Mutherlands Anlilles

24, La Pamguera, Postto Rico

23 Parque Macwomal del Este, Doaninican Republc
24. Fort au Prince, Taiki

2% Cavo Coce, Sabana-Camagiiey Archipelago, Cuba

2. Ban Salvador, Babonas

T

7. Barmuda




CARICOMP — Caribbean Coral Reef, Seagrass and Moigrove Sifes

activitics. An cquipment package was scnt to all parficipating institutions in 1992, and the Drala
Management Cenire was established at UWT in Kingston, Jamaica.

Some institutions in the CARICOMPD network began collecting data in the antummn of 1992, The data
are sent to the Data Management Centre and distributed to all participating institutions on a quarterly
basis. In addition to providing centralized data processing and data storage, the Data Management
Centre coordinates regional investigabhions of transient oceannpgraphic, bislogical, and meteorological
phenomena and serves as a clearinghouse for new ideas and methods (Nagelkerken, 1997). Under a 1941
grant from the U5, Nabional Science Foundation, five instilutions received support for the purchase of
automated environmental menitoring equipment as part of a leng-term plan o upgrade the manual Lo
CARICOMP Methods Manual Level II

To date, twelve institutions have regularly implemented most of the CARICOMT protocol, while
cight have implemented portions of the protocol. Seven institutions have not progressed beyond the
planning phase, and some of them might never de so. However, two new institutions are likely to join in
1948, Participation in CARICOMP is open to laberatories, parks, and rescrves willing to sign the Mol
and to provide data on a regular basis to the Dala Management Centre, Since 1993, an armual meeting of
the CARICOMP Site Directors and the Steering Committee has been held at a participating site to
report on network progress and problems, to disewss funding and logistics, to refine dala collection and
analysis, and to report on measutement protocols. The members of the Steering Commities are the
aulhotrs of this introductory paper.

The data for the first three years, 1993-1995, are presented in tabular form in the last chapter of
this book. To our knowledge, no such synoptic regional coastal marine data exist elsewhere, In addition,
the network and data monitoring have alrcady resulted in the publication of several scientific papers
dealing with the status of the coastal marine ecosystems in the wider Caribbean, including CARICOMD
(1994a; 1997a-g), Ledpister et ol {1997}, and Nagelkerken et af. (1997}, The plans arc to publish a
surminary of future CARICOMT data annually in a regional scientific journal.

Gther Regional Coastal Programs

Receni discussions and workshops (Pernetta and Hughes, 1990; D'Flia ef al., 1991; 5Smith and Bud-
demeier, 1992; Wilkinson and Buddemeicr, 1994; Committee on Biological Diversity in Marine Systems,
1995; ICR1, 1995} have emphasized the need for regional coastal data scts. While monitoring is often
distinguished from research, our ability to pose significant research hypotheses and understand eco-
system functioning, biodiversity, and global charge responses in the coastal zone of the tropics improves
immensely with the availability of long time-scries of rolevent data at multiple siles, (Question-
driven monitoring is long-term ecological research.

As far as we know, the CARICOMP network is currently the only functoning international coastal
marine monitoring program. The Caritbbean Pollution (CARIPOL) Program of UNEF and the Inter-
governmental Occanographic Commission (I0C/IOCARIBE) of UNESCO was the first program to
collect regionally, standardized data on il pollution, with centralized data analysis for 6 years,
beginning in 1979 (CARIPOL, 1980; Atwood ot al. 1987} The ASEAN (Association of South Hast Asian
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MNations}/ Australia Marine Science Project: Living Coastal Resources operated from 1984 through 1989
and developed a methods manual and a system of data reporting and analysis (English et al., 1994).
The International Coral Reef Initiative (ICRI, 1995) has recently propesed linking tropical regions into
a global network through the Global Coral Reef Monitoring Network (GCRMIN}, as a part of the IOC's
Global Ocean Observing System (GOOS), The CCRMN intends to promote development of a series of
reglonal nades and to work towards globally standardized methods of assessing coral reefs. CARICOMP
will patticipate in the system.

Data irom the multiple sites of lhe CARICOMY network provide the backdrop against which
observations at single sites may be better understood. For cxample, Hughes (1994) interpreted ihe
results of 17 years of monitering and research on the north shore of JTamaica and suggested that control of
over-fishing was the key to recovery of the degraded reefs. By comparing this conclusion with quali-
tative data from 14 sites, the five sites showing no change in coral cover over the past 10 years were in
parks, reserves, or other areas where control of fishing was the major management tactic {CARICOMP,
1994b; Smith and Ogden, 19%4). While this is 2 preliminary conclusion, it grew out of the comparison of
regional ebservations, and could not have been reached with confidence without the notwork.

Acrial and satellite remote sensing and the application of geographical informalion system {GIS)
databases are likely to become even more crifical tools in future studies of coastal ecosysterns. The
nelwork provides the infrastructure to integrate satellite and i sify observalions into (315 databases.
However, the challenge and frustration in analyzing coral bleaching in the Caribbean has been the
inability to make the 1.2 km pixel size of AVHRR satelite-derived sea surface temperature (S5T)
measurements ecologically meaningful at the 1 mf scale at which obscrvations of coral bleaching are
made. As a component of future coastal marine studies, satellile ocean color measurements will cer-
tainly become increasingly more important (ools, providing data on chlorophyll, dissolved crganic
material, and sediments, uing ScaWIFS and other newer gencration higher resolution satellite and
aerial sonsors,

Recently, much attention has been directed towards increases in atmospheric preenhouse gases and
the accelerated rate of global warming and rising sca level. Increased water temperature is, o ore
hand, likely to cause bleaching and stress on shallow water corals, Also, Buddemeier and Smith {1988)
suggested that even with a conservative rale of sea level rise, the vertical accretion rates of protected
coral reef flats will be insufficient to keep up, and the bulfering capacity will be threatened. The most
likely rate of global sea level rige is & £ 3 cm per decade (Stewart ef al., 1990). Reefs may indeed become
inundated and subjected to increasing wave erosion.

it 1z interesting to note that the network grew oul of a regional assoclation of scientists and institu-
tions in response to regiomal concems. It was not imposed by govermments or international agencies.
Rather, the network is based al marine laboratorics, parks, and reserves with the capability to
enntribute financially and logistically to the program and lo setve as local repositories of long-termn
data from the local cuastal region. By scientific eollaboration across the region, such as the Caribbean,

regional issues are more likely to be reseived rationally in a timely fashion,
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Table la. CARTCOMT partrcapiting mnstituhons and site locabions,

Lountey

Institution

Siter

Lat *M

Lony "W

Tncluded i
this vasluone

Babamas

Bahamian Ficld Station (BTS)
/o Twin Adr

1104 Lee Wagener Blvd Sle 113
Ft Layderdale, FL 32315 USA

San Salvador

24010

74,29

Yesz
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Marne Research Centre
PO Box 990

Belize Cily, Belize

Calabagh Caye
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Carbbean Coral Weel Foosystem
T'ronzram, Smithsomian
Tnstitubon, MRC 163
Washingtom, 13 20560 LS4

Carrie Bow Cay

Th.]

SN

Yeu

Belize

Hul Chan Marine Feserve
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Table 1. CARTCOMT participating instituiuns and site lecatians.

CCILII'ItT_‘_.' Tnsl'imti{!rn Site Lat "N L{mg N IRF]UI;'E‘{I mn
this volume
Trimdad & Tabagn InzHbme of Marine Affairs Bucces Feef and Bon 1110 #L5] e
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0} Brox 206

Lajas, PR G667 U5A

Participation in the network is volunlary and open, requiring only an institutiopal pledge that the
protocols will be implemented and the data reported. The CARICOMP Methods Manual: Level |
{CARICOMD, 1994] is deliberately simple and requires omly basic equipment for full participation.
[Future versions of the manual will permit the inclusion of more sophisticated observations as part of
the netivork protocol. The anmual meeting Teinforces collaboration and affords an opportunity for
discussing and sharing scientific and logistic issues, and for participating in training workshops, ¥Whi le
the network is concerned with natoral sciences, there exists an wrgent need to extend the data collection
to include social and econemic considerations appropriate for respurces management. However, this will
require an infusion of significant new capital into the network and the participation of social seientists
and resource economists; a first step was taken with an interdisciphinary CARICOMP / UNESCO-10C
workshop held in Kingston, Jamaica, in May 1998,

The Regional Seas Programme, established by UNET aller Lhe 1972 Lnited Nations Conference on
the Human Environment, demonstrated thal repional marine ecosystems have scientific, social, and
polittcal  dimensions. The political basis for cooperation in research and management of marine
resourees in the Caribbean was cstablished by the 1983 UNEP Cartagena Convention on the aomser-
vation of marine resources and the control of pollution. This grew out of the United Nations Corderence
o the Law of the Sea (UNCLOS), to which many Caribbean countries are signatories. The success of
the CARICOMP network depends an the recognition by the countries bordering the Caribbean of the
region’s interconnection and the nweed for regional cooperation in rosource management, It will be a
challenge for the network to participate in this development and to collaborate by making available
the appropriate scientific data,
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Ecosystem research has traditionally been constrained to single sites or small spatial scales; it
scldom encompassed the regional range of ecosystemn structure and variability. Long-term menitoring
and comparative research conducted at multiple sites is required to understand the dynamics of regional
vatiability and local and regional perturbations. Such understanding is the key to ecosystem manage-
ment. The results of well designed regional studies will aid in the process of diseriminating between
anthropogenic disturbances and natural variation for the purpose of resources management {Jackson,
1991; Committee on Biological Diversity in Marine Systems, 1995). CARICOMP will participate in
achieving this goal by providing scientific information and helping develop predictive capabilities
across the Caribbean for improved management of coastal resources,
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Discovery Bay, Jamaica’

Peter M. H. Gayle' and Jeremy D. Woadley
'Discovery Bay Marine Lobavaiory, PO Bex 35, Discovery Bay, St Awmn, [amatca

‘Centre for Marine Sciences, University of the West Indics (Mong), Kingstont 7, Jameica

the CARICOMY site in Jamaica is located in waters adjacent to the Discovery Bay
Marine Laboratory (DBML). A rocky shoreline supports a tangled mass of Riizophova
rangle adiacent to protected curyhaline waters. Mature beds of the seagrass Thalassia
testrdittum grow offshore in the lagoon behind the reef flat. The fringing coral reef is a
spur-and-groove system o a narrow submartine shelf; it shows the effects of natural
catastrophes and anthropogenic impacts. Daytime onshore northeasterly trade winds
alternate with lighter, southerly, offshore land breeces at night, Human influences o
the eculogy of the arca, which supports a small town, include terrestrial runoff from
agricultural and residential developments, the activitics of about one hundred fisher-
men based at two small fishing beaches, and the shipping of bauxite. Current rescarch
at DBML seeks to develop community-based manageiment of fishery resources and to de-

fine the oceanography, water chemistty, and benthic processes of Discovery Bay.

Introduction: Geology and Geography

Jamaica is the third largest island in the Greater Antilles (235 km long, %9 ki wide; Fig. 1), with
mountains aver 2,000 mhigh, The CARFZOMP site, Discovery Bay (18°28' 007N, 77°24°30°W,; 1.4 kmt,
meaximum depth of 55 m}, is lecated in the west-central portion of the north coast,

Om Jamaica, Cretaceous bascment rocks arce capped by Tertiary limestones and, on the north coast,
by the Coastal Pormation of Pleistocene reef deposits,. Quaternary sea-level changes have created
terraces above and below the present sea level, bounded by raised or drowned sea cliffs. On land, sub-
acrial solution has created a karst lithology, with terraces covered by Dry Limestone Woodland. Along
the north coast, a natrow submarine shelf (<1 km wide) supports well defined Holocene fringing and
sill reefs.

The fringing reef is continuous across the 1.2 km wide mouth of Discovery Bay, and the bay is almost
cut off from the open sea. The reef crest breaks the surface in the western half of the bay, but it is just
below the surface in the eastern half. Basement levels are lower in the east, due to displacement at a
fault that divides the western and eastern halves of the bay (Liddell and Ohlhorst, 1981). The

" CARICOMP — Caribbean Coral Reef, Seagrass and Mangrooe Sifes (edited by B, Kjerfvel), pp 17-33.
UMESCO, Paris, 1998, 347 pp.
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Discavery Bay, fawnizica

cntrance to the bay lies between these two sections; il was 300 m wide and only 5 m deep, but in 1964 a
channel 120 m wide and 12 1n deep was cut in order to allow the paisage of bauxite freighters.

Within the bay, stceply sloping submerged cliffs descend to the muddy floor of 2 deep central basin
where sediments are up to 50 m thick (Hine et af., 1991). On the eastern side of the bay and in the
norihiwestetn quadrant, shallow, sandy shelves are covered with ssagrass beds. The southern and
wester sides of the bay are lined by headlands rising from near the water’s edge. Most of the shoreline
is pocky, but there is a gently sloping, 400 m leng steetch of sand in the southwestern comer of the bay
known as Puerto Sece Beach. The Discovery Bay Marine Laboratory is located atop the low headland
on the northwestern side of the bay. A 13 m deep drowned sink-teole (a blue hole) is nearby {Fig. 1).

The small town of Discovery Bay extends up the southern slopes and over the flat land to the easl
of the bay. A row of large private houses fronts the sheltered, eastern side of the bay, and the wooded
land behind thetn ko the cast is the site of proposed housing developments. The southwoestern comer of
the bay contains Port Rhwades, the loading facility of the Kaiser Jamaica Bauxite Company, which
ran acconunodate ore carricr vessels up to 25,000 dwt. The bauxite, which is excavated from the interior
of the Fatish of 5t. Ann, is received and dred at the top of the hill behind Port Rhoades. Most of the
rocky, wooded land west of the bay is owned by Kaiser and is undeveloped. Columbus Park, an
cducalional and historical park that contains tourist lookouts, is located on the cliffs extending along
the western shore between Fort Rhoades and the Marine Laboratory,

The largest cmployer in Discovery Hay, with over 300 workers, is Kaiser. Fishing, tourism,
research, and teaching, as well as the usual social supporl services characteristic of small towns, are
lhe other main activities in the arca. In 1382 the town's population was estimated to be 1,151 (5],
1943), which doubled by 1996, Frior to the establishment of the bauxite company, the main source of
employment was artisanal fishing; now many of the fisherman have other jobs to supplement their
income. Saey (1995) indicates that about 25% of the {ishermen work with Kaiser, while another 25%
arc also involved with tourism; the remainder are self-employed lradesmen or are retired. Discovery
Bay itself boasts a population of 74 resident fishermen {Vatcher, 1%35) based al two main beaches
within the confines of the bay. The fish populations being exploited are mainly pelagic and reef fishes,
lobster, conch, and octopus (traps, 46%, spearfishing, 28%; hook-and-line fishing, 22%; gill nets, 4%,

Climate and Oeeanography

Jamaica's elimate is subltropical, traditionally marked by two wel and two dry seasons, and
itregularly modified by cold fronts from Nerth America in winter and by Lropical disturbances from the
Atlantic in summer and aulmn, Persislent rains, sometimes continumyg for a week or mote withoul
interruption, ooour betiween October and Becember; a second period of heavy rainfall often ooours during
April and May. However this general pattern can vary significantly from year to year. June and July
are normally the driest months of the year; rainfail in Discovery Bay during the dry season of 1983
totaled 260 mmm, compared to 875 mm during the wet seastm of the same year (Fig. 2). Not surprisingly,
(thlhorst {19507 found that rainy days and windy days per month are inversely correlated (p«0.01).
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Fig, 2. Tota] rainfall compared benween wet and dry seasons at the Thiscovery Bay Marine Laboratory, [amaica: T9H-1945.

Porter {1985) recorded solar radiation at 843 E in* yr'' in February 1983 and 1,384 E m™ vt in Augusl 1983,
During lhe pericd 1993-1995, the monthly mean maximuaen air temperature was lowest in Jarmary
{28.4°C) and highest im August and September (32.9°C). The monthly mean minimum air temperature
was lowest in March (20.9°C} and highest in May and August (25.9°). In Discovery Bay, Porter (1985)
recorded an instantangous high of 34.2°C in August 1983 and a low of 18.1°C in January 1954,

The namc given to Discovery Bay by Columbus was Puerto Seco (Dry Harbor) because, unlike the
neighboring Rio Bueno, there are no permanent rivers flowing into it. However, groundwater does enter
the bay through deep cracks in the basement limestone, especially on the fault lime that nms through
the ship channel and oo the western side. The salinities of the submerged springs are grealer lhan
20%a, yet they cause a marked stratification in temperature and salinity in the shallow woestern back
recl, They also help to account for differcnces in these paramelers between the three CARICOME sites.
Average monthly water temperatures betwesn 1993 and 1%W5 (Fig. 3) were cool near the mangroves
{25.8-26.7°C}, maderale at the coral reef site (27.9-28.7°C), and quite warm over the shallow-water
seagrass beds (28.3-20.03°C), Seasonal variability in rainfall was reflected in the monthly means of
the salinity measurements at the mangrove site (25.6-27.1%), while the shallow seagrass and coral
reef gites exhibited a higher range of values (34.1-36.2%:) indicative of oceanic water influences {Fig.

4). There is no marked stratification in salinity within the main body of Discovery Bav,
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Fig, 4. Mean salinily al A4 RICOME sites, Riscovery Bay, Jamaica: 1983-1995
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The weather of the north coast of Jamaica is dominated by northeasterly tradewinds, modified by
local sea and land breeze systems, The trades combined with sea breezes wsually give rise, by mid-
maening (1000 howrs local timel, to 2 wind from the northeast that increases from an initial speed of 1-2
m s to 49 m s in mid-atternoon (1400 hours} and returns to 1-2 m 5™ in early evening {1800 hours), There
is usnally ™ wind between 2100 and 0500 hours because the differences in heat capacitics of the land
and sea masses gencrate land breezes that couwnteract the constant tradewinds {Kjerfire, peors, comm,
1993). Porter {1%35) showed that the major changes in wind parameters are not in direction but in speed,

with average wind speeds lowest in October and as high as 13 m ¢’

in May. During the months Decem-
ber to March, the regular tradewind and land-sea brecze patterns may be interrupted by the passage of
cold frombs from North America, These “northers” occur with wregular frequency from vear to vear; they
tepically last for hree 1o [out days and are accompanied by tain and strong northwesterly winds of 2-15
m s (1840 km 1) During sumimer and early fall, the tradewinds ate weaker and less predictable, and
there may be extended perieds of unusually calm weather with little or o wind during early morning
hours.

The north coast of Jamatea is sheltered from oceanic swells by Cuba, which les 150 km north, and
lhe prevailing tradewinds have limited fetch, The local wave rogime is primarily generated by the
local wind pattern; when the wind dreops n the evening, the sea generally becomes calm and may
remain 5o unkil the sea breere retums the next mwming, at which timme the sea rapidly reaches wave
heights of L m or more, The waves over the shallow back recf within Dhscovery Bay are capable of
resusprending bottem sediments for relatively short periods {days), a factor which may help Lo restrict
coral growth (Dodge et af., 1974). Much higher waves are generated during northers or huericanes.

Jamaica usually cxperiences a mixed lidal regime, with primarily diurnal spring tides and low-
amplitude semi-diumal neaps. DML data for a three-month period i 1984 showed a dally tidal
range between 15 and 60 om; due to seasonal variations in sea level, however, the annual range may be
as much as 1 m. Because of the limited tidal range, currents within the bay are primarily wind driven.
The fringing veef is gencrally swept by the slow cast-west Caribbean Current, but the prevailing rade-
winds gonerate steep, short period waves {2-3 sec) that approach the Discovery Bay reefs from Lhe
northeast and create a distinct bi-directional surge current combined with a slow {025 m s7), -
directional westerly current on the shallow foreteef, Occasional slronger and decper currents {~1.753 m
s may run in pppesition to the surface murents on the forereef. This situation is not confined fo rough
(horthwesterly} weather; it has been noted on exceptionally calm days {pers. obscrvation). Behind the
reef crest, the lradewinds generate a slow, clockwise surface current as water enters the bay along its
gdstern margin. Severat smaller circulation gyres fortn inside the bay, before the water oxits over the
western reef crest. At might, the genlle southerfy land breese creates a general movement of surface
water out of lhe bay through the ship channel and over the cntire roef crest. Water enters over the
weslern side of the reef crests during the episodic nerthwesterlics, again forming gyres inside the bay
before exiting Lo the east of the ship channel (Fitzpatrick, 1393).

Since 1871, Biscovery Bay has oxperienced thirteen hurticanes (Woodley, 1992). Ondy bvo of these
cccutred after 1944, but they were the stromgest hutricanes ever recorded in the westem Atlantie. Hor-

ricanc Allen (1980} and Huwricane Gilbert {1358) generated wind speeds cstimated in Discovery Bay al
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110 and 18] km h~, respectively. Although Hurricane Alicn weakencd as it passed Jamaica, maxifmnm
deep-water wave height at 160 kn north of Discovery Bay was hindeast at 7.8 m, with a signiticant
wave poriod of 10.4 sec. After shoaling and refracting as the waves passed over the forercef slope, peak
breakers 11.5 m high wers calculated to have impacled the eastern forereel {Kjerfve ot al., 1988). This
analysis is supported by photographs of 12-m-peak waves taken at the site by Wouodley ef gl (1981).
On the western forercef (where lhe CARICOMD site is located), wave heights were hindcast to have
been at least 8 mo(Kjerfve ef al., 1986). Because of wave tefraction, the calculated breaker heights at
different points varied by a factor of 2.6. These waves, {rom the first major storm in 36 vears, generaled
high levels of deshruction of corals on much of the completely exposed reefs of the north coast. A
secondary effect was the creation of a new substratum far Lthe growth of algae. The deeper recls (=25 m
decp) were only slightly alfected by Hurricane Allen {Porter et 4], 1981). Woodley and his colleagues
documented the cumulative effect of al! this destruchve power on the recfs of Discovery Bay (Woodley
et al., 1981; Woodley, 1989),

Anthropogenic Impacts

In contrast 1o some other parts of the Caribbean, fow BHshes are to be found in Jamadcan coastal
waters. The magjor cause of their depletion is belicved 1o be overfishing (Koslow et wl., 1986} The
impact of fishing is especially proncunced along the north coast, where the submarine shelf is very
narrony and tishing eliorls are concentrated in a small area (Munro, 1983). The fishing methods wsed are
sclective and exert the greatest pressure on medium to large herbivores and predators. The large breed-
ing flocks of striped patrotfish {Scees croicensis) described by Colin (1978) are a tenth of their former
size, Roving flocks of surgeom fish arc o longer evident in the lagoons, and it is noteworthy when any
fish as long as ¥ an is scoen. Since the mid-1970s, itherc has been a marked increase in Lhe nomber of
spearfishers, and spearfishing at night with underwater lamps and seuba gear has also increased in
popularity. Polloac {1995) reports that spearfishers visiting from as far afield as Trelawny Parish, and
cven some displaced by increased enforcement activities at the Montego Bay Marine Park, are pressur-
ing DHseovery Bay fish stocks, In 1996, a group of 15-20 spearfishers was secn coopoerating, in a sheulder-
to-shoulder ling, to sweep sections of the coasl. It is possible that the surviving fishes have leamed to
flee both snorketers and scuba divers, perhaps making the problem appear to be worse than it ceaily s

Kaulman (1983} posiulates that the loss of spatial heterngeneity caused by Hurricane Allen in
1980, and reintorced by Hurricane Gikbert in 1988, has reduced the carrying capacity of the reef. Hughes
(1994) goes further and argues that the combination of anthropogenic and natural factors acting on the
reefs has caused a phase shift from high diversity, coral-dominated reefs to a low diversity, algae-
dominated systemn. Changes in the reel corununily resulting from intensive fishing activity have also
been suggested by Woodlew (1979). Small lerritorial damselfish have increased in abundance, and
therc are still Iarge nurmbers of midwater plankton feeders such as Creole Wrasse {Clepticus parrai)
and Blue Chromis (Chromids eyaner). These possible overfishing indicator species may act as filter
scroeny, decroasing the successful recruitment of olher rcel fishes, such as happens with fishes and

interlidal batnacle populalions in temperate waters {Gaines and Roughgarden, 1987).
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The problemm of overexploited reef fish stocks is the main focus of the Fisheries Imprrvement Pro-
gram bascd at DBML since 1988, The aim of the program is te work with fishermen to help them better
manage Lheir fishery resources. One approach used in 1991 was a “two-for-one” exchange program,
which involved replacing more than 250 small-mesh pots {3.3-4.1 an mesh} with large-mesh pots (5.5
cm mesh). Subsequent beach monitezing of fish cabches demonstrated an increase in length-at-first-
capture and a change in size frequency distribution of the redband parrotfish {5, qurofrenation; Sary et
i, 19973). By 1994, {rap catches had increased in both weight and numbers, and catch composition had
shifted toward larger and more economically valuable specics {(Sary et al., 1997h).

Recreational and residential use by locals and tourists places great pressure on the marine environ-
ment of Discovery Bay. Water skiing, jel skiing, and snorkel/scuba diving oceur in the shallow backreef
waters. Puerto Seco Beach is heavily used on holiday weckinds, not only by locals and tourists but also
by 15-20 large busloads of people making day trips from surrcunding areas, With no central sewage
disposal systermn, there is a proliferation of individual units from residences and businesses surrmunding
the bay; these range in type from numcrous soakaways to a few state-of-tho-art tertiary  systems.
Moreover, blasting for construction of piers and beaches along the eastern shorcline has resulted in cases
of erosion.

[¥Clia et pf. (1981) demonstraled that groundsaters in this part of Jamaica typically contain 80
Hmol of nitrogen per liter, primarily as nitrate, but arc essentially devoid of phosphates. Therefore,
lhe submarine springs that feed Discovery Bay are a significant source of nitrate and thete is a strung,
linear, inverse correlation belween salinity and nitrate concentration. These myvestigabors sugeested
that the nitrates wore derived naburally (froin forest leaf litker and meteoric water) rather than
anthropogenically. Morc current rescarch indicates that nitrale and phosphate levels in the bay are
either undetectable at some sites or are approximately equivalent to accopted critical  walues
established for the health of coral reefs (1 pM nitrogen, 0.1 uM phosphorus). These low nulrient values,
cemparable to those cbhtained by D'Elia et al. (1981), indicate that small, quickly absorbed amounts are
entering the bay and/or that there is good mixing and flushing of bay waters. It is also possiblc thal
some nutrient-rich wban waste waters flow underground north to the sea rather than inlo the bay.

Despite the above, there are recent indications that a problem with excess nutrients is developing.
Algac such as Cheetomerphia and Dictyasphaeria spp. arc more noticeable in the lagoon and on the
forereet. Also, black-stained scdiments are being found just beneath the surface of sediments near the
southern and castern shores. Spills of fuel, nil, and conlaminated bilge water have occurred at Dort
Rhoades, which, because of the localized circulation gyres within (he bay, have affected primarily
the eastern side. Kaiser has occasionally used chemical dispersants to break up these spills, but there

is no evidence of negative, long-term cffects on the flora and fauna of the bay.

Leosystems and Major Impacts

Jamaica's reefs were the first in the Caribbean to be studjed intensively, and more stmy coral

species have been recorded here than anywhere else in the Caribbean — 64 species (Wells and Lang,
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Fig. 5. Zonation profile of Discovery Bay reels [after Kinsie, 1975).

1973). The st studied Jamaican reefs are those at Discovery Bay. Figure 5 illustrates the characteris-
He zonation pattern for these reefs prior to Hurricane Allen in 1980 {from Woodley and Robinsan, 1977).
The reef flat in the western portion of Discovery Bay is founded primarily on erect dead skeletoms
of Acropora palmats and Millepora complanata. Seaward of the reef flat was a broad thicket of living
A. palmats which is now a rubble slope. Farther out on the gently sloping terrave, where massive corals
grew among bramble bushes of staghorn (A, cervicornis), the corals now arise from a cemenled, eroded

mat of staghom twigs. By 1958, there had been some recruilment by A. agaricites and Porifes spp., and
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colonies of staghorn had become cslablished in some areas and were beginning to thrive; all were
stmashed by Hurricane Gilbert in 1988. What used to be a chain of islets {the Allen Islands, created by
Hurricane Allen in 1980 from A. paftuta rubble) united into an almost continuously visible barrier, was
remobilized and spread out inside the bay by Hurricane Gilbert in 1988, Although now emergent in only
a few places, the barrier effect of the reef crest remains, Montastraeg anmulards, in the mixed zone at 5-
Wt m depths (Goreau and Wells, 1967), is still the chicf foundation of incipient bullresses, where they
oo, The outer part of the terrace is dissected by sand drainage charmels to form a spur-and-groove
systemn. The spurs (bullt by A, cerpicornis) berminate at the outer edge of the shallow torrace as a steep
intermittent escarpment that slopes steeply from a depth of 17 m to about 25 m. Major sand channels
continue down the forereef slope betwern pinnacles of reef growth belore discharging over a submarine
clifi at a depth of about 35 m to the talus slope below at a depth of about 130 m. The deep pinnacles (23-
40 m depths) are largely composed of the flatteried morphs of M. ennwlaris, whereas species of Agericia
ate the dominant corals at greater depthy, down to 70 m.

It has often been assurned that the primary causes of hurricane-induced mortality on a reef arc high
wave energy and low salinily due to heavy rain durng the storm event Knowlton ef el (1981)
demnonstrated substantial tissue and colony mortality in A. cervicornis after Horricane Allen, an opi-
sode that was sustained for 5 months and was an order of magnitude greater than that caused by the
immediate effects of the storm. This was a consequetwe of predation and “white-band” disease, and il
resulted in the elimination of more than 8% of the omginal hutricane survivors, The previcusly ursus-
peected bul combined effects of discase and predation would go a long way loward explaining widely
variable rates of reef recovery previously reported. The coral-eating snail Corallfophils coribbea was
particularly cifective in killing survivors and recruits of A, cervicornis (Knowlton et af., 19858)% This
animal might have been unusually abundant duc to removal of its predators by overfishing. By 1988,
however, the snail was again scarce, and small A. cereicoritis colonies were comman, Then came Hurri-
cane Gilbert,

i1y 1983, removal of herbivorous fishes had apparently allowed frec-living algae to become more
abundant in deeper waters while they remained relatively scarce in shallow waters, There, the
grazing sea urchin Diadetan wntillartn had become more comimen over the vears, due to removal of its
predators (Woodley, 1979; Hay, 1984). This urchin had become the single most important herbivore to a
depth of about 20 m, and it was maintaining a low level of algal cover that was of benefit to the corals.
A Caribbearn-wide cpidemic disease occurred in 1983 and all but eliminated this important herbivore
trom Jamaican reets {(99% mortality; Hughes ef af., 1985} At Discovery Bay, Liddell and Ohlhorsl
(1986) found that population densily al depths bedween 0 and 20 mhad decrcased from &6 urching per
suare meter to zero; aller one year, bottom cover showed a concomitant increase in non-crustose algac
from 30.7% to 64.7%, This occurred at the expense of othor recf benthos such as cnmstose coralline algae
and sponges. This rich bloom of algae stll persists in Jamakcan waters because therc has been very
little recovery in the geeeral Digdema population and herbivorous fishes are still scarce (Hughes ef
al.. 1987). The algae Dictyots and Malimeda spp., Canlerpa racemesa, and Lobophore varicgats are
particularly abundant. When adjacent 1o corals, these algae often over-shade thom, causing eventual

coral death (Liddell and Ohlhorst, 1988). Also, the profuse algal growth may be prevenling settlement
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of coral as well as other inverlebrate larvae, Tromn random transects on the Discovery Bay forereel in
1992, coral cover was as low as 2.0%. However, some sessile invertebrates are relatively abundant, such
a5 gorgonians, sea ancmnones, and zeanthids. It is worth noting that the death of Diadema bas nol had
this catastrophic effect in other Caribbean localitics where herbivorous {ishes are still abundant, such
as the Cayman [slands and Belize, In recent years, the population of urchins at Discovery Bay has been
increasing, but only in small groups in shallow water; they are shill absent beyond a depth of about & 1

In 1987-1988, corals in many parts of the Caribbean, including Discovery Bay, suffered the first
mass bleaching o record — apparenily in resporse to high sea temperatures (Sandeman, 1988; Gales,
1994, Additional bleaching events orcurred in 1989, 199), and 1995. Some corals recoversd when tern-
poratures fell after the first warm spell, but many died in subsoquent years. The last major hleaching
event (1995} affected 43% of the existing corals on the CARICOMP transect lines. Bleached polyps wore
seen on ~65% of the total surface area of Bhe corals, Five months later, -9.5% of {he swiace area of the
cotals had died. Intorestingly, mortalily was not confined to the bleached areas of the coral heads
{CARICOMT, 1937).

Coral Reck Site

The actual CARICOMI coral recf site is situated in the mixed fbuttress zome of the west foreree] m
6-8 mof water (Tig, &) In 1977, this area was deseribed by Woodley and Robinson as o mixed cone of
high coral abundance and diversity; therc were a few incipient buttresses, mostly consisting of numerous
massive heads of M, ganularis in a field of staghomn coral, Perifes spp., and castie-like colonies of
Dendragyra cylindrus, with many other coral species and diverse gorgonians. In 1984, Liddell ¢t 4l
reported that M. smularis had maintained its dominance, with colomies exhibiting great varialions in
size. Other branching and boulder corals were well represented, including species of Acropera, Porites,
and Diploriz. Sponge and algal diversity was usually low, whereas gorgonians of Briarfion and
Plexaurella spp. were teported as being common.

At present — after two huetcanes, four bouts of bleaching, and a shortage of herbivores — the huge
stands of the two Acropora species levelod in 1980 have not recovered, They have also swffored from
“white-band” discases. Meanwhile, the massive heads of Montastraea are being overgrown by the flat
clinging leaves of Lobophora as well as other turf algac. Opportunistic corals have again recruited in
simall numbers on the {errace, bul they are having to compebe wilh numerous algae.

Coinecidently, the CARICOMF site is only a few meters from a permanent photoquadrat site at a
depth of 6-7 m; coral cover here was measurcd in 1978 and found to be 549 (Porter ef al., 1981). Data
from the first live CARICOME coral recf transcets in 1993 refurned an average hard coral cover of 17.77%
{Fig. 7). A further devrease in coral cover over the same five transects was demonstrated in 1994; hard
coral cover was found to be %.3%, with Montastraea spp. being the primary coral species. This Tevel of
coral cover was maintained during the 1995 and 1996 reef surveys, which utilized five and len transects,

respectively.
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Fig. 6, CARICOND sites al Discovery Bay, lainaica

The backreet arca on cach side of the bay supports a lagoon environment, with generally coarse
ralcareous sand, scattered coral heads, small patch-rects, large beds of hurtfe-grass, and soft mud at its
deeper points. Wave action from storms and norwesters scours the shailow area of the bay, Al shellercd
depths (>10 m), fine sediment accumulates and light levels are relatively low. Conditions on the sides
of the deep basin (at 20 m depth) ate similar to those on the forereef at 40 m depth. Species and growth
forms gencrally characteristic of greater depths on the forereef are found here in the shallow walers of
Red Buoy or Columbns Park recfs. Various forms of suspension feeders dominate the scene; while the

diversity of the corals appeats to be high in this region, they are not mumerous. The shaltow lagoon
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Fig, 7. Benthic composition at the CARTCOME coral reel site, Disvovery Bay, [amaica: 19%3-1945,

exhibits a lransition from coarse sand along its margins to fine silt in its deeper rogions, which are
hummeocked by mtermittent burrow-mounds of the ghost shrimp — Callianassa spp. The usual assort-
ment of mobile invertebrates is found, such as holethurians and prazing, rock-boring, and burrowing
echinoids (Aller and Dodge, 1974), in addition to numerous cnidaria such as Condylactis gigantea and
Casstopea xamachana. Small patch and fringing reefs ocour, especially on the southern and western
margins. (Juantities of coral rubble, mostly old slabs of A. palfmata, beneath which is a rich inverte-
brate {auna, are found within 100 m of the reef flat, Approaching the rear zore, extensive carpets of
coelenterates such as Steichacis and Palythea spp. are found in the sand as well as covering hard
substrate. These mats are interspersed with isolated heads of boulder corals — M. annularis and S,
sidereq {many of them dead and eroded) as well as the more delicate P. porites. The lagoon contains
abundant algae, including the calcareous greens Halimeda and Penicillus spp., which are major com-
punents of backreef sediment (Liddell ef #i, 1984). Extensive carpets of Chaetemorpha  Tinum grow in
the well-lit shallow waters during warm summer months, covering the bottom sands. During windy
weather that creates rougher conditions, these mats slough off the bottom and float around the bay.
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Seagrass Site B

For CARICOMP, the important backreef component is the angiosperm Thalnssia festrdinmng, which
serves as a habitat for manerous small fishes and mobile or benthic invertebrates. At Discovery Bay,
the root system ot this particular grass bed overlies a layver of coral rubble and is not particularly thick
(0.3 ko .5 m), nor is there much in the way of floshy algac or other types of grass in this area. Data for
1995 indicate hat mean Thalrssia biomass was 1,045.1 g m*® dry weight, with a calcareous algal
fractiom of 105.9 g m™=. For the same site, productivity averaged 295 g m* d”, with a daily tumover of
3.1% during the summer {Fig. 4). Although not a particularly dense or tall grass bed to the naked eye,
the binmnass appears to be increasing slowly, and this area serves as an important feeding site for
schools of small grunt, silversides, and parrobfish in the bay, Despite the reduced numbers of these

fishes, their daily migralions inlo and out of the site can still be observed at dawn and dusk

Mangrove Site

The shorcline in Discovery Bay is typically highly phytokarsted Pleistocene limestone inhabited
in a narrow iontertidal ranpge by nurmennes molluses and rock-boring echineids, interspersed with ende-
lithic Hlue-green and red calcareous algae as woll as coanthids (Tig, 6} This base substrate supporls a
variable growth of mangrove lrees (Ritizophora snarngle) showing the expecled change 0 species Lype

as distance from shore increascs indand, so that a few white mangroves (Laguncnlarin racemasa) and
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black mangroves (Avicennig gerftinans) are also found in this relatively small stand of trees. In the
sheltered westernmewt comer of the bay, there is a pocket (~50 %) of mangrove trees and an adjacent
pool of quict, shaded water koown locally as the Blue Maze, Although smali in size, this area is
ecologically important to the bay bocause the largest upwellings of freshwater are located I oand
around this site. As a result, a large fraction of the dissolved nultients entering the bay does so in this
aroa.

The site contains a stand of largely convoluted red mangeove (Rhiizephora  mangle) trunks, inter-
spersed with white mangrove {faguneilaria racerrosa). Tt has litlle or no topseil; prop roots arc sup-
ported mainly by a limestone substrate, Despite the lack of peaty substrate, the prop rools bear a
healthy conmumunity of sessile plants and animals, with many different species of juvenile fishes taking
shetter and feeding among them, The R mangle trunks prow at vanous angles from the ground, causing
them ta lie upon one aneother ai times. This creates an almost impenetrable maze of twisting branches,
trunks, and roobs at varying heights from the substrate, The stand itself is surrpunded by brackish water
an all sides, with B, wiemgle occurring mostly at the periphery where prop roots easily reach the water,
Dala from 1996 indicale that the mean total height of the B nangle stand is 2.9 m, with 2 biomass of
7.85 kg m* (Golley ef al., 1962) and basal area of 10.3% m® ha'l, Productivity estimates for this site range
from 2.10 to 408 kg m” yr7 for the months of June to Cetober 1996
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The Caviman Islands are situated on a major submarine ridge that extends west from the
Sierra Maestra range in southeastern Cuba, The ridge parallels the Cayman Trench,
which is more than 6000 m decp and is located 6 kin to the south. The islands are low-
lving limeslone formabons of an older Bluff core of mid-Tertiary limestone origin,
fringed by yuunger lronshore formations, Tleistocene caleareous deposits, and recent
carbonate sediments, Their narrow insular shelves support prolific coral reel communi-
ties. Grand Cayman is the largest of the three Cayman Islands, with a surface area of
197 k. The two dominant features of Grand Cayman are the Cenlral Swamp and the
North Sound. The large Cenlral Swamp, which has a unique geomorphology, measures
50 km® and borders the Korth Sound om the east and southeast, The North Sound i a 485
km*, semi-cnclosed, shallow lagoon, hislorically fringed with mangrove swamp fo the
west, south, and east, and with an exposed acroporid fringing reef to the north. Appro-
ximately 63% of the sound is covered by well developed beds of Thallassia  lesludinnn,
Thete is limited runoff from surrounding lands during the rainy scason, May-November.
The CARTCOMP transect for mangroves, seagrass beds, and coral reefs begins at the
coastal edge of the Contral Swamp, traverses the scagrass beds of the North Sound, and

finishes to the north at the outer shallow reel ferrace.

Inmoduetion

The Cayman Islands are situated along the Cayman Ridge, which extends from southeastern Cuba
inta the bay of Honduras and is flanked by the 6,000 m deep Cayman Trench 6 km to the south {Fig. 1)
I'he largest of the three islands, Grand Cayman is located at 19°18'N, 81716'W). It 1s an oddly shaped
island, 35 km long and oriented east-west. The two most conspicuous features of Grand Cayman are the
conliguens Central Swamp and North Sound {Fig. 2). The main portion of the island, 8 km at its widest
point, lies east of North Sound, and the other porlion is a hook-shaped peninsula south and west of the

sound. Narrow recf-protected lagoons occur along much of the northern, eastern, and southem coasts.

CCARICOMP - Caribbeay Caral Reaf, Seagrass and Maugrooe Sites {edited by B. Kjerfve), pp 35-41.
L NESRCO), Parts, 1993, 347 pp.
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The western or leeward side of the island has no lagoons and is exposed to open sea. Tegether, the
Central Swamp and North Sound are the ecological heart of Grand Cayman, and their fringing man-
groves and scagrass beds are critical breeding and nursery habitats for marine fauna (Ebanks-Petric,
19293}, The CARICOMP monitoring transect lies within these two contiguous features and crosses the

outlying vecfs to the north.

Central Sw amp

Orver 5% of Grand Cayman is covered by swamp communities. The Caymans inter-tidal swamps
are very different from others (Watsom, 1928; Thom, 1967); they are not deltaic, having developed an
autochthongus peat substrate rather than onallechthonous silts {Burton, 1994 ). Fringing the eastern
portion of North Sound, the Central Swamp, which measures 50 km®, s geomorphologically unique
While there is some evidence of zonation in small areas, it does ot demonstrate the classteal zonation
pattern representative of a typical mangrove swamp. Instead, it is a complex mosaic of swamp com-
munities with varying degrecs of mixing of the three principal specics, Rhizophora mangle, Avicenwin

germinans, and Lagunculariz racemoss, along its coastal fringe (Burton, 1994}
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North Sound

The periphery of North Sound has the most extensive development of coastal fringing mangroves of the
entirc island. Txcept for a few small sheltered areas where now Rhizophora seedlings can cstablish,
lhe physical conditions and shoreline topography of the North Sound are now unsuited for new man-
grove establishment (Burton, 19%4). Like the mangroves around most of the North Sound, the fringe of
the Central Swamp is ot progressing, and in fact, there is evidence that this fringe is receding. As
illustrated in Fig. 2, four bottom communitics are recognized in the North Sound: shore zone, grass plain,
restricted lagoon, and reef shoal (Roberts, 1976). The shore zome occupies the shallowest {average
depth 1.0-2.5 m) part of the sound and is an area 1-2 km wide along the western and southem periphery
of the lagoon. Sediments are thin, and the benthos i= made up of stunted Thalassia, verious species of
alcyonanians and calcareous green algae, loggerhead sponges {Specispongia wesparium), and small
colonies of Porifes and Siderastres. The grass plain occupies the largest and central portion of the
lagoon. Here, thick beds of Thafessis, sbundant green algae, and the sediment mourds of burrowing
marine worms and crustaceans dominate the bottom. The CARICOMP seagrass site is located in this
zone; however, no data on productivity are yet available. The restricted lagoon of Little Sourd, so
called beeause of its partial isolation from the main body of North Sound, is similar {o the grass plain
in its assemblage of benthic organisms. The sediments are darker, awing to the abundance of OIganic
detritus produced by fringing mangroves of the Central Swamp where peats presently are being formed.

Some Thelassin in this zone exhibit leaf growth of up to 45 om in length. The reef sheal zone consists of
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both hard and soft carbonate substrate communities and exhibits the high-energy conditions associaled
with such backreef cnivironments. Stony corals such as Acropora, Diplerie, Montastraen, end Sidersiren
are abundanl, aleng with Millepora and various coralline algae. Sand and rubble areas support browr
and green algal assembiages. This zone is bounded on its outer side by a lidally cxposed acroporid rect
ridge that is perforated in places by outflow channels through which strony tidal currents are
generated. In proporlion to the size of the island, this lagoon, which has an area cqual to 43% of Lhe

Bivbal lamd miass, is of major ecological value,

Coral Beefs

Grand Cavman has a narow, insular, carbonate shelf, rarely exceeding 1.5 km in width and fre-
guently less thann 0.75 km. The submarine topography past the fnnging reel of North Sound Is charac-
terized by two well developed spur-and-groove tertaces (Righy and Roberts, 1978}, a shallow terrace
reaching ti: a depth of 2 m, and a deeper one at 15 m that plunges into the abyss. Past the reef crest, lhe
shallow rocky sill is dominated by aleyonarians, along with sparse colonies of Agaricie agricifes,
Siderastrea sideri, and Montastraee annularis. The latter two are thoe least abundant but form large
prominent heads. Slony corals gradually inerease in number seaward and away from this bedrock zone
lo a depth of 12 p1, wherte large heads of Mentastraeg @etularis (some up to 5 m in height) deminate.

CARICOMT data indicate live benthic cover {excluding algae) and rugosity 1o be 24.15% and 1.7%,
respectively. This is and may be attributed to the fact that the sampling area, as determined by the
prescribed methodology at the 10 m contour, was more shallow {han the best developed reef. Typically,
there is a deep sand plain of varying width and depth separating this shallow terrace and the deeper
terrace. The deep terrace is distinctive in that it has a dramatic relicf, the highest diversity of stony

corals, the greatest percentage cover of sponges, and the highest density of fish (Burgess, 1994).

Climate and Hydrology

Lying midway within the northcast tradewind belt, Grand Cayman has a subhumid tropical cli-
mate with distinet seasonal variation. There are no large land mass within a 200 kan radius and the
climate is strongly moderated by the sea (Burton, 1994). The wet scason ocours from May through
Movernbet, with an average maximum daily midday temperature of 284°C, occurring in July. The dry
season, December-April, has an average minimum daily midday temperature of 24.8°C, oocuning in
February. Average annual rainfall is 1,107 mm in the eastern portion of the Jsland and 1,595 mm m the
western portion (Burton, 1994), Although weallier patterns are generally stable, low pressure systoms in
the form of tropical waves, depressions, slotms, and hurricanes frequently affect the island during the
sumrmer months, Also, during the winter, sporadic cold fronts from the north bring cooler air and strong
winds from the north and northwest, a weather paitern locally known as a norwester, Grand Cayman
has an average tidal range of 26 cm {Burton, 1994}); the tidal pattern is mixed, primarily semi-diurnal
(Righy and Roberts, 1976}, Althaugh tidal fluctuatien is slight, there is a seasonal variation in mean
sea level; surges during the late sumuner months bring mean high tides above 31 an throughout July,

August, and September (Burton, 1994} This clevation comesponds to the gencral flooding threshhold
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for coastal mangroves on Grand Cayman (Brunt and Burton, 1994) and is si gnificant for Lhe fringing
mangroves of North Sound. While evidence suggests that frequent lida! inundation of the Central
Swamp mangroves extends only 200-300 m inland, the oppositc movement of rainwater towards the
lagoon is mare comenan (Burlon, 1994). Afler heavy rtains, lhe entire Central Swamp may becomne
covered by sheet flow, From mid-dry to mid-wet season, Lhe maximum drainage of tannin-stained water
from the surrounding mangroves flows into the sound and may cover substantial areas. The madmum
area of staining was calculated to be 30.04 ki’ (Giglioli, 1976). It has been suggested that significant
quaniities of available organic delritus affect the food web and therelore the tursery potential of Lhe
sound. Sustained southeast winds periodically push this plume of arganically laden water from the
Central Swamp as far out as the shallow reef terrace, mare than 6.5 km WAV,

There iz a strong correlation (0.92) between temperature and litteriall within this mangrave fringe,
and while there s 4 correlation of only 154 botween rainfall and lllerfall {CARICOMP data, 1994),
the fact that maximum litterfall, rainfall, and drainage occur simultaneously suggests delrilal outflow
from the mangrove fringe. With the recent decline in fringing mangroves o the west and south, the
contributiom of arganic material may now be reduced, Currents on the narrow shelf of Grand C ALY EILAT
generally flow from cast to west, but Lhey experience large and periodic varialions in both magnitude
and direction (Righy and Raoberls, 1976). Salinity varies betwoen 35%. and 38%. in OpCn OCean waters
around Grand Cayman (Moore 1973), Salinily within shaliow sounds varies in retabion Lo amount, dura-
liony, and periodicity of rainfall, as a result of coastal topography, upwelling, and circulation. Because
the Cayman Islands lack rivers, the waters of the open sca and the narrower, shallower sotnds around
Grand Cayman are very Lransparent. Average visibility is 30 m (Rigby and Roberts, 1976}, and clarify
is affected at any particular location by conditions of wind speed and ditection, as well as by sediment
concerlralion.

Human ImFacts

The major population centers are situated within the peninsular repion, particularly on the western
side along 7-Mile Beach, wlhere hotels, condominium housing, and shopping amenitics caler 1o lourisim
thal is based largely on the marine environment. Qver 900,000 visitors come to Grand Cayinan annually
to experience Lhe “sun, sca, and sand” activilies that this center of scuba diving has to offer. The
majority of tourists participate in some form of water sporls. Although most of the scuba diving takes
place oft 7-Mile Beach, many sites bave been established outside the North Sound's acroporid ree{
ridge, where visitors come to exporience the theill of diving the “North Wall™ and its associated reefs.
Other recreational activities within the outer reef shoal zone of North Sound include day trips to
experience “Slingray City” and “Sand Bar,” excellent arcas for snorkeling and also harvesting queen
conchs, Despite carlier efforts to establish marine conscrvation laws and the marimne patk system, the
sheer numbers of visitors and watercraft are cause for concem over issucs such as the carrying capacitics
af dive sites, pollution, over-fishing, and overall cnvironmental degradation from overuse. Since the
1960s, large-scale speculative development has resulted in the destruction of #1.6% of the mangroves
within a half-kilemeter of the western periphery of he North Sound {Fbanks-Pelrie, 1993}, Appro-

au
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xitnately 2.15 kin? of the shallow lagoon bedrock facies of the shore zone of the North Sound has been
dredged (Fig. 3} to supply marl for the reclamation of swampland {Ebanks-Pefrie, 1993). During heavy
rainfall in the wet season, runoff i evident from these developments, where the marl fill level is
higher than retaining bulkheads. Duting heavy noreasters in the winter season, fine sediments from
dredged borrow pits are stitred up and redistributed over a much wider area of the seabed. Over 83% of
the total waterfront canal lot developments that were built an speculation since the late 1970 remain
unoccupied, calling into serious question the benefit of continued development without proper manage-

ment of the coastal zone.

Canclusion.

The CARICOMTP transect of mangrove, seagrass, and coral reef sites was established where these
thrce habitats are contiguous, functionally integrated, and left largely undisturbed (Fig. 3), and the
monitoring sites are located in legally protected areas. This should ensure the envirenmental quality
and erological integrity of these habitats. The mangrove site lies within an “Fuvironmental Zone,” the
most strictly regulated of the three marine park zones of Grand Cayman. It includes all of Little Sound
{the restricted lagoon area east of the North Sound) and the coastal fringe of the Central Swamp, a
distance of approximately 300 m. It was set aside to preserve the pristine nature of this area of man-
groves and sea grasses, and it is also currently being considered for declaration as a RAMSAR site.

Because the Central Swamp is so important in terms of its environmental role in rainfall, wildlife
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refuge, and groundwater matntenance, the National Trust for the Cayman Islands, in conjunction with
the government, is actively pursuing the purchase of remaining inland parcels not already protected by
the Invironmental Zone,

The seagrass site is located within a replenishment zone, so designated for the protection of
breeding stocks of conch and lobster. Regulations prohibit harmful types of fishing such as spearing,
trapping, netting, and trawling. This monitoring station s also quite distant from any coastline or other
in-watet arga where human activitics may possibly impact the seagrass beds. The coral reef site,
located seaward of the fringing reef, is alse protected by marine conservation laws that control
anchoring, polluting, arnd the taking or harming of marine life. Like all dive sitcs, porrnanert moorngs
are installed at the CARICOME sites, thereby eliminating the need for any vessel 1o anchor.

In the {ace of increasing development, both locally and regionally, the government of the Cayman
Islands is looking to establish a comprehensive environmental policy, The legislation will include an
integrated approach to managing the coastal zone. Such a move can only be complemented by more in-
depth scientific studies of the functional integrity of coastal and marine resources. The CARICOME

program provides an effective means to help achieve such knowledge through research.
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Laguna de Celestin, en the notthwest coast of the Yucatén Peninsula, is separated from
the sca by a sand bar. The lagoon system is markedly affected by infiltration of cold
nutrient-rich groundwaler discharges and is estuarine in nature, There is an inner zone
characterized by low salinity, high niirate, and soluble reactive silica concenlrakions,
and a seaward zone characterized by high salinity and low concenltralion of nutrients,
The middle xome is characterized by intenmediate salinity and higher concentrations of
soluble reactive phosphorus and ammonium tharn those found in the remainder of the
lagoen. Phytoplankton productivity and chlerophyll-s values show a seasonal pattern
without regard fo variations in salinity. The macrophyte community is roprescnled by
Chara fibrosa and Batophora ocrstedi in the inmer zone, Halodufe sorightii and
Clhactomorplia  linum in the middle zone, and Haludule wrightii and Thalassin
testudinunr in the seaward zone. The mangrove community is represented on the sand
barrier side of the lagoon by a small fringe of Rhizephors mangle, followed by Awi-
cendn germinans, which dominates the arca. Behind the fringe is a forest of Logunci-
larig racemosd mixed with sand dune vegetation. On the continental side of the lagoon,
mangroves show a similar gradient from the seaward to the inner zone but with betrer

structural development. There are no coral reefs in this area.

Introduction

Laguna de Celestin is a macrophyte-mangrove co-dominated system situated at 20°45'N and
S0"15W on the western shore of the Yucatin Peninsula, southern Gulf of México. Although most coastal
systems are inberently variable in time and space, macrophytes and mangroves dominate the lagoon,
with strong seasonal pulses and spatinl heterogeneity due to size, morphology, commaunication with the
sea, and treshiwater input.

CARICOMI — Caribbean Coral Reef, Seagrass aud Mingrooe Sites {edited by B, Kjerfve), pp 4%55.
UNESCO, Paris, 1998, 347 pp.
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Fig- L Location of Laguna de Celestion, lydrobinlagical, sroundeator discharpe (GD), and CARICOME sites.

Rarrad
120 Armusl Jaan= TR0 £ 15
& Ternperzilne
-]
E Arnual Mearm 2650 ;
E 4
= B - 30 'E
-3 ]
= / =
@ >
el [+ 18 : 1% 4
& e
: %

Fig. 2. Mean monthly vardations in air bemperatuce and raindall aver a period of thitty years,




Lagina de Celestrin, Yurstdn, Méxice

The northern portion of the Yucatan Peninsula contains over 148,000 ha of coastal lagoons; specific
features differentiate these systems hydrolopically from other lagoons. The extremly high permea-
bility of the rock and the relatively featureless morphology in this area permit unrestricted filtration
during and after rainfall, resulting in no surface runoff (Butterlin, 1958, Lopez Eamos, 1974). Rainfall
fceds a lens of fresh water that drains laterally towards the sea, forming coastal freshwater springs
{Robles Rames, 1950) in areas below mean sea level. Thercfore, Laguna de Celestin can reccive fresh-
water input from either direct rainfall or groundwater discharge (GD) but not from river discharge.

Celestin Port, a fishing village of 4,500 inhabitants, is located on the Gulf Coast one kilometer from
the lageon. Beth the coastal zene and lagoon are heavily fished; this atea is the second most important
[ishery region in Yucaldn,

Laguna de Celeshin is a long {22.4 km), narrow {(1.5-24 kin}, and shallow {0.05 m to 2 m, mean = 1.2
m) feature located parallel to the coastline on the western shore of the Yuocatin Peninsuda. Contact
with the sea is via a 410-m-wide entrance at the southern edge. The bottom of the lagoon is almost flal.
Actidal channel (100 m wide, 15 km long} is the major bathymetric feature (Fig. 1). The lagoon is
protected by a sand barrier, and it is a low-encrgy site because of a low tidal range (0.2-0.6 m; Instituto
de Geofisica, 1990}, However, marine processes such as storm Hdes and fromtal systems can have a strong
influence on the hydrological regime {Herrera-Silveira, 1993}

In 1979, the Mexican Goverment declared the lagoom 2 Wildlife Reserve because of its bielogical
diversity, providing natural habitats for a variety of endangered specics of birds and reptiles. It is par-
ticularly important as a nesting ground for the flamingo Phoenicopterus ruber ruber, {Barrios, 1988) and
the king duck Chairing moschata, The sight of more than 40,000 birds has been a focal point for the
development of tourist activities, which have steadily increased during the 1990s. Government econe-
mic policies emphasize the coastal zone as @ mechanism to drive development, but Little environmental
information is avatlable for decisinn making. We describe this CARTCOMP site in the southern Gulf of
Mexico and review what is known about the ecosystem.

Climate and Oceanography

The Celestin region has a moderate annual variation in solar radiation, from 230 Iy d” in December
to 500 by d7 in August (Almanza and Lopez, 1978). The climate in the region is hot semi-arid (Tig. 2k
the annual mean ternperature is 28.5°C, varying from 21°C in February to 35°C in August; the mean an-
nual raindali is 760 mm {dala from 1260-1990, SARH, 1991} The two main seasons are the dry season
with low rainfall (March-May, 0-50 mm), and the rainy season {June-October) with high rainfall
{=500 mnm), both with weak winds from the southeast {<15 km h'). Futhermore, in this part of the Gulf
of Mexico the period from November to February is known locally as the #ortes season, which is charac-
terized by strong north winds (=80 km b, little rainfall {20060 mm), and low temperatures (<22°C)
impesed by low pressure systems from the north (SARH, 1989} Additionally, Laguna de Celestin is
affected by tropical storms and hurricanes from September through October.

The hydrologic regime of the lageon vartes substantially during a year. Seasonal variations in

environmental conditions are related to residence titmes and to fluxes of water and materials. In the dey
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seasom, high evaporation rates, low groundwater discharge (GD), and iminor changes in mean sea level
(MSL) limit fluxes toward the sea (1.1 % 10° m® h') and moderate residence times (190 days); tide-GD co-
dominate the flows. During the rainy season, GD-tide ro-dominate the flows; the highest GD and
greatest varfalions in ML promote high ébb fluxes (2.5 x 10°* m h'} and lesser residence times (<15
days). During the nortes scason, low GD and moderate variations in MSL reduee Lhe water flux (8.6 = 10°
m' h'}. [n addition, high sea level in the coastal zone due to frontal passages favors the longest resi-
dence time (=250 days). The water column of the inner zone is red in color because of tarming aceumulated
and nol exported during the nortes season (Herrera-Silveira, 1993).

The hydrolagic regime resuits in the transport of materials dominated by inorganic forms ding the
rainy scason, by particulate material dwing the sortes season, and probably by organic compounds
during the dry seasom. Seasonal varialion in flux of each material results from changes in both water
flux and sessonal concentration of nutrients duc to the relationship bebween the D and biogeochemical
processes in the lagoon. The system traps NO, and SRS (soluble reactive silicate} m the lnner zone
during all three scasons and releases NH,Y. SRP (soluble reactive phosphate) is trapped during both
dry and rainy scasons but is released durnng the norfes season. Despite these scasonal and spatial
changes in uptake and release of nutricnits in the lagoon, the system functions primarily as an exporter of
nulnents (Herrers-Silveira and Comin, 1995).

In terms of the functional classifivation proposed by Kjerve (1986), 1aguna de Celestiin exhibits a
mix of charactetistics of a choked and a restricted lagoon, There Is a co-dominance of hydrologic eyele
and tidal cireulation, medificd by wind forcing, As a choked lageon, Celestlin experiences seasonal
water level changes, which exceed ome meter, in respense to the onset of the rainy season or related to
wind forcing. Seiching and set-up/set-down cycles are particularly intense in responsc to frontal
passages during the nortes season, and residence Himes are on the order of months, As a restricted lagoon,
Celestiin is located on a low wave energy coast with a small tidal range (1.3-0.7 m). Tidal waler level
and currentt variability are readily transmilted into the lagoon, almost without filtering. As a vesult,
the lagoon has good tidal circulation, which is modified by wind forcng and freshwater discharge.
Salinity fluctuates less dramatically (10-35%) than in a choked lagoon {1-80%.); it is usually well
mixed vertically. Fresh to brackish water is found near the freshwaler discharge. Uuopng flood
discharge, the entire restricted lagoon may tuen fresh or brackish (Herrera-Silveira and Comin, 1995}

The water column does not exhibit stratification beeause of mixing processes due to low mean depth
(1.2 m} and wind mixing During a onc-vear samipling cyele, water temperature varied 9°C, with the
highest values occurring in June (31.4°C) and the lowest in February (22.4°C). The maximum difference
botween air and water temperalures occurs during the rainy season, due fo the input of groundwater with
lower tempetatures than found in the lagoon (Table 1).

The horizental salinity gradient in the lagoon was observed over one vear In the inmer zone, salini-
ty was always lower than 20%., while in the seaward zone it was greater than 30%. (Fig. 3). The low-
cst salinity (1%.6%.) was observed in October after the rainfall peak. During the #morfes seasun, mean
salinity was <26% throughout the lagoon. The highest salinity was observed al the end of the dry

season, with mean comcentrations of 3% occurring in May. Mean pH values follow an inverse relation-
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Table 1. Mean values of varioos parameters (11 standard emor in parentheses) in I_ﬁ;lma de Celestan, ground-
water discharge (GIY) and seawaler (SW) during a one-vear evcle {data from Herrera-Silveira, 1993),

Terrp DO 5 NO, NO; NELY SR SRS
CT mgt S %] p kg i uhd
Lagnonn 274 4.53 254 7.6 0.44 a4l 1.58 54.1
(0.3 {(r.46) [0.91) £1.26) [0.C6) (0,659} (.72 (15}
) 225 0.&3 30 1.5 1.348 1.5 0.45 1n8
(.04 (0.03) (.1} (11.7 (0.22] M.36) .10y (27.1)
S 6.2 A.85 4.5 1.5 {.48 EAL 0.43 5.4
(n.4) (0.19) (021) {0.85) (002 (0.48) (0A5% (1.2]

Key: Temp, ternperanare; DO, dissalved oxygen; 5, saliniby; MO, 7, nitrabes: MO0, nitrites, MH,Y, ammaonium; SR, sububle
reaclive pliosphate; SRS, soluble reactive silicate.

ship to mean salinity: high values (8.3) in the inner zone during the rainy scason and low values (6.8}
during the dryv season in the middle segment of the lagoon (Hetrera-Silveira, 1993}

Annual dissolved oxygen concentrations ranged from 25 mg "' in the inner zone to =8.5 mg 1" in Lhe
scaward rone during the sampled vear; the highest values occurred during the norles season. The high-
est NO.™ concentrations were obzerved in the innet wone (=40 1 0M); NO,” values increased in all zones of
the lagoon at the start of the rainy season. Dunng the #orfes season, the highest concentrabion (10 phiy
was observed in the middle of the lagoon, Nifrate concentrations decreased from the inner zone of the
lagoon seaward al all fimes during the annual cyele, Ammonium concentrations in the lagoon were
higher than those in the inflowing groundwater and seawater (Table 1) The highesl NH,* concentra-

Lons were observed in July (15 pb) and February (11 pbd} in the conteal part of the lagoon.
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Tl 3. Space-tirne diagram of salnity [¥e] in Laguna de Celestin during a one-year cydle,
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The spatial and termporal distributions of SRF differed from those of NO,” and NH, ", SRP corcen-
trations were higher (=9 pM) in the inner and middle zones of the lagoon during the worfes season
{Novembet-February) than during the rest of the vear, The maximum SR (2 phd} was observed in the
central part of the lagoon at the beginning of the rainy season. Thus, the highest concentrations of SEP
cvidently are net associated with groumdwater discharge. SRSi concentrations ranged from <1 to 280
ubd. They followed the same spatial and temporal patterns as NQy", decreasing from the inner zone to
the seaward zone and increasing between the dry and rainy scasons. During the mertes scason, SRS
fluctuated between <10 uhd and >200 (U,

Based on the results of multivariate analysis, three Zones are identified in the lagoon according Lo
variations in physical and chemical characteristics present during a year. The inner part of the lagoon
is characterized by low salinity and high N0, and SRSi. Clearly, it is sizongly affected by ground-
waler discharge. As expected, the seaward zone of the lagoon is characterized by high salinity and
low nutrient concentrations. The zene in the middle of the lagnon is characterized by intermediate
values of salinity, as expected; however, concentrations of SRF and NH,™ arc higher than in the rest of
the lagoon as 2 consequence of non-conservative behavior of these cotnpounds, probably due to biclogical
processes (Herrera-Silveira, 1994). This zonation represents a typical pattern for coastal lagoons with
one seawater inlet and freshwater discharge occurring at the landward end (Kjerfve, 1986; Guélorget
and Perthutisot, 1952,

The data indicate differences between the three scasons (dry, rainy, nerfes) and the three rones
firner, middle, scaward}), revealing spatial and seasonal patterns. The differences between scasons and
groups were due to the coupling of the intensity and frequency of external factors, such as rainfall, -
winds, frontal systems, and biogcochemical processes, mirll{dir'-g primary production, mineralization,
conservative and non-comservative behavior of nulrients, fertihzation, and bioturbation, If these pat-

terns are found to repeat from year to year, a microsuccession process can be inferred (Herrera-Silveira,
1993).

Phytoplankton

During a one-year cycle, chlorophyll-e values ranged from <1 to 28.5 mg m™ (Fig. 4). Chlorophyll-a
levels were lowest (3.1 myg m™} during the dry scason and the end of the norfes seasom (0.68 mg m ), when
LY was low, temperatures dropped, and the water column became less transparent. The highest
chlorophyll-g concentrations were observed in the middle zone of the lagoon during the rainy season
(14-28.5 g m”). In the inner zone, a lower peak of chlorophyll+ (11.5 mg m™) was observed early in the
aurtes season (Fig. 4). There is no relationship with salinity variations. The anoual range of net phyto-
plankton productivity in the lagoon is 0.22-1.9 g C m?* d, within the range observed in other Gulf
lagoons (0.1-3.3 g C m™ d'; Vanmucci, 1965; Crav cf al., 1982} that receive input from rivers. Also, these
other lagoons are quite different from Celestin with respect to GD, particulate matter, and SRI input.
The lovels of SRP in the GD of Laguna de Celestin and seawater were low (<1 pub), but high levels {2-9
ph) wvere nbserved in the middle zone. In addition, the shallowness of Celestitn {1.2 my} suggests intensc

coupling belween sediments and water columy; thus, remincralized rutrients are probably available to
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Fig, 4. Space-time diagram of chlorophyll fmg m *) in Laguna de Celesiin during a one-year cycle.

the water column through this pathway. The average phytoplankton productivity and chlotophyll-a
levels showed the same seasonal pattern that is charactenized by two peaks, one in July and une in
December; the former is related to the May-September rainy scasom and the latter to the November-
February nortes season. The firsl peak is the maximum for both for chlorophyll-a (1882 mg m'} and
productivity (»900 mpC m? d}, reached after & period of increasing chlorophyll-a and productivity
assoclated with the beginning of the rainy season. The second peak is lower, and the period of rela-
tively higher chlorophyll-z and productivity is shorter than during first peak.

Neo information is available with regard to species composition of the phytoplankton comimunity.
Nevertheless, spatial heterogeneity will be less as compared to other lagoons because the spatial sali-
nity range is relatively narrow (12-18%:) and, as freshwater enters the lagoon via groundwater dis-

charge, there is no contribution to the community from continental aquatic ecosystems.

Macrophyies

The spatial distzibution of macrophytes in Laguna de Celestim is heterogeneous. Chare fibrosa
foorms very dense stands in the inner zone of the lagoon, and mixed stands of Ch. fibrose and Batepheri
eesterdi, are found in the central part of the inner zone, The shoal grass Halodule wrighti and the
green algae Chactomorpha  linum form dense mixed stands in the middle zone. The seaward zome is
occupied mostly by H. wrightii in the lagoon and by Thalassin  testudirum outside the lagoon, Other
algac (Cawlerpa cupresofdes, Hypnea musciformes, Dyctiota sp., Clodophoropsis membranoce, C lada-
phora sp., ameng others) are found near the mouth of the lagoon, but their coverage and seascnal
changos comprise less than 5% of the entire biomass of macrophytes.

During a one-year cycle {Fig. 5), the total biomass of macrophytes ranged from 50 to >1,0K g m™= dry

weight. The two distinet biomass peaks observed during the year were due to different species: the
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peak in August was due mainly ko H. wrightif (721 g m™); the second, in January, was due to Ch. fifirisi
320z w2} Batophera oesterdl showed Lthe same general temporal pattcrn as Ch fibrose but with less
bigmass {90-14% g m™®). The mean total biomass of Haledule wrightii ncreased during the rainy season
to a prak of about 700 g m * dry weight in August. A second, shorter, growing period was observed during
the wartes season, with a peak of 308 g m™. The below-to-above ground ratio shifted from 0.3 in Aupust
to 1.6 in Decemiber, a growth strategy that produces seeds during good conditions and takes p now zones
and/or supports unfavorable water column conditions {Jow transparency, low temperatures). The mean
binmass of Chactomorpha fnon ranged from 20 to 212 g m*® and showed two distinct high biemnass
periads: (1) {rom Lhe end of the dry season to the beginning of the rainy season (93-280 g m™}, before the
H. wrightii prowth period; and (2) during the nortes scason (62-135 g m?), before the second annual
period of growth of H. wightii Thore is no informalion available on Thaelassin festudimeon.

All primary producers {phytoplankton and macrophytes) in Laguna de Celestin have the same sea-
somal pattern of produchvity: two periods of relalively high productivity during the rainy and nortes
seasons (March-August and November-February), separated by periods of low productivity during the
dry season {(March-April) and during the last months of the rainy season {September-October) This
pattern is similar to that observed in other lagoons, whether tropical (Day ef al., 1882; Flores-Verdugo
et al., L9B8) or temperate (Morgan and Kitting, 1984} In all cascs, the covariance of enviromental fac-
tors (temperature, nutrient input) contributes to the two peaks observed, However, differences bebween
the productivities of the diffcront groups of plants studied in Laguna de Celestin, both temporally and
spatially, provide clues to explain this pattern. The prinary produoctivity of the inner zone of the
lageon and of the rest of the lagoon comespond fo different groups of plants. . fibrose and B pesterde
are restricted o the inner zone. Ch, linm and H, wriglitii are mostly restricted to the middle and sea-
ward zones of the lagoon, with T, festudinnm and other macroalgae in the adjacent coastal zone. The
spatial heterogeneity in distribution and abundance of primary producers is conmen in coastal lagoons
and is maostly related to salinity gradients (Flores-Verdugo at #f., 1988, Sand-Jensen and Borum, 1991).
The salinily gradicent along the longest axis of the lagoon is maintained vear round, and probably is the
major Factor controlling spatial distribution of macrophytes in the lagoon.

The chserved space-time changes in biomass of phytoplankton and macrophytes suggest a shitt in
competition capacity driven by N'P ratio, salinity gradicnt, and temperature (Wium-Andersen et al.,
1982; Sand-Jensen and Borum, 1991). Another probable factor is the accumulation of toxic compounds,
such as tanning from decompaosition of mangrove leaves (the reddish color of the waler in the inner zane
during this period; Herrera-Silveira, 1993} These compounds have demonstrated negative effects o
nucrohiota (Lee ef al., 199,

Laguna de Celestin shows a pattern of primary production that s quite different from other lagoons
along the Pacific coast and the Gulf of México (Day et af., 1982; Villalobos-Figueroa el al., 1954,
Flares-Verdupo ef af,, 1988), In other regions, phytoplankton prows during the rainy scason and, later,
macrophytes increase in biomass. In Laguna de Celestin, the primary producers follew a distinctive
sexpuential order of growth: the Ch. limwm population develups during the late dry seasom; after this,
phytoplankton biomass increases, followed by Jf weightif, Ch. fibrose, and B. oesferdi during the

rainy season, A similar order of biomass peaks is observed during the norées scason (Fig. 3}
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As n other coastal lagoons, Celestiin shows an apparent spatial and seasonal primary production
successirm between phytoplankton and macrophytes (Flotes-Verdugo ef al., 1988). The changes in pri-
mary preduction and spatial heterogencily, supported by climatological pattems in the northern Yuca-
Kin Peninsula, affect the biomass changes of the different produccrs and its relative importance in space
and time in the lagoon. The patterns suggest different oplimurm conditions for phytoplankton and mac-
rophytes. During the dry season, the remineralization process should support a high biomass of Clae-
tontorpha  lonwm, but during the rainy scason, the nutrient input from groundwater discharge and
remineralization support phytoplankton blooming, The increasc in waler temperature and uptake of
nutrients from sediments by H. wrighfti support the high biomass during this period. During the nortes
season, strong climatological oscillations attenuate remineralization and loss of organic matter from
middle and seaward zomes to lhe coastal arca, limiting the growth of phytoplankton and seagrasses.
However, the inner zone is less affected by these phenomcna, where Ch. fibrasz reaches peak
develuprment

This suggests that there are two scales of factors cperating separately and/or together 10 cause Lhe
seasonal succession of primary producers in Laguna de Celestiin (1) interaction between species as
competition or allelopathic behavior; {2) the relationship between life cycles of the primary produccrs
and both external factors {temperature, groundwater discharge, and frontal systems) and internal
processes {mineralization, beturbation),
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Fig. 3 Mean seasonal changes in the biomass (g m? dry weight) of submerged maceophytes
ie1 Laguma de Cedestiin during a one-year cycle.
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‘Mangrove Forests

The mangtove forest shows differing structural deveiopment along a horizental gradient and also
differences between its barrier and continental sides related o soil characleristics (texture, organic
mater, salinity}, competition with other vegetation, and human development.

A narrow fringe of red mangrove (Rhizophora tangle) on the barrier side is followed by black man-
grove (Avicennia germinans), which exhibits the greatest importance values (IV = 63%). Behind the
fringe, white mangrove (Laguncularia racemosd) mixes with sand dune vegetation. From the seaward
zone to the inner zone, tree heights inerease from 102 mito 12.2 mand the IV of R, managle shifts from
24% to 319 In the marginal forest, the mean basal area is 22 m® ha'!, the mean complexity index is 7.

On the continental side of the lagoon, the mangrove forest shows a better structural development
than on the barrier side but with a similar horizontal gradient landward. In the seaward rone {Fig.
6A}, the forest is dominated by A. germinans {(IV = 74.6%) wilh a mean height of 11 m, 2 basal area of
21 m*® ha, and a complexity index of 15. In the central zone of the lagoon (Fig. éB}, the dominance
shifts to B, rangle (69.6%) followed by A, germtinans (29%), with a mean height of 13 m, a basal area
of 23 m™ ha”, and a complexity index of 16.5. Finally, in the mner zone (Fig. 6C), the forest reaches its
greatest structural development, dominated by R. mangle (74%), followed by L. racemosa (20%), with a
basal area of 36 ™ ha', a mean height of 15 m, and a complexity index of 21 (Herrcra-Silveira, 1993}
hanges of basal area and complexity index indicate the gradient of mangrove forest type from fringe
forest in the seaward wone, to basinal forest in the middle zone, to rivering forest in the inmer zone,

On the barrier side of the lagoon, the soil is sandy, poor in organic malter, and salt-stressed. A, ger-
mingns is hardy under these conditions and dominates this side. Additionally, the mix with dune
vegetation favors the competence of this species. On the continental side of the lagoon, the forest is
large, extending =5 km froam the lagoon. Its configuration is heterogeneous because the dominant species
changes according to the spatial gradient, from A. germinans in the seaward zonc to R. mangle in Lhe
inner zone, The capacity of 4. germinans to pocupy zones with the lowest flood and highest salinity
variations explains the high importance values in the scaward zone. Howcver, increasing groundwater
discharge in the middle and inner zones favors a shift of dominance to R. mangle; in the inner zone, L.
racentosa is replaced by A, germinans because of its tolerance of low salinity {(Pool «f al., 1975; Sneda-
ker, 1982}

The mean density of trees in the mangrove forests of Celestin (1,826 trees ha™) is less than the mean
reported previcusly (2,503 trees ha™'; Pool et al., 1977, Brown and Lugo, 1982; Twilley, 1982; Flores-
Verdugo et al,, 1990}, The basal area is not related to mean height, probably because Celestin is sus-
ceptible to hurricanes, which have a “pruning” effect.

Changes in soil salinity, from 2% in the inner zone to 60%. in the seaward zone (Trejo, 19861, could
have favored the spatial differences m structural development of the mangrove forest. The low nuiri-
ent input from groundwater and the seasonal change yield low litterfall production (Snedaker and Site-
daker, 1984}, The high Htterfall production in the inner zone is related to the salinity gradient (Pool ¢4
al., 1975). However, mangrove development is poor farihest inland where A, germinans forms a dwarf

forest,
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Conclusion

Taguna de Celestiin is an ecosystemn in which frontal systems, rainfall, and tides influence the deve-
lopment of gradients in hydrological and biological characteristivs. The seasonality and distribution of
groundwater discharge is important in cstablishing a longitudinal salinity gradient, which is the main
faclor aHecting distribution and organization of primary producers through dispersion of nutrients and
particulate material. Temporal and spatial distribution patterns are related to the frequency and in-
tensity of rains, tides, and meteorclogical forces. Thus far, rescarch cfforts been have concentrated an
the middle and inner zones of the Jageon. Information is still sparse on primary production in the
seagrasses and mangrove forests of the indet zone. Only through systematic studies and standardization
of methodology will it be possible to obtain an overall view of this svstem, detect both short-term and
long-term trends, and develop a reliable database to understand and manage the ecosystem efficiently
(Shaffer-Novelli et al., 1990).
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Puerto Morelos, Quintana Roo, Mexico'

Francisco Ruiz-Renteria, Brigitta L van Tussenbroek, and Eric Jorddn-Dahlgren
Estacidn Puerto Morelos, Instituto de Cigncias del Mar ¥ Linmologia
Hrrversidad Nogional Autdeioma de México

Ap. Postal 1152

Carterin 77500, LR, Mexico

Fuertn Morelos is located on the northeastern coast of the Yucatdnm Peninsula. This
rapidly growing village depends m fishing and tourism. The climate is typically
Caribbean, with a warm rainy season and a slightly cooler dry season. Carbonate rocks
and sediments of Tertiary to Holocene origin cover most of the peninsula. The limestone
is heavily karstified which, together with the lack of soil, accounts for the scarcity of
rivers. Thus, coastal zone processes are influenced primarily by oceanic rather than
terrestrial inputs, The dominant ecosystems are coral reefs, scagrass meadows, and
inland wetlands that arc partially celonized by mangroves. While continuous inter-
actions exist between the coral reef and seagrass ecosystems, the wetlands are isolated
by a sand bar, limiting exchanges to underground brackish water seepage and occasional
storm wave inbmusions,

Introduction

TPuerto Morelos is located o the northeastern coast of the Yucatan Peninsula, Mexico {Fig. 1). The
peninsula is a large, mostly flat, heavily karstified limestone platform formed by the deposition of
Tertiary-Holocene carbonates and evaporites upon Jurassic-Cretaceous red beds {Ward, 1985). Rain-
water filters rapidly through the limestone into the aquifer and there is very little surface drainage.
Above 20PN latitude, the average annual underground freshwater discharge from the peninsula is esti-
mated to be 8.6 million m” per year per km of coastline (Back, 1985).

At Puertoe Morelos, the coastal zone is delimited ¢ the landward side by 10 m high Pleistocene
berms, which limit the inland extension of shallow and almost closed coastal lagoons colonized by wet-
land flora (Fig. 1). The wetland lagoons are isclated from the adjacent sea by a 2-3 mhigh, 100-200 m
wide sand bar that constitutes the present shoteline. Rhizephora mangle stands ocowr as narrow belts
along the edges of the lagoons or as small isolated patches in the central parts. Fxcept for seawaler
input during major storms, which arc rarc cvents in this area, oceanic influence on the wetlands is small.

Small-scale discharge of fresh or brackish wetland waters ocours through submarine springs and by

' CARICOME — Caribbean Coral Keef, Seagrass aud Mangrove Sites (odited by B, Kjerfve), pp 57-pf1.
UNESCEY, Paris, 1995, 347 pp.
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overflow through small canals during the rainy season. Seaward from the sand bar, the typical
environment is a coast fringed by a reef. The teef lagoon (or reef channel) is several hundred meters wide
and 3 to 4 m in average depth; the bottom is covered by calcareous sand, which is stabilized by scagrass
meadows. In certain arcas, however, the underlying calcareons pavement is expased and is colonized by
coral reef communities typical of hardgrounds o1 is covered by unconsclidated carbonate sediments. The
reef is a shallow barrier with little Holocene aceretion and morphology determined primarily by events
of the middle and late Pleistocens {(Ward, 1285). Seaward from the crest, the reef gently slopes to
depths of 20-25 m, giving way to a mastly barren sand platform, which slopes gently for several kilo-
meters. The shelf edge occurs at a depth of 40-60 m, followed by a drop-off to more than 408 m.

Puerto Morelos is a small fishing and tourist village with a permanent population of ca. 3000
people, plus a seasonal population of 100 to 200 (Gobierno del estado de Q.R., Mexico, 1996). Halt of the
inhabitants live in the coastal zone an the sandbar, the remainder live landward on the Pleistocene
berms (Fig. 1}. Commercial fishing principally comprises kohsters Panulitus wryus and P gutattus
(Lozano et al., 1991} and fishes such as barracuda, snapper, grouper, hogfish and, fo a certain extent,
triggerfish. The average fish size and population size of these spocies seem to have decreascd
comsiderably in recent years, but other reef fish species are still relatively antouched. Both commercial
and subsistence fishing employ Iobsterpots, spearguns, gill nets, and line and hook. In recent YEArs,
tuurism has increased and, at present, an average of six boats (with about ten people per boat) make

daily trips to the coral recf. The impact of these activitics on the reefs has not yob beon assessed.
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Urbanization for tourisin development and residential housing is rapidly increasing, resulting in
landfill and deforestation in the wetland areas. Puerto Morelos is not yet equipped with a central
sewer system, and wastes are discharged either into septic systems or directly, without any treatment,
into holes in the ground. Urbanization is expected to increase in the near future, as the govenument con-
sidets development of a tourist resort in the ¢oastal area and an industrial zone landward. At present,

however, the Puerto Morclos area is still refatively pristine.

Atmostpheric and Oceanic Characteristics

According to the official climate charts (Secretaria de la Presidencia, 1970a), the climate in the
tegion is warm, sub-humnid with marked rainy scasons. Merino and Otero (1991) reported an average
voarly air temperature of 26.3°C, with a summmer high of 32.5°C and a winter low of 13.0°C for the
peried 1962-1983. CARICOMP data collected from 1992 show a similar seasonal distribution of air
temperature. The highest temperature of 34.5°C was recorded once in summer and opee in autumn. The
lowest temnperature was 12.5°C, in the winter. According to Merine and Otero {1991}, average yearly
rainfall is 1,123 mm. However, rain can be quite variable in Puerto Morelos, During the period 1982-
1985 there was more rain during the dey season (Jarmary-May} than during the rainy season (Junc
November), CARICOMT meteorological data are collected & m oabove sea level. Rain data from 25
November 1992 through 25 Novernber 1993 show rainfall throughout the vear, with a yearly total of
1,604 mm; the driest month was April. The site is wnder the influcnce of trade winds in the summer,
with velocities averaging 5 m "' {Mcrino and Otero, 1991), which are interrupted for periods of 3 to 10
days in winter by intense cold winds from the north. Tropical siorms and hurricanes cooar from Hme o
time along the eastern coast of Yucatan, In the last 30 yvears, three hurdeanes have passed over Puerlo
hMorelos: Beulah, a Force 3 hwreicane in 1963; Allen, a Force 5 hurricane in 1980; and Gilbert, a Force 5
hurricane in 1988. Shortly after Gilbert, a tropical storm-hurricane named Keith also strack the arca.
In October 1995, Hurricane Roxanne crossed the coast cr. 100 kan south of Puerto Morelos; not muoch dam-
agc was done,

On oeeanie scale, the principal feature is the Yucatan Current {precursor of the Gulf Stream), which
parallels the cdge of the conlinental shelf off Puerto Morelos. GEK measurements of northward flow in
lhe Yucatan Strait indicated maximum velocities of 4-5 knots (Molinari and Cochrane, 1970). Nowlin
ared Hubertz {1970) obtained more modcrate values, 1-2 knots. Cochrane (1966) and Ruiz (1970}
suggested that the direction and intensity of the current changes with seasons, Tides in this region of
the Caribbean are mixed semi-diurnal, with a small range of 0.24 m, as shown by tide tables for Coau-
mel 1sland situated 6} km south of Pucrte Morelos {[nstituto de Geofisica, 1992),

{}eanographic data are sparse for Puerto Morelos, Circulation in the reef lagoon is mostly parallel
to the coast (unpublished data). Currents change in speed and direction, due to a combination of vari-
ables: influence of the Yucatan Current, winds, wave spillage over the reef, and the location of surge
channels. Waves in the reef lagoon arc low; Merine and (tero (1991) measured a height of 0.14 m. No
data are avatlable for opon ocean wave height, but from personal observation, 1 mis the average.

Table 1 shows Lhe average values of several water qualily parameters al Puerte Morelos 1982-1953 by
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Merino and Otero {1991), CARICOMP weekly data during 1992-1993 (Fig. 2) at three sampling locations
show similar mean water temperature and salinity as those in Table 1. Salinity and temperature ap-
pear to be almost the same for the three CARICOMP locations. However, slight differences are appre-

ciable in transparency data between the sampling stations.
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Table 1. Waler quality paramesters at Puerto Morelos, sampled monthly from
March 1982 through July 1983 (Mering and Otero, 1991).

Average Values
Temperabure 277
Wave height 014 m
Salinity 35.7 %a
hax sea level variability .84 m
Dissolved mxygen {99 mg !
pH B.2
Alkalinity 25 meql”
Mitrite 0.06 pg-at 1!
Nitrate 139 pg-ak 1
Silicate 58 ug-at !
Ammemia 0.8 pg-ak b
Phos phorus 5.04 pg-at I”
_Particulate carbon 9.1 mg 1°

Mangrove Wetlands

The mangrove wetlands in the shallow coastal lageon are isolated from the sea by the sand bar,
and interaction between seagrass beds and coral reef is thus virtually absent. The wetland lagoon is
heavily perturbed by deforestation for urbanization and most of the mangrove area bordering the sand-
bar is privately owned. Additionally, water eirculation in the lagoon has been interruptled by the con-
struction of roads running from the sand bar to the highway (Fig. 1). Due to the absence of an untouched

area near the other CARICOMP sampling stations, a suitable mangrove sampling station has not been
located to date,

Seagrass Beds

Lagoon vegetation can roughly be divided into three distinct zones: (1} a narrow coastal fringe,

{2) a broad mid-lagoon zong, and (3) an area of backreef vegetation {Table 2). The abundant vegetation

Tabe 2, Characteristics of vepetafion zones in the Puetto Morglos reef lagoon (van Tussenbreek, ungub. data),

_ Standing Crap (g m* dry weight) | Algae
Vegetation Zone L Characteristics T. tegtudinuem 5. filiforpre Abundance
Coastal Fringe 20-50 mowide
well-developed vegetation
T. testudinum dominated 25-43 20-30 = o+
5. filifarme dominated 5-20 1n0-140
Mid-Lagoon Zone 200-1,000 m wide
Ty pical T. testudinum dominated 20-35 2-12 e
High density 1. tesludintm dominated S4-80 2.5 -
Low density algae dominated 20-20 10-30 L
Backreef Zone® 100-400 m wide
Shorl T, festudinum leaf leryrth 9-10em 15-30 virt. absent -
_Long T. teshirdinum leaf length 13-15 cm . 30-58 virt, absent t

*Length of T. testudinum in the backreef zone is the av.erage length of the largest leaves.
Key te algae sbundance: — fesv; X, more or less abundant; +, desmitiant.
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of the coastal fringes is dominated by either Thalassia tesfudinum or Syringodiim filiforme, which are
accompanied by rhizophytic algae. Occasionally mats of Halodule wrightii or Caulerpa spp. are found
close to the beach in front of this well-developed fringe.

The mid-lagoon zone covers the greater part of the lagoon. Denuded sandy areas, from 1’ (o 100
mr’, can be found threughout this zonc. Bottom vegetation typically consists of a moderate density of
Thalassin testudinum, with Syringodivm filiferme, accompanicd by rhizophytic algae; the sampling
site off the UNAM research station is considered to be representative of this vegetation {Fig. 1). Tha-
lpssig testndinum reaches a high density in an arca m front of a mangrove discharge; the high produc-
tivity sampling station is located here (Fig. 1). OIf the village, in contrast, the mid-lagoon seagrass
density is low, and rhizephytic algae and floating forms of Lobophors pariegats {(max. standing crop:
100 g o dry weight} or Lanrencia intricata {max. standing crop: 20 g m™®) generally dominate.

In the backreef zone, T. festwdfingm has generally vory short leaves. Syringndivm filiforme and
thizophytic algae are virtually absent. Only in front of the village, where the backrect area is more
protected due to a broad reef crest, T, festudinum leaves tend to be larger than in the rest of this zone.

In the rcefl lagoon, Thalassia festudinn shows scasonal fluctuations in leaf biomass and produc-
tivity: maximal in the summer and minimal in the winter months (Fig. 3). It is pessible that the present
coral reck lagoon vegetation is still in an intermediate state of recovery from the disturbance caused by
Husricane Gilbert in 1984, Population analysis from Thalessia testudinunt short-shoots sampled in twe
trarsects from the coast to the coval reef suggest that T, festudinum was not removed In the backreel
areas. . festidirpem lagoon and coastal populations, however, showed a sharp decline in pre-hurricane
short-shoots, supgesting that these turile grass populations were affected by the storm {van Tussen-
broek, 19%4).
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Fig, 3 T. testwdnmaa leaf standing crop and productivity measared from August 199} throwgh Janoary 1992
at the high produchwity sampling station in the Puerio Morelos reef Jagnon (van Tussenbrock, 19950
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No T. festudinum was apparently removed from the high density CARICOMP station in front of the
wetlands discharge. The most common rhizophytic algae found throughout the lagoon are Penicillus
capitatus, Ridpocephalus phoentx, B oblongus, Udolea flabellum, U. spinulosa, and Hafimedn incra-

sata; Avratnpilled spp. are abundant in some coastal areas.

Coral Reefs

Puertr Morelos is situaled in the northern part of an cxtensive barrier-fringing reef tract that
extends from Belize o the Yucatan Strait. In contrast to the soulhern reefs, however, reef development
in the northern part of the tract fends to be limited to reef crests and backreef zones (Jordan-Dahlgren et
@l.; 1981}). The Puerto Morelos reef consists of an extonsive calcareous platicrm that is bevelled on the
seaward side, probably by eustatic changes during the Pleistocene. Primarily oceanic forces mfluence
this reef: the Yucatan Cumrent and the large fetch of the waves at this latitude. Five main zones are
recognived alonyg the reef profile (Fig. 4), based upon scleractinian composition and reef lopography
(Table 3). This pattern is similar to that of other arcas with a similar geomaetrphological setting along
the Fastern Yucatan reef tract (Jorddn-Dahlgren ef af., 1981; Jorddn-Dahlgren, 1989). A sloping {orereel
with few high relief featurcs is characteristic of these reefs, Perhaps m part due to this reef morpho-
logy, which favors sand accumulation and its resuspension and transpert during storms, live sclera-
tinean coral caver on the forereef zome is typically sparse. In contrast, coral cover tends to be dense al
the reel crest {Acropora palmata and Miflepora complanta) and in the backreef zone {A. palmete and
Montastraca anmularis). I the forereef zone, the moest conspicuous components of the biota are gor-
gonians, macroalgae, and small hemispherical coral heads of Diplorie strigose, Moentestrace caver.
nosy, and dichocoenia  slokesif, among many others. The algac seldom exhibil significant vertical

growth, oxcept for seasonally vecurring Sargassum spp. and Turbingria spp. In the few plares where

22
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Fig. 4. Reef profile at the Puerto horelos ©a BICOBRL? site, Zonation is based on scleractinian spacies
composition and botom relief (modified from Jordan-Dahlgren ef gl 19611 T, Tagoun zone;
1. backresf zone; 16, breaker zone; 1V, forereef zone; ¥, sand platfoom zome.
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high relief reef features exist, the coral community tends to be strongly dominated by large scleracti-
nian colonies, as in any other well developed coral reef.

The CARICOMP reef sampling station is located on a typical low-relief forereef (Fig. 1). The over-
all condition of the coral communities of this reef seems good; no extreme situations of bleaching, algal
growth, or fish kill have been recorded in the area. At present, the reef is still recovering from the
devastating effects of Hutricape Gilbert in 1935 (Table 3). Natural regrowth and recolonization arc
proceeding at an also variable tate, both between and within the reef zones. Additionally, Diadema
antiflarum urchins, which almost disappeared after the pan-Caribbean demise and which were
further affected by Gilbert in 19858, are gradually becoming abundant again. The reef has undergone, and
is recovering from, the effects of a major bleaching event that affected most of the Caribbean Sea during

tho last months of 1995, No evaluation of its effects has been done.

Bottom Scleractinian l'auma . .
Range Typeand _ Jordap-Dahlgren efal 1581  Rodriguee-Martinez, 1933
Keel Zones Width  Depth Corminant Spp  Cov Dominant Spp Cov  Daominant
. _fm fmy  Bipta # Y% Species 0 # %W Species
Lagoon 400- 0.1-6.0 SBAZTASS, 14 20 M gerealata 12 1.0 A eeralata
501 gand, AL agaricites M. armnularis
hardground M. aunulariy
Backreef JO-3r 1030 SEAPTASE, 27 284 M. anmudaris 19 46 M omndaris
coral, macro- A, pelmata F. astrpoides
algac, sand,
hardground
Eeef Crest
A millipore 2575 0.4-1.2  hardgoound, 14 271 M. complonsie B 6.4 A palmaic
coral, ooral A, paliata P. astrecides
rubble
Barren 50-100  1.3-35  hardground, 7 31 A palmala 3 L0 M complenaia
macroalgae,
SPONEES
Fargreef
at5m 100- 36-75  hardground, i7 7.3 8, sidersn Il 2.7 5. sideren
150 macToaigae, D strigosa 0. clivesa
spongEs A palmuia D, sirigosa
at10m 10H3- 7.3- hardground, 17 71 [X skrigosa 12 3.1 M. caverioss
200 12.5 EUIRUniany, 5. aideres 5. sidered
macroalgae M. cuvertisse M. @mmilaris
at15m 160- 1Z.6- hardground, 14 d.a M. cevernoss 12 1.4 M. corvertloss
200 7.5 EUTZOTians, 5. Sideeca 5, sidere
macrozlgae 1. Siokests M. armularis
at20 m 150- 17.6-  hardground, 12 1.9 & sideren 14 2.1 M. caverhost
30 225 gorgonians, 0. strigosn #. aumalaris
macroalgas, 0. stakesii 5. atderea
sponges
Sand Platform = 500 200 sand, macro-
. Ao algae
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Calabash Caye, Turneffe Islands Atoll, Belize'

Eden Garria and Karie Holtermann
University College of Belize Mavine Research Cenlre
Calabash Caye, Turneff Islgnds Afoll, Belize

Tumeffe Islands Atoll is located 51 km off the coasl of Belize. Calabash Caye, o the
castern rim of the atoll, is a CARICOMP site maintained by the University College of
Belize Marine Research Centre. There are several sublidal mangrove cayes oo the
western edge of the atoll, sandy cayes on the eastern edge, and an extensive [ringing
reef surrounding the atoll, The chain of islands forming the atoll partiaily encloses two
lagoons, the North Lagorm and the South Lagoon, which are dominated by seagrass
beds. The mangroves, seagrass beds, and coral reefs enthance the diversity of the marine
and terrestrial organisms at Calabash Cave. (Over the past decade, only a few studics

concerming marine resources have been carricd out on the atofl.

Intodaction

Belize is a small {46,620 km®) English-speaking country in Central America, bordered by Mexico to
the north, Guatemala to the west and south, and the Caribbean to the east {Fig. 1; 17°09703" to 17°38'
O0°N, 87°44'30" to 87°57'30°W) Il is a tropical country with two principal ecosystems, rain forest and
barrier reef, linked by rivers, coastal waters, and seagrass and mangrove comnmunities, Off the easiern
coast of Belize is the second longest barrier reef In the world {more than 27 kan long), which extends
trom the Mexican border Lo the Gulf of Honduras. Three of the four existing alolis in the wostern hemi-
sphere are located cast of the barrier reef: Glover’s Reef, Lighthouse Recl, and the Tumneffe Islands
Atoll (Fig. 1), The University Collepe of Belize Marine Research Centre [UCBMRC) which was
established in 1994, is located on a 2.025 ha plot on Calabash Caye, a sandy caye oo the eastern rim of
the Turneffe Islands Atoll. Vegetation eomsists of dense cocal, caye, and mangrove forests. The
CARICOMPF protucols have been implemented at the Calabash Caye Field Station.

Geology of Belize

Belize is |located on the Yucatan continental block, one of two Paleozoic blocks forming northern
Cenlral America. The splitting of the Yucatan Block from the Nicaragua-Honduras Block fo the south

occurred along an east-waest fracture zone, what is now the Cavyman Trench {Wantland and Pusey, 1571).

' CARJCOME — Caribbean Coral Reef, Sengrass and Mangrove Sttes (edited by B. Kjerfve), pp 67-77.
LIMESCO), Taris, 1998, 347 pp.
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Fig. 1. Map of Belize, showing the barrier reaf and the three atolls: Glover's Reef, Lighthouse Reef, and Lhe Turneffe Islands Aol
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Flate movement reconstruction shows that, by the Late Eocene, both blocks had rotated from theit pre-
drift Incation on Pangaea during the Early Triassic to their position. From Cretaceous to Pliocene time,
the Yucatan Block subsided and tilted northward; the submerged part is now the Campeche Bank
(Wantland and Tusey, 1971). A prominent series of five parallel submarine ridges and scarps formed
along the eastern edge of the Yucatan Block. These north-northeast oriented ridges characterize the
present continental shelf margin of Belize. They have been modified by erosion, sedimentation, and
rect growth during Fleistocene sea-level changes. Evidence suggests that the continental margin is still
in the process of tectonic developrnent (James and Ginsburg, 1979).

The five submarine ridges are the most distinetive features of the Belizean continental margin;
they parallel the major tivers in northemn Belize and are thought to be fault controlled (James and
Ginsburg, 1979). The best-developed ridge forms the southern edge of the continental shelf and extends
north, becoming the foundation for Glover’s Reef and Lighthouse Reef; the depth reaches 3,000 m on the
east side. The most poorly defined ndge makes up the northern part of the barrier reef in Belize and
Ambergris Caye. The bases of the ridges are believed to be of continental origin as they are thought to
consist of materdal yery similar to that of the Maya Mountains. Drilling has shown that much of the
relief on these ridges is due to coral growth (Dillon and Vedder, 1973). Three of the five ridges form the
foundation for the barriet reef platform.

The Belize barricr reof consists of three biegeomorphic provinces: the northern province has 46 kn
of shallow-water reefs, the cendral has 21 km of shallow-water reefs, and the southermn has 10 lan of
shallow-water reefs (Burke, 1993). ‘The central province is the most well developed, with continuous
wide reefs. The northern and southern reefs are discontinuous, cxcept along Ambergrs Caye. Re-
scarchers believe the limited reef development in the south is due to rapid sea-level rise, high-energy
waves, and high turbidity. The development of the northern reef was hindered by heavy terrestrial
run-off, high turbidity, variable salinity, and prevalence of winds (Burke, 1993), The central province
was protected from wave energy by the outer atolls and had a slower sea-level rise (Burke, 1993).

The shelf in Belize extends east from the mainland to a seaward boundary at a depth of 180 m just
beyond the barder reef, where the slope dips 407 into abyssal waters. The shelf is 195 km long and lies
between 15°50'N and 17°55'W. The shelf has bwo main hydrographic provinces: the barrier platform,
which consists of the barrier reef, backreef lagoon, and caye complex, and the shelf lagoon, which at
the latitude of Belize City consists of bathymetrically different northern and southern sections. The
northern part of the shelf is bordered by a low karsted surface of flat-lying Cenozoic and Cretaceous
carbonates with a few small rivers draining emto the shelf (James and Ginsburg, 1979). The inner shelf is
gencrally flat, extending to a depth of only 8 m. The southern continental shelf is bordered by the Maya
Mounlains, through which many rivers flow onto the shelf. The depth of the shelf lagoon ranges from
25 monear Belize City to 200 m near Honduras (James and Ginsburg, 1979).

Geography of the Turneffe Islands Atali and Calabash Caye

The Turneffe Islands Atoll is roughly lens-shaped, with a maximum length of 50 km and a width of
16 km at its widest point (Fig. 2). The atoll developed along ore of the fault-contrelicd submarine
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ridgcs that ocour off the coast of Belize along with the Cinchorro Bank Atol]l in Mexico. Tumeffe is
separated from the barrier reef by a 10-16 km wide, 275-300 m deep channel (Gibson, 1990)). It is bourded
by a drying reef to the north and by Bokel Caye to the south. There is a well-defined narrow reef an the
windward, castern side. The reef crest is narrow and fringes the outer edge of a reef-flat less than 400 m
wide, The reef is highly segmented, with about 23 gaps, or channels, most of which are less than 30 m
wide and & m deep. Small sandy cayes are located between lhe channcls on the inner edge of the eastein
side of ihe reef flat; one of these is Calabash Caye,

Calabash Cayc, home to the UCB Marine Rescarch Centre, is a sandy caye located on the castern
rim of the atell, aligned NNE-55W, parallel to the reef (Fig, 33 In 1962, Stoddart reported Calabash
Caye {which is now the castern portion of the islend) to be 43 m long and 32-50 m wide; the caye has
grown considerably since then,

The caye has a dense cover of cocal, caye, mangrove {orests, and olher low cover vegetation. 4 500-
m long interior lagoon, referred to ax the “back lagoon,” is located in the middle of the caye and has
been isolated for a long time. The back lagoon has ap average salinity of 36%. and therc is little
flushing. The back lagoon supports a unique ecosystem of sponges, upside-down jellyfish (Crssiopea
fordesa), and tunicates (Catterall, 1996). A sandy beach and an extensive fringing rect with diverse
species of fish, coral, algae, and other marine invertebrates extend along the entire east coasl of Cala-
bash Caye. Turtle grass {Thalassia  festidinum), which is the dominant species, and manates grass
(Syringadinm filiforme) are found in the shallow waters surrounding the caye,

Calabash Caye has been inhabited since the hoginning of the 20th century, based first on the sponge
mdustry and later the cocomut industry, but was completely devastated by Hurricane Hattie in 1962
Currently, there is a camp south of the Marine Rescarch (lentre, which houses petsons engaged in the

cocommil business.

Climate and Oceanographic Conditions

Few climatic and oceanographic measuremenis have been recorded in the Turneffe Islands Atoll;
data are available primariy from coastal stations and pertain to the mainland. The rainy season in
Belize oceum from june through December, with variable pattems of rainfall in the north and north-
ceritral areas. There is a wide range of rainfall, from less than 2000 mm per year in the north, maore
than 4,5M mn per ycar i the south, and over 10000 nmm per year the Maya Mountains {Ferkins,
19951, Turneffe lics between the latitudes of the Belize and Starm Creek districis, but rainfall in
significanty lower than on the mainland {Stoddart, 1962), Crver the shelf, rainfall is less than at the
corresponding maindand sites (Perkins, 1995, The only rainfall figures for Turneffe were recorded during
the summer months of 1937-193% and show considerable variation: 558 mm in 1937, 379 rom in 1938, and
121 rnm in 1939 (Stoddart, 1962). Occasional heavy raing are associated with winter storms (northers).

Along the coast of Belize, winds are steady from the northeast, east, and southeast at 3-8 m s*
(Stoddart, 1962}, with easterly winds in the aloll arca for most of the year. From November through

March, cold fronts moving through from southern North America bring nerthers, with winds gusting to

0




Calabash Caye, Turneffe

Islands Atoll, Belize

17 3650°N

aty

‘Large Bogue

. 'E:'ALABASH CAYE
Grand Bogue
A g
- South

N
'ﬂ_agoo A

‘ . South Bogue 1 4

& _—
17'0907'N km

87 5749 874515

Fig. 2. ddap of the Turmeffe Tshnds Aol showing Calabash Cave.

71



CARICOMP — Caribbean Coral Reef, Seagrass and Mangrove Sifes

31 m s The Turneffe Islands Atoll is also affected by hurricanes moving through the western Carib-
bean, with strong easterly winds and high meteorological lides. The normal tidal range on the coast of
Belize is 0.3 m but may reach 0.8 m during northers,

Air temperature data are sparse for Tumeffe and surtounding environment. During northers, tem-
peratures sharply fall 5-7°C and remain cooler than nommal for several days, Surface waler tempera-
tures were recorded in the shelf lagoon near the barrier recf in July and August 1991 {29°C and 30°C), and
the bottom temperature was 1.5-1.0° colder. Average oceanic surface temperature off the coast of Belize
ranges from 25.5°C in February to 28.5°C in August. No cold-water upwellings, which may alter sea-
water temperature, are known to ocour in Belizean waters, although there are some farther north, off
thc Yucatan Peninsula (Stoddart, 1962). Normal seawater salinities of 35-37% have been recorded
offshore, approaching the barricr platform (Perkins, 1995).

Along the coast of Belize, wind-generated currents are more influential than tidal currents. Inside
the barrier reef, the prevailing currents arce southerly. Seaward of the Turnefte Islands Atoll, winds are
northerly {1 m s, but part of the current flows westward around the northern part of the atoll, creating
a southerly drift along the leeward side. Inside the atoll lagoons, water currents flow wst, creating a
westward drift. Stoddart (1962) observed a large N/%-oriented drift on the eastern side of Calabash
Caye, between the sandy ridge shoreline and the fringing teef at the front.

CARICOMP eclimate data {air femperature, minmum and maxirmurm tetnperatures, and cumulative
rainfall) are now being recorded daily at the Marine Research Centre Field Station; oceanographic
data are collected weekly at the secondary seagrass site and at the mangrove site east of the inner
lagoon (Fig. 3).
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tig. 3. Map of Calabash Caye, showing location of the mangrove, seagrass, and coral reef sites.
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Vegetation and Soil Type Classification at Calabash Caye

Three major land systems (defined as an area, or group of areas, throughout which there is a
recurring pattern of topography, soils, and vegetation) have been identified in Turneffe (Minty ef ef.,
1995} The two most dominant types at Calabash Caye are the strand-plain land system and the saline-
swamp land system. The strand-plain system consists of wave- and storm-built ridges of sand, coral
rubble, a mixture of both materials. The characteristic natural vegetation in this system on Calabash
Caye is cave forest and cocal forest on an organic sand soil (Minty et al., 1995). The saline-swamp
systemn occupies the low tidal flat, with characteristic mangrove vegetation on watetlogged saline peat
soil (Minty et al., 1995), which may extend to a depth of 10 m (Stevely and Sweat, 1994}

Minty of @], (1995) described caye forests as the climax association of the higher cayes, where
saline influence is minimal or absent and is restricted to sand ridge areas on organic sands. This type of
forest consists of broadleaf trees gencrally 7-15 mtall: Burserg simaruba, Metopinm brownet, Cardia
sebestena, Ponteria campechtana, Bumefin retusa, and occasionally Coccoloba ui)ffﬁm. The understory
is dominated by (icus sp. and voung trees of the above species. The shrub layer is mostly Fithecellobium
keyense, There is no information on the herb layer in this type of forest at Calabash Caye.

The cocal forest at Calabash Caye consists of Cocos #ucifera, the canopy of which ranges from 7 to
15 m and is usually continuous. Liltle vegetation is presenl in the understory and shrub layer, and there
is vither bare ground or palm frond litter at the basce. A herb layer of Stachyiarpheta  jamaicensis, Am-
brosia hispida, Cakile lanceclala, and Wedelig is present under moderately discontinuous canopies
{Minty et al, 1995}

Mangrove [orests, predominantly Rhiizophara mangle, dominate the western side and northern hip
of Calabash Caye, and R. mangle forms monospecific stands on the periphery of the inmer lagoon. Man-
grove zonation patterns are observed in certain areas of the caye. The canopy consists of mixed stands of
R. mangle, Avicennia germinans, and Laguncularia racemosa, with occasional Comocarpus erectus.
Young trees of these species, plus Batis maritima, consititute the shrub and herb layers of the cocal

forest. The ground layer consists of leaf litter and twigs.

Mangrove Ecosystems

Mangroves border most of the coastiine of Belize and extend upstream from mamerous tiver mouths;
they fringe or cover most lagoon caycs. Red mangrove shlt roots line all channels, creeks, and lagoons;
below tide level, they support spectacularly colored clusters of algae, sponges, tunicates, anernones, and
associated species. They also provide hiding or feeding places for fish and shellfish (Ritzler and
Feller, 1987). According to Stevely and Seat (1994), the mangrove ecosysterns in the Tumetfe Islands
Atoll have kept pace wilh seamount subsidence and sea-level rise.

The red mangrove (R, mangle) typically forms monospecific stands along shorelines, creeks, and
lagoon banks where tidal inundation is frequent. At more interior, less frequently inundated sites, the
black mangrove (A, germinans) dominates. The white mangrove (. racemose) forms extensive stands at
high elevations where flooding and salinity stresses are minimal, but also oocurs occasionally at lower

clevations {McKee, 1995). On cayes with slightly higher clevations, additional woody and herbaceous
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{soft-stemmed) halophytes are associated with the manpove ecosystem, such as buttorwood {C
erectus), salt wort (B, maritima), and sea pulsane (Sesuvivm sp.} (Ritzler and Feller, 1987 /1988).

A perpendicular transect from the eastermn shoreline of the inner lagoon traverses three zomes: a
shore zone dominated by K. mangle, a transition zone with a mixed canopy of all three species, and a
landward zone deminated by A. germinans. A few L racemoesa and C. erectus can alse be found in the
landward zone that is dominated by A. germinans {McKee, 1995).

The CARICOME mangrove site at Calabash Caye was inventoried by August 1996, It consists of
three 10 10 m study plots located on the eastern shoreline of the inner lagoon (17716'52.6"N, 8748
5ir9"W; Fig. 3). All threc plots contain a few A. germiinans and L racemose, but K. mangle is dominant.
Total tree height for K. mangle ranges from 1.2 m to 7.2 m; A, gevmingns 2.4-10.7 m, and L. racerosa 4.5-
9.4 m. Interstitial soil-water salinity tests are carTied out on each study plot on a monthly basis;
average salinity in the area is 37%.. Seedlings, leaf litter, and algal mats cover the ground surface of
ithe study plots. Leaf litter has been collected but the data arc insufficient to determine growth or
bivmass produchon patterns in the area.

Seaprass Ecosystems

The seagrass ecosvstem s frequently connected to mangrove forests on the landward side and to the
cotal reefs on the seawatd side. These marine grasses bind sediments and provide a stable subslrale for
benthic organisms. Seagrass beds also provide food and shelter to commercially imporlant species.
shrimp, lobster {Pamuifrus argus), and conch (Strumbs giges) depend on the seagrass areas as a loraging
area for food (Hain, 1987/ 1983). Seagrass beds within the Turneffe Tslands Atoll are intact and are not
greatly disturbed except by dolphine (Tursfops turmcatus) and crocodiles (Coreadidies acietus) that inha-
bit the lagoons, and by Hshermen harvesting conch, lobster, and fish in the arca.

The CARICOWP scagrass sites are located on the castern side of Calabash Caye. The pritnary site
is on the northeastern side {17°16'54.1'N, 87°48'31.2"W; Fig. 3), in a red mangrove-fringed channel be-
tween the northeastern cdge of Calalash Caye and a small island called Little Calabash. The primary
site {in water depth 0.5-1.0 m} is densely covered with Thalassin  testudinum, with leaves up to 30 an
long, along with a lew Syringodiien filiforse and Halimedn algae. The bottom substrate consists of solt
muddy sediments with dead Halimeda. The secondary site is located 40 m to the south, in water deplh
2-3 m, and has a compact sandy boltom substrate mixed with some dead Halimeda and shells. The

secondary site contains the same species as the primary site but with less dense Thalassia cover.

Coral Reef Ecosystem

There are nrdata as yet from the newly set up CARICOMP reef site at Calabash Reef. Previous
researchers cstablished bwo transects in the area, but these are no longer in use. The previous findings
will be compared with CARICOMP surveys now being carried out,

Stoddart {1962} established a reefl transect from Little Calabash Island into deeper water, which
showed reef zonation east of Calabash Cave after Hurricane Hattie {Tablc 1). A more tecent study of

coral distributiom was conducted by the Planctary Coral Reef Foundation in 1992, using a chain transect
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and viden, The study site was on Calabash Reef 2 kan south of the channel separating Calabash Caye
from Blackbird Caye, an area represcntative of the most well-develeped region on the windward reef,
Their 900 m transects extended from behind the reef crest seaward to a depth of 45 m. The results of
these two surveys found Calabash Reefs having a clear zonation pattern of a windward West Indian
coral reef with a backreef, reef crest, spur-and-groove zome, mixed zone, Forercct terrace, escarpment,
forereef, and docp forersef. The coral coverage varied, with the highest coverage in the spur-and-
groove zone. Approximately 29 sceractinian species were found, not inchuding separation of Montastrasa
annularis into subgroups; this was 69% of the hermatypic species in the area. Algal cover exhibited a
pattern of increasing abundance with increasing depth. The cover was 30% in the spur-and-groove zone
and increased with depth. Sea urchin abundance decreased with depth, with a mean of 83 urchins per
search petied in the spur-and-groove zone to a Jow of 3 urchins on the forcreef slope. Urchings larger
than 10 om on the reef crest were Diadera antillarum; the dominant species in the spur-and-groove
zone was Fohiremetra wiridis {Dustan et al,, 1992}

The results of both these previous studies show that Calabash Recf is a thriving windward West
Indian coral reef community with signs of hurricane damage on the populations of some coral species. In
the early 1990s, coral bleaching was found throughout the Caribbean but Belize was seemingly spared.
liowever, from Aupust to October of 1995, NOAA satellites detected elevated sea tomperatures span-
ning much of the Gulf of Mexico and the western Caribbean basin from Belize to Jamaica, Honduras, and
Venezuela, It was at this time that coral bleaching was reported for the first time in Belize (Stout,
1435},

Table 1. Reef transect seawatd from Little Calabash Island just after [Turricane Hallie.

Zone Dtescription from Stoddart (19625

Sand and rubble plat- There is about 12 inches of water on this platform and it is about 200 feet wide. It is
formn adjacent to the cave  carpetod with Phalessia and othor green algae, including [ fufimedia. Mear the outer edge
of the platform Porites rubble becomes prominent,

Rwef flat A sandy area under 18 inches of water 20-30 feet wide. Small corals (Fawia fraguzm and
Parites divariceta) and sea-urchins {Diadeny) are scattered in the burtle grass.

Irmver reef zone A sandy area under 2 feet of waler, with scattered colonies of Monlastraca ammilars,
Borites asteroides, and Dendragynt clindrus about a fout high, with small colonies of
Sidergatrea sidersa. Alao, sea fans and sea whips are found here.

Certecornis zone The ground is coversd by Acrupiorg cerzicpreis, uch of which is dead. The Montasiraes
and Porites colunivs are larger.

Awminaris zone Large blocks of Montastraga annularss, Poriles asteroides, Dendrogyra cylindrus, and
Siderastren siderea, Also present are encrusting and foliaceous Agaricia with Acropora
cerpicornis and Acropori pabisatz. This zone is approximately § feet deep and 15 yards
wide.

Reef crest {Arerica} This is made up of massive blocks of mostly dead corals covered with Agavicis agari-
ctes, Channels betwean the blocks are 10 feet deep. This area is only a few yards wide.

hater slope A platforn from 10 to 13 feet deep and decpening toward the sea. Colanies of
MonkasErrea, Povikes, and Siderastra are 2 feet in average, Low colunies of Acropers
pelmitn are also found in this area.
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Comclusions

Tourism is now Belizc's largest industry. The Tourist Board estimates Bz$150 million (LIS$7.5
million) were generated by tourism in 1994 (Gibson et al,, 1995). Tourism has traditionally been based on
visits to the cayes, with 78% of hotels located in the coastal zone Additionally, 1995 fishing exports
totalled am cstimated Bz$20 million {Gibson ef al., 1995). Two resorts focusing on dive founism already
exisl on the Turneffe Islands Atoll, and fishing pressurcs are not well documented but seem to have
increased in recent years; the atoll remains an vnprotected area, The Marine Research Centre [s focused
on collecting baseline data to contribute (o the understanding of these pressures and marine processes in
the area as well as throughout the Caribbean. The MRC juined CARICOMP in November 199%.

We would like to acknowledge support, assistance, and encouragement from the University College
of Bolize; Mr, Hugo Matus, GIS specialist at the Coastat Zone Managemeni Unit in Belize; Mr. K.
blustafa Toure, Dhirector of the Martine Research Ceontre; and Dr. Hka O Feller, Smithsonian Research

Institute.
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Carrie Bow Cay, Belize'

Karen H. Keltes’, John J. Tschitky?, and flka €. Feller’
"'B.!'Dingfmi Resonrces Division, LS Geslogioe! Swrocy, Deparfment of the Interior,
ME-FT, 12207 Sunrise Valloy Dripe, Restim VA X192 USA

“Ihe Nature Conservancy, Latin Awnwrican and Caribbean Division, 1813 MNorth TR
Arlington VA 22209 LI5A

ESmithsondan Cnvdronntental Reseneclt Center, 10 Box 28, Ddgewater MD 21037 U5 4

Carric Bow Cay is located 18 km oftshore in the central province of the Belize Barvier
Reef complex. Although the reef-seagrass-mangrove complex near Carrie Bow Cay is
representalive of the entire barricr reef complex, the central province contains the mest
spectacular reef development. The climale in this region is subtropical, with a wet
szason from hune to (otober. The present-day barrier reef scaward of Carrie Bow Cay 1s
characterized by distinclive zones, with biological and geclogical development con-
trolled primarily by water movement and depth. Coral cover along the CARICOMD
transects is currently in the range of about 12-20%, down from an eslimated 30-33% in
the 1970z, The decline in coral cover appears to have resabed from die-oll of Aeropors
cerpivornis, one of the dominant hard corals in the 19705, and an accompanying lhcrense
in macroalgae, The seagrass communily is dominated by Thaluasia fesfudinmg, with an
estmated total biomass at the CARICOMP siles varving scasonally from approxi-
mately 3,766 to 4,152 ¢ dry weight, among the highest reported for the Caribbean.
The mangrove commtunily is dominated by Rhizophors mangle L, which [otins a monoe-
specific fringe around the peripheries of the islands. In 1995, widespread bleaching
was reporled in Belize for the first lime. At Carrie Bow Cay, bleaching was preceded
by unusnally calm water conditions, high lighl transmittance, and high sea surface
temperatures, Although the area in the vicinily of Carrvie Bow Cay is genepally con-
sidered pristine at present, moreasing pressure from development and the rapidly ex-

panding tourism industry pose significant threats.

Infroduction

The Smithsonian Institition's WNational Muscum of Natural Histery Fleld Statiom on Carrie Bow
Cay {16"418'N and 88°05'W) is one of three CARICOMI siles cslablished in Helize (Fig. 11 Carrie Bow

L CARICOMP — Caviliean Coral Reef, Seagrass and Mangrove Sifes (odited by © Kjerfve), pp 7954
UMESCO, Paris, 1498, 347 pp.
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Cay is situated 18 km offshore on top of the barrier teef proper. Twin Cays, site of the CARICOMP man-
grove and seagrass studies, is lorated approximately 2.3 km leeward of Carrie Bow Cay in the outer
lagoon, The Stnithsonian Institution established the research station at Carrie Bow Cay in 1972 and
has sprmsored extensive mullidisciplinary investigations of the coral reef, seagrass, and mangrove
commiuuties of the region, resulting in maore than 500 publications.

The Belize Barrier Reef is the largest continuous reef systemn in the western Atlantic, extending
257 km from Ambergris Cay to the Gulf of Honduras (Burke, 1982}, The barrier reef complex varies in
width from 10 to 32 km and contains hundreds of mangrove islands, diverse intertidal and subtidal
barrier and patch resf zones, three large atolls, and vast lagoenal seagrass beds, The present shape and
bathymetry of this system are the vutcome principally of faulting along a NNE trend during the
Pliocene {Macintyre and Aronson, 1997). The resultant serics of multiple fault-block ridges parallel the
coastlive and, in combination with reef growth and karstification associated with glacie-custatic Huc-
tuatiops in Pleistocenc sea levels, produce the present-day pabterns of parallel shoals, recfs, and
mangrove islands (Butke, 1993; Macintyre ¢t af., 1995}

Om Lhe basis of biegeomorphic characteristics, Burke {1982, 1993) divided the barrier reef complex
into three provinces: northern, central, and southern. The central province, in which Carrie Bow Cay
and Twin Cays are located, confains the most spectacular reef development, with 91 km of almost com-
tnuous well-developed barrier reef, sand cays on the inner edge of the reef rims, and mumcrous man-
grove islands, patch reefs, and seagrass beds i the center and landward edge of the barrier platform
{Burke, 1982; Macintyre and Aronson, 1997). Detailed descriptions of the topography, geology, ecology,
and biology of this portion of the Belize Barrier Reef are provided by Riitzler and Macintyre {1%82a).

Although no data have been collected on water quality, the area around Carrie Bow Cay is gen-
erally considered pristine and removed [rom any potential anthropogenic threats associated with
Belize's small coastal towns and intensive citrus production. Fishing for finfish (primarily snapper and
grouper) is conducted by handline and speargun, with little ot no {rap fishing. Beginning in the 1970s,
increased fishing pressure by local fishermen om queen conch and spiny lobster depleted these formerly
cymmon species from shallow-water areas around Carrie Bow Cay {Riitzler and Macintyre, 1982by

These target species continue to be overlished.

Atmospheric and Oreanographic Climates o o .

Belize has a subtropical climate, with an average minimum temperature of 20°C in December and
January and an average maximum temperature of 31.1°C in August (Stoddart #f af,, 1982). Temperatures
on the barricr recf at Carrie Bow Cay are comparable to those reported on the mainiand (Ritzler and
Ferraris, 1982). Air temperatures recorded from 1993 through 1996 as part of the CARICOMFE project at
Carrie Bow Cay ranged from a mean monthly maximum of 34.6'C {August 1995) to a minimum of 22.5°C
{January 1996; Fig. 2). Northeast tradewinds prevail for about 70% of the year, interrupted during
MNovember-February by “northers.” These 4-5 day periods of northerly winds and low temperatures are

associated with the southerly extension of the North American high pressure system (Stoddart ef ol
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1982) and are often accompanded by strong swells (Perkins, 1983). Hurticanes ooour during the months of
July through October. During the 20th century, nine hurricancs and seven tropical storms have passed
withirt a 50-km radius of Carrie Bow Cay. Most of these storms have oecurred since 1960,

Rainfall is highly variable in Belize, increasing markedly from north to south {Stoddart ef al.,
t482). The average annual rainfall in the Dangriga (Starm Creek) area is 2,218 mm, with a maxirmum of
32mm in September and a wet season from June to October. The climate m the central barrier recf is
drier; the cays get approximately 42% of the mainland rainfall based on measurements at Cartie Bow
Cay from 1976 through 1980 {Ritzler and Ferraris, 1982; Fig. 31. On average, maximum monthly rainfail
tor Carrie Bow Cay occurs in November {mean = 336 num), with a minimum in March (mean = 23 mmy. In
1995 and 1996, the only years for which there are complete CARICOMP records, cumulative rainfall at
Carrie Bow Cay was 1,691 man and 1,883 nun, respectively. Maximum monthly rainfall {488 nun)
occurred in November 1996, whereas ro rain fell in May 1995 (Fig. 31, Humidity raryges from 58% to 96%,
with an average of 78% (Riitzler and Ferraris, 1982).

In additien to daily monitoring of precipitalion and air temperature as part of the CARICOMP
program, weekly monitoring of water temperature (0.5 m below the surface), salinity (0.5 mbelow the
surface], and light attenuation (vertical distance) at the drop-off seaward of the coral rocf sites
(Carrie Bow Cay} and at the seagrass sites (horizontal distance 0.5 m below the surlface; Twin Cays)
has been condueted since Jannary 1993 {except during scasonal closure of the Feld station from Septom-
ber through November in 1993 and 1994}, Interstitial salinity measurements have been recorded at the
Twin Cays mangrove plots since mid-1995. Bottom water temperaturcs were recorded from 12 Sugusl to
22 Decernber 1994, and continucusly since 25 August 1995, using remote data Inggers at the coral reef (13
in} and seagrass (1.2 m) monitoring sites. Mean monthly surface water temperatures over the drop-off
ranged fram 26.2°C (February 1996} to 30.3°C (May 1996; Fig. 4). Daily means of bottom water
femperatures at the coral reef sile (13 m) ranged from 25.4°C {25 February 1996) to 30.3°C (27 Aupgust
1995; Tig,. 5. During 1994, bottom water temperatures exhibited a low-frequency oscillalion of approxi-
mately 1°C, with a cycle of 21 days (Fig. 5). Water temperatures recorded weekly at Seagrass Site I
ranged {rom a monthly mean of 23.6°C (January 1996) to 31.3°C (junc 1996; Fig. 4). Salinity ranged from a
monthly mean of 33.0%: {August 1996} to 37.4% (March 1996} over the drop-off and 32.3% (August
1996} to 37.3%. (August 1996) over the seagrass sites. Secchi disk readings ranged from 11.0 m {(Mav

Bottom Water Temperature
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Fig. 3. Daily mean of bottom water tempetatares (13 m deplh) recorded 07,712 ,/94-12 /22 /94 and 08725 /9541 [ 13 147 using
a remobe data loggger deploved at CARTCOME Coral Reef Site L Wote the 21-day temperaturs eycle in 1994
and the signatures of Humicanes Opal and Roxanne in early October 1995,
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1995 to 33.5 m (July 1995} over the drop-off (vertical distance), and 7.0 m (January 1995) to 158 m
{March 1993} at Seagrass Site Il (horizontal distance; Fig. 6).

The tide in this region of the Caribbesn is microtidal and mixed semi-diurnal; (he mean range is
15 cm at Carrie Bow Cay (Kjerfve of af,, 1982) and 21 em at Twin Cays (Wright et af., 1991).

Barrier Reef Environment

The western Caribbean is characterized by thick late Holocene shelf and shelf-edge reef accumula-
tions which reach their maximum extent along the Belize Barrier Reef {Macintyre, 1988). Scdiments
accurnulate more rapidly here because lower wave energy (relative to the eastern Caribbean) has
allowed fragile branching Acropore cervicornis and other communities to flourish at depths of 20 m or
more. Cores taken ncar Carrie Bow Cay indicate that the barrier reef consists of at least 16 m of unlithi-
tied Jate Holocene sediments in the back reef and more than 18 mof a mixed coral and deeper water
coral-head facies in the shallow and deep forersef, with a maximum age of 7,175 4 100 ycars BP. A.
cerzicornis is present but appears to play a minor role in the construction of this outer reef complex
fMacintyre, 1985),

Un the basis of deminant biological and geological characteristics, Riltzler and Macintyre {1%52b)
divided the present-day batrier reef seaward of Carrie Bow Cay into four major zomes: backreef, reef
crest, inner forereef, and outer forereef. These zones were further divided into zones, the biclogical and
geological characteristics of which are controlled primarily by water movement and depth [Rutzler
and Macintyre, 1982hb), Site I of the CARICOMP reef transects was cstablished on the study transect set
up by Ritzler and Macintyre {1982b), approximatcly 200 m north of Carrie Bow Cay. Site I was estab-
lished approximately 100 m south of Site I at the same depth (13 m). Both sites are located on the
upper edge of the inner reef slope that marks the transition from the inner to the outer foreresf habitats
(Fig. 7}

The inner forerecf zone at Carrie Bow Cay begins seaward of the reef crest with the high-relief

spur and groove zone. This zone is charactetized by large, well-developed buttresses separated by sand
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channels (Ritsler and Maciniyre, 1982b). Percent coral cover ranges from near zoro to »60%, and topo-
graphic complexity ranges from <0.20 to »>0.80 (Aronson and Precht, 1995). In a 1980 survey, algal
abundance was low {about 4.5%) and consisted primarily of Porolithon and flalimeda opuntia (Littler
et af., 1987). This zone is composed of two overlapping subrones: a shallower set of spurs (0-3 mdepth)
deminated by Acropora palmate and Millepora spp., and a slightly deeper set of spurs (3-6 m depth)
dominated by Agariciz tenusfolfa (Riitzler and Macintyre, 1982b; Aronson and Precht, 1995). Dominance
of the high-relief spur and groove subzone by A. tenuifolia contrasts with many Caribbean recfs in
which reef buttresses are constructed primarily by massive corals such as Montastraea annmfaris, Chor-
nesky (1991) showed that this results from the ability of A. fenuifolia to modify its skeleton so that
contiguous, genetically distinct colonies become anchored against each other to form a relatively stable
honeycamb of caral skeleton that monopolizes space on the spurs, Other abundant spedies in this zone
include Actopors cervicornis, Forites porites, and P astreoides. Trior to the major die-off of Digdema
autillarum throughout the Caribbean (Lessios et al., 1984), this zone also contained the highest density
{4.3 individuals /m™) of D, antillarum (Lewis and Wainwright, 1985).

The low-relief spur and groove zone {10 m depth) of the inner forereef is a broad shallow slope best
described as a hardground that is regularly interrupted by shallow sand channels, The low (about I m
relief] eoral ridges are formed primarily of Montastraes annularis, M. covernosa and Diploria strigusa
(Rutzler and Macintyre, 1982b). Much of this area is densely covered with gorgonians dominated by

Fig. 7. Srudy transect of Riitrler and Macintyre {1982h) showing biogeokogical zones from Jagoon to ouler foreteof (frs  forereef
slupe; hsg = high spur and groove; irs = inner reef slope; Isg = low spur and grooves or = outer teel: pr = patch reefs; ke - roof crest;
1€ = reef flat; sg = seagrass; st = sand trough). Location of CARKCOMP Site | reef transects is indicated by an arrow, CARICOMT
Site Il is approximately 100 m south at the same water depth (13 m). Note that Acapere cermrarmis, depicted on the tner reel
siape in this diagram from the tale 19705, has disappeared,
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Psendopteroygnrgin species (Tasker and Coffroth, 1983), Bricrcum asbestimomn and Muriceopsis flanida
are the two most abundant octocorals on the CARICOMI transects. Demospongea and scattered coral
heads, primarily M. anrilaris, alse dominate this arca (lewis and Wainwright, 19853 Littler el al.
{1987) found that macroalgal abundance in 1980 was extremely low (ahout 2.5%} in this zone and com-
posed of epilithic forms on the reef rock and scattered rubble. Spatial heterogeneity (31 structure) is
high {mean rugosity on CARICOMP Coral Reef Site [ = 1.71) and herbivorous fish are abundant, reach-
ing their maximurn density in this zone (Lewis and Wainwright, 1985).

The transition from the inner forercef to the outer forercef zones ocrurs at the seaward cdge of the
low-relief spur and geroove where the gradual slope of Lhe inner forersef abruptly changes o a steeply
sloping (257) zone of hard corals and sponges. Cohwmnar colonies of Momtastreea anrudaris at the top of
the slope give way o large platy colonies toward the base that are accompanied by Porites azfreoides,
Sideraslrea siderca, and Agericia spp. (Ratzler and Macintyre, 1982k). Unhl the late 1970s, this zonc
was dominated by Acropora cervicornis (Rotaler and Macintyre, 1982b; Burke, 1993, By 1984, most of
the A. cerpicornis had died off, apparently from while-band disease (Peters, 1993; Arorson and Precht,
1097 Macintyre and Aronsor, 1997} At some Belizean reef sites, 4. cervicornis has been replaced in the
interim by Aguricia spp., possibly due to high levels of herbivory by the echinold Echinumetra wiridis
{Aaronsen and Precht, 1997} In the shallow backreef zome at Carrie Bow Cay, the disappearance of A,
cergitornis has been accompanied by a proliferation of Poriles porites, an opportunistic species that is
slarting 1o overgrow some of the slower growing massive cotals (Macintyre and Aronson, 1947). How-
ever, in the deeper forereef areas at Carrie Bow Cay, mest of the A cerpicornis has boon replaced
primarily by macroalgze (principally Lebophore variegafa, Dictyots spp., and Halimeda spp.}) The
faunal transition from dominance of hard corals lo macroalgac accompanying the demise of A, cerav-
cornds I3 reflected in the relatively low percemt coval cover and high algal (macropbyte) cover
presently observed at the CARICOMP sites {Table '} This is particularly evident at Sile 1, where
macroalgal cover has increased from approximately 3.4% in 1980 (Tittler of al., 1987} to about 457 at
prescnt, while coral cover has dropped from an estimated 30-35% in the late 1970s (Ritzler and
Macintyre, 1982h) to around 124 today. A similar decline in coral eover from the 1970s to the 19405 from
natural disturbances has been noted in the Gulf of San Blas, Panama {Ogden and Ogden, 1993).

Table 1. Percent cover of benthic erganisms at CARICOMID Corat Reef Sites | and [T,
Carrie Boww Cay, Belize; Augusl 1995

. M Covgr o o
Site . I-ienl%pj:c Corals Gorgunacea AJ}; - i _Epﬂ_ﬁp_s Abiotic
I 12.3 23 5.8 1.4 152
i1 oomse 1.0 -2 3.3 22.2 .

Mlear ol five 10-m transocts per site surveyed as part of semi-annuat CARICOME monitormg (see CARTCOME, 1994,
for deseription of methods). Algae inchade macraphytes {fleshy and calearecus), ok algae, and cyanophytes.

The inner forereef slope ends at about 24 m in a broad, flab sand trough consisting of poorly-sorted
lalimede-rich sand. From there, the slope rises sharply (45%) te the outer ridge at about 12-14 m below

the surface, The namow outer fdge (about 20 m wide at this peint on the Ritzler-Macintyre trarsedc!)
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parallels the intertidal reet crest and delineates the continental shelf {(Ritzler and Macintyte, 1332h).
Prior to 1984, this arca was also dominated by Acropora cervfcornis, but it now consists mainly of A,
cervicornts Tubble covered by Loboplurra spp. (Macintyre and Arorsom, 19979, with local accumulations
of Montastraea ennilerfs, Agaricia agavicites, A. temuifolin, and Madracis mirabilis (Riltzler and
Macintyre, 1382h). The outer forereef slope drops steeply (50-70°) and is dominated in the upper reaches
by platy Montastrace cevernose, M. annuleris, Gorgonacea, Agaricia fragifis, Leploseris cncullata, and
Lemospongea (Riitrler and Macintyre, 19820).

There was widespread coral bleaching in Belize in 1995, an arca from which there had been no pre-
vious reports of bleaching (Glynn, 1993; Williams and Bunkley-Williams, 1990). We observed some
bleaching of hard corals, especially Montastraea annufaris, on the CARICOMP transects during the
August 1995 survey. By October 1595, up to 0%, of M. annwlaris colomies were bleached, particularly o
the shalloew (<10 m depth) forereef off South Water Cay. Extensive bleaching was also reported [or
Agaricta agaricites, A temuifolin, Madvacis spp., and Porites porites. Our surveys of the forereef at
Carrie Bow Cay in December 1995 showed that bleaching was still widespread. The incidence of
bleaching varied among species and appearced, in some species, to be rclated to water depth. Heavily
aflecled species included Montastraca ammularis, Agericia lamarcki, A. grohamae, Siderastrea
sideren, and Diplorin labyrinthiforntis. Bleaching al Carrie Bow Cay was preceded in June and July
1995 by unusually calin water canditions and high light transmittance (Fig. 6), as well as high sea
surface temperatures (S5Ts) in the Gulf of Mexico and western Caribbean (Slrong ef af., in press). As
determined by satellite imagery {Gleeson and Strong, 1995), 55Ts reached a 12-year high of 29.9°C at
Glovers Reef, Belize, in September 1995, Surface water temperatures over the drop-off at Carrie Bow
Cay were the highest rocorded since CARICOMT moenitoring began in January 1993, reaching a peak of
30.4°C during the [irst two weeks of June 1995 (Fig. 4). Bollom water temperatures al CARICOMP Coral
Reef Site 1 {13 m water depth} averaged 29.8°C (#0.16) during the last week of August (Fig. 5). By
December 19235, temperatures had fallen to a monthly average of 27.7°C. The rapid decline in water
temperatures was duc partly to the passapes of Hurricancs Opal and Roxanne across the Yucatan
Peninsula in late September and early October 1995, respectively (Figs. 4 and 5). Foltow-up surveys of
coral bleaching in August 1996 and January 1997 indicated that most of the coral had recovered.

Seagrasses

Mote than 90% of the lagoon leeward of Carrie Bow Cay is shallow (<6.5 m} soft bottom dominated
by Thalzssia testidinim; the remainder consists of rubble, reef patches, and large sponges (Ritzler and
Macityre, 1982b]. As previously noted, overfishing of queen conch, Strombus gigas, has left the lagoon
largely devoid of this herbivore. The scagrass beds are crisscrossed by a series of uncolonized sand holes
from seismic surveys for petroleum explozation during the 1960s. Recolonization of disturbed areas by
Thalassia 1s slow, often laking yeers (Zieman and Zieman, 1989; Williams, 1988), possibly due to nutri-

cnt accumulation in the scdiments {Williams, 1990}
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TWIN CAYS, BELIZE
1994
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Fig. 8 Twin Cayy, Delize, showing the location of CARICUMP Seagrass Sites [ and IT (open squares off castern shoreline}
and the three contigucos mangrove ploby along the easlern shoreline,

88



Carrie Bow Cay, Belize

Two permanent monitoring plots were cstablished in the seagrass beds approximately 100 and 150 m
cast of the CARICOMP mangrove plot at Twin Cays (Fig. 8). Site ] was established in what was judged
to be a “high productivity” area (100 m offshore), while Site IT was established in a “representative”
ot “average” area (150 m offshore). However, after semi-annual sampling over three years (1993-1995),
na diffcrence has been observed bebween the sites and data on biomass and productivity are pooled in
subsequent analyses,

The seagrass beds adjacent to Twin Cays lic on a shallow shelf that increases gradually in depth
from the shoreline to approximately 1.2-1.5 m at the CARICOMP sites, before dropping more stecply to
the lagoun buttom (approximately 7 m) about 300 m offshore, Bolom sediments (b at leasl 1 my} consist
primatily of Halimeds sand mixed with fine clay. Thalassia testudinum grows profusely in this area
(short shoot density = 260 + 250 m™), interspersed with sparse stands of Syrfrgodium filiforme and
Halitteda  spp. As noted by Young and Young (1982}, Thalassiz blades in the lagoon are heavily en-
crusted with coralline algae and are conspicuously devoid of epizoans, except Foraminifera.

Seaprass btornass shows slight scasonal variations (Table 2, somewhat higher in August (4116 +
631 g m? dry wt) than in December {3795 + 741 gm™ dry wt). Seagrass biomass cstimates for this area are
among the highest within the network of sites and among the highest reported in the Caribbean
{Zicman and Zieman, 1989, The biomass of these beds appears to be related to greater sediment depth
(Tomasko and Lapointe, 1991) or nutrient enrichment from the adjacent mangrove community where
turtle grass is morc doanse and grows three times faster than Thalassia In the nearby open lagoon
{Rifzler and Feller, 1988). Areal productivity also varics seasonally, with higher productivity during
August comprared to December (Table 3). The tumover rale for Thalassig leaves does not show signifi-

Table 2. Biomass (g m” dr'l.-r weight) of seagrass fractions at CARICOMP £ %aﬂra %5 Sites I and IT,
'Iwm Cavs Bellze, munthl}r mean and standard deviation of pooled Site [ and Site I samples (12/53-07 /47),

Thalassia Other Grass Calcarsous Algae
MNon- Fleshy
honth Abuve Belmw Grecn Groen Algac Above Below Tatul
Aug, n=28 583 3251 3 149 1.3 44 14 4116*%
fstd dev) (204) fant () r26) i(£) i92) (16} (681)
Dec, n=28 731 2914 ) Al 9 53 a0 3ra5"
fatd dev) (211 fa2at (7] {44) (25) {63] r114) 741)

*significantly diffcrent, p < 005 two-lailed blest with 54 df,

Table 3. Thulassia testredinnm: areal productivity and turmover {% of the plant present that is replaced each dayl;
mean and standard deviation of poaled Site I and Site IThy month (08/83-07 /587).

hionth Areal Prnducnvldy Turnover
(g dry weight m” d'} (%perdayy
Aug n=>5 2.86" 2.44°%
{std dem) fr.526) (0,32
Dec, n = 42 2.30% 2,567
fatd dep) f68) (0.8

*sigmificantly different, p < 0.05; two-tailed t-test with 94 df.; ®®no significant differenec.
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cant seasomal varialion, averaging about 2.4% per plant per day. Blade tumowver rates for this com-
munity are comparable to others in the Caribbean and elsewhere in Belize, where they have been

observed to remain at near-constant rates {Tomasko and Lapointe, 1991).

Mangrove Forests

Mangroves of the central barrier reef complex oceur on both isolated islands and elliptical groups of
islands (ranges) several hundred meters lecward of the reef crest. Most of the mangrose communities in
this region, including the Twin Cays complex, are built on a limestone platform {fossil palch recf) that
was topographically high duweing the Late Pleistocene (Ritzler and Feller, 1988, 1996; Littler et al.,
1995; Woodrolfe, 1995). Beyond the influence of the terrestrially-derived sediments that underlie man-
grove forests of the mainland, the mangrove forests of the contral barricr reel arc underlain by man-
grove-derived peat which accumulated to thicknesses of as much as 10 m during the rising scas of the
Holocene transgression (Woodroffe, 1995, Macintyre ¢t af., 1995). Like many mangtove systems of the
Caribbean, they are dominated by red mangroves, Rhizophore mangle L., which fornn a fringe around
the periphery of the islands. The interors have extensive stands of black mangroves, Avicennia
germinans (L) Steamn, which are exposed on the shore in some arcas such as Tobacco Range as o result of
shoreline ervsion (Woodroffe, 1995). There are scattered individuals of white mangroves, Lagurcuiaria
recerosa (L) Gaertndf., but these do not foimn the thickets common ai other West Indian islands where
there has been considerable disturbance to the mangrove vegetation (Woodrotfe, 1995).

Twin Cays is a 91.5-ha range of two large and four small intertidal islands {Fig. 8). The two large
islands, East Island and West Island, are separated by a 0.5-2.0 m deep, 5-shaped navigable chanmel,
Fxcept for send spits at South Point and just north of West Bay (which flooded prior to being (illed for
development in the 1980s), Twin Cays lies within the intertidal zone and is overwashed by spring
tHdes. In 1980, Twin Cays became ane of the primary study sites for long-termn ccological studies by
Smithsonian Institufion scientists and their collaborators at Carrie Bow Cay.

Although its topographic shoreline is within the intertidal zone, Twin Cays’ vegetalion is physio-
gnomtically varied and interrupted by tidal creeks, open {lats and shallow interior ponds (Fig. 8} Red
mangrove forms a dense, monospecific fringe around the island peripheries and along creek banks, and
ils height generally decreases with distance from the shorcline, Avicennia germinans and L. vaceniosa
occur primarily in the intetior of Twin Cays, typically intermixed in a transition zeme with K mangle
just landward of the fringe forest. Avicennig germingns also forms mongspecific stands in some arcas in
the interior, Mowever, L. racemiose does ot form extensive stands, Ponded areaz in the interior arc
dominated by extensive stands of dwarf B, muangle. (McKee, 1993a). The zonation pattern of mangroves
at Twin Cays varies not only with spabial position relative to the shoreline but alse with hydro-
edaphic conditions (McKee, 1993b}. Fertilization studies have shown that phasphorus deficiency is a
primary factor limiting the growth of dwarf trees in the interior of Twin Cays {Feller, 1995).

Based on surveys and transects across Twin Cays, Woodrofle (1995} compiled a vegetation map of
the occurrence of mangrove species and the shrichure of mangrove vegetation that indudes seven {ypes:

R. mtgngle serub (<2 m); K. mttede thicket (2-4 m); K. mangle woodland (=4 m); A, gertrinens woodland;
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A. germinans open wondland with R mengle saub; and dead R mangle. The mangrove community of
Twin Cays is similar to the basin mangrove in Rookery Bay, Florida, and a fringe mangrove in Ceiba,
Fucrte Rico (Woodroffe, 1995). Woodroffe alse noted that the ranges are undergoing disintegration, and
there is abundant evidence (extensive unwvegetated flats in the interiors and dead mangrove stumps
throughout the range) that the pattern of mangrove disttibution is changing. Woodroffe suggested thal
shoreline erosion and the anomalous mangrove distribution patterns an Twin Cays, as well as in other
ncarby mangrove ranges, may be the result of abiotic stresses in the environment, including hurricane
damage, reduced tidal flushing, salinity, and soil chemistry, as well as clearing of mangroves by
humans.

In December 1993, five 10m = 10m (0.1 ha) plots were established 5 m apart along a 70-m transect
perpendicular to the shoreline on the castern (windward) shore of Twin Cays. Plots 1 and 2 {closcst to
the shoreline), consisted almaost entirely of R. pangle, Flots 3 and 4 consisted of A, germinans and a fow
I.. racemsosa, while Plot 5 (interior) consisted primarily of dwartf E. mangle. To eslablish seasonal pal-
lerns of productivity, leaf litter was collected monthly in 10 mesh-lined traps deployed within each
plat (CARICOMP, 1994). In 1994, praductivity showed peaks in spring and fail {Fig. 9. Tn 1995, the
CARICOMT protocol was tevised to three 10 m x 10 m plots sct up parallel to the shoreline in the red
mangrove fringe, with semi-annual sampling of litter fall

Historically, fishermen used Twin Cays as a base for seasonal fishing camps, for bail collecling,
and for storm shelter, Since the early 1980s, local developers have Lried repeatedly to eslablish resorts
and varation homes on Twin Cays. Soveral areas have been clear—ut and later abandoned. Although
Belize's regulations regarding mangrove prolection should protect Twin Cays from future threats of
development, attempts by the Forestry Department to enforce these regulations have been only moder-

ately successtul. Indeed, in 1995, several hectares along the shoreline immediately north of the CARI-
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Fig 9. Mean biomasa (g m mo?) ol leaf litter froin mangeove plots al Twin Cays, Belize. Plok 1 = shoveling; Plot 5 = interiasr.

91




CARICOMP —. Caribbean Coral Reef, Seagrass and Mangrove Sites

COMT site were cleared of mangroves and filled with sediment dredged from the sub-tidal area adja-
cent to the development site. The developer is pruposing to establish a marina and resort on the site.
Other threats are also increasing, particularly from the rapidly cxpanding tourism industry. Substan-
tial quantities of trash have heen dumped into several small bays by operators of nearby resorts and
sailing yachts that use Twin Cays as an anchorage. Beginning in the late 1980s, boat traffic from
tourism began to increase dramatically in the Main Channel. Wakes created from boats driven at high
spesd have broken mangrove roots and dislodpged sessile organisms in the bostrychietum communities.
Linfortunately, rapidly rising rates of inadequately managed tourism will likely exert increasing pres-

sure on this and other mangrove communities in Belize.
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Nicaragua

Mangrove wetlands, scagrass beds, and coral recfs are found throughout Nicaragua's
Caribbean coastal zone, but fow scicntific studies have been carried cut to identify their
distribution, productivity, or general physical condition. Preliminary data indicate
that live coral coverage of several large coral reefs on the Nicaraguan shelf is declin-
ing, In view of the ecologucal importance of these habitats in sustaining cast coast
fisheries, Nicaragua joined the CARICOMP program in 1992, Great Corn Island was
selected as the site for carrying out coral reef and seagrass monitoring. Although
mangrove forests ooour on the island, they are cut off from the sea except during short
periods during e rainy season. To date, work at Great Commn Island has been limited 1o
the coral reef site, which has been monitored for four yvears [(1993-1997).

Introduckon

Nicaragua’s humid Caribbean coastal zone {Fig. 1) traverses a broad range of environments that
include brackish wellands on the land, and nearshore and offshore benthic commnunities in the sea
(Byan, 1995). On the land, 0% of Nicaragua's watersheds drain towards Lhe east coast through eleven
major rivers. The nutrient loads and freshwater pulsed by these rivers provide the basis for many of

the envirormental functions characteristic of the Miskito lowlands and the nearshore coastal boundary

'{CARICOMP — Caribbean Coral Reef, Sengrass and Mangrove Sifes (edited by 8. Kjerfvo), pp 95-105.
UMNESCLY, [Faris, 1998, 347 pp-
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layer (Murray and Young, 1985; Ryan, 1992a). However, increased deforestation has led to high erosion
along many of the watersheds. This has resulted in higher sediment Toads that are believed 1o have
killed several of the large nearshore reef complexes on the central Nicaraguan shelf (Ryan, 1%92a)
The dynamics of marine environments on the continental shelf, the largest in the wider Caribbean, are
primarily influenced by tropical storms, the westward flowing Caribbean Current, tradewinds [Roberts
and Murray, 1983; Murray af af., 1282; Ryan 1992a, 1994), and ecolegical processcs.

Mangroves, scagrasses, and coral reefs are found throughout this coastal zone. With the exception
of Lheir co-occurrence on the shallow Miskite Cays bank, they are not distnbuted according to the
classical paradigin in which three habitats are Hightly linked through physico-ecological processes
vver space and tirne ((gden and GladEelter 1583). This notwithstanding, the environmental functions of
these three habitats provide vesources and ecological services that contribute to the welfare of
Nicaragua's diverse ceastal populalion {(Ryan, 1995). For example, coral reefs and seagrasses produce
scale-fish, lobster, and shrimp thal accotmt for more than 7% of the country’s seafood cxports, This
production provides jobs (artisanal and industrial fisheries) and subsistence meomes [or local
communities. Additionally, the habitats provide food and retuge tor mom than half of the remaining
endanpered green sea turtles (Chelonin stydas) that remain in the Atlanbic Ocean (Cart, ef o, 1975;
MMortimer, 1433).

While most of the estimated &K] krn® of mangrowve forests {Robinson, 1991) are largely confined to
len coastal lagoons and along river banks, they are also found in nearshore {Pear] Cays) and offshore
{(Miskito Cays, Com Islands) marine envirorunents. Seagrass meadows and coral recfs occur both
nearshore and offshore across the Nicaraguan sheli. Although the areal coverage of these lalrer
habitats is unknown, the seagrasses are anemg the most extensive in the world (Reberts and Murray,
1983} Must of the available data for coral recfs come from studies on the Comn [slands [(Geister, 1983
Koberts and Suhayda, I1233; Byan, 1994). The few coral data that have been collected for the important
reef system in the Miskito Cays provide no scientific basis for quantifying coral abundance nor for
evaluating their environmental condition, even though this progam has been operational for four vears.
Seagrass surveys have been carried out in the Miskite Cays by Ogden and Gladfelter (1983), Phillips «#
el {1982}, and Marshall {1994), and in the Pearl Cays and Corn Islands by Eyvan {19928, 1004),

Because of its remoleness from the rest of the country and a long history of civil war, the Caribbean
coast of Nicaragua has remained relatively undeveloped. Less than 10% of the total population lives
on that coast, and population densities are low. Approximately six inhabitaints per krn® five Inan area
that comprises neatly half of the natiomal territory (Hobinson, 1991). The exceplion is Great Com
Island, one of only two inhabitated islands on the shelf, which has a population density of nearly 500
inhabitants per km®. Virtually all travel within the Caribbean coastal region is by water, due to the
lack of roads. Human activities represent the greatest cutrent threats to seagrasses and coral reefs.
Habitat degradation (sedimentation and damaging fishing practices) and overfishing are common in
nearshore environments, whereas high nutrent concentrations threaten the reefs offshore the Comn
tslands. In nearshore areas, increased sediment loads arc hypothesized to be responsible for an average
living coral cover of 10% for corals {found within 25 km’ of the mainland (Ryan, 1992a,b}. The cffects of
overfishing of these habitats is unknown, but the decline in reef fish populations may be relaled lo in-
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Fig. 1. Map of Micaragua's Carblean coast and study area.

creased use of Jamnaican-type fish traps and by-catch of reef fishes in shrimp trawlers {(Ryan 1995). In

offshore environments, many of the fringing reefs on Great Corn Island are believed to be declining as a

result of sewage (Ryan, 1993; Broegaard, 1995).

Nicarapgna joined the CARICOMP Program in 1992 and, after a careful search, decided to select

Creat Com [sland as ils coral and seagrass monitoring location, The Com Island site was selected For

three reasons. First, it i5 outside the influence of terrestrial erosion thal has led to river-bome sedi-

mentation impacts on nearshore coral reefs and seagrasses, Second, both the island and its underwater

environments are more accessible than at either of the other sites that were considered {Miskitn and

Pear] Cays). Finally, the lack of a close physico-ecological coupling between terrestrial mangroves and

marne seagrasses and corals favored the selection of an offshore site.
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The Setting at Great Comn Island

The two Com [slands rise above the contral Nicaraguan shelf to form the only inhabited islands
along the Caribbean coast of Nicaragua (Figs. 1 and 2). Great Com Island is located between latitudes
12°08'40°N and 12°11'83"N, and longitudes 83°04'24"W and 83°01'38"W. The island’s area is 10.3 ki’
and it is inhabited by about 5,000 peaple. Tesser Com lsland, Jocated 15 km to the northeast, is
approxitately half the size and has a population of about 500. A Iobster and scale-fish fishery and
twir seafood processing planls, which produce over 40% of Nicaragua's total seafood cxports, provide
the primary sources of income for the two islands.

General deseriptions of physiographic features have been published (Convenius, 1929 McBirney
ard Williams, 19658), as have descriptions of underwater environments (Geister, 1783; Reberls and
Subayda, 1983; Ryan, 1992b, 1994), The geological and hydrological forces in operation on the island
have been summarized by Ruden (1995), who calculated that approximately one-half of the big island

lies bencath the 2-m contowr dine, and that a sea level rise of only 0.5 m would inmundate about one-
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third of the island. The island iz made up of Tertiary {Miocene-I'livcene} basalls that protrude through
late Tertiary carbonates. These basalt furmations extend offshore, covering an area of approximately
10 kin* beneath Lhe coral reefs. It has been hypothesized (Broegaard, 1995} that the island's fresh-
water aquifer is geologically connected to the nearshore reefs (<1 km from the island) and that SEW ApE

may be seeping through fractures in the geological formations comnecting the island and the nearshere
reefs,

E‘Iimate and Oeeanic Conditions

Tradewinds arc the dominant force that controls processes such as erosion, grotndwater movement,
and wave cnergy areund the Com Islands. Winds blow steadily from the ENE at 7-10 m 5%, will a
steadiness factor of 90% (Roberts and Suhayda, 1983} These and other physical forces (storms and
currents) have sculptured the existing shape of the Corn Islands and the underwater reef formations.

There arc no contiruous air temperature or rainfall records fr the Com Islands, and logistical
ditficultics made it impossible to collect in silu data for more than six months. Hobo-temperature
readings in I994-1995 were consistent with long-term data for nearby San Andrds in 1959-1981. Given
lhe absence of more recent long-term data, we present temperature recordings from the San Andrés data-
seb. Average air lemperatures had an annwal mean value of 27.4°C and a relative humidity of 81%. The
conlest months are December-barch, with an average of 27°C or lower. The warmest months are May-
September {28°C}. Extreme temperatures oocurred in March 1973 (17°C) and July 197t (34.4°C); these
cannot be ruled out as factors in the observed coral degradation patterns. Average monthly raindall is 50
mum; the rainy season is July-December {150-300 mm), with the highest rate in November,

Solar radiation is a critical parameter for coral and scagrass growth, Lipes de la Fuente (1994}
collected solar radiation data from Bluefields and found that the highest global radiation ocours in
April, the lowest in December. The guantities of photosynthetically active radiation {PAR), which
represents the amount of solar radiation available to perform phntosynthesis, is proportional to solar
radiation values.

Nicaragua’s Caribbean coast is characterized by one of the highest rainfall rates in the world, 2 m
per year in the north and nearly 7 m per year near the Costa Rica border. An avetage of 3.5 o per year is
assumed until mare data can be collected. A relatively dry season occurs between January and April, and
this period coincides with the strongest tradewinds. Peak rainfall is delivered between May and
September. Annual evaporation has been estimated at 1.3 % 10" mm. The highest evaporation rates {154
mm} cocur during the months of April and May, the lowest (86.% mn) during November (Peralta-
Williams, 1991},

Tropical storms impact the Corn Islands onee a year on average, although three storms and a hurri-
cane pounded the island in 1996, Hurricanes can be expected to strike the Nicaraguan coast once every 50
vears, but three hurricanes have struck Conn Island in the past eight years. Joan (Qetober 1988) was the
mest severe, Winds gusting up to 70 m 57 struck Great Com Island divectly from the southeast, blasted
actass the island, and devastated 954 of all standing structures an the island. In the sea, the wave

surge lasted for nearly one week, and wave heights »15 m wete chserved on the southcast side of the
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island during the peak of the gtormn, Bottom surges resuspended large sand banks and shifted them so
that they spread over several extensive coral formations on the fringing reef in 1-7 m depth, and
shallow (<7 m) Acropore formations were badly damaged. However, the most recent hwrricane, Cesar,
did very littlc damage to the reefs when it hit in 1996,

Few data exist on physical-chemical seawater conditions an the Nicaraguan shelf, and historical
data tor the Comn Islands are noncxistent. Tides are serni-diurnal and average less than 1 min range.
Average salinity dwing the initial phase of the monitoring program was 34.5%; seawater tem-
peratures averaged 28.5°C (Fig. 3). These measurements were made at the CARICOMTE sile.

Coastal Habitats on Corn 1sland

Approximately 15 percent of the island’s wellands are composed of freshwater (Raphiz laedigera}
and mangrove (Rhizophore mangle) vegetation located in three different sections of the island (Fig. 2).
Dhrect connection o the sca is blocked during most of the year by a beach dune system surrounding most
of the island. However, during the wet season, heavy rains fill the wetlands until hydrostatic pressure
builds up and breaks open the dune system, This allows for 2 temporary interaction, release of tannin-
rich fresh waters, migration of crustaceans and scale-fish, between the wetlands and the offshore
ecosystems. Many of the mangroves on Great Corn Island have been degraded by sewage discharge.

Marine environments surrounding Great Corn Island include numerous seagrass meadows. Lense mix-
tures of Syringodium filiforme, Thalassia testudinum, Halophila spp., and Halodiude wrightii are com-
monly found in the nearshore backreef lagoon, whereas Thalassie testudinunt and Syringodinm fili-

forme dominate deeper offshore environments (6-8 m depth).
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Fig.3, Suminary of waber temperatore data at the CARICOME reef site, Great Com Island, Nicaragoa.
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The largest coral reef system associated with Great Corn Island is the Cana Reef, a complex
composed of iringing and patch reefs located on the northeast comer (windward side) of the island,
which extends seaward 2 km and then curves towards the south. This system, which is 4 km long,
consists of three scparate reef formations (Fig. 2). Historicaily, the reel complex appears to have boon
best developed on the nearshore eastern and western borders (Geister, 1983), but the continaity
essentially disappears in the center, where isolated patch recfs rise from the boftom. In general, there
is little roef development on the leeward side of the island, presumably due to an island wave “sha-
dow” effect that reduces current and wave activity behind Cana Reef (White, 1977).

Om the offshore reefs, the coral is generally in pood condition but many ncarshore (<1 km from the
island) corals are dead and covercd by algae and encrusting sponges (Ryan, 1994} The most frequently
ohscrved encrusting sponges are Clathria spp., Cliona sp., and Agnanthosigmelia  varians, the laller
covering most of the dead corals. Many of the ncarshore corals appear to be declining due to subter-
ranean discharges of sewage-contaminated groundwater originating from the isiand (Ruden, 1593;
Eyan, 1994; Brocgaard, 1995), Farther offshore, beyvond the Cana Reef, patchy seagrass meadows and
more robust corals abowund. The outer coral reefs receive maost of the incoming wave energy ditecled at
the island; Acropera paimata and Momtastraea anrularis are the dominant frame-building covals
throughout the fringing reef system,

The CARICOMP Reef Site

In 1993, a set of five permanent transccts was established o the CARICOMEP monitoring site, The
site is located at latitude 12°11'5¢.4"N and longitude 83° 03'28.5"W, within the offshore reef system in
ant area in which the teef is part of the fringing reef that is faund at a depth of 12-15 m. The reef ter-
minales at 20 m, where extensive sand pools extend seaward (Roberts and Suha}fda, 1983, Geister, 1983;
Kyan, 1994}. The site is in the path of the predominant trade winds and wave energy (Fig. 2) and sand
is frequently resuspended in the water columin. The only buman influence near the monitoring sile is
sporadic fishing by lobster divers, occasional fish trapping, and occasional hook-and-line fishing.

Based on chatn transect surveys over the three year sampling period 1993-1995, mean subslrale
rugosity measured 1.91 (sd=0.132). Live cover at the site was dominated by algae (43.9%) and sclerac-
tinian corals (25.2%), Nonliving substrate {e.z., gaps, holes, dead coral) made up 27% of the reef cover.

Data on the abundance of hard, soft, and hydrocorals were collected using a combination of chain
transect and meter-square methods in order to make a more representative species characterization of
the site. A total of 28 coral species was found using the two different methods (Table 2). Chain
transects appeared to be miore sensitive for finding smaller species {e.g., Scolymin, Mycetophylifa).
Results indicated that a small group of coral taxa (Montasirase munwdaris, Agaricia spp., Poviles spp.,
Miffepora alcicornis, and Fseudopteroyorgin spp.) represented over 90% of the corals sampled at the
site (Table 2). Algae were dominated by the “fleshy” species, Dictyetz spp. and Padina spp. Ablotic
substrate made up nearly one-quarter {23%) of the site. Sponges and soft corals represented less than 3%
of the total cover {Table 3). Video archives (8 min video camera} were made by swimming 1 mabove
each of the 5 transects during each year from 1994 through 1994,
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Table 2. Coral species composition comparing meter-square quadrats and chain transects, August 1994,

_Quadrat e — o Chain
Caral Sperics Compusition . Fercent _ _ Rank Percent Rank
Montastraes ennulars 8.5 1 4,93 1
Agaricia spp. 211 2 B3 35
Paritee astreoides a9 3 11.4 2
Agaricia  ayaracifes £.6 4 B3 3.5
Pseirdopleragorgis spp. 5.6 = 25 0.5
Millepara alvicornls 3.2 & .2 16
FPorites porites fircaln e 7 1.5 o
Muriceopsis flaoida iz L 0 —
Porties porites 1.0 ] 6.2 5
Monlastragn cavernose 1.0 10 i} —
Porites colevenais o] 11 0.9 12.5
Agavicta hunnlis 04 12 0 —
Muyrelophyllia spp. 0.4 13 1.6 15
Preudopierogorgin hipinnata 0.3 14 24 6.5
Psrudopterogorsivameriveng 0.3 13 o
Siderastrea sideren a1 16 ¥ —
Porites porifes divarcala e 17 1.0 11
Gargonia mariae a1 18 0 -
Evipiven apsp, 1.1 14 ] ——
Cilpephyilic nalans 0l 20 0.7 14
Maniciina areolala 0.1 21 . a -
Dichoemia stokesii .1 22 o —
Agaricia angarites donae 0 — 1.7 f
Leptnseris cueuliate a — L1 10
Meandrine meardriles 0 — 0.4 125
Mycetophiylia nliciae 0 — 0.5 15
Scolymia sp. 0 - - 0.1 17.5
Avrapord cercoriis i — *1 17.5
Specics Number by Methad 5=22 5=14
_Total Species Mumber = 38 R
Table 3. Mean percent cover and standard deviation (sd) of cover by different
_ o benthic caterories, by bransect and overall, 1993-1995. L
_ Transect _ Owerall
_BenthicCategory 1 2 3 4 5 . _Mean
Algac mean 0.71 0.73 2.4 29 1.7 1.7
sd (.41 0.52 3.5 23 1.5 1.0
Stony Corals (mean 18.49 307 rdi el 244 320 252
s 4.0 54 3.9 1.1 5B &.0
Soft Corals ncan 0.70 n.72 6.4 24 1.7 1.7
s n.41 .52 24 25 1.5 id
Sponges TeEn 1.8 1.3 3l 0.51 14 1.8
g (145 1.3 1.3 0.9] 23 0.86
Mon-Living rean 344 222 238 21 232 7.5
- 11.0 44 18.4 7.2 74 54
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The seagrass monitoring site is located in a wave-sxposed environment 200 m seaward of two sites
on the north coastline (Fig. 2). Each of the two sites consists of a meadow of mixed Thelassia and Syrin-
godipm located at <2 m depth. Scagrass sampling data are still unavailable due to a lack of equipmeni,

No mangroves were monitored at Corn Island due to lack of human resources during the first three
vears, but a site for future measurements has been selected in nearby Pearl Lagoon on the mainland.

Black sca urchins (Diadema aniillorum) were not observed at the reef site. Densities in some of the
shallow (<5 m) nearshore recfs around Great and Lesser Corn Islands were below 4 urchins m”, Surveys
of other urchins at the 5 transects {1 m on either side of sach transect line} in October 1995 found a mean
density of 292 (sd=25.2) Echiromeira viridis. Mo correlation was found between urchin abundance and
any of the six benthic categories nor substrate rugosity.

Mo bleaching was observed at the site during any of the three sampling periods. Sea fan surveys
were carried out at both the CARICOMP site and at different locations around the Corn Islands. A total
of 34 sea fans was cxamined. None of the sea fans examined on the reef (Gorgomnia wenlaling and Gor-
gomia flabellum) showed any cvidence of disease, as reported for reefs in the eastern Caribbean by
Nagelkerken et al. {1997). Along with the negative findings reported in nearby San Andrés Island and
the Bay Islands, our results provide support for the finding that the diseasc is not widespread in the
western Car{bbean,

While most of tho nearshore coral reefs at Great Coen Island (<1 km from the island} have under-
gone a major decline {<10% live coral cover) over the last decade, the percent live coral coverage
{25.24%) at the deeper CARICOME site is within the range of values rcported for other Caribbesn sites
{CARICOMF, 1997). The annual variability of live ncoval cover was not significant over the three
years, although standard deviations for the 5 transects at the CARICOMYE reef site was high., This
appears to be due to two problems. First, the {ailure to place permanent markers along the transects
allowed for high variability in the placement of the chain each year. This problem has becn overcome
by hammering nails into dead coral along each of the transects. Second, the use of differcnt divers to
collect data each year was undoubledly ancther source of variabililty. This problem has also been
rectified by establishing a permanent sampling team of three divers from the region. Conlinuously

recotding temperature probes are now mstalled permanently at the reef, seagrass, and land sites.
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Cahuita and Laguna Gandoca, Costa Rica'
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San Pedro, Costa Rica

The Costa Rican CARICOMI sites are located in two protected areas in the southern
puortion of the Caribbean coast near the border with Papama: the Kefugio Nacional de
Vida Silvestre Gandoca-Manzanillo (mangrove site} and the Parque Nacional Cahuita
(seagrass and coral recd sites). This tectonically aclive area is characterized by rocky
headlands, cxtensive wetlands, and beaches. The clitnate is hot and humid. This region
hosts over 150NN} tourists per year. The mangrove swamp in Laguna Gandoca, which is
about 250 ha in arca, harbors the country’s only natural population of mangrove ovsters,
contains the largest patch of red mangrove, and 15 one of the main rursery grounds for
the Atlantic tarpon. In the Parque MNacional Cahuita, the seagrass bed is one of the
largest in the country, about 20 ha in area; the coral reef is the longest continuous coral
reef in the couniry, with the outer crest extending 5 km, and contains the most mmnber of

species,

Introduction

The Costa Rican CARKCOMP sites are located in two protected areas on the southern portion of the
Caribbean coast of Costa Rica near the Panamanian border (Fig. 1). The mengrove site is located at
Laguna Gandoca, within the Refugio WNacional de Vida Silvestre Gandoca-Manzanillo (335, #2°
36'W). The seagrass and coral recf sites are located in the Parque Nacional Cahuita (97457, 82748'W),
aboeut 30 km northwest of Gandoca-Manzanille.

The extensive wellands of this portion of Costa Rica consist mainly of freshwater Raphie palm
swamps, known locally as “yolilalles.” The coastal lagoon, Laguna Gandocz, harbors a mangrove
forest, Land wse in adjacent areas includes banana and forestry plantations. On the coast itself, sandy
pocket beaches alternale with rocky headlands. These promontories are uplifted Pleistocene and Holy-
vene fossil coral reefs and beach rocks. The prescnb-day coral teefs grow on the bathymetric highs sea-

ward of the promoenteries, as at the Parque Nacional Cahuita,

"CARICOMP — Caribbein Coral Rewf, Seagrass and Mimgrove Sites (edited by B. Kjerfve), pp 107-113,
LINESCO, Taris, 1948, 347 pp.
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Fig. 1. Location of the study areas on the Caribbean coast of Costa Rica,

The town of Cahuita, from which the park was named, has a population of 3,000 (Berrmidez, 1992).
Tourism has grown rapidly over the past decade and, together, Cahuita and Gandoca-Manzanille host
more than 150,000 tourists per year {Bermudesz, 1992),

Atmospheric and Oceanic Climates

The hot and humid climate of the Carbbean coast of Costa Rica consists of wo raimy seasons,
November-March and June-August, Average precipitation decreases from north to south aleng the coast,
from about 5,000 om near the Nicaragnan border to less than 2,500 mm near the Panamanizn border
(Coen, 1983). In the study area, average rainfall varies from 3,000 mm at Cahuita to 2500 mm at
Gandoca. Air temperature tanges from 24°C to 27°C {(Herrera, 1984).

The main marine current along the coast is from northwest to southeast, with small eddies in the
opposite direction. These eddies transport termigenous sediments derived from the larger rivers along
the coast into coral reef areas (Cortés, 1981, 1992a).

The tidal range is 30-50 cm, but the area is also greatly affected by local winds, Tides are mixed,
mainty diurnal. Waves are mainly from the northeast January-fune and frem the east July-December,
depending on the position of the Intertropical Convergence Zone.
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Mangrove Forest

The mangrove site is located at Laguna Gandoea and covers an area of 250 ha. Tt is the least altered
by human activities of any mangrove forest on the Caribbean coast of Costa Rica. The lagoem is a
topographic depression at the land-sea interface created by fluvial-tidal interactions. |ong-shore
cutrents here built a sandy bar or spit across the confluence to create a coastal lagoon. Exchange between
the lagoon and the ocean depends on precipitation and run-off. More freshwater exits the system than
marine water enters. The outlet varies in size, from occasionally being closed to being several meters
wide.

The lower section of the mangrove forest is dominaled by large Rhizophora racemosa G.F.W Meyer
and Avicennia germinans {Linnaeus); other species include R. harrisondi Leschman, Conecarpus erectd
Linnacus, and R. mangle Linnaens. The upper reaches of the forest are dominated by Lhe fern Acrosticum
rureum Linnaeus and the palm Raphia faedigera Martius,

Laguna Gandoca has the only natural populations of the mangrove osyter, Crassostren rhizophovae
(Cuilding) in Costa Rica, and the largest patch of red mangrove, R mangle. This lagoon is one of the
main rursery sites for the Atlante tarpon, Megelops atlanticus Valenciermes, and other species of
economic importance (Chacén, 1934).
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Fig. 2. Mangrove site at Laguna Gandoca within L Refugin Macional de Vida Silvestrs,
Gandoca-3anzanillo, Costa Rica,
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Seagrass Beds

The seagrass site is located in a shallow {<1 m] lageon in the Parque Nactonal Cahuita {Fig. 3).
The lagoon covers an area of 250 ha, and the seapgrass beds cover 20 ha behind the reef crests. The
predominant species is urtle grass, Thalassia  testudinum Banks ex Kondg, with inlermixed manatce
grass, Syringodiun filiforsmis Kitz, Haloodule wrightii Aschersom is also found mixed with the other
seagrasses or alone in protected arcas. This seagrass sile was affected by the 1991 limdn earthquake
(7.5 on the Richter scale), as a result of co-seismic uplift of about 50 an {Cortés gl al.. 1992). One year
after the carthguake, Thalessis had completely overgrown the lagoon, but the populations of algae
and seagrasses had returned to pre-carthquake levels two vears after the quake.

At the site iIn the middle of Lhe lagoon, the ratio of Thalessia to Syringodinm 1s about three to four.
Several coral species and many algac arc present, cspeciaily Dictyefa, Amphires, Lawrencin, and
Hulimeda. In early 1995, the density of Thalassia was LU3S + 38 short shoots m®, and the density of
Syringndivin was 771 £ 365 short shoots m™, Between April and May 1945, the growth rate of Thalassiu
was W0+ 320mgm* d".

Coral Reefs

The coral reefs are the most studied marine ecosystems on the Canbbean coast of Costa Rica. Of
these, the one at the Farque Nacienal Cahuita has been studied longer and in greater detail (Fig. 3).
The teef was described first by Wellinglon (1974a); siwe then, high levels of siltation and turbidiry
have been investigaled, Studies have supggested that the high levels of terrigenous sediments are
responsible for the siltation and turbidity as well as being the main stressor on the reef [Risk et al.,
14B0; Cortés, 1981; Cortés and Risk, 1984, 1985 Cortés and Gurnan, 1985a). A study conducted 15 yoars
alter these initial observations indicates a conlinuous delerioraton of the coral recf (Cortés, 1994,

Descriptions have been published of coral species {(Cortés and Gueanidn, 1985p; Cortés, 1992b), octo-
carals {Guzman and Cortés, 19585), algae (Wellington, 1974b; Soto and Ballentine, 1986), microcrusta-
ceans (Breedy, 1986; Breedy and Murilla, 1993}, sponges (Loaiza, 1991), densities of Digdema (Valdex
and Villalohos, 1978), and primary productivity (Silva, 1986). Follution en the reef has been docu-
mented by Mata af gl (1987), Rojas (19903, Sandi {1990}, and Guamdn and Jimenes (1992), The death of
curals ahd other reef organisms due to high temperatures in 1983 was repnrted by Cortés et al, {1984),
while that resulting from the 1991 earthquake was reported by Corlés ef gl. (1992). The massive 1983
die-off ol Gorgonia was described by Guzman and Cortés {1984}, that of Diaderma by Murillo and Cortés
ALLENE

The coral reef is characterized by an outer crest extending for 5 km around Punta Cahuita; the fore-
rcef base is at a depth of 15 m, The reef crest is dominated by Millepora complanata Lamarck and coral-
line alpae. A smaller inner crest extends for 300 m around Puerto Vargas; the base of the forereef is at 3-
6 mand is built mainly of Agaricia agaricites (Linnaeus) and Porites spp. on the eastern end, and of
massive corals in other sectioms. The reef crest had Acrupore pafmata (Lamarck), but the species died
olf in 1983 (Cortés ¢t al., 1984) with liltle recovery since then. The backreef has Diplaria clivoss (Ellis
& Solander) and Millepora complangte; the Jaguon is mainly rubble, with a few seagrasses and algae,
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Fige. 3. Seagrass and coral reef sites at Farque Macional Cabarita, Costa Rica.

The CARICOMP site is located on the inner crest at the base of the reef at a deplh of 5 m. The main
coral is Siderastres siderea (Ellis & Solander), logether wilh Diplerin strigose Dana and a few Mont-
astraeq franksi Gregory. Average live coral covetage is 288 £ 8% (0 = 5 x 10-m-long transects),
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Bahia de Chengue, Parque Natural Tayrona, Colombia’

Jaime Garzin-Ferraira
Instituto de Investigaciones Marinas y Costeras ({INVEMAR)
Apariade 1016

Santa Marta, Colombin

Bahia de Chengue is a small bay located on the Caribbean coast of Colombia. The
shores are mainly steep and rocky and support poorly developed but diverse coral reef
commurities. At the innet portion of the bay there are sedimentary shallow botioms
with seagrass beds dominated by Thelassis and narrow but dense coastal fringes of
small Rhizophora trees. Regional climate and oceanography are strongly determined
by high coastal topography and trade wind incidence. There are two clearly distincl
seasons: (1} a dry season (from December to April), when strong NE trade winds {mean
35 ms"') reduce precipitation and generate an upwelling that lransports water with
low temperature (mean 25.5°C) from 100-200 m depth to the surface; and (2)a rainy
season (from May to November), with low trade wind incidence fmean 1.5 ms™), mote
than 80% of the total annual rain, reduced upwelling oocurrence, and higher seawaler
temperature at surface (mean 28.0°C). Turbid currents of reduced salinity commonly
enter the bay from the southwest duning the rainy scason. Chengue is part of a Natuzal
Park but human aclivities in the arca, although not extensive, haye an impact o the

marine ecosystom.

Introduction

The CARICOMP site in Colombia is Bahia de Chengue {11°20'N and 74'08'W?, a small bay (surfacc
area 3.3 km®} in the Parque Natural Tayrona, located 14 ki northeast of the city of Santa Marta on Lhe
Caribbean coast of Colombia {Fig. 1). The coastal topography is heterogeneous, with a steep relief due
to the closeness of the Sierra Nevada de Santa Marta, the highest mountain system of Colombia (5,800
m above sea level). Conscquently, the share is basically a chiff composed of several types of metamor-
phic rocks {Doolan and Mol2onald, 1976), with numerous rocky headlands, islets, bays, and inlets. Also,
the continental shelf is very narrow, and depths of 200 m are found enly 2 km from shore. At the inner
portien of area bays, there are sedimentary beaches, small coastal lagoons and, intermittently, the

mouths of small rivers (Garzém-Forreira and Cano, 19413,

' CARICOMP — Cavibbemr Caral Reef, Seagrass and Mangrove Siles (pdited by B. Kjerbve), pp 115-125,
UMESCCY, Maris, 1998, 347 pp.
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Fig. 1. Map of Bahia de Chengue, indivating bathymetry, distribution of principal coastal marine ecosystems, locaton of CARL-
COME sampling sites (black dizm eods): mangrove wetland

s (Wil seagrass beds (5], and coral recks {7 and (2}, Coral reef physical
Ineasurements were taken at site C1. Inset map includes a sectiom of the Car

ibhean coast of Colombia, showing the localions of
Bahia de Chengue, Sanka Marta, and the mouth of the Magdalena River,

The submarine topography and distribution of the major shailow marine ecosystems of Bahia de
Chengue are shown in Fig. 1. Most of the bottom is sandy and deeper than 10 m Coastal lagoons,

mangroves, seagrass beds, and coral reefs have developed at the eastern and southorm shores of the bay,
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where trade wind-induced wave action from the northeast is low, while rocky bottoms are the
dominant ecosystem near shore in high wave energy zones, as in the NW shore of the bay. A detailed
description of the sediments, hydrography, and biotic communities of the southern lagoon was provided
by Alvarez-Ledn ef al. (1995). Due to coastal heterogeneity and the oooarrence of wide gradients of
exposure to prevailing waves from the northeast, there are extensive benthic communities and species.
Therefore, marine biodiversity in Chengue is high, as suggested by the results of Velisquez (1987) who
found 500 mollusk species when surveying less than 3 k™ of the bay. The work by Brattstrom (1580)
may also be indicative of high marinc biodiversity in the area of Santa Marta. He described nine
stations in the rocky littoral zone (to 1 m depth) and reported at least 246 specics {67 of algae and 179 of
benthic invertebrates). Acero and Garzon {1987) recorded 372 species of reef fishes in the Santa Marta
areo.

A single family of eight persons (five adults and three children} constitutes the permanent human
population of Chengue, accompanied by six cows, one pig, two dogs, and two geese. This family subsists
mainly on sait mining from the western Jagoon, but also n fishing in the bay. Although they use wood
for covking, no major modification of the terrestrial vegetation cover around the bay is evident. At the
end of Maich each year, an additional group of ten persons arrives at Chengue to work the salt mines for
one and ome-half menths. Fishotmen from nearby areas regularly work in Bahia de Chengue;
wndortunately, they sometimes use dynamite. Fach night, the lighis of approximately six hook-and-
line fishing boals are visible near the reefs. In daylight houts, the fishermen somebmes use gill nels or
beach seines across the seagrasses and in the southern lagoon. Commercial reef fish populabons are
clearly overfished; thus, only small groupers, snappers, or grunts are observed. As no road has been
vpened to the bay, tourist vistls are inltequent,

Locations of the CARICOMP sampling stations in Bahia de Chengue are shown in Fig. 1. Physical
measurements of the coral reef environment are being made 50 m to the west of site C1, and a Hoboe data
logger for permanent temperature recording was placed at a depth of 9 m (under a coral head) in this
site. Twao additional Hobos have becnt installed: one at a depth of 1.5 m in the seagrass bed sitc, and one
butied 10 an below the sediment surface {exposcd at low tide) at the mangrove site {20 mbehind the
ouler margin of the RAizephars fringel. Sampling procedurcs for physical weekly measurements at
seagrass and mangrove stations are as described in the CARICOMP methods manual. Daily site mea-
surements are made at the Instituto de Investigaciones Marinas (INVEMAR), which is [orated 3 m
above sea Jevel an a coastal rocky cliff at Punta de Betin, Santa Marta,

Climate and Ceeanography

There exist no meteorological data from Chengue, but climatological data are available from Santa
Marta (Salzwedel and Muller, 1983) (Table 1). Personal cbservations during 13 years in the arca
indicate that the general climate as well as cceanographic conditions are similar at both locations,
heing strongly dominaled by the trade winds that blow from the northeast (known locally as “brisa”).
There is a dry season from Decembcr to April, when the trade winds are strong {mean wind velocity

3.5t 5, maximum up to *30 m 57} and precipitation is low («20% of the annual total}. The rest of the
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year (May-November) is known as the rainy scason, characterized by lower trade wind incidence (mean
wind velocity 1.5 m s} and higher precipitation {52% of total annual rainfall during September-
November), There usually is an intermediate, weak dry season during June and July. If the wind does not

blow from the northeast, calm conditions prevail. A strong southwest wind, the “vendaval,” occurs

occasionally, principally dwing the rainy season. Seasonally, air temperature varies insignificantly
(Table 1}. The annual mean is 28°C. Between 1976 and 1981, the mean annual precipitation was 347 mm;
the range was 169 to 676 mm. The tetal number of sunshine hours per vear has been cstimated at 2,500
(Salzwedel and Muller, 1983}, Total precipitation in 1993 was 318 mm at unta de Betin, Santa Marta,

of which more than 530% fell in May {Fig. 2}

Eiry Season (Dec-Apr}

Rainy Season (May-MNov)

__ Range Mean Range bean
Afr temperature ["C) 276 - 281 279 267 - 285 7
Wind direction NE (%) 7293 85 62 — HY 70
Calm {%) f— 23 14 12 - 37 27
Mean wind velacity (ms™) 21-51 3.5 0.8-29 1.5
Ma wind veladty (m =) iz - 22 16.7 f— 1% 4.9
Runshine {hr 4 71-497 HA 58-8.8 7.6
Precipitation (ram} 9-174 b4 121 - 523 283
Nurmnber of rainy days 1-6 3.0 16 - 40 275
Water temperature [7C) 248 - 264 255 274 - 26 2840
Salinity (%) 31 -374 367 231 - 364 357
Croygen content {ppmy) 44 46 4.5 44 -48 d.6
Oyzen saburation () 94 - 101 o7 99 — 109 i03

I o 8135 - 816 B.20 5.15 — 8.33 815

bean values and their respective Tanges given for cach season ace caloulated Iron monthly means — except for
precipitation, which result from sums; compiled from several sources and reats (hetwresn 1966 and 1453) by Salewedi]

and Muller (LRE2),
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Fig. 2. Monthly precipitation at Punta de Betin, Santa Marra, during 1593
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Coastal oceanographic conditions also show some seasonal variation. During the dry season, up-
welling occurs nearshore due to currents transporting waters from depths of TNF20 m to the surface
(Bula-Mever, 1977; Ramirex, 1983}, As a result, typical water temperatures are considerably lower and
salinity higher from December to Aprl (Table 1; Fig. 3). Also, a slight inerease in dissolved inorganic
nuirients in surface waters duwring the dry season has been reported. Ramircz (1990} recorded nitrate
concentrations four times greater for December-April in two bays in the Santa Marta arca. At Bahia de
Chengue, surface water temperature and salinity were measured weekly at three CARICOME stations
(Fig. 3) during 1993, Except {or December, mean monthly temperature was highest at the inner station
(mangrove lagoon), intermediate at the seagrass station, and lowest at the outer station (coral reef),
ranging [rom 25.5°C in January to 28.8°C in May at the coral reef {annual mean 27.2°C). With respect to
salinity, the highest values were found in the lagoon during all months except May (which was the
rainiest month in 1993; Fig. 2) when salinity dropped to a minimum and was almost identical at the
threc stations (33.3-34.0%.). Solano (1987) recorded colder waters in Chengue during the dry season of
1485 when the mean menthly lemperature reached a minimum of 24.1°C in March, and also lower
salinity (31.4%. in November),

Water transparency was measured weekly at Chengue ag part of CARICOMD sampling during 1993
A Secchi disk (30 ¢m in diameter, 50% black and 50% white on the upper surface) was used, vertically
at the coral reef and horizontally above the seaprass bed. Disk visibility distance (at which the disk
no longer can be seent varied irregularly, indicating low values in both seasons (Fig. 3} Monthly means
ranged from less than 8 mnin January and May to more than 15 m in March and October at the coral reef,
and from less than 4 m in January and May to more than 7 m in September at the seagrass site,

Turbidity, which is notably higher in the soulheastern part of the bay, increases because of local
drainage from the southwest during the rainy season, resuspension of sediments due to wind-induced
wave action during the dey season, and daily tidal currents froen the southern lagoon. Sedimenlation
rates have been eslimated from six traps (FYC tubes 25 cm long, 5 om in diameter) placed for lwoeanonlb
petiods at depths of 9-11 m, 0.8 m above the coral surface at the reef site. Mean rabes, obtained in
1994,/1995 from dried sediments smaller than 1 mm, varied bebwecn 0.53 and 1.55 mg an® d. The
highest values were obtained in January and TFebruary of each year when trade winds were strong.
Sulano (1987) reported much higher sedimentation rates at the same site during August-October 1985
5.09-33.3 {mean 14.4) mg an® d”. These large differences could be due to different sampling methode-
logies, as Solano (1987) used small vials (.2 an long, 2.2 an in diameter} as traps fived on sandy sub-
strates for 7-14 days,

The local tide is mixed, mainly dinrnal with a form monber of 1.7 and a mean range of 17 an
{Kjerfve, 1981). The entire variation between high and low tidal levels during an entire vear was only
25 e (Brattstrom, 14980%
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Mangroves

Garzin-Fetreira and Cane (1991} mapped the shoreline red mangrove (Rivzephora wmangle) fringes
of Bahia de Chemgue (Fig. 1). They found three additional manprove spectes in nearby less swampy
tereaine Awdemoiia germinans, Conccarpus erectus, and Loguncularia racemosa, Of these, A, gorminans is
the only tree that forms monospecific stands of considerable size landward of the Rhizephors fringes.
The red mangroves are twisted and form a dense, intricate but narrow forest, CARICOME plots for
manitering mangrove siruchure and funclion were established along the southeastetn shore of the
sauthemn lagoon, where Riizophora stands appear b be most luxuriant. Data obtained from these plots
in 1995, according to CARICOMP protocels, show RhRizophora trees reaching heights of 13 m {mean 7.2},
with trunk diameters of 30 cm (mean 11.5), basal areas of 47.4 m” ha! {mean 42.8), and densities of 3,800
trecs ha”' {mean 3,467). Interstitial water salinity af the plots fluctuated bebween 36.4 and 49.2%,
{mean 42.8). Reyes (1991} described the root epifaunal community of the red mangrove (Rfizophora
tattgle} in Chengue, reporting 119 species from the southemn lagoon and 140 species fram the seaside
fringe of the southern shore of the bay.

Seaprass Beds

Five species of seagrasses pecur in Bahia de Chengue (Garzon-Ferreira and Cang, 1991). Thalessia
testudinum beds are most extensive but arc restricted to the shailow (less than 3 m deep) and guiet
waters of the gouthern portion of the bay (Fig. 13, Within these beds there exist monespecific patches of
Syringedium filfforme and, less frequently, Halodule wrightii and Halophila  baillpnis, although the
latter species may alse appear mixed with Thafassiz, Plants of all four species grow sparsely to a
depth of 5 m in sediment patches of the adjacent coral fringes. In deepet waters of the eastern bay, there
are also wide stands of Hoelephila decipiens, which grow more densely bolow a depth of 15 m.

Thalassig beds grow over calcareous sediments, mainly coarse sands. Coral rubble and small colo-
nies of live sponges and cotals of the gencra Manicing, Siderastrea, Millepora, Diploria, Porites, and
Cladpcora are comumon in these beds, as are the sea wurchins Triprenstes vemiricosus and Lyfeclinues
viriegnfus, The calcareous algae Flalimeda opuntin is abundant and, in many places, is the dominant
live component covering the bottom of Thalissia beds {Garzom-Ferreira and Cano, 1991), The shrimp
commuiily associated with the seagrass beds was studied by Puentes (19903), who found 26 species and
registered maximum values of leaf Thalassia density and biomass in March and minimum values in
November (1140-3140 leaves/m™, 48.8-221.2 g dry weight/m™). CARICOMP biomass and productivity
measurements of Thalassiz were donc in March 1994, Futimates of total biomass (including below ground
material) fluctuated between 631 and 1831 (mean 1101) g dry weight/m”, green leaves representing less
ithan 10% in average. Areal productivily was estimated al 1.71-5.36 (mean 3.64) g m® d~ drv weighl,

with a turnover rate of 2.69-7.45%, (mean 4.01) per day.
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Caoral Reefs

Wording and Sdnchez (1989) reviewed fhe information on corals in the Santa Marta area, indicat-
ing lhat reef development is impaired by contingntal run-off, lack of adequate substrate for recf
seltlement, and low water temperatures due to the local upwelling, although coral communities are
diversely structured and rich in specics. These investigators doscribed eight types of coral communities
in the bays of Parque Nahiral Tayrona, and discussed specific species composition and form of colonies.
The most outstanding factor in determinating vartation in community structure is degree of cxposure to
the predominant wave impact along the shore of the bay, Coral communities from Chengue have been
described by Werding and Echardt {1976}, Solana (1987}, and Garzon-Ferreira and Cane {1321),

Thirty-one species of hevmatypic corals plus three hydrocorals of the genus Millepors are known in
Bahia de Chengue, Although corals are present along the coastal rocky belt of the bay, only in areas
protected frum direct northeastetly peean wave action have they grown sufficiently to modify the
bottom morpholegy as true coral reefs (Fig. 1), Two main types of coral reefs are identificd in Chengue:
narrow, short coastal fringes prowing over the beit of metamorphic rocks in the northern deep half of
lhe bay, and extensive fringes growing away from shore on sedimentary flats of the bay. Although some
Acropord palniata can be found n shallow water, the coastal fnnges are dominated by massive and
encrusling corals {mainly [Diploria, Montastraca, and Colfpophy{tia), which form a reel slope extend-
ing to a depth of 15-25 m, <70 m from shore. In contrast, the inner fringes of the bay have extensive
shallow reef flats, doeminated by foliacecus and branching corals, which become recl slopes covered
with massive corals at depths of 4-8 m. The southeastern inner fringe at depths between 3 and 6 mis
dominated by large and dense Agaricts fenuifolia stands, with wide patehes of Medracis i irgkilis
the upper reef slope {6-10 m). The weslern inncr {ringe is more exposed to wave action and bas =2
shallow zone dominated by Acropora palmats (1-4 m), with abundant Millepore  squarross and
Palythos caribbea on the upper reef crest. As in many other areas of the Caribbean, shallow water
coral formations in Chengue Bay have suffered considerable mortality among branching (A, palnmata,
A. cervicornis, Porites porites) and foliose carals {A. teruifolia) over the last decade (Garzon-Ferreira
ard Cano, 19491),

CARICOMP coral reef stalions in Chengue are located at depths between 9 and 12 m at two coastal
sites separated by 400 m (Fig. 1). Due to the short horizental extent of the coral commumities, the
CARICOMP rendom method for locabion of ransects could not be applied in Chengue. Transects were
placed arbitrarily following depth contours, trying to maintain the same community type. The caral
comInunity at the northern site {C2) is exposed to swells, which can reach considerable heights on days
of strong trade winds; as a result, branching or foliaceous corals are almost absent. The dominant forms
are small to medium-sized coral heads, and tive eoral cover is high {mean 42% at five CARICOMP
transects in 1993}, Site C1 is rarely disturbed by waves and Acropora palmata is abundant in shallow
water. The coral community at depths of 9-12 m is deminated by medium-sized coral heads, but it also
includes some delicate species — e.g., Leptoseris cuctllala and Agavicin tenwifelia; live coral cover is
{ower (mean 26% al five CARICOMY transccts in 19931, At present, algac arc the most important com-

ponent covering the reck surface at both sites.
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Curapen, MNetherlands Awméilles

Curagao, an island of the Lesser Antilles has a surface area of 443 km® and a population
of approximately 150,000. The island is completely summmded by fringing rects.
Seagrass and mangrove comumunities are found in several drowned coastal valleys; Lhe
CARICOMY seagrass and mangrove monjtoring sites are situated in two of these innor
bays: Spaanse Water and St Jorisbaai, respectively. Spaansc Water still contains well
devcloped seagrasy, algal, and mangrove areas, despite the threat posed by a high
level of coastal development. Mean Thalussia biomass ranges from 193 g m? to 504 g m™
The mean areal productivity of Thalassia ranges from 0.14 gm?d? to 1.2 gm™ d'L The
mangrove plots are located along the western shore of St. Jurisbaai. This bay is in
pristine condition. The maximum tree density per 1K} m® plot is 51, with dbh > 2.5 cm.
The maximum biomass is 12.7 kg m™. The CARICOMP reef site is located just west of the
entrance to Spaanse Water. The total number of hermatypic corals found at this site is

28, and maximum hard coral cover is 36%.

Introducton

Curagao, an island of the Lesser Antilles, lics bebween latitudes 12°2'80" to 12°23°30°N and Jongi-
tudes 69" 1K} to 68°44'30"W. The island is 61 km long and 14 km widc at its widest poinl. The surface
arca measures 443 km’ (Fig. 1). The island is of volcanic origin and was furmed 88 million years ago
during the formational phase of the evolution of the Caribbean Plate (Sinton et a!f., 1993}, During later
phases, sedimentary rocks were deposited in certain areas (Bects, 1972). During the Quartenary, ice-
age controlled coral reef development dominated. Limestone terraces resulted; they are especially well
developed along the north coast (De Buisonié, 1974). Reef development, in the form of fringing recfs
around the izland, continues, Several inmer bays were totmed a5 a result of a sea level rise aller the last
glacial period 16,000 years ago, It is in these drowned crosional valleys that seagrass beds and most of

the mangrove stands are found nowadays.

' CARICOMP — Caribbean Coval Reef, Seagrass and Mangrove Sites (edited by B, Kjerfve), pp 127-13%,
UNFSCO, Paris, 1998, 347 pp.

127



CARICOMP — Caribbean Coral Reef, Seagrass and Mangrove Sites

ro - == T |
|
| T P
L.;._H_#_.» ey \& CURACAD U - ‘*J :
\, S R S N |
" T T Willemstad - l T
e 5 ~-5t. jnnshaar '
"B Huﬁ? %ﬁw P 1oy

J c—"-ﬁ_. I.T" \ "

- -
R i
. e e {’M Mangrove Site
I 1 i 1
i JL%W[ “[} \lﬁh .1_; . - ; , ®s  Seagrass Site
i e ;
: . Spaanse Water ‘?\) /,\\ l @R Reef Site
= \_ _|"-. |
| r‘I > “‘\L} | | J Mangroves
| / K i 27 Dty stream beds
I
I )-'\ At Coastal development
PN - | #F Fermer industrial/
L s S peiroleum zones

Fig. 1. Lacation map of Curagas, Netherlands Antilles, showing CARICOMP sibes,

Phie to relatively low rainfall (average 5 mm/year) and high evaporation, the climate of the
island is classified as setni-arid. Vegetation consists of droughl-resistant cacti and thorn sceub,

The population of Curagao is ~150,000 and is centered around the capital city, Willemstad, which
swrounds a natural harbor, the Schottegat inper bay. Although the population has decreased some-
what over the last few years due to increased emigration, pressure on the natural environmenl has
increased dramatically. Massive coastal development, which is linked to tounsm, 1s an increasing
threat to marine ccosystems; increased sewage discharge and sedimentation due to deforestation are
considered the biggest problems,

The Curagao Underwater Park was established in 1983, covering 20 km of south-coast reefs, starting
at the eastern HGp and extending to the west. Some of the best developed rcefs are located within the
park, which is managed by the Carmabi Foundation (Carmabi: Caribbean Research and Management of
Biodiversity). The park inchudes Spaanse Water, one of the CARICOMT locations.

Two separate arcas were selected for CARICOME monitoring (Fig. 1} Mangrove moniloting takes
place in 5k Jorisbaai, an inner bay located on the northeastern coast, which has 2 maximum depth of
% mand is more or less unspeiled because of the lack of nearby population centers and the absence of
coastal development. Heavy grazing by goats of surounding areas over the past 200 years, howcver,
has resulted in increased ercsion and consequenily increased sedimentation. The water in the bay is now

always somewhat turbid. Chemical data indicate higher lovels of heavy mnetals within the bottom
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sediments, as compared to pristine areas {Table 1}. The source of the heavy metals is unknown. Fringing
mangroves are found alomg the shore, consisting mainly of Rhizoplera wmangle. Some Thalassia
testudinum meadows occur in shallow water areas.

The CARFCOMP seagrass site is located in the southwestern part of Spaanse Water, and the reef
site is situated just west of the entrance to this inner bay. Spaanse Water is the second largest inner bay,
with an area of 3.19 km’ and a mean depth of 5 m. The bay contains the largest seagrass, algal, and
mangrove areas of the Curacao Underwater Park, and it has been identified as a priority arca for
conscrvation (Debrot and de Freitas, 1991, However, all ecosysterns within Spaanse Water are threa-
tened by increasing wbanization and tourism development. The entire northern coastline of the bay has
been developed, and untreated waste is discharged into the bay. The southemn section, known as the
Caracas Baai Peninsula, used to be a Shell petroleum storage and transshipment facility, and soils are
heavily contaminated with petroleum (Fig. 1). A relatively high level of watcrsports activity takes
place in the bay, as well as yacht anchoring. A survey carried out an 11 May 1992 resulted in the
following minimum usage numbers for an area within approximately 75 m of the waterline: 188 houses,
57 other buildings larger than 25 m?, 522 small boats without a cabin, 199 small boats with a cabin, 115
motor yachts, and 159 sailing vachts, for a total of 995 boats, Well developed fringing mangroves occur

along the eastern and northeastern coastline, but these are threatened by major tourism development
planned for the area.

Table 1. Average chemical concentrations January-June 1985 { Djuhani and Klok, 1988),

East MNorthwest Middle South
) Spaanse Water  Spaanss Water St. Jorishaai St. Jorisbaai Seawater

Silicate {gmol 1 3.24 239 367 2.32 1.16
Mitrite {p/miol 1Y Q.02 0.02 0.3 0.03% 02
MNitrate [pumol 17} 0.91 0.56 4.65 1.64 .37
Phusphate fumot 17 0.93 0.87 0.85 1.14 0.7&
Copper [ug g * 4.0 21.0 37.0 280

Lead (pg g ' 1.8 6.7 4.9 138

Zinc {pg gt 14.3 30.0 342 57.0

Cadmium (ugz gy 0.04 0.07 0.08

* Coppoer, lead, zine, and cadmium levels measurad in the upper 2 em of bottom sediments,

Climate and Oceanography

Curagao is located within an arca of low rainfall that extends along the north coast of South
America between the Orinoco and Magdalena Rivers. According to the Meterclogical Service {192]),
the average annual rainfall for 1905-1980 was 570 mm. The dry season is March-May, the rainy season
is November-December. The mean annual rainfall generally shows some variability between years.

Based on hourly measurerncnts from 1947 through 1980, the mean annual air temperature is 27.5°C,
with mean daily variations ranging from a nocturnal minimum of about 26°C to a midday peak of about
3FC. Temperature varies seasonally: January is generally the coolest month, September the hottest,
The mean daily relative humidity is 77% (yearly 2&hour mean for the period 1962-1977) and varics

slightly in connection with the seasonal rain pattern. Relative humidity is somewhat higher at night
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than during the day. The mean amount of evaporation s 84 mm per day (ycarly mean, based o mea-
surements gathered o Bonaire since 1968}, which is high compared to the amount of rain the island
receives.

Steady trade winds influence sea conditions around the island. The wind direction is primarily
{95%) from the east and east-northeast, Mean wind speed is 7.1 ms” (yearly mean for the period 1964-
19800, The maximum wind speed 15 8 m 5! and ocours in June, decreasing to a minimum of & m s in
Movember,

Curagao is located south of the Atlantic hurricane beit, but tropical storms pass within 200 km of
lhe island every 4-5 vears. Thirty tropical cvclones have bren reported for 1876-1996, the most recent
include Edith (1971, intensity 31 m 57}, Irene {1971, 16 m 57}, Cora {1978, 16 m 57), Greta {1378, 20 m 5™},
Joan (1985, 22 m 51}, Brett {1993, 34 m s}, and Cesar {1996, 27 m 57"},

Wave action is high along the northeastern coast due to the easterly trade winds, the soulhern
coasl 15 mere sheltered, Waves are highest along the southeastern Hp of the island and decreasc
westward, At the CARTCOMP recf site, wave heights of 1.5 m arc cornmeon (Van Duyl, 1983). The ocean
current gemerally flows towards the northwest, with a speed below 0.5 m 5. However, strong currents
and cccasionally strong countercurrents and eddies may develop near promontories along the coastline.
The mean tidal range is 3 cm, with a maximum of 53 an and a minimum of 7 an. The mean range for
January-April is consistently lower than the average annual range, whereas the mean range for May-
August is higher. As measured in Annabaai Harbor (Schottegat), the tides exhibit a periedic change
from diwrnal to semidiurnal tdes over a 13.7 day period and can be characterized as mixed mainly
diurnal (T Haan and Zanewveld, 1959,

Spaanse Water is conmected to the sea by a 70 m wide, up to 1% m deep, channel. Water movement in
the deeper parts of the bay {up to 12 m in the central portion of the bay) is inpeded by a coralline sill
at a depth of 6 m at the entrance to the bay. Deeper arcas of the bay form a sediment sink, lypically
with warmer watcr temperatures and increased trbidity. Annual ranges in physical parameters as
given by De Kock and de Wilde (1954) and Djehani and Klok (1988) are: lemperatures 26-29°C7 salinity
34-35%s; and Secchi-disk dopth in the central-area of the bay 2.1-2.8 . The bay straddles two prinei-
pal gealogical formations. The first is a fossil coralline kmestone rock formation in the soulhwoeslern
quadrant of the bay {location of the monitering site}, the secand bs altered basaltic rock which domen-
ates in the remainder of the bay (Beets, 1972}, Because of its varied peology and contrasts between
wind-exposed and wind-sheltered areas, a significant tange of turbidities and bottom charackeristics
ate tound within Spaanse Water,

Kuenen and Debrot (1995} distinguished four principal scdiment types for Spaanse Water, based m
grain size dominance. Sediments with dominant coarse grain fractions are most common at shallow
deptis and on exposed shores {such as at the menitoring site). Fine grained sediment are found predomi-
nantly in the deeper parts of the channel and central portions of the bay and in sheltered mangrove
areas. However, muost of the latter sibes lie in the eastern basin, Kuenen and Debrot (1995} also mea-
sured sedimentation rates and turbidity in Spaanse water and finnd that the southwestern quadrant
has lower sedimentation rates and turbidities. Sedimentation rales averaged 25.5 % 144 g m” &' for Lhe

bay as a whole; the lowest rates were in the westorn part of the bay {(average: 1501 £ 37 m* d7y, the
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highest rates (average: 313+ 220 g m” d"') were in the eastern part. Water cohmn turbidities also
differ significantly. Lowest turbidities (light extinctiom coefficients from (2332 to 0.421) are from the
charmel, central basin, and western basin, while highest turbiditics are from the eastern basin. By
comparisan, the average hurbidity for Curacao reef waters as measured by Bosscher (1992) are 0.115 m™.
Kuenen and Debrot (1995} ascribe the reduced turbidity of the western basin to the domination of fossil
cotalling limestones, which limit terrigenous sediment input, and o a combination of wind cxposure and
tidal flushing. Detailed informalion on turbidity, salinity, and temperature for 5t Jorisbaal is lacking.
As eslimated by Frank and Bourmna {1990), the turbidity is 2 to 3 ont a 1 {clear) to B {very turhid} scale.

Mangroves

The mangroves of Curagao are restricted to a few isolated areas of well-developed intertidal fringe
forests in drowned coastal valleys, and in small areas aleng the coast where a barrier protects the trees
from wave action and erosion. Ongeing destruction of mangrove habitat has led to a dramatic decrease
in coverage. Curacao has 55 ha of mangroves remaining (0.12% of the surface area), of which a signifi-
cant porlion is threatencd by coastal development {Debrot and de Freitas, 1991} This is less than half
of the mangrove coverage of a century ago. Measurements of leaf size of Rhizophora mangle, from
stands in the vicinity of Willemstad, indicated that these mangroves, in spite of the high level of eu-
trophication and pellution in that area, are in good health (Snedaker, 1983),

The 5t. Jorishaal mangroves also appear to be in good shape. The forest selected for CARICOMP
monitoring reaches a maximum width of 100 m and consists mainly of Riizophora mangle. Some Lagun-
cularia racemesa trees ocour along the landward boundary. Avicennia germinans, as well as Conocarpus
erecta, occur in neighboring areas. Within the selected area, [ive sucressive 100 m* quadrants have been
sel out perpendicular to the coast,

The tallest B mangle tree in the plots reached a maximum length of 10.2 mand was found in the
most landward plot (reference is made to total length, not total height, as a rnumber of the trees in this
area grow In a subhorizontal position). Figure 2 summarizes the amount of trees {dbh = 2.5 em) per plot
as well as biomass (kg m?), according to Golley ef af. (1962). Dry weight of litter (leaves, fruits,
flonwers, wood} has been determined for July 1994-July 1995 {Fig. 3). The production of leaves tends to be
somewhat higher during july-August. Fruit production is high in April-September and low in Septem-
ber-April, which mirrors the usual seasonal rain pattemn for the island, although the 1994-1993 rain
pattern was erralic (Fig. 4). During June 1994-August 1995, the salinity of interstitial water within the
plots was measured monthly (Fg. 4), but although mean monthly rainfall for the island is kown
(Meteorological Scrvice, 1996), there is no obvious relationship.  Table 2 lists animal species found in

mangrove habitats during the study period.
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_ Takle 2. Mangrove habitat species composition: 1994-1945.

. Crustacea N _____ Mollugca . Aves

Aratus pisonii Batillaria minima Coereba fluzeala
Cardizome guanimomi Brachidones of recirvus Columba corensis
Chihamalus sfellatus Cotvembella mercatoria Dendrpica petechia

Ueides rordaius Crassostrea rhizopliorae Tiyrannns dominicensis
Guomiapsis crieeniale lsagnanron alabies
Sesdrmg curdonoense Littaring argulifera

Men prisiLgy rapax Melamitis eoffeus

=
2

160 43
Ealinit

140 Y “
112
12 i
El w
B e -—
EIDU L i -E
a5 =
T i £
; — m E
&
2 o 15 =
[ ]
1] "

w

T |_| H H |_| 5

¥ P e | " . | |_| = ﬂ .

u e - H L L L [l - 5 H = =
O ] PR i i %R
- -
H : & - =
Monkh [1994- 1995}

Tig. 4. Mean monthly rainfall awl salindly of intersttial water n mangtove soils June 1994 Bioough Augrast 1995,

Seagrass and Algal Beds

Several studies have been done on the macrobenthos of Spaanse Water (Van der Horst, 1927; Roos,
1964, 1971; van den Hoek et af,, 1972; Bak, 1975; Fransen, 1986). Also, an asscssment of the nursery fune-
tion of the bay by Briones {1994} ard a study of the seagrass and algal beds by Kuenen {1991} and Kuenen
and Debrot {1995} have been carried out,

Of the thirteen different scagrass and algal assemblages described by Kuenen and Debrot (1995} {or
Spaanse Waler, hwo were found in the vicinity of the CARICOMP seagrass mondtoring site, The first
was a shallow Thalassin-Halimeda opuntia assemblage from average depths of (8 m, average light
penetration of 75.2%, and negligible amounts of hard substrate. Average sediment grain size was the
highest observed in their study. The dominant species of this assemblage were Thalassin  testudfnuns
and Helimeds opuntiz. Other species included the algae Acetabularia crenulata, Amphiron fragilis-
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sima, Halimeda incrassata, HMypnea cervicornis, Pemiciflus capitatus, Spyridia  filamentoss, and
Valonig ventricess, the hydrozoan Cudendrivm sp., and a polychaste Sabella sp. This cluster showed
ane of the highest levels of total biotic cover (48.29%). Sessile species richness per (6 m®) station was
intermediate (15.6); both diversily (1.0} and evenness (0.4} wete low, as compared to other assemblages
frotn the bay.

The second assemblage (Kuenen and Debrot, 1995) was labelled a shallow Halimeda  incrassata as-
semblage, from an average depth of 3.3 m. Light penetration (33.8%) and average sediment grain size
{043 mm} were intermediate. The dominant alga was Halimeds incrassatn. Other species were Acefd-
bularfa crenulaia, Cladophora sp., Canlerpy sertulavioides, Pemicilius capitatus, and Spyridia fila-
menkosd, the bryozoan Bugula sp., and the sponges Mycale microsiymatosa and Tedanin ignis as well as
Halophila decipfens, Thalassia testudinnm, the aiga Fyprea cervicornis, and the sponge Desmap-
satmte anchkorata, Sessile biolic cover was reported as intermediate {16.2%) and dominated by green
algae, Average number of specics per station was intermediate (18.1), as were diversity (1.5} and even-
ness (.57

Some communify biomass and Thalzssia  prowth data, as measared on threc separate oocasions at
the monitoring site, are shown in Table 3. Total biomass levels (for seagrass and attached macroalgae)
ranged from 560 to 670 g m™. Mean areal productivity for Thelassia varied from 1.20 g m* d* in March
1994 ti3 (.14 g m™ d™ in September 1995 {Table 4. Mean biomass turnover was less variable, with a high
of 3.14% day” in March 1995 and a low of 2.44% day™ in September 1995 (Table 4}

—_ Table3, Seaprass biomass data (mean of 4 replicates).

Thalassia Fleshy Algae Calcareous Algae
=’ {5z o’} gm?
March 1994 504.1 20.2 144.6
March 1995 452.56 1098
_September 1503 182.7 02 __3mm_

Table 4. Seagrass growth data {mean of & replicates}.

hean Areal Productivity Mean Turnover per Biomass of Flants
_ . _igra’dav (eday  _ _ _ _
March 1994 1.2 2.249
March 1595 0.6 3.14
September 1995 014 2.44 o

Scleractinian corals (particularly Siderastrea sfderea) which formerly were a corspicuous com-
ponent of the seagrass and algal beds of the bay have suffered serious mortalities in recent decades
(Kuenen, 19491}, This can be ascribed largely to pollution associated with the rapid urbanization of the
bay and burgeoning uncontrofled recreational use. The seagrass beds of the bay are important nursery
areas for various reef fish species, such as snappers and grunts (Briones Sierra, 1994}, and also the spiny
lobster Panulirus areus (Jalink and Donkersloot, 1985).
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Coral Reefs

Curagao is completely surrounded by fringing reefs, situated at a distance from the coast ranging
from A0 m to 250 m (Van Duyl, 1985). Although the reef profile is variable along the coast, a gencral
pattern can be distinguished. From the shore, mostly consisting of steep cliffs and rubble breaches, a
subrnarine terrace gradually slopes to a “drop-off” at 7-12 m depth (Bak, 1975} Here, the reef slopes
stecply at 457-90°, sometimes interrupted by an inclined lerrace at 50-60 m, to a second drop-off at 70-
80 m, ending in a sandy plain at 80-90 m (Bak, 1975} Two addilional commen reef profiles are disiin-
guished by Van Duyl (1885) one profile with a broad terrace, a relatively deep drop-off (15-18 m) and
a less steep slope (<30°); the second profile with a narrow terrace, bordering ona subsca cliff wall. At
the CARICOME site, the reef cormesponds to the first mentioned profile and is bordered by a rubble
beach thal consisls mostly of Acropors fragments, The rubble beach has a high abundance and diversity
of mtertidal mellusks, indicative of prisiine conditions (Nagelkerken and Debrot, 1995). The submarine
terrace, where the CARICOMP line transcels are situated at a depth of 6-8 m, stretches 75 m seaward
[rom the shore to the drop-off, which is located at a depth of 8 m {see Van Duyl, 1985).

The disteibution of reef corals in the Netherlands Antilles has been described by Roos (1964, 1971)
arwd Bak {1975, 1977), while Bak {1977} also provided quantitative data on the compesifion of the coral
comrmunity inCuragae. The total number of coral species found in vations matine environments m Cura-
cao is 57, of which 50 species are hermatypic, belonging to 24 gencra (Bak, 1975). These numbers indi-
cate that Curagac belongs to the Caribbean diversity center (Bak, 1977). At the CARICOMP reef site,
the total number of hermatypic coral species was found to be 28, at a depth of 6-8 m, in an area of 90 m*.

Bak (1973) recognized various zones along the vertical reef profile of Curacao. The shore zome is a
high encegy covironment that is ocrasionally subject o partial aerial exposure during low tides. In
general, typical organisms of this zone are algae, echinodetms, the coral Diploria clivesa, and other
encrusting cotals (Bak, 1975). Ata depth of 14 m, the Acroporg palmats zonc is characterized by the
dominance of the coral A. palmate, Encrusting caleareous red algac, such as Porolithon paclipdermuin,
are important stabilizers of the coral rubble in this 2one {(Bak, 1975). The barren zone, at 3-4.5 m, is
largely devoid of coral growth. The substrate consists largely of sand and coral rubble, or coral rock in
more exposed ateas, The scouring action of the sand and, before the mass mortslity, the grazing of the
sea urchin Diadema antilfarum, largely inhibit larval settlement of benthic organisms (Bal, 1975}
Below 4-5 m, coral cover and diversity increase bowards the first drop-off, shifting from a sandy bottom
with ficlds of Acropora cervicornis, towards a substrate of coral vock and living coral dominated by
Maontastraea annularis, Agaricin agaricites, and Madracis mirabilis {Bak, 1975). Coral cover and
diversity remain high over the drop-off, but they decrease rapidly below 35-40 m where the influgnce
of sedimentation is high. Here, calcareous red algae become abundant, although the corals Mantas-
traen annularis and Agericis indata can still be found down to a depth of 80 m (Bak, 1975).

The algal zonation on the coral reef at the southweslern coast of the island has been described by
Van den Hoek el 4l {1973} at Klein Piscadera {near the Carmabi lab) along a depth gradient of d-20 m.
Seven difforent zomes were distinguished, and a profusion of fleshy and filamentous algae were found,
averaging 54 specics per 25 m’. The highest combined coverage and diversity of [leshy and filamentous

algae and of crustose corallines were found in shallow {1-4 m) A, pabnate-Porelithon-Millepora reefs,
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while lowest values were found in the deeper (5-13 m) and rich M. guwularis and M. cavernosa coral
community {Van den Hoek ef al., 1975). It is not known, however, to what extent the algal community at
the CARICOMP reef site corresponds to these findings,

Few quantitative data are available for the coral rocf fish comuumities of Curagao, Research o
the distribution, abundance, and specics diversity of coral reef fishes has beep done by Nagellkerken
(1974, 1977y and Leloup and Van der Mark (1984), while Briones Sterra (1994) provided quantitative
work for the coral reel, mangrove, seagrass, and algal biotopes of Spaanse Water in the vicinity of the
CARICOMP seagrass and coral reef sites, The fish cormmunity near the latter, at a depth of 8-25 m, is
dominated by the four fish species Hasmulon chrysargyrenm, Acanthurus bahianus, Mulleidichtys
martinicns, and Ocyurus chrysurns, acconnting for 50% of the total recorded fish abundance (Bricnes
Sierra, 1994). Herbivorous fish of the families Acanthuridae (17%, density 3.9 per 100 m®) and Scaridae
(15%, density 3.4 per 100 m?} accounted for about one-third of the total recarded fish abundance, while
carnivorous fish accounted for 54%. The coral predator Chaetodon capistratus aceounted for 6% {density
1.3 per 110 m?) of total fish abundance.

The shallow-water ecosysterns of Spaanse Water appear to play an important role as nursery arcas
and habitats for coral reef fishes (Brioncs Sierra, 1994). The reefs of Curagao are heavily overfished as
a result of high fishing pressure and the uncontrolled use of spear puns, fish traps, and giltnets {Van't
Hof et al., 1995}, In 1984, Leloup and Van der Mark found groupers (Serranidae) to be smaller and lass
abundant on the reefs of Curacao cotnpared to those in Bonaire, and suggested the higher degrec of
spearfishing in Curacao as a likcly cause. One species, the balloanfish Diodon helocarlhins increased in
abundance on the reefs of Curagao as a result of a mass recruitment of juvenile fish in 1994 (Debrot and
MNagelkerken, T997).

The coral recfs of Curagao, including the CARICOMP reef site, have rccently been impacted by a
number of natural and anthropogenic disturbances. Bak and Nieuwland {1995) found that during the
last two decades coral cover and number of coral colonies decreased significantly on the shallow fore-
rect {depths 10 and 20 m) in Curagao. Species richness also decreased at 2 depth of 30-40 m, and rare
species disappeared. Coastal development activities, such as sewage discharge and artificial beach
construction, are likely to have caused the decline of the shallow reef {Bak and Nicuwland, 1995}

Curacao is located outside the hurricane bell. The most recent hurricane passing within 100 nautical
miles of the tsland was Hurricane Joan in 1988 (Meteorological Service, 1990}, but its effect on the coral
recf was nol documented. Tropical storm Brett passed 149 km from Curagao in 1993 and caused com-
siderable damage to shallow water Acropore palmats and Millepora complanata colomies to a depth
of at least 8 m, cspecially on the exposed eastern side of the southwestern coast of the island (Van
Veghel and Hoetjes, 1995). As the CARICOMT reef site is situated in this ares, and is located at an
exposed promontory, the storm-related damage to the shallow part of this reef was severe as well.

hassive coral bleaching has been documented for Curacao reefs: in 1987 {Williamns and Bunkley-
Williams, 1990), in 1990 (Meesters and Bak, 1993}, and in 1995 (CARICOMT, 1997). The coral Monta-
straen annularis is normally most heavily affected. The bleaching-related mortality in M. annularis at
the CARICOMF reef site during the 1995 bleaching event was found to be much higher in comparison to
other more pristine reef arcas (Nagelkerken ef af., 1997h). As M. ganularis is a main reef builder on
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Curagao reefs {Bak, 1973), this event may thus have caused a higher than average disturbance of the
coral community at the CARKCOMT reef compared to other reef areas.

Scveral diseases have had detrimental effects on coral reef organisms of Curacao reefs in the 1980x
and 18305, In 1980, the corals Acropora palmata and A. cervicornis were affected by white-band discasc
(Bak and Crens, 1981), and in 1983 the population of the sea urchin Diadera antillarum was reduced
by 98-100% by an unknown cause (Bak ef al., 1984). The fatter resulted i a significant increase in cover
of fleshy and filamentous algae in combination with a general decrease in coral, crusiose coralline,
and/or loose sediment cover (De Ruyter van Steveninck and Bak, 1986). In 1995, widespread mortality
was observed in Caribbean sea fans (Goryonia spp.), and in Curagao the sea fan Gorgonia ventaling was
affected (Nagelkerken et af., 19973), The effects of the discase appeared to be positively related to
water depth; the sea fan community at the CARICOMP reef (depth 5 m1} showed 62% of the sea fans to
be infected, and the mean percentage of Hssue surface injured was 7% {Nagelkerken et al., 19%7a). The
discase was probably caused by a water-bome pathogen likely to have been distributed by scdimont
particles (Smith et al., 1996} Fimally, according to Bak and Nieuwland {1995} black-band disease in
corals is rate in Curagac.

The compound ascidism Trididensnum solidum is a common competitor for space on Curacao reefs and
can easily overgrow corals. Tts abundance was first quantified in 1978 by Bak ef af, (1981); during a re-
survey In 1993, Bak ef al. (1996) found that its abundance had increased significantly over 15 years.
Eutrophication has been sugpgested as a possible cause for this increase (Bak and Nieuwland, 1995). So
far, T. solidunt has nol been observed at the CARICOMP reef site, but it is located only 3 km upstrcam of

the neatest recf where the presence of T, sofidumt has been conlirmed (Bak of al., 14996).
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Honagire, MNetherlands Antilles

The island of Bonaire, one of the five islands that form the Netheriands Antilles, is
vne of the mest southerly sites within the CARICOMF Program and is characterized by
a hot, dry climate, hypersaline conditions, low population density, and lack of indus-
trialization. Bonaire’s economy is firmly based on dive tourism, and the health of the
island's marine resources is therefore of paramount importance to its economic well-
being, An open lagoonal area on the windward shore, Lac Bay, was selected as a study
site because it is the only arca where scagrass and mangrove ecosysterms are signifi-
cantly present on Bonaire. Because reel development is relatively poor in waters shal-
lewrer than 12 m along the windward shore, a coral recf monitoring site was selected on
the leeward shore, in an area where distuwrbance was low and where reefs are charac-

teristically dominated by massive colonies of Montastraea arrnularis,

Inireduction

Bonaire is siluated in the southern Caribbean (12°'10°N, #8°15'W) approximately 100 koo north of
Venezuela {Fig, 1} It is one of the five islands that form the Netherlands Antilles: Bonaire, {uragao,
and the Windward Islands of 5t Maarten, Saba, and 5t Eustabus (Statia), Bonaire (s a croscent
shaped island, oriented NW-5E, approximately 40 km long by 11 kmn at its widest point, with a land
area of 268 km’. The small uninhabited satellite island of Klein Bonaire {“small” Bonaire), which is
located some 790 m off the western shore of Bonaire, is a RAMSAR site; it is privately owned and, to
date, is entirely undeveloped.

In 1894, the resident population was 10,791 (CBS, 1991). With a population density of only 37 per-
sons/ km’, Bonaire is the least densely populated island of the Netherlands Antilles. The main cenler
of population, Kralendijk (locally called “Playa”) is located in the renter of the island; a second and
older center, Rincon, is located in the north. There are only five other “villages,” and the rest of the
island js uninhabited snd undeveloped. The coastal zone adjacent to Kralendijk has been cxtensively

developed to provide tourist acoommodation and, more recently, for private residential housing to

' CARICCHMEP — Caribbean Coral Recf, Seayrass awd Mangrove Sites {edited by B. Kjerfve}, pp 141-145.
LINESCO, Paris, 1998, 347 pp. '
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accommodate an influx of wealthy retirees taking advantage of tax concessions. The economy of Bonaire
is remarkably undiversified (Scura and van't Hof, 1993) consisting of an oil fransshipment facility
located on the northwestern shore, a solar salt extraction plant whose “condensers” {evaperation ponds)
take up must of the southern end of the island, and tourism which is firmly based mn the dive travel
segment. Toutism is considered the mainstay of the island ecomnmy, with gross revenucs from dive
tourism n 199 eshmated at U534 million (Scura and van't Hof, 19933

Geography and Geology

Both Bonaire and Klein Bonaire are very flat. Litlle of the southern land arca of Bonaire is more
than 2 m above sea level, with higher elevations found only in the nurth and reaching a maxirmum of
238 m. The geolegy of Bonaire is complex, with the core of the island consisting of strongly folded and
faulted rocks of volcanic origin, stica rich sediments and turbidites formed during the Cretaceous era
sorne 120 million years BP (Beets, 1972ab). Overlying this are laler fossil reef and reef-generated
calcareonus deposits, It is these limestonc formations which make wp the coastline in the form of coral-
rubble heaches {coral shingle and calcarecus sand) or iron shore, except in the north where low lime-
stome cliffs are foumd (Zommeveld et of., 1972), Klein Bonaire consists cntirely of limestone formations
(Buisonje, 1974} Substantial changes in sea level bave |eft up to fowr stranded torraces ahove the
present mean sea level, and one below, most of which can be distinguished by “solution notches”
(undercutting caused by bioerosion and /or wave action) in the clevated seaward facing limestone cliffs.

Water retention of the soil is poor so that most rainfall quickly mns off inte permanenlly or

tempotarily flooded “salinas” {hypersaline lakes separated from the sea by a coral rubble barriery, or
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ditectly into the sea (Roos, 1971). Together with low rainfall, this means that less than 10% of the
land area of Bonaire is suitable for rain-fod agriculture. Natural vegetation is xerotrophic, comprising
sorme 340 species of flora; Caclaceae, Acacia, Prosopis, Capparis, Haematoxylon, tantang and Croton
are characteristic spectes,

The climate is semi-arid tropical, with little scasonal variation and almost constant easterly
trade winds. Average monthly air temperatures range from 26.6°C {February) to 28.4°C (Qctober), and
average rainfall is just 490.5 mm/year. Rainfall is unegually distributed geographically, with ap-
proximately four times as much rain falling in the northern purtion of the island as in the seuth. The
rainy season beging at the end of October and lasts until around the beginning of January; a second,
shorter rainy season ocours in July. Commenly, no rainfall s recorded during the dry months. For 97.2%
of the time, Bonaire experiences constant easlerly trade winds {from 707°-110%) with an average velooity
~uf 6.7 m s, Wind speeds are generally highest in June and July and lowest in November at the start of
the rainy seasor. Bonaite bes outside the hutricane belt {lhe last roecorded hurmicane ocowrred in 1877,
although tropical storms and hurricanes passing north of Bonaire can cause the wind to swing around
{locally known as a “wind reversal”}, which may cause exlensive damage to the reefs and coastal zone
of the lceward shore. Damaging wind reversals were recorded in 1976, 1981, 1985, 1990, and 1996

The exposed eastern (windward) and protected western [leeward) shorelines are strikingly ditfer-
ent. The windward shore is a very high wave energy environment characterived by rough walcr
conditions and constant waves breaking agamnst low limestone cliffs or onto the ron-shore coast. Waler
conditions on the leeward shore rarely exceed Beaufort Force 4, with only moderate swells affecting the
northern and southern extremes of the island,

The maximum annual tidal range is approximately 1 m, with an average range of (.30 m during a
lunar cycle {Bak, 1977). Currents are unpredictable but slight, rarely excecding 0.5 ms”. The predomin-
ant current movemnent is toward the north along the leeward shore, but this pattern is complicated by
liweal eddies and upwelling. Water conditions are stable, with a constant 34-36 ppt salinity and mean

waler lemperatures varving from 26°C fo 28°C.

Conservation and Human Impact

Bonaire has always taken the conscrvation of its resources, both terrestrial and marine, very seri-
ously. Since 1969, nearly 20% of the total land area of Bonaire has been protected as a national park.
Since 1379, the waters around Bonaire, from the high water mark to the 200 fool depth contour, have
been designated a marine park and are protected by law (Verordening Marien Milieu, 1991). Aclivities
within the marine park are restricted in order to ensure the continued sustainability of the coral reef,
sea prass, and mangrove systems. Destructive practices such as anchoring, coral collection, and spear-
fishing are banned within the marine park.

Bonaire’s industrial base is confined to the transshipment of oil, the production and transportation
of salt, and the refining of rice. Since both fishing and agriculture are essentially small-scale artizanal

activities, major impacts on the marine ecosystem are direct and indirect results of tourism.
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Most of the tourist acHvity associated with Bonaire’s reefs is confined to scuba diving, although
snorkelling is ncreasing. Lac Bay is visited by tourists mainly for windsurfing, with some kavaking and
snorkelling. Dive tourism began in 1963 and, by 1994, visitation had risen to approximaiely 57,000, of
whom 2500 were divers; tourist activity confinues to rise by 7-10% annually. The direct impact of
tourism includes occasional illegal anchoring, groundings, and dragging of meoring barrels through
misuse, as well as direct contact damage by divers and snorkellers. Preliminary work carricd out by
var't Hof in 1991 suggests that the estimated cartying capacity of 250,000 dives per annum has alrcady
been exceeded at some of the more popular sites. This is evident through the loss of coral cover and
changed specics diverspit}' when comparing dived and wndived “reserve” sies (Scura and van't Hol,
1993). However, levels of physical damage to the reef are low, with only 2.7% of corals showing signs
of damage, even at the most heavily utilized sites {Roberts and Hawkins, 1824), probably as a resalt of
intensive educational efforts aimed at making divers awarc of reef fragility. The more insidious and
indirect results of inereased tourism and coastal zone development are more difficult 1o quantify; they
include increased nutrienl loading through leaching of sephic waste into the sca, particularly {rom
hotels in the coastal zone, and also poor landscaping practices and increased sedimentation through
Jand clearance and poor construckion practices. The effecls of these have resulted  increased algal

cover {Roberts and Hawkins, 1994} and reduced visibility, cspecially after rain.

_C_ofal Reefs

Both Benaire and Klein Bonaire are surrounded by continuous, fringing coral reefs from the shore-
line seaward to depths in excess of 70 m, covering an area of some 2,600 ha. Reef formation begins at the
shoreline with a gradually shelving submarine terrace extending seaward by up to 250 m. ievond this,
at depths of 10-12 m, the lerrace drops off and the reef slope cormuncnces. The dropofi zone cxhibits
maximum diversity of benthos and maximum coral cover {Bak, 1977). The recf slope drops down steeply
at a 20-50° angle to depths of 25-55 m where it flattens out into 2 shelf, A sccond dropoff ocqurs heyerdd
this {van Dyl 1985)

Van't Hof {1982) recognized six distinct coral zumes from the shoreline to 50 m. These are: a shore
zime (-1 m), characterized by Dipforiz cffvosa; an elkhorn zone f1-4 m}, dominated by Acropora
palinata, Millepora sp., and crustose coralline algae; a staghorn zone (47 m), characterized by Acro-
pora ceroieornis inlerspersed with Madracis mirabilis, Colpophyllia natans, and Montastraen ann-
luris and bounded by gorgonians; a dropoff zone (7-12 m), characterized by gorgomians, Montastras
annularis, Madracis mirabilis, and Eusmilia fastigiofa; an upper reef slope (12-25 m), characterized by
massive Montastren annularis and Agaricia sp.; and finally a lower rcef slope {25 m+), deminated by
Agaricie sp. and some flattened forms of Moniéastraea annularis, Montastraea cavernosa, and Ste ph-
anpenentia wicheling but with few other abundant corals.

A conspicucus feature of the recf slope, especially along the nerthwestern shore, are coral ORgUes
{spurs) separated by scdiment chanaels {grooves) which may form as a result of the inherent instability
of corals at the top of the reef slopc causing the reef to collapse locally. True spur-and-groove coral

formatioms occur in shallow water at only two sites on Bonaire on the northwestern shore (Boca Ba rtcl
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and Playa Benge). Along the windward shore, coral development is virtually abscnt in water
shallower than 12 m, where there is an abundance of crustose coralline algae and dense stands of
Sargrasurn platycarpunt that may extend to 40 m water depth. Bonaire's reefs were mapped in 1983, and
detailed maps were produced of the shallow coral communities to a depth of 10-12 m along the leeward
shore and Klein Bonaire (van Duyl, 1985).

In addilion to storm damage, significant natural impacts on Bonaire's reefs during the 1970s and
1980s include an outbreak of white band disease (1980-1982), which caused the death of 90% of the
standing stock of Acvopera cervicernis, and the mass mortality of Diademn  antillarum (1985) thought
to be caused by a water-bome pathogen. Both events affected the entire Caribbean Basin to a greater or
lesser extent. Bonaire supports some of the best remaining coral reefs in the Caribbean, with
exceptionally high coral cover and exceptionally large populations of predalory fish {Roberts and
Hawkins, 1994). The importance of maintaining healthy recfs both for their own intrinsic value and to
ensure a sustainable economy for the island of Bonaire cannot be overstressed.

The CARFCOMT cora)l recf monitoring site, known locally as Barcadera, is situated at 12°11°45"N,
68°18'00"W. This sitc is on the leeward shore of Bonaire, north of the town of Kralendijk, and consists
of typical Montestraea aunularis dominated fringing reefs at the 10-12m depth range (Fig. 2). The stony
coral cover ranges [rom 20 to 40%. The site is located approximately 400 m from the nearest dive
mooring and gives only litnited shore access via an open rung ladder from a low limestone cliff. Land use
at this area has changed dramalically over the past five vears, particularly with the building of up-
scale residential housing in a previously undisturbed natural area. Increased sedimentation through
land clearance and landscaping is affecting the reefs, as is increased nutrient loading from sewage. As
the coastal zene has now been developed, perhaps land usc has stabilized for the foreseeable future.

Because the prescribed 10-12 m depth range corresponds to the dropoff zone, transects were laid out
oblique to the coast so as to fall within the prescribed depth range in two adjacent groups of five
fransects. Within the groups, transects are approximately 2 m apart. Data collected at this site show a
reef benthos dominated by massive stony corals (29.4 % mean cover) and algae (33.0% mean cuver), with

tew soft corals {2.4% mean cover) or sponges present.

Mangroves and Seagrass Beds

A sheltered shallow inland bay, Lac Bay, cocurs on the windward shore in southeastern Bonaire. It
is the largest inland bay in the Netherlands Antilles, with a flovded area of approximately 7.5 km,
and is internationally protected as a RAMSAR site. The maximum water depth within the bay is 4.5 m;
tidal range is limited to approximately 4.3 m (van Moorsel and Meijer, 1393), The bay is bounded
seaward by exposed fringing coral reefs that protect the bay [rom wave action. Waves hreak over the
roef, floed the bay, and flow out though a deep water channel at the northermmaost tip of the bay,
creating a rip current. Lac Bay supports Bonaire's only significant mangrove and seagrass ecosystems.
The open water area of the bay is covered by seagrass beds dominated by Thalessia  festudinum
{varying in cover from 5 to HWM) together with Syringodium filiforme, and banks of the calcareous
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alga Heltmede sp. Along the |andward edge of the bay is an actively growing fringe of Rhizephora
mapgle (with an average height of 8 m and an average dbh of 17 cm) that is systematically encroaching
a the bay. The geomorphoelogical nature of the mangrove stands is relatively rare, as classitied by
Thom {1964); there i3 no riverine input into the system, making them particularly vulnerable. Within
the mangrove system are a number of permanently dry, ribbon-like cays as well as several important
feeder channels that supply water (o the back of the mangrove fringe, The mangroves are dominated by
Rhizophora mangle along the landward and seaward edges and Awicenmia  germinans within the
mangroves and around the drier ground associated with the islands. Within the Awicensmia zomne,
average tree height is 5 mand average dbh is 81 em. Comocarpus grectus is also not uncommen. One of
the dominant features of the mangrove system is a significant die-back of Khizophora mangle at its
northwestern extreme, thought to be due to hypersaline conditions created by the landward damming of
freshwater and choking of feeder channels on the scaward side resulting in water temperatures of 40°C
and salinities of up to 1Y ppt (van Moorsel and Mcijer, 1993). The mangrove stands are particularly
important as nesting and roosting areas for birds, and the seagrass beds form narsery grounds for some
imnportant reef fish as well as an imporlant foraging area for Chelonia rpdas. The bay is possibly alse

a breeding ground for Caretta caretfa and Ercitnochelys imtbricate (van Moorsel and Meijer, 1993).
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The mangrove moritoring site is situated mn the windward coast in Lac Bay at 12°7'40"N, 68713
70°W (Fig. 2). This sile was chosen as it is one of the very few places where the mangroves can be
accessed relalively easily; the landward and shoreward stands of Rhizophiora mangle are effectively
impenetrable due to high tree density. The site is completely undisturbed, as is the adfacent mangrove
atea. The five mangrove plots arc sct up on the seaward side of Isla di Chico. From the westernmost tip
of Isla di Chico, the first three plots (A, B, and C) are laid out at intervals of approximately 100 m and
are adjacent to the cay at a distance of approximately 3% m. The final two plots {D and E} are [ocaled
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along a transect line approximately 500 m from the eastern end of the cay. Flots A, B, and C consist
cntitely of Riizophora mangle (mean tree density 0.22 m* mean height 7.7 m). Plots D and E, in
contrast, consist entirely of Avirennia germingans (mean tree density 0.50 m™; mean height 4.6 m}.

The seaprass monitoring site is situated o the windward coast in Lac Bay at 12°7°00°N, 65°13
70°W. Lt is located in an area of dense seagrass cover, made up predominately of Thalassin  testudinum
{Fig. 3). Halizneda 5p. 15 also present within the benthic community, and cceasional Meoma ventricoss,
{rreasfer reticudafus, Strombus gigas, and Petochirus diogenes can be found. The area is also an impor-
tant foraging area for Chelowia mydas as witnessed by the fact that the geagrass within the study site

was twice leveled by their activity during productivily experiments.
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The CARICOMT site in Parque Nacional Morrocoy is located on the northwestern coast
of Golfo Triste, a large inlet on the west-central coast of Venezuela (10°52'N, 69716 W,
The 32080} ha park includes continental, insular, and marine scosysterns, and two
marine zones are distinguished within the park. The scaward zone is connected to the
open ocean and is characterized by voraline commumities, moderate swells, low turhi-
dity, and 20 m water depths. The inshore mone is characterized by low wave activity,
higher turbidity, and shallow waters with mangrove (mainly Rhizephora  wmangle)
and sea grass (Thalessia festudinum) communities developed primarily aleng the lcc
sides of keys and on sandy bottoms of the mternal lagoens. Since 1974, the park has been
subject tor intense tourism, which extensively slresses the coral reefs. At prosent, the
park is still being used for recrealional purposes, but efforts arc underway to prescrve il
and to carry out scientific research with international cooperation. Cur aim is to moni-

ter Marrocoy ecosystems to allow comparison with other coastal sites in the Caribbean.

Inl:mduc_ﬁnn

Golfo Triste (Fig. 1) iz a large inlet on the west-central coast of Venezuela, in sasternmuost Faloom
state belween the villages of Tucacas and Chichiriviche, The gulf lics south of the Benaire trench, the
central region of the Venezuelan Basin, and is the submerged part of an extensive sedimentary deltaie-
alluvial plain resulting from sediment dispersal by the Yaracuy and Arca Rivers. The 32,090 ha Parque
Macional Morrocoy is located on the northwestern coast of the Golfc Triste and encompasses continental,

nsular, and marine areas.

' CARICOMP — Caribbea Caral Reef, Seagrass and Mangrowe Sites (edited by B. Kjerfve), pp 151-159.
UINESCO, Paris, 1998, 347 pp.
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Fig. 1. Map of Golfo Triste showing the locations of the Parque Nadomal Morracoy, major towns {doks),
and drainages of the Aroa and Yaracoy Blvers,

Physico-Chemical Parameters

The continental platform that extends from the southeast to the northwest to Golfo de la Vela is
characterized by a gentle slope, except near Puerto Cabello and the keys off Tucacas and Chichiri-
viche, where bathymetric dropoffs cccur. Such irregularities correspond to depressions, shallows, and
coral islands — keys partially covered by mangroves. The buottomn consists of terrigenous and biogenic
sediments: fine sand (B0-100%), muddy sand (30-80%), sandy mud [20-50%) and mud (0-20%).

Golfo Triste is characterized by a relatively constant climate throughout the year (Fig. 2). The air
temperatiire varies from 24.9 to 28.7°C during the dry season (December-April); maximum temperaturcs
occur during the rainy season (May-October}. The relative humidity is high, 83-90%, with the highest
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values recorded between May and August. Mean wind velocity ranges from 1.5 to 2.5 m 57 (Pagdn, 1992),
the predominant wind direction is NE-5W during most of the year, Seasonal changes in physico-
chernical parameters are closely related to variations i wind ittensity, which is at maxdrmom during
the dry scason (Pérez-Nieto, 1980). Water temperature ranges are 26-29°C at the surface and 18-20°C at
150 m depth. Salinities are consistently greater than 36%. and, because of low runoff and high
evaporation rates, often exceed 36.5% in the Venezuclan coastal fringe.

The Parque Macional Morrocoy has a total surface area of 32,090 ha (Fig. 3). The climate of the
Morrocoy region is a savanmah climate with seasonal influence. The diurnal temperabure variation of
surface waters fluchuates between 27°C and 32°C, where oceanic influence prevails; the salinity varies
between 30 and 38%. (Bitter, 1988}, being more constant near the ocean. Mean annual precipitation is
1,213 mren and vaties seasonally (Fig. 2). Two marine zones are distinguished within the park. The

seaward zone is connected to the open oceant and iz characterized by coraline communities, moderale
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swells, low turbidity and depths to 20 m The inshore zone is characterived by low wave activity,
higher turbidity, and shallow walers with mangrove (mainly Rhizopfiora mangle} and seagrass (Tha-
lassia festudinum) communities (Losada and La Schiazza, 1989). Such communities develop mainiy

along the lee shores of the keys and in sandy sediments near the mouths of ocean inlets to the intermal

lagoons.

Human Impact

Weiss and Goddard (1977) reviewed damage to the northem recls of the park up through 1973 and
reported on a setfes of changes at Chichiriviche, a former fishing village that is now a touristcentered
town within the park. From 1957 to 1964, a cement plant, a water tank and pipeline, and an asphalt
road connecting the town to the coastal highway were constructed. These brought about a pepulation
explosion in the area, as well as an increase in tourism and relaled activities that affected not only the
mainland but also the keys off Chichiriviche, Towards the me of the 1960s, the reefs began to show
signs of man-made disturbances, due to the construction of houses and docks and the disposal of garbage,
sewage, and other materizls. Welss and Goddard (1977} considered that sewage caused the most
damage.

The 19705 began with the constructon of buidings on all existing keys and on many sheals, sand
banks, and reef flats. In May 1974, the government of Veneruela declared the area a national park,
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ordered demolition of all construction on the keys and beaches, and prohibited further development of
coastal towns within the park. Despite these and other protective measures, the damage suffered by
the reefs has continued (o increase. The reefs, reported healthy by Weiss and Goddard {1977) in 1973,
wore found bo be greatly damaged when Krst studied in 1972 by Bone (1980 and Weil (1980} Other
reefs, in the northem part of the park, had obvious symptoms of deterioration such as high dead coral
coverage [(>70%) and the stressing and burial of reef colonies by sediments (Bone, 1980). Man-made
disturbances in this area include those resulting from bad management of mainland agriculture, with
erosion products being carried into the gulf by river drainages and the action of marine coastal currents.
Bone of gl (1993] sugpested that the extent and degree of the damage was due mainly to high sedi-
mentation rates, which began to increase around 1972 with land clearing and construction and have
increased further since then.

Other disturbances, both natural and man-made, have impacted the southern portion of the park
for several years. Before the park was officially established, elevated houses {“palafitos”) were
comstructed over Thalessia testudinum beds. The loss of vegetation and their stabilizing rhizomes pro-
duced drastic changes in substrate granulometry such that, more than ten years since demolition, there
has been no recolonization of denuded areas, The cuthing of mangrove for wood s still a common activity

by inhabitants of the area, as is cutting of mangrove roots to collect the oysters that grow on them.

Seagrass Beds

The scagrass ecosyslem is well represented in submerged areas of the park, where extensive mono-
specific prairies of Thalassia festudinum and assoctated algae are found. The sampling site is localted
in the northern portion of the bay known as Las Luisas (Figs. 3 and 4}. The Thalessia prairie develops
from shore for 80-100 linear meters seaward, where it reaches a depth of 3 m (Losada and La Schiazza,
1989}, This prairie is charactcrized by long leaf plants (30 cm ot more), an elevated number of rhizomes,
and a leaf cover of more than 60%. Maximum productivity (3.30  0.41 g m* d7}) and total biomass
(862.41 + 190.89 g m'*) are found in July and August, respectively. The contribution of cach fraction of the
plant to the total biomass is: green leaves 18.4%, nonegreen leaves and short stalks 30.1%, live
thizomes 30.2%, dead rhizomes 2.0%, live ronts 13.9%, and dead roots 3.5%. Minimum produclivity
(1.69+0.22 g m* d™) and total biomass (385.18 + 78.74 g m™) are found in October and July, respectively
(Guevara, 1993). The contribution of each fraction to the total biomass is: green leaves 12.5%, non-green
leaves and short stalks 25.4%, live. thizomes 40.9%, dead rhiromes 3.4%, live roots 11.1%, and dead
roots 58% (Guevara, 1993). The seagrass bed ends in a muddy-sand substrate {Losada and La Schiazza,
1989), where the depth is 3 m.

M@_g__l_'p_'-fe Wetlands

Mangroves are well represented in Mortocoy, where they dominate most of the inner emerged areas
of the park. The mangrove station is located at Tumba Cuatro (Figs. 3 and 3), where the mangroves are

a fringe type that are common throughout the park. The dominant tree species is Rhizophora mangle,
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which is found exclusively at the fringe and occurs mixed with Laguncularie racemosa farther inland.
The trees are represented by 68% Rhizophora mangle, 29% Laguncularia racemosa, 8% Avicennin ger-
minans (A nifida, Jacg.), and less than 1% unidentified species. The density of the forcst is approxi-
mately 348 trees/0.1 ha, a value within the range reported for other fringe forests in the Caribbean
{densities varying between 100 and 500 trees /0.1 ha; Schaetfer-Novelli and Cintrén, 1986; Tugo and
Snedaker, 1974; Snedaker, 1982; Lugo, 19480} According to the “value of importance index™ {¥VT), R.
mangle is the most valuable species of the area from a structural peint of view, with a VI of 259.65; L.
racemosa has a VI of 140.28; A, germinans has a VI of 54.35. The mean height of the trees is 8.0 m, with
a maximum heighl of 15 m for trees with diameter breast height, dbh > 10 em, and a minimum height of
5 m for trees with dbh < 2.5 cm. The mean dbh for the group of trecs with dbh > 10 an = 37.5 m, repre-
senting 45% of the lotal trees sampled; trees with dbh < 2.5 am comprise the other 55%. in this atea,
the mangrove community has reached a high level of structural development — i.e., a high density
both of mature and juvenile trees.

Cural Reefs

Coral reef formations dominale the entire coast along the cast-northeast shores of the Morrocoy
keys, including some shallows in inlets to the park. The reef sites are located at Playa Caimién, in front
of Boca Grande, and at Cayo Sombrero, an exposed key in the eastern portion of the park (Figs. 3 and &),

Playa Caiman is a fringing reef with a channe] that breaks with the continuity of the teef and
separates the area in two zones: northern and southern. The northem zone has been more affected by
man-made disturbances (until 1974, there were three elevated houses located onoa small inlet oo the
leeward side of the reef). The southern zone is more secluded and less disturbed; the reef platform is
only 50 m wide and the reef slope reaches to a maximum depth of 12 m. The anterior zone of the
platform borders the mangrove forest and a poorly developed Thalassin  testudinum praivie. The mean
depth of the platform is 0.3 m. The algal species reported for the platform are Helimeda spp.
Byctiote cervicornis, Cawlerpa spp., Pamicilum capitatus, Jama capilloss, among others (Weil, 1980).
The coral species reported are Diploria spp., Millepora alcicornis, Siderastrea radians, and Porites
astrecides. Extensive formations of the zoanthids Palithon memilless and Zoanthus sociatus are fiund
toward the reef front, Several species of sponges as well as soft corals of the Plexawra sp. are found in
crevices in the reef. The reef front {.20-3.0 m depth} is dominated by formations of Acropora palmata,
which give rise to high morphological heterogeneity, Other colonies found here are Millepora alvi-
cornis, Millepora complanate, and Montastraea amnnlaris, which grow in columns. This zone continues
with an extensive fringe dominated by Montastraen annuniaris (257 m in depth). There are also
colonies of Colpephyllia  natens, Diploria spp., Agaricin spp., and some colonies of Solengsires
bornuoni in thiz zone, the most homogeneous coral zone. The deepest zome of the reef (7.0-11 mdepth) or
slope is mainly dominated by large colonies of Colpophyilin  setans and also by Montastraes cover-
nosa. There are also several well developed colonies of soft coral such as Psewdopterogergia sp.,

Plexpura homomalla, P. dichotoma, and Ennfeea sp. among the most abundant., This zone ends in a
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sandy bottotn with a soft slope that continues down to 15 m depth, with dispersed patches of coral
culomies of variable sizes {Bone, 1950).

Cayo Sombrero is a sandy key surrounded by coral recfs. The CARICOMT slation, cstablished in hme
1996, is located on the lee side of the key; however, the reef i mfluenced by strong lateral currents due
to the bottlencck configuration of the key system. The main reef is separated from shore by a shallow
sandy channel 80 m wide, There is not a genuine reet front. The shallow reef (3 m depth) is covered
mainly by soft cotals such as Pseudoplexoura sp., Plexaurs homomalla, P, flexuose, and Fseudoptero-
gorrid americana, The predominant hard coral at this depth is Madracis mirabilis. The slope begins at
a depth of 4 m; it reaches 15 m on the southern side and 6 m on the northem side. The CARICOME stalion
iz located in the southern zone characterized by the deeper slope. Between 3 and 5 m deep, the
commitnity is represented by Millepura alcicornis and Madracis rirebilis. Down to 12 m, large colonics
of M. ennularis dominate the reel, with some conspicious colenies of C. ketens. There are also some
colonics of M. cavernesa, D, strigosa, P. porites, and A, agaricites. The reef ends at a depth of 15 m with
a genlly sloped sandy bottom. In general, this station is structurally more complex than Playa Caimdn,
although Ad. muuiavis does not have largo vertical formations.

[ January 1996, a mass maortality event affocted many reefs in the park and left less than 1% of live
massive coral cover at Flaya Caimdn. At Lhis sile, only P. perites, S sidern, and Millepora alcicernis

swrvived, An uncommon upwelling event combined with large fiver outputs enriched waters with nubri-
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ents, leading to an anomalous planktenic bloom. Huge amounts of macroaggregates were produced by
dinoflagellates and diatoms, forming a mucous laver lhat covered the reefs. Very calm seas and low
wind speeds kept the bloom within the park. This condition persisted for a weck, inducing mortality
among fishes, crustaceans, mollusks, equinederms, annelids, sipunculids, sponges, and cnidarians by
cither mechanical asphyxiation {obstruction of respiratory mechanisms by a thick layer of mucus) or
anoxia (reduction of dissolved oxygen by decomposition of organic matter). The statiom at Cayo Som-
brero was slightly affected, as it was onc of the few sites in the park still presenting an important live

coral cover.
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Porlamar 63001-A, Isla de Margarita, Venezuels

The CARICOMTE site at Isla de Margarita is a sandy spit covered by 16 ha of mangroves
and 36 ha of seagrass beds. Coral reefs are not present at Punta de Mangle and are scarce
around the island. Hutnan activity at the site has been insignificant, historically,
although there are harbor facilities nearby. The climate is semi-arid and strongly
influenced by trade winds throughout the year {11-25 km h''); the strongest winds occur
February through hune. The daily range of air temperature is equal to or greater than
the zeascnal variation (monthly average of 24.7-30.6°C). Tatal monthly precipitation
is in the range 0-250 mm. Precipitation is mest frequent in the months July-September
and November-December. The driest months are March-May. Fringe-type mangroves
are tound along the coast: Rhizophora mangle, Avicennia germfnans, and Laguncularia
racerse. Shudies on mangroves began in May 1992 with one plot; two more plots were
established during 1995. Tree heights range from 7 to 12 m; trunk diameters range from
26 cm to 119 em. The total litterfall analyzed over 3.5 years exhibit scasonality: maxi-
mum during May-July, 6.0 to 9.8 g m* d '; minimum during November-February, 3.0 to 4.0
g m” d’. Thalassig grows vigorously in most parts of the area. The biomass of the green
parts ranges from 190 to 840 g m?, with an increase in biomass during May. FProduction
shows a large variation, from 2.88 to 11.03 gm® d*; the greatest production coincides
with the greatest part biomass recorded and with the times of fowering (May) and
fruiting {July}.

Introduction

Punta de Mangle, which is located anthe southern coast of Isla de Margarita {10°51'49"N, #4703
28"W; Fig. 1), is a sandy spit extending WSW from the island and oblique to the dominant direction of

orean currents, waves, and trade winds. The strait separating Isla de Margarita from Coche and Cubu-

agua Islands to the southeast and southwest, respectively, funnels and accelerates the predominantly

E-W current, but this has little effect on the mangrove-fringed coastal zone, The major part of the ener-

gy is dissipated as the channe! deepens into the Las Marites Depression and continues through the Mar-

' CARICOMP — Caribbean Caral Reef, Seagrass and Mangrove Sites (edited by B, Kjerfve), pp 161-170.
LINESCO, Paris, 1996, 347 pp.
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garita Depression to the Fosa de Cariaco {Gines, 1972). Punta de Mangle is the castern limit of El Cua-
mache Bay, on which are located several towns and a large dock for merchant ships.

The stations for study of the mangroves and seagrass meadows are localed at the southem end of
Punta de Mangle (Fig. 2). The entite area consists of 163 ha, in which is incladed 7 ha occupied by the
harbor facilities at El Guamache, 26 ha of dry saline soils without vegetation, 36 ha covercd by
Thaiassia beds, 21 ha of shallow muddy bottom covered with small algae, and 16 ha of mangroves. The
mangroves are located exclusively at the southern half of the sandy point and arc predominantly
Rlifzaphore mangle and Avifcentin germinans,

Close to this site are two docks, one for merchant ships along the western face of T'unla de Mangle,
and the other an oil terminal situated 5 lan to the east in Los Algodones. The coast is unpopulated
between these docks; the closest buman development is quite small and far from the coast. There is o
evidence of detrimental effects upon the environment resulting from the prescnce of the docks. Con-
versely, the location is commeonly visited by native fishermen who sweep the seagrass area with small
seine nets. The arca is also frequently visiled by marine birds, which utilize this coastal area and the

MEANEIUYVEs as & resting site.

Historical, Geological, and Human Inventory of the Study Site

lsla de Margarita is the maost easterly part of the ceastal mountain chain (Cordillera de la Costa)
that covers the northern coastal region of Venesuela, This region is separated from the mountainous
country of the interior by the Cadaco-Casanay tectonic depression (De bMird, 1974). Isla de Margarita is
formed by two mountainous scctors oriented along an cast-west axis and united by an isthmus, The
castern part is the more extensive and is Margarita proper, the western part is a peninsula called
Macanao. The isthrnus between the two sectors consists of extensive flat sedimentary areas where Lhe
principal coastal lagoons of the island are found. The southemn coasts are characterized by the presence
of shallow waters with abundant aquatic vegetation {mangtoves and seagrasses) of considerable beauty
{Hovas, 1985).

The paleogeography of the study area is related o sca level fluctuations in the Caribbean and the
tectonic morphology of the northern limit of the South American Plate (De Mird, 1974). Nevertheless,
the geological history of Punta de Mangle is very recent; this sandy point probably developed during
the fate Holocene.

Human activity historically had liitle impact on the coastal ecology of Punta de Mangle, with the
exception of the exploitation by local fishermen. The construction of the harbor facilitics and access
causgway at El Guamache in 1974 destroved some mangrove areas in the small lagoons north of the
study site, but this has seemingly not had a negative affect on the Punta de Mangle.

The mangroves on Isla de Margarita arc now protected by environmental laws that [orbid cutting
mangrove areas for timber or development. However, the impact of public works (1.2, reads and piers)
near the mangroves has not been taken into account, in particular runoff and the movement of the sub-
soil waters and superficial sediments. This is the primary cause of the loss of mangrove arcas on the
island.
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Climate

Aceording to the classification of Képpen {Hoyos, 1985), the island is located in a zone of tropical
humid ¢limate under the subdivision “hurnid climate with short rainy seasons.” Still, the climate is
generally arid or semi-arid. Owing to the stationary high in the coastal zone during much of the year,
rainfall is minimal, gencrating semi-arid conditions and characterized by a water deficit throughout
the year. We present here a summary of 24 years of meteorological infermation collected in Punta de
Pledras at the Fundarion La Sallc marine station, which is & km from the CARICOMP site study
{Campo and Veldsques, 1991),

Between 1966 and 1989, temperatures fluctuated between 24.7 and 30.6°C (monthly average), during
which there was a low frequency oscillation, with a period of 12 years overlying the annual variation.
The highest monthly temperatlures occurred between April and November, with September and October
being the hottest. During that time, mo temperature increase could be attributed to global warming,
DPriring the study period of January 1993 to October 1995, temperatures taken at Punta de Piedras showed
a similar pattern {Fig. 3). What is significant is that the daily range is equal to or greater than the
seasonal variation (mode of daily difference 6°C, maximum 12°C, minimum 1.5°C) . Again, no long-term
trends are noticcable.

Historically, the average relative humidity has inereased with time, with the mst homid
entidibions recorded in January 198% (91%) and the lecast humid in May 1967 {63%). For the study period
1993-1995, the average is 78%. The average monthly relative humidity is lowest between February and
May and highest betwesn June and November, with a plateau in October.

Total monthly precipitation ranges from zero to 250 mm, indicating the scarcity of rainfall in this
area; {he average tmonthly rainfall never exceeds 30 mm. The historical data indicate two groups of
months in which precipitation is greatesl: July-September and November-December (Campo and
Veldsguez, 1991). During these tmes, the precipitation averages 30-50 mm. The driest months are

Punla de Pladms, ks de Margarta, Venezuala
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March through May, with an average rainfall of less than 12 mym, There is no permanent streamflow
along the entire southemn coast of Isla de Margarita, and rainwater runoff into Punta de Mangle region is
insignificant because of the small drainage basin.

Daily observations from January 1993 to October 1995 demonstrate rainfall vardability (Fig 3).
There was significant rainfall in May through July in 1993 and 1994, but not in 1995; in 1994 and 1995,
the second rainy season began earlier than in 1993.

Average daily evaporation is 9 mm: average monthly evaporation is approximately 266 mm.
Lomparing these values with precipitation values (<30 mm), it is clear that evaporative loss greatly
exceeds precipitation gains. Average daily insolation is 8.5 hours, varying from zero to 12 hours. The
months of greatest insolation are January to March, with about 9 hours; menths with miremum insola-
tion arc Jure, July, and December, averaging 3 hours at the most. Average daily radiation varies
between 250 and 600 cal cm™ 4 with an average 500 cal em? d™. During the 24-vear period of data from
Punta de Piedras, these values are similar to the average monthly temperature in that they show an
vscillation associated with solar flares,

The average monthly wind velocity analyzed by Campo and Veldsquez (1991) ranged from 11 to
25 kmh, with the strongest winds occurring February through June. The wind pattern an Isla de Mar-
garita is dominated by the trade winds, most commonly from the ENE, as indicated by data collected
during 1975-1989.

For the past 200 years, hurricanes and iropical storms have had little effect o Isla de Margarita.
Mast such storms pass north of the island, producing torrential rains of short duration. The risk of

hurriranes and severe meteorological impact is quite small (Carvajal and Buitrage, 1991).

Oceanography

Along the southern coast of Isla de Margarita, the zone of wave generation is reduced to a fringing
stretch from east to west, owing to the easterly winds; waves from the north or northeast add little or
nothing to the intensity of the local waves. Wave characteristics have not been determined iocally;
farther east, they vary from (.6 to 1.0 m, with a periodicily of 4 to 7 sec. The waves at Punta de Manglc
are smaller and with still shorter periodicity. Only during infrequent and anomalous atmospheric
conditions would waves be generated from the south or southwest. Tides are typically semi-diurnal,
with an average range of 0.22 m. The maximum water levels observed over nire years were a high tide
of 0.6 m and a low tide of -0.42 m. In general, the marine current passing south of the island is a branch
of the Caribbean Current that flows in a westerly direction close to the continental border of South
America. This current is derived from the Guyana Curmrent, which enters the Caribbean {hrough Lhe
Grenada Strait located between the islands of Grenada and Trinidad and Tobago. Studies completed by
the Estacion de Investigaciones Marina de Margarita (LDIMAR) indicate that, at Punta de Mangle, the
current flows east to west. However, a tide-associated courttercurrent has been detected 10 m above 1he
bottom (Campo, 1992). When the tide is rising, the direction of this current is to the west; when the tide
is falling, the direction is to the east.
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Vector analysis of average gram size was utilized to determine marine dynamics {Llano, 1989
Llaneo et af,, 1991}, Sediment type s a functon of many vatiables, including energy forces. Based on pre-
liminary studies of surface sediments from the Thalussis zone, we have determined that the site is af-
fected by moderate kinetic energy, which dissipates toward the mangroves — e, from south to north.

Three years of weckly temnperature and salinity readings were taken at mangrove and seagrass sites
(Fig- £ CARICOMP Manupal, 1951). The results indicate that the temperature of the water oscillates
between 24.5°C and 32.0°C. Sea temperature is always somewhat higher than air temperature; it seems
to fallow fluctuations in minimum air temperature, as one can observe by comparing both ternperatures.
The water temperature minimum occurs in March-April, the maximum in Augnst-September, The mini-
mman coincides with the latter part of the upwelling scason along the castern coast of Venezuela
(Muller-Karger et al., 1989). The salinity of the sea is relatively high, ranging from 35% to 4U%s,
values comuman for the southern coast of the island. Secchi depths show no clear tendency but may be
dependent on local winds (Fig, 45,

Ecosystema

Of the three commumities studied in the CARICOMP program, only mangroves and seagrasses are
found together and are well represented on Isla de Margarita. Coral reefs are scarce around the island
and are not associated with seagrasses or mangroves. The paucity of coral reefs on the island may be
related to the relatively cold water, the turbidity resulling from the occasionally high productivity of
plankton, the proximity of discharge from the Orinoco River, and wind-induced turbulence, as well as

normal currents. The definitive causes of the poor representation of hermatypic coral in the region have
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not been adequately studied. We are unaware of any biological or geological studies in the area of Punta
de Mangle, or of any analysis of the marine ecosyslems. Wagcenaar Hummelinek (1577, 1581} mentivned
Punta de Mangle as a site of both marine and land studies but provided o information about the flora

and fauna. Goodbody {1984) utilized samples from Funta de Mangle for studies of ascidians.

Mangroves

The mangroves on Isla de Margarita are associated with hypersaline lagoons with o freshwater
input. Typically, the trees are short, with the majority lacking a well-defined trunk. La Restinga and
Las Marites are two coastal lagoons with extensive mangroves of this type. Other mangroves of limited
range are found along the leeward coast, associated with small lagoons or growing in shallow and pre-
tected zomes but always associated with seagrasses. Punta de Mangle represcnts this last type, which
may be considered a mangrove fringe (Pannier and Traifio, 1989).

The mangrove study area covers 16 ha. There is a small lagoon in the area, draining toward the
suuthern coast. Among the three specics of mangrove found in the study arca, RhRizophora mangle (red
mangrove) and Awvicennia germinans (black mangrove) are well represented. The third species, Lagun-
cularin rucerose, is not comvmon but is represcnied by several small trees growing in dry sandy ground in
the extreme west, Rhizopliora forims a band 1,200 mlong that is directly exposed to the sea. The com-
murity 15 well developed in comparison with nearby lagoon mangroves. Aricennia occuples a landward
fringe without the continuity of Rhizapliora, growing on saline ground affected by high tides.

Studics beginning in May 1992 recorded litterfall in a 100 m’ sludy plot populated exchisively by
Rhizophors: these studies wlilized the methodology proposed by CARICOME (1991). There were five
trees in this first study plot; tree heights ranged from 7 to 12 m; trunk diamelers ranged from 26 to
119.3 e, and basal area was 314 m™ ha'l. Two additional plots were studied in 1995 but data arc not
reported here. The total litterfall in the shudy plot demonstrated a clear seasonal tendency (Fig. 5).
Maximum litterfall occurred May-July: % g m? d in June 1992; 9.8 g m? d" in July 1994; 7 g m? d* in May
1993; 6 g m* day™ in May 1995, The minimum occurred in November through Febnuary, measuring 3-4 ¢
m?*d’". Componenl analysis of the litter showed that flower biomass is constant during the year, indi-
cating that a flowering season is not well defined. Although some seasonal effects ocour, the productiom
of leaves is well correlated with total litter. The seasonal fruitseed falling from the trees is the ele-

meni which mest contributes to variations in the production of foliage.

Seagrasses

Thalussia beds cover an area of 36 ha at Punta de Mangle, The distribution of these grasses seems to
be related to type of bottom sediment. Thalassia is sparse in the area closest to the mangroves, which
has a muddy soft bottom. The seagrass has poorly developed buds and is covered with many epiphytes
andd coated with fine sediments. The most abundant meadows are some distance from the mangroves
{160 m; Fig. 2}, where Thalassin has colonized the firmer sandy substrate and extends in a wide fringe

along the coast. The depths at which Thalassia was found ranged from 0.2 m to more than 1.8 m, but the
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greatest depth could not be determined due to high turbidity levels. Thalassia grows vigorously at a
depth of 0.4-1 mat the CARICOMP station. At a depth of 1.5 m, the leaves are very small and the
shoots are less denge along the muddy bottom. From Januvary 1993 through October 1995, the horizontal
transparency of the water above the Thalessia beds ranged from 0.8 fo 7.5 m, with an average visi-
bility of 3 m {Fig. 4).

Preliminary biomass and productivity estimates have been made for the 18-monlh period belween
November 1992 and June 1994; it should be noted that, in some instances, insufficient replicates were
taken during each sampling. The biomass of green parts ranged from 190 to 840 g m® (Fig. 6). Lven
considering the limitations of obtaining only one nucleus per collection, we recorded an increase in green
biomass beginning in May. Non-photosynthetic tissues demonstrated a higher biomass: 1420 g m?
average, with one large variation among the samples. There was no evidence of seasonality. The
biomass of dead tissues also varies and showed no pattern; they averaged 1,330 g m™.

Thelassia production and daily tumover in 1993 and 1994 are shown in Table 1. Production
oscillated between 2.88 and 11.03 g m™® d*. The greatest production coincides with the highest green

biomass values as well as with the time of flowering in May and fruiting in July.

Table 1. Thalassi production in Punta de Mangle, Tsla de Margarita, Venezuela,

Praduction Turnover

Date of Measurement {go d') {% per dav)
01721793 5.70 0.02
02710 /93 7.534 0.05
0X 721793 3.95 003
03/708,/9% 11.0% 003
03427793 7.21 0.03
OB/31/83 10004 0.0a
04 /15/53 9.97 0.05
12/15,/%93 28K .04
01/15/94 7.31 .04
02/02/94 5.27 0.04
03/09,/94 4.09 (.04
04 /0-5/94 §.29 0.03
Da/01 94 A5 .03
06/16/94 4.27 0.03
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Buccoo Reef and Bon Accord Lagoon, Tobago,
Republic of Trinidad and Tobage'

Richard 5. Laydoo, Kurt Bonair, and Gerard Alleng
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PO Box 3160, Carenage Post Office

Republic of Trinidad and Tobage

Burcoe Reef and Bom Accord Lagoon are located on the leeward coast of southwestemn
Tobago. This is one of bwo localities in Trinidad and Tobago characterized by contiguous
reef, seagrass, and mangrove ecosystems. The reef systemn is approximately 7 k' in
area and is characterized by an arc of five reef flats that enclose a shallow reef lagoon
and the Bon Accord Lagoon. There is patchy distributton of coral communities within
the rcef lagoon, mainly staghorn coral and star coral. The Bon Accord Lagoon is charac-
terized by macroalgac and seagrass communities. The mangrove wetland fringing the
lagoon is primarily red mangrove, Seaward of the reef flats, the forercef slopes to
depths of 15-30 m. Brain cotal, star coral, and clkhom coral are the dominant coral

species on the forereef.

Introduction

The Buccoo Reef and B3on Accord Lagoon system is located at the southwestern end of the island of
Tobago between 11°08'N to 11712'N latitude and 60°40'W to 60°51'W longitude (Fig. 1). The reef vovers
an areg of 7 km® It is a fringing reef, characterized by five insular emergent platforms to the north, a
shallow sandy lagoon with a patchy distribution of coral eommunities, and the mangrove-fringsd Bon
Accord Lagoon in which a seagrass community is present. This system is the best example of contiguous
reef, seagrass, and mangrove wetland in Trinidad and Tobago (Fig. 2).

The extant reef ig of Holocene origin {ca. 10,000-12,000 years BP) lying ona Pleistocene carbonate
platform. The platform, which is emergent (o the south of the reef systern, characterizes the tervestrial
geology of the low-lying southwestern region of Tobago (Maxwell, 1948). The Burccoo Reef-Bon Accord
Lagoon arca 1s unique to the southern Caribbean duc to its size, allractiveness, and easy accessibility
{Coreau, 1967). It is located on the Iuw-energ}r, leeward southwestern coast of Tobage. Such attributes
have led to its development as a major tourist attraction.

Guided tours to the recf were initiated in the 1930s. Today, the primary activities associated with

visitor use at Buccoo Reef inchude glass-bottom boat tours to the Outer Reef flat, the Coral Gardens, and

' CARICOMP — Caribbean Coral Reef, Seagrass and pangrove Sites (edited by B. Kjerfve), pp 171-176.
UNESC(), Taris, 1998, 347 pp.
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Fig. 1. Map of southwestern Tubago and location of Buccoo Reef.

the Mylen Pool, aleng with reef-walking and snorkelling on the shaliow backreef areas of the Outer
Reef flat. Sport-diving occurs at forereef sites, but this activity is not commen at Buccoo Reef due to the
presence of higher quality dive sites at other reef localities in Tobago.

The promotion of the Buccoe Reef area as a major towrist attraction, combined with hotel and resi-
dential development in adjacent coastal areas, has resulted in direct and indirect negative impacts
the ccosystems. Direct impacts arce evident as physical damage over an extensive area of the Oufer
Reef flat; corals have been broken or crushed by trampling fect, falting anchors, and intermittent boat
groundings (Gorean, 1967; Kenny, 1978} Indirect impacts are more ingidious and are linked o the dis-
charge of untreated sewage and to increased surface run-off {Laydoo and Heileman, 1987). Major popu-
lation centers adjacent to the Buccoo Reef system are the villages of Buocoo and Bon Accord, as well as
numerous hotels and guest houses along the coast from Plymouth to Crown Point (Fig. 1) Pollution
threatens the viability of the reef through nutrient enrichment of the seawater and increased algal
growth, This, combined with the effects of reef-walking, potentially reduces the possibility of caral
tegeneration in damaged areas. Sewage pollution at some localities presents a serivus hazard to sca-
bathers.

Recognition of the resource value of the Buceoo Reef system has resulted in its designation in 1973 as
the country’s only marine protected area undet the Marine Areas (Preservation and Enhancement) Act
of 1970, However, o effective management has been implemented since its designation as a protected
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area, cven though management proposals and draft plans have been developed. Only recently, Lhe
Institute of Marine Affairs, with assistance from the Tobage House of Assembly (the local povernment
authority), developed a management plan for the proposed Buccoo Reef Marine Park.

Climate and Oceanagraphy

Trinidad and Tobago have a humid, tropical climate. The mean armual temperature is 25.7°C, and
precipitation is highest May to December. Southwestern Tobago generally gets little precipitation,
with a maximum of 40 mm during the wet season and a maximum of 15 min during the dry season
{Berridge, 1981). Trinidad and Tobago, located at the southern extremity of the Antilies Archipelago,
lie south of the hurricane belt. However, the islands occasionally experience tropical storms and hurri-
canes, The most recent hurricane in Tobago oecurred in September 1963, The prevailing winds during the
wet season are the northeast trades. In the dry scason, winds are generally stronger and the prevailing
wind direction is westerly. The Buccoo Feef system is exposed to the northeast trades throughout the
vear. Consequently, the Outer and Eastern Reef flats are subject to moderate to high wind and wave
energy, particularly during the dry season when winds are stronger. Wave energy on the northeastern
reef fringe is also high during the winter months, November-Docember, when strong oceanic swells are
commton. This generally results in inereased turbidity in the reef area (Keruny, 1976).

Water movement in the Bucooo Reef ares is predominantly wind driven; it is generally westerly,
with some reversal in the Bon Accord Lagoon and the southwest channel near Pigeon Peint during flood
tide (Kenny, 1976; Fig. 1). Surface circulation to the west of Buocoo Reef, however, s apparently more
influenced by northwesterly water movement between Trinidad and Tobago. The salinity and turbidity
of this water is strongly influenced by Orinoco River discharge during the wet season. This has marked
effects on the water quality at Burcoo Reef, where lower mean salinity {34 %) and higher turbidity
{15 m visibility} are commeon during the wet season. In the drv season, 2 higher tean salinity {36 % )
and clearer water is generally observed {Berridge, 1981). Seawater temperature is gencrally constant
within depths less than 20 m, ranging [rom 24"C in winter to 27°C in sunmymer {Berridge, 1381).

Mangrove Wetlands

The lon Accord Lagaon is bordered to the south and east by a mangrove wetland {Fig. 2} of lagoon
fringe type, which forms a belt several meters wide and has an area of 77 ha. Indications are that this
is a mature community, with conditions for growth dose to optimum {(Gorean, 1967). Red mangrove
(Rhizephora wmangle) predominates, but white mangrove (Lagunculoria racemosz) is also commmon.
Black mangrove (Auicennia germingns) and button mangrove {Conecarpus erectus) are also present.

In the northeagtern sector, the mangrove fringe is connected by a small channel to another mangrove
arca located in the southem sector of Bureoo Bay. This is a basin mangrove community type located
behind a sandy beach barricr. There are several percnnial inlets into the system in this sector, but there
are no outlets except the small channel connecting to the lagoon fringe community, IF has been suggested
that this basin area is a continuation of the Bon Accord Lagoon wetland system {Alleng, 1994). Al-
though the land adjacent to the entirc Bon Accord-Buccoo Bay wetland is privately owned, the wetland
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itself has been included in the Burcoo Roef Restricted Area and Llhe proposed Buccoo Reef National
Fark. Adjacent land use is mainly agriculture, residential development, or scrub vegetation.

The system has been impacted by both natural and human factors. Most of the western part of the
mangrove wetland was destroyed by Hurricane Flora in September 1963 but it has recovered since then.
Some mangroves were also cleared at Sheerbird’s Foint for beach improvement in the 1960s, and gaps
have been cut for jetties and drainage canals, In the past two years, a housing estate has been developed
along the southwestern boundaty of the wetland, with concomitant construclion of sewage treatment
ponds. It has been proposed that some enclosed lagoons in this area of the wetlands be utilized for the

discharge of trealed domestic wasle.

Seagrass Beds —.

An extensive seagrass bed is located in the western area of the Bon Accord Lagoon {Fig. 2} Turtle
grass (Thalassiz testudinum) is the dominant seagrass. The benthic commurnity also contains macroal-
gae (Bryopsis spp., Dietyola spp., Chaefomorpha spp.), sea urchins (Lytechinus variggatus), mollusks
{Strombes spp.), oysters (Pinctady radiata) and holothurians (unidentified) {Kenny, 1976).
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_f__'ﬂrai Reefs

North of the Bon Accord Lagoon is the extensive, shallow reef lagoon of Buccoo Reef (Fig. 2} Small
coral formations, characterized by one or a few species, ooaur throughout the reef fagoon. Four types of
these pateh reefs have been identified (Hudson, 1984). Patch reefs of finger coral (Poriles porifes) coour
in the Bon Accord Lagoon and south of it. The patch reefs in the western area of the reef lagoon are con-
posed of thickets of staghorn coral {Acropora cervicornis), while those in the eastern area are composed
ot both staghorn and fire coral (Millepore spp.). The patch reefs in the northern area of the reef lagoon
consist primarily of large formatioms of star coral (Mentestraces arnularis) and brain coral (Diploria
strigosa). Due to the presence of sca fans {(Gorgoniz ventaling) and other oetocorals, as well as numerows
colorful reef fishes, this northern palch reef Iocality s populatly known as “Coral Gardens,”

Five ernergent reef flats arc seaward of the reef lagoon, from Pigeon Point in the west to Sheerbird’s
Point on the east, known as Figerm Point Keef, Western Recf, Northern Reef, Cuter Reef, and Hastern
Reef (Fig. 2}. The recf flais arc separated by sandy-bottom channels, the widest and deepest of which
is the Deep Channel between the Western and Northermn Reefs. The reef flats are generally charac-
lerized by a narrow seaward reef crest and a more cxtensive backree! toward the recf lagoon. The reef
crests coinvide with a conspicuous breaker zone. Due to the turbulent nature of this zone, the faunal
compusition of the reef crests is limited to wave-resistant corals such as M. guaniaris, and elkhorn
coral, A palmate, Generally, the backreef areas are characterized by coral rubble {Kenny, 1976),

West of the reef flats, the forereef slopes gently to a depth of 20 m. To the east, the forereef slopes
tir a depth of 15 m, while to the north the [orereef slapes gently to depths over 30 m {Laydoo, 1935}, The
benthic fauna of the forereef is dominated by large colonies of stony corals. In the shallow forereef zane
{2-6 mdepth) A. palmata is common. In deeper areas of the forereef, large colonies of Dipluria spp..
Montastraent spp., and starlet coral {(Siderastreg spp.) are common The substrate of the shallow

torersef is mainly composed of rubble and dead standing remains of A. palmata (Laydoo, 1985),
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The CARICOMP sites on Barbados include a reef site near Heletown on the west coast
and, 25 km away on the south coast, a seagrass site (St. Lawrence Lagoon) and a man-
grove sitke (Graeme Hall Swamp). The 32 ha Graeme Hall Swamp is fringed by red and
white mangroves and is greatly impacted by a large population and several channel-
dredging projects. The seagrass sitc is located in a shallow lagoon that is protected from
high energy waves by a reef rubble banlk; turtle and manatee grasses dominate. Shallow
fringing reefs are fairly extensive along the wost coast of Barbados. The reef site, the
Bellairs fringing tecf, extends 300 mseaward from the shoreline and is very shallow,
with the base of the reef at a depth of 6 m. Agaricia agaricites is the dominant coral

species, bul Porftes porites was dominant before Hurricane Allen in 1980.

_lr_ll:ru-dul:tiun

Barbados is a small island (430 km®), with a large population {258,000), located 190 lan east and
windward of the Lesscr Antilles island chain in the southeastern Caribbean (Fig. 1} The island has a
relatively low relief {maxionum elevation 340 m) and is largely covered (88%) by a Pleistoccne coral
cap. Average annual rainfall in the coastal regions of the island varies from 1100 mm to 1250 mm (James
et al., 1977). There are no locations on the island where a mangrove wetland, a seagrass bed, and a
shallow nearshore hard coral reef can be fiund in close proximity. Therefore, lwo CARICOMP moni-
toring sites have been established in Barbadeos; one on the west coast just north of Holetown at Folke-
stone Park (13"1T18"N, 55°38"31"W), to monitor a nearshore hard coral reef (Bellairs fringing rocf),
and one an the southwest coast at Graeme Hall, St. Lawrence (13'04'06"N, 59°34°39"W), to monitor a
mangrove wetland (Graeme Hall Swamp) and a seagrass bed (5t. Lawrence Lapoon).

A surface water current with a predominately westward componeant passcs through the Lesser An-
tilles from the Atlantic Ocean into the Caribbean Sea (Brucks, 1971; Emery, 1972, Kinder, 1953).
Barbados receives both South and Nerth Bquatorial waters, depending an the Hme of year. Barbados
receives South Equatotial water via the Guiana Current (Ryther ¢t ., 1967; Borstad, 1979; 1982} begin-
ning in January. After August, a change in the tradewind pattern gives the current a stronger westerly

' CARICOMP — Caribbean Coral Recf, Seagrass and Mangrove Sifes (edited by B. Kjerfve), pp 177-185.
UNESCO, Paris, 1998, 347 pp.
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component, and the matn oceanic water mass arrives via the North Fquatorial Cuerent (Borstad, 1982).
Analyses of coastal zome color scamner images collected between November 1978 and December 1982
illustrate the existence of ephemeral countercwrent eddies {100 to 250 Jan diameter) east of Trinidad
{Muller-Karger et al., 1989). The generalized surface water flow around Barbados is shown in Fig. 1.

Mangrove Wetlands

Graeme Hall Swarnp covers an area of 52 ha in one of the most densely populated areas of the
island (Riven-Ramsey, 1988) (Fig. 2). Residential development surmunds the swamp along the
southern, eastern, western and northwestern boundaries, a main coastal road (Hwy 7) runs bebween the
swamp and the sea on the south side, and agricultural lands border the swamp along the northeastern
side. The swamp is cssentially divided into an caslern and a western quadrant by a wide, man-made
footpath/ roadsway cricnted from north 1o south through the area.

In the western quadrant of the swamp, a shallow, roughly rectangular (150 = 120 m) brackish lake
is surrounded by a dense fringe of red (Rfizophote mungle) and white {(Avicensia racomosg) mangroves.
A detailed sutvey done in 1987 by Cattaneo el al. (1987) shows that the shores of the lake drop rapidly
to a depth of 1 m or more, except along the northeastern shore which remains very shallow {<0.5 m) due
to the presence of a deep layer of suft mud. The average depth of the lake is 1.32 m and the maximum
depth is 2.7t m. Red mangroves dominate much of the lake shoreline, although white mangroves

dominate the northeastern shore and are also found in isolated clusters along the southern boundary of
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Fig. 1. Map of Barbados with postulated qerrent patbens and lecations of CARICOME sites.
{Redrawn from Vounglao, 1988; based on studies by Murray of af, 1977, Peck, 1573
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the swamp. A freshwater marsh is located in the eastern guadiant of the swamp, which contains a
large stand of mature white mangroves and a network of man-made drainage canals with lotus and
waler lilies, water lettuce, and filamentous groen algae. The banks of the canals suppott a dense growth
of sedges and strips of grassland. The CARICOMI® mangrove monitoring site is located in the largest
contiguous stand of accessible red mangrove trees, along the eastern shore of the take.

Graetne Hall Swamp is an important ecosvstem to Barbadoes and has several ureque features, It is
the largest body of inland water on the island and contains the largest remaining areas of red and
white mangrove forest. The swamp is also home to the widest diversity of resident and migratory hirds
in the island, ncluding locally rare and endangered species such as the red seal coot {Gallinuls chioro-
pus harbadensis) and the yellow warbler (Dendroicn petechia) (Cattaneo ef al,, 1987). The oldest
nesting site tor the catlle egret (Brulbulcus ilvs) on the island is alse found in the swamp (Riven-Ramsey,
1587) and 1s presently located in a white mangrove stand in the northeast comner of the lake. Further-
more, over 20 species of fresh and brackish water fish reside in the swamp, including the unique killi-
tish (Rivulus marmoralies), which is the only vertebrate in the world to fertilize its own eggs (Oxenford
et al., 1993).

Graeme Hall Swamp has been highly impacted by anthropogenic activities during the last 150
vears, The history has becn reporled in detail by Hutt (1982) and Riven-Ramsey {1993) and i sum-
matized here. A coastal roadway was first built on the sand bar separating the mangrove swamp from
the sea in the carly 17005, and the stone bridge over the main cxit channel, which remains todav, was
builk in 1871, The swamp itself, which was part of the Graeme Hall Estate, probably remaimed largely
untouched until the mid 1800s when a hunting club was established to shoot water birds in the ecastern
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quadrant, At that time, the freshwater marsh was extensively altered by canalizing the water flow
inta a series of freshwater trays (dykes) bo attract water hirds for shnoting, and high grass banks from
which mule fodder was cut and sold. Peat and mangrove poles were also known to have been cut and
sold. Sometime later, a second hunting club was established in the western quadrant, and a number of
shallow ponds were cleared and maintained to atiract water birds, plus there was an annual cutting of
the surrounding mangrove trecs. A sluice gate was also installed in the narrow exit channe] between the
swamp and the sea in the 19305 and was opened only at low tide to control the water level in the
shooting pools. Tilapin was introduced to the main lake around this Eme, and commercial seine har-
viesling took place. In 1972, the main lake was dredpged and the sludge was used to £l in the western
ponds and convert the land to pasture. The extensive annual mangrove cutting in the swarmp ceased in
the 1970s, and shooting in the swamp has been banmed since 1981,

The swamp, particularly the castern quadrant, is now managed by the Ministry of Health for
mosquite confrol (Spiciman and Nathan, 1990} The regime consists of periodic clearing of vegetation
from the freshwater dykes; cutting down of mangroves that overhang the embankment path/roadway
and clog lhe exit canal to the sea; intensive thermal fogging with Malathion (Spielman and Nathan,
1890}, periodic npening of the sluice gale and maintenance of the channel over the beach with heavy
digging cquipment. The swamp is now mainly used for recreational line fishing and for model yacht
racing. Several scrious proposals have recently been submitted to the Government and the Inter-
American Development Bank (IADB) to establish the swamp as a nature/bird reserve and a protected
ecotourism site (Riven-Ramsey, 1993}, and to incorporate it inte 2 national marine park (Oxenford et
al., 1993), There are also plans to establish a scwage treatment plant for the south coast cast of the

swramp.

Seagrass Beds

Graeme Hall Swamp drains dircctly inte 5t Lawrence Lagoon (Fig. 3}, The lagoon covers an area of
approximately 18 ha, is protected from high energy waves to seaward by an old reef flat and rubble
bank {50-150 m widc), and becomes exposed at spring low tides. Extensive areas of sediment accumnula-
tion oceur on the southwestern shelf of Barbados (Murray ef al,, 1977), and the lagoon is bounded on the
landward sidc by an actively accreting, fine, coral sand beach {now 60 mwidc}. The lagoon is shallow
{1-3 m deep at low tide); it has a sand substrate and seagrass beds that are occasionally exposed at
spring low tides. The seagrasses are primarily turtle grass (Thalassie  testudimum) and manatee grass
{Syrinrodivm filiforme), although some spatse, monospecific beds of shaal grass (Tlalsdule beaudetted)
occur nearshere in the vicinity of the mangnove swamp drainage canal (Owxenford ef af., 1993), hMacro-
algae, Bryothammion spp., Caulerpa spp. and Pading spp., are also present in the area directly adja-
cent to the swamp outfall. The seagrass beds act as adult foraging and/or nursery habitat for sand
dollars (Mellifa sexivsperforate), a commercially important sea urchin {Triprensies ventricosus), the
endangered green turtle {Chelunia mydas), and several esluarine and reef-associated fishes such as

mullet (Mugil spp.), wrasse (Halichoeres spp.), razorfish(Xyrichtys spp.), and gnnt: (Haemunlon spp.}
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(Oxenford ef al. 1993). The CARICOMP monitoring sites are located in the main arca of mixed Seagrass
towards the castern end of the lagoon.

The coral rubble bank is a high energy zone of breaking waves and supports little iF any living
cotal; it is primarily covered by coralling, filamentous, and macraalgae, Beyond the rubble bank is a
sandy substratum with a serics of soft corat patch reefs found in water depths of 818 m. The patch reels
are dominated by gorgonians, but a healthy and diverse coral community is also found, with the hard
corals Diplorie clivosa, Diploviz labyrinthiformis, Diploria strigosa, Meandving meandrites, Mille-
para alcicornis, Millepora complanata, Porites astrevides, and Sidevastrea siderea deminating {Bel-
lairs Research [nstitute, 1984). Bevond the patch reefs, the slope is sandy to a depth of 53 m, beyond
which a deep hard coral bank rcef begins, approximately 1 km from shore.

The 5t. Lawrence Lagoon is an important ecosystem to Barbados. It is the only arca with significant
seagrass cover on the west, southwest, and southeast coasts of the island. Tt also provides an important
habitat for the commercially important sca urchin T. ventricosus, the critically endangered green Lurtle
. mydas, which foeds in the lagoon, and the hawksbill turtle Evetmochelys imbricata, which poca-
sionally nests on the beach. Itis also the only location in Barbados where MANETOVE SWAaINPs, SCagrass
beds, and deep hard coral reefs can be found in closc association. A comparison of aerial photographs of
the 5t. Lawrence Lagoon in 1964 and 1991 indicates that the area of seagrass cover has decreased and
beach width has increased over the 27 years. In fact, in just ihe last few years the beach has accreted so
rapidly {hat seagrass in the western end of the lagoon has been smothered by sand and replaced by a
beach exposed at low lide. The lagoon is cutrently used as a mooriry basin for small fishing boats and

for recreational swimming and windsurfing. A proposal has been submiitted to the Government to
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incorporate the area inte a national marine park {(Oxcnford of af., 1993).

Coral Reefs

Actively growing, shallow, tringing coral reefs are found along most of the west (leeward) coast of
Barbados, extending about 300 m from the shoreline (Lewis, 1960; Oxenford ef af., 1993} Moanthly mean
seawaler temperatures off the west coast range from 29.6°C in autumn te 26,0°C in February (Sander and
Steven, 1973; Johnson, 1924). Monthly mean salinity varies from 32 to 36%. {Johnsor, 1994); the lower
salinity results [rom water masses drifting northwards from the Amazon River (Ryther of af., 1967).
Tides are mixed semidiurnal, with bwo low and two high tides every 24.8 hours and with signilicand
diurnal ineguality. The maximum tidal range is 1.1 m.

The Bellairs fringing reef is located directly in front of the Faolkestone Park beach and the Bellairs
Rescarch Tnstifute within the Barbados Marine Reserve (Fig. 4). Net cumrent speed recorded al Porters,
just south of Bellairs in 1983, was (112 m s, with little significant seasonal variation (Cambers, 1984).
However, the net current direction observed in the vicinity of the Bellairs fringing reef appears to be
highly wvariable. Murray et al. {1977) observed a flow towards the north in this area, Vezina (1974)
recarded a flow lowards the southwest, and O {1975) postulated the existence of eddies in the area of
lhe bank reef. Cambers (1984} reported that a dominant current flowing towards the nerthwoest was
tecorded 22 mat of 46 Hmes, a southwest carrent 20 out of 46 Hmes, and an onshore wind-driven carrenl
during the remaining four observation periogds. These data suggest that the Bellairs fringing reel may
be located in an area where major current streams from the south and north of the island meet (Fig, 1;
Cambers, 1954).

M triangular sand channel divides the reef into two uneguai sections, with the soathern lebe extend-
ing 2kl m seaward and the notthern lobe cxtending 100 m seaward (Fig. 5). [uring most of the year, the
sand separating the two lobes terminates in a narrow beach, However, the beach is scasonally unstable
and is often completely croded during periodic high swell events, which ocour between November and
March. The bathymetry of the area and ecological zones of the Bellairs fringing reefs are shown in
Figs. 4 and 5, and the ensuing description follows that of Steam of al. (1977) The CARICOMD
monitoring plots are located in the spur-and-groove zones of the north and south Bellairs fringing reefs,
in the arcas of highest live coral cover,

The swash zone or backreef area of the fringing reef is narrow {20-30 m) and lies in depths ranging
from 0 to 1 m. This area is composed largely of dead coral rubble covered by filamenlons algae and
muobile sand. The crest zone extends 40 m from the scaward cdge of the swash zone, usually in water
depths of 1 m, is occasionally cxposed during very low tides, and compriscs mainly coralline algae
coating dead coral. The crest zone is responsible for reducing the wave energy reaching the backrect
area by about 75%, calculated from reduction in wave height {Roberts et 4!, 1975). The coalesced spurs
zome supports several mixed species of hard coral in depths ranging from 1 to 2 m- The outermost zone of
the reef is the spur-and-groove zome. The spurs tange in width from 3 to 10 tn, and the tops of the spurs

liz in water depths of 1 to 3 m. The largest proportion of living coral is found on the reef spurs. The coral
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species composition has changed periodically over the years. From examination and radiccarbon dating
of the reef framework, Lowis (1984) suggested that Acrepora palmala was a major component of the
coral commmunity up to the early 19N, but that it has declined considerably in abundance since themn.
Adramatic change in the coral community resulted from the passage of Hurricane Allen in 1980. Porifes
porites was the dominant coral species on the reef prior to Hurricane Allen, according to Stearn ef al.
(1977} A re-survey of the reef after the hurricane {1981-1982) indicated that Porites porites coverage
had been reduced by 96% and that Agaricia agaricites had become the dominant coral specics.

The north and scuth lobes of the reef lie within the northern limit of the Barbados Marine Reserve,
which was established i 1981. Thus, fishing is prohibited in this area and boat use iz limited to
aulhorized vessels. However, the area is very popular for recreational swimming, snorkeling, and
diving. The area is also periodically exposed to heavy sediment loads originating from surface water
runaff out of the nearby Heletown Hole, a narrow brackish water lagoon to the south, and il is also
impacled by a general deterioration in nearshore water quality over the last 20 yeatrs {Johrson, 1994).
Contaminated sutface water runoff, ground water seepage, and waste water effluent pipes along the
coastline have resulled in elevated nutrient levels {particularly NO;-NO.-N and F{(,-P), and signs of
eutrophication are obvious in the reef community {Tomascik and Sander, 1985). However the size,

shape, and zonation patterns of the rect have not noticeably changed.
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Saba, Netherlands Antilles’

Kenny Buchan

Suba Marine Perk

Fort Bay, PO Box 18

The Bottom, Saba, Netherlonds Antilles

In comparson to other CARICOME sites, the tiny island of Saba, in the Windward
Islands arc of the Lesser Antilles, can be described as atypical in forms of its topo-
graphy, geology, and marine environment. Saba has a small human population and
anthropogenic impacts o the nearshore marine environment are limited. Sedimenta-
tion, dive louristn, and fishing are the three main impacts in coastal walers, Saba is
devoid of mangrove stands; Thalassfa seagrass beds and coral communities are Testric-
ted to a narrow shelf and offshore scamounts, CARICOMT sampling occurs only at one
reef area onthe leeward west coast. Physical oceanopraphic data are available for
this site, and metcorological data are available for the island. Benthic compasition is
described based on CARICOMP surveys carricd ouf to date and on a baseline monitoring
program Lhat was executed in 1993 as part of a study for the Saba Marine Park,

Intrﬂfl_l.lctiun

Saba is located in the northeastern Caribbean (17°3659'N, 63715'09"W), part of the Windwards
[slands and the Netherlands Antilles. The island has an area of 13 ko' and a maxinoum clevation of
866 1 above sea level, resulting in an extremely mountainous topography. Saba has a small population,
approximately 12{d} inhabitants, and for the most part, access to the occan from the pepulation conters
is impossible because of the steep slopes of the meountain. Typically, supplies to the island and access to
Lhe ocean is only via Cove Bay, Fort Bay, Ladder Bay, and Wells Bay (Fig. 1). The nearshore marine
environment (From the high tide mark to the 80 m depth contour) is a protected area maintained under
the auspices of the Saba Marine Park.

With population centers on the island lying at least 240 m above sea level, dircet human impacts an
the marine resources are limited. There is little industry on the island and no significant agriculture,
Thus, etfluents such as posticlde and industrial chemicals are nonexistent. The three main impacts o
the maring environmenl are sedimentation, dive Warism, and fishing.

Sedimentation comes from a rock-crushing plant in the Fort Bay area and from natural runcff during

heavy rains. At the end of 1995, a large-scale operation to export tocks and sand was initiated at the

' CARICOMP — Caribbean Coral Reef, Seagrass and Mangrooe Sites {edited by B. Kjerfve), pp 187-193.
UNTESC0, Paris, 1998, 347 pp.
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tock-erushing site. This bas added significantly to the amount of sedimentation on Tent Reef and other
sites in the southwest portion of the island. Natural runoff is significant and for the most part dis-
charges directly into the ocean because of the steep slupes of the island, which are made up of loose
agglomerates. In most places, the slopes arc separated from the ocean by a thin fringing boulder beach,

The economy of Saba is dependent on tourisim; 66% is dive related. The Saba Marine Fark, which
surrounds the entire island, hosts about 5,000 divers per year who carry out approximately 25,000 dives.
Undoubtedly some damage results from diving activities, although this is limited and has been
decreasing since 1993. Roberts ¢t gl, (1993} reported damage to 3.2% of coral colondes close o marine
park mooring lines at the study sites {(high use areas 0-20 m from mooring) and to 2.4% of colonies in low
use areas [$0-60 m from mooring}. The number of divers visiting Saba is slowly increasing. The resulls of
a 1996 study of the camrying capacity of the park are not yet available but will be used to reduce or
alloviate development and diving pressure on the marine ecosystem.

Various studies have assessed the impact of fishing on the swrounding recfs (Pelunin and Roberts,
1593; Roberts ¢f ol 1993; Roberls, 1995; Roberts and Hawkins, 1995). Within the no-fishing zone of the
marine park (the coral recf site is also located in this area), fish biomass was greater for five commer-

cially fished families than in the {ishing zones. Between 1991 and 1995, overall biomass of commer-
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cially important families ingreased by over 601, Fish populations within the study site are healthy.
To date the island government , on the advice of the Saba Marine Park, has dedlined proposals for

coastal development. However, with future political changes there may be pressure to develop a

marina and hotel /dive resort in the southermn part of the igland at Giles Quarter. According to island

law, all coastal developments must be preceded by an independenl environmental impact assessment,

Island and Matine Geolepy

Saba s a single, composite, dommant voleane (Westermann and Kiel, 1961} rising from depths of
B m {Roos, 1571). The island consists of a main peak surmounded by several individual peaks and
domies. The slopes of the main mountain are characterized by munerous relatively straight V- and
U-shaped valleys, locally known as guts. The pelrological composition of the island has boon
described by Baker et al. (1977) as mostly andesites {volcanic boulders) formed through processes such
as fractionation and magmaltic mixing from both mantle and crustal sources. The relatively narrow
shelf of the island s principally remmants of the abraded volcano, consisting of boulders that have
slid [rom the eroded walls over ime (Zonoeveld, 1977; Van't Hof at ql., 1991), Therc is no permanent
rinning water on the island, but during heavy rains the guts act as channels carrying water and
sediments directly to the ocean.

The bathymetry of Saba is characterized by nearshore dropoffs at Flat Point, Spring Bay, and
Comer Point {Deslarzes, 1994} Within 60 m depth limits, the shelf surrounding Saba is typically 3(H-
500 m wide; at its widest point north of the island, the shelf measures approximately 1,000 m.

Reef development in the Windward [slands (St. Maarten, St Eustatius, and Saba) of the Antilles is
poor in comparison b those of the Lecward Islands (Curagae and Bomaire). According o Bak {1977},
coral communities are commen inthe Dutch Windward 1slands buat mw structural reefs were observed.
{ontrary to this observation, Van't Haf ef af. (1991} suggested that, overall, coral communities around
Saba are made up of encrusled andesites and rock, but noted that true biogenic reef does exist in onc
lucation — at the Giles Quarter reef complex {Fig. 1). Approximately 1.8 km off the western coast of
Saba lies the third category of coral communities common to Saba, described by Van't Hol et al. as sca-
meunts and pinnacles. Bak {1977} and Deslarzes {1994) described 33 and 30 hermatypic coral species,
rospectively, in comparisom to the 50 famnd in the leeward Netherlands Antilles. According to
Deslarzes {1994}, mean hard coral cover in Saba on average ranges from 7.8% to 21.9% and reaches 249%
in some reef areas; 11 coral species were common throughout his sample sites: Agaricia spp., Colpo-
phyllia spp., Diploria lebyrinthiformis, Diploria strigosa, Maedracis decactis, Millepora spp.. Mon-
tastreca anmnplaris, Montastraea cavernose, Porites astrenides, Porites porites, and Stephanocoenia
michelingi. OF these, Monfastraea annularis was most dominant overall, followed by Agaricia spp.,
Millepora spp. and Dipleria skrigosa.

Saba lacks manpgrove stands and Thalassin seagrass beds boecausc of its exposed coast. There 1= a
small patch of Syringediunt east of Fort Bay, 2 remnant of a large bed which once existed but was
alfected by sedimentation from the rock-crushing plant adfacent to this area. There are other small

patches of Syringodium on the leeward western coast of the island.
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Climate and Qceanography

The mean annaal rainfall onSaba is approximately 1,000 mm (Westermann and Kiel, 1961). The
dry season is nortnally between Decemnber and July, and precipitation varies depending on altitude and
cxposure to the eastern fradewinds, Annual raindfall has been known Lo exceed 1,920 mm on the higher
windward slopes and the summit of the island. Data collected from January 1992 through December
1995 show an average rainfall of 776.8 mm amnually (Table 13 This is far below the figures quoted by
Westertnanh and Kiel {1961) and is an indication of the serious drought that occurted in Saba n 132,
Variation in rainfall intensity over the small area and differcnt clevations of the island may partly
account for the low readings.

__ _Table 1. Rainfall data {mm) for Saba, Netherlands Antilles, 1992-1985,

. 1992 1543 1994 1995
Japuary 714 Bl 2.8 227
Echriary 12.4 308 14.3 30a
Mareh &3.0 d48.4 6.0 30.7
April 1177 THS 1.0 &4.1
bay 1409 2135 1x.3 71.3
June 284 KL .2 324
July 4K 5 728 15.0 355
August 54.5 4% 10 q0.8 7.k
September .2 L] 373 3005
Oclober 0.2 a3%.2 382 34.4
Meonormibor 191.3 AE.3 Gh.2 1273
ecember 53.0 6.6 32.3 7Y
Total Annual Relnfall_ 8787  _ 8587 _ 4519 9093

Saba is located within the hurricane belt and has been exposed to numerous tropical storms and
hurricanes, the most sighificant being Hugo in 1989 and Luis in 1995 The prwailing wind is from the
sputheast and, since 1988 (only records available), has averaged 56 m s, Because of Saba's exposure,
sea conditions in the south and east are usually rough, Air temperatures vary from monthily maxima
excceding 33°C in Junc-August, to monthly minima less than 25"C in January-March (Table 2).

With Saba’s exposed nature, narmow shelf and surrounding deep waler, strong currents and rough
seas {1-2 m average wave helght) arc prevalent around most of the island. Information on ocean currents
is imited; there have been oo field investigations to date, and available data are inconclusive. The
intrneity of the prevailing southeasterly winds makes for rough seas on the southern and eastern coasts
of the island for much of the vear. From November to March, powerful swells that originate i the
Morth Atlantic impact the leeward western side of the island.

Although e tidal data bave boon recorded for Saba, it may be possible lo cstimate tidal waria-
tions from data recorded on adjacenl islands. From 45 tide gauge locations in the Caribbean, Kjerbre
{1981) concluded that, for the most part, the Caribbean has a microtidal range of 10-20 cm. Saba is

located in an area with a predominantly mixed diurmnal tide, with a mean tidal range of 15 cn.
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Table 2. Maxitmurn and rninimum aic temperatures (°C) on Saba, October 1992 theough Decerrther 1995,

January
February
March
April
May

Jhune

Jaly
Aug st
Septermber
COeowshor
Maoigrmber
eceribet

19492 1593 194 o 1us5
rrax __min P TN naEx min max min

26.2 24.3 271 26.B ATH 239
27.0 24.2 262 235 259 24,2
28.0 241 2B.2 24.0 280 234
318 249 30.4 25.5 1.3 2R
32.8 25.0 339 272 325 278
3d4 262 ad3 27.0 34.0 298
47 6.3 A38 7R 3z 28.9
350 27.1 d34 .3 330 7.8
34.1 26.2 3z 272 31.9 280

al.a 25.9 33.7 254 0.5 271 3.0 26.00

253 25.0 28.3 26.1 297 26,4 26,9 252

27.0 25.0 277 a5.0 a7.8 24.9 28.1

4.3

Coral Reg_f__Site

The CARICOME coral reef monitoring site is tocated at 17" 37'34.0°N, 63" 15" 35.5"W (Figs. 1 and 2)

on the leeward western coast of the island about 100 m north of a dive mooring in an arca known as the

Ladder Labyrinth. The transccts arc 100 m [rom the shore on a reef characterized by parailel coral

ridges separated by sand channels. Van't Hof et al. (1991} hypothesized that coral colonics in this

area, which originally encrusted a volecanic boulder substrata, have fused to form a reef structurc.
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This site has been characterized as a spur-and-groove reef, According to Deslarzes (1994), there is
an average hard coral coverage of 24.3% + 3.8 {SD}. Impacts on this arca are limited to sedimentation
and recreational diving. Some volearic hot springs occur near the shore but, according to seawater teme-
peratures collected at this site, there are no unusually high temperatures, CARICOML surveys to date
have shown that the reef benthos is dominated by fleshy algae, turf algae, and sand. The deminant
hard coral specics are massive in structiue, with Menlastraca mpmelards covering approximately 42% of
the {otal hard coral area. The results from the CARTCOMYP benthic surveys are prescnted in Table 3.

Fhysical data, including surface waler temperalure, lighi attenuation, and salinity, have been
recorded weekly at the reef site since September 1992, Generally, salinity does not deviale muwch from
35%.. Light attenuation ranges from 12.5 to 30 m, averaging 22 m at this site. The average surlace waler
temperatute ranges frome 26.5°C 1o 28.1°C

_ _. Table 3. Results of benthic surveys at the CARICOM I coral reef site, Saba, Netherfands Antilles.

Classification _ _%Qcg _ _ Classification % Occ _ _ Species __ % Oce
Turl algae 37 Anernones — Agoricis spp. 154
Fleshy algas 18.2 Zomanihids 01 Ascidians 3.4
Calcarcous algae 27 Erect sponyes 1.5 Hploria strignsa .4
Crusloge algae — Encrusting sponges 1.1 Mesndrine spp. 24
Branching corals g.2 Cther organisms n5 Millepora spp. 0.1
hMagsive corals 104 Bare rock 1.5 Monltastraea arnuliaris 2.7
Uncrusting corals R Barce rubble 008  Moutestraca caverncs 22.0
Foliaceous corals 0.07  Holes, gaps, overhangs 54 Poriies parites 4.9
blilleporines .04 Recent dead coral - Siderastren spp, 24

Sand 21.5

% Ue = oerurrencs, and refers be the peeccnlage of 4 particular dassification or species relative 1o olbers prezent.

Conclusions

Saba is unique in the CARICOMP program, with the cxistence of only onc of the three ecosystems
sperified for detcrmining coastal marine productivity, Anthropogenic impacts on the coast are [imited,
but the threat of development, increased dive toutism, and etosion require contmusus monitoring. Saba
is one protected area in the CARICOMI program and, as such, can be useful for comparison wilh other,

more impacted sites.
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Jorge R. Garcia, Christoph Schmitt, Craig Heberer, and Amos Winter
Department of Mavine Sciences, Universify of Puerto Rico

Isla Magtieyes Laboratories, La Farguern

PO Box 508, Lajas PR 00667 LISA

‘The insular shelf of La Parguera, on the southwest coast of Puerto Rico, Is characterized
by an extensive development of coral recks, seagrass beds, and mangrove forests, The
dry, wari, and relatively stable climate, low wave energy, high water transparency,
relatively wide shelf, oligotrephic offshore waters, and low urban coastal develop-
ment are some of the factors that contribute to the conditions of the marine coosystern of
La Pargteera. [nteractions among coral reef, seagrass, and mangrove comununities pro-
vide for a highly productive, structurally complex, and biologically diverse ecosystem.
Coastal development and associated anthropogenic impact, technologically advanced
cxploitation of fisheries, global climatic change, and natural events all have poten-
tiallv detritnental effects on marine ecosystems and need to be analyzed from a regional
prispective. We review and summarize information leading to a bascline characteriza-

tion of the ecosystern of La Parguera,

Introducdon

La Parguera is a coastal village within the township of Lajas on the southwestorn coast of Puerto
Kico. 1k insular shelf boundaries exlend [rom Punta Montalva in the east (66°59'W) to Punta Toom in
the west (67°06'W)} and from the coastline (18°01'N) to the shelf edge (18°07'N} (Fig. 1). The south-
western coast is a generally dry and warm region, classified as a subtropical dry forest life zone (Ewel
and Whitmore, 19731 A chain of low hills, known as Sierra Bermeja, separates the coastal plain from
the Lajas Valley. Sierra Bermoja acts as an important hydrographic boundary that confines the
watershed of La Parguera to the southern slopes of the Sierra and to the relatively narrow coastal
plain. The shelf is composed mainly of carbonates deposited during the Cretaceous (Almy, 1965) and
flooded sorme 5,000 to 9,000 years age due to eustatic sea level rise (Goenaga, 1988), thereby forming Lhe
ncritic zone of La Parguera.

La Parguera is recognized for the exceptional value of its marine resources, which include two bic-

luminiscent bays (Bahia Fosforescents and Monsio José), a coastal mangrove frings with several small

VCARICOMP — Caribbean Coral Beef, Seagrass and Mangrove Sites (edited by B. Kjerfve), pp 195-212.
UNESCO, Faris, 1998, 247 pp.

1495




CARICOMD — Caribbean Coral Reef, Seagrass amd Mangrove Sites

[ A EMERGENT REEFS
{/ 1 - Margarfta 7 - Laurel
2 - El Palo 8 - Medla Luna
PLERTL At 3 - Atravesao @ - Enrique
4 - La Rayn 10 - [ela Magueyes
La Pargutra 5 - Collade 11 - Corral

e 6 - San Crietabal 13, 14 - Turrumote | and |1
CARICOMP BMudy sile

il

Purta + %+ 2T F

il 1L

h
P Plighayn ~ * = « *,
. Fy ™
L . .. s B . w
" a— ’ . g - N 1
- - - e ’- N R - 'hJ
T T e S T ptenis . 14 ~=-- Funta
"_.-#‘.. ‘11".," .t - Lorobaa
-
- I e e
T " AR COMP pant aite
shalf meige
CARIBBEAN EEA
=== 5 M COMour
[l marerews

++t+ BEBENATE

Fig. 1. Location mdp of La Parguera, Puerto Rice, and ibs marine eoosyslems,

lagoons, mangrove islands associated with coral reefs, seagrass beds, and pethaps the best developed,
most exlensive coral reef ecosystem of the island. Such attributes, and the significant improvement in
transportation and infrastructure actoss the island, have transformed La Parguera from a maostly
undeveloped and guiet fishing village to a center of tourism, Kesorts, guest houses, and private vacation
homes have proliferated over the past ten vears, and the transient population has increased at least
three-fold — from approximately 35,000 visitors per year (NOAA/DNE, 1984) to more than 100,08 In
order to halt chactic deforestation of the natural semi-arid forest and mangrove coastline, the Puerto
Rico Planning Board classified La Parguera as a Zone of Special Plarming. In further recognition of the
ecological value of its marine resources, La Parguera has also been designed as a Natural Reserve by the
Department of Natural Resources. At present, there is a proposal for the establishment of a Marine
Fishery Reserve at Turrumote Reef {Plan Developmenl Team, 1990; Garcia, 1990); a previons cfiorl to
establish a Marine Sanctuary Program (NOAA/DMNE, 1984} was not accepted by the local community
{Fiske, 1922}, Field and laboratory research facilities of the Department of Marine Sciences, Univer-
sity of Puerlo Rico Mayaguez Campus, are based on Maglieves Island off La Pargucra.

The coexistence and interdependence of coral reef, seagrass, and mangrove communities within the
insular shelf of La Parguera result in a highly productive and structurally complex ecosystem with very
high biodiversity. Coral reefs act as barners to wave action and permit the establishment of seagrasses
and fringing mangroves (Goenaga and Cintrdn, 19793, In tuen, scagrasses and mangroves conlribute or-

ganic matter for coral nutrition and serve as impoertant foraging and nursery habitats for coral reef
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fishes and other crganisms. Each of these communities can be regarded as highly productive and
taxonomically diverse. For example, mangrove lagoons function as nurseries for many juvenile coral reef
fishes {Austn, 1971; Yifez-Arancibia and Mugent, 1977; Gonzaler-Sanson, 1983), many of which arc
commercially impeortant as adults (e.g., snappers, jacks, barracudas, and others). The lagoons are also
the natural habitat of resident populations of, for example, snook, tarpon, ladyfish, mojarra, and sole
thal add to the structurat complexity and diversity of the ichthyofauna in La Parguera. Likewise,
seagrasses are particularly important foraging (transienl) areas for coral reef fishes and tndangered
species such as manatees and green sea turtles (Gonzaler-Liboy, 1979) and, as well, provide a permanent
hiche for 2 highly diverse and abundant flora (Glynn, 1964; Matthews, 1967) and fauna (Gonzalez-
Liboy, 1979; Vicente, 1992},

The diversity of benthic and pelagic populations associated with the different habitats found in
La Parguera is also reflected in plankion community sttucture and trophodynamics. This ecowrs by
introduction of meroplanktonic (larval) stages, which include atmost the entite taxa of marine inverte-
brates and fishes. {nshore-offshore gradients of phytoplankton production associated with the high
plankton production of mangrove lagoons (Burkholder and Burkholder, 1958; Margalef, 1957; Gonzalcz-
Lagoa, 1967; Garcia and Lépez, 1589; Garcia, 199(0) and offshore oceanic oligotrophic waters (Margalef,
1957; Gonzales-T.agoa, 1967) add substantial richness to the laxonomic struclute of neritic cooplankicn,
A pattern of lower diversity and higher abundance of holoplankton prevails inshore, whereas both the
diversity and the abundance of meroplankton decline offshore and within manggove channels and
lagoons,

Coral reefs extend throughout a wide range of depths and distances from the coast in La Farguera
and consequently are exposed to gradients of physical, chemical, and biclogically interacting forces
(e.g.. wave cnergy, light penetration, temperature, salinity, nutrient availability, suspended sedi-
ments). These gradients alfect the structure of the biolngical comimunity within reefs {v.g., vertical
coral zonation patterns) and between reefs {Morelock et gl., 1977; Acevedo and Muorelock, 1988). This
variability in community siructure within and between reefs prometes the biclogical diversity of coral
reef-associaled organisms, Thesc changes in coral reef community structure introduce variahle pallerns
of sedimentation adjacent to the reefs (Morelock ¢t al., 1977), potentially influencing variability in
benthic communilies associaled with different sediment tvpes. The submerged shell-edge reef of Ta
Parguera is an importanl spawning site for coral reef fishes (Colin and Clavijo, 1988} and serves as a
frraging area for pelagic (pceanic) predators. Such neritic-pelagic interaction contributes to ichihvo-
[aunal biodiversity and local fisherics production.

The prevailing low wave energy, extensive insular shelf, and low rainfall and freshwater runoff
along the southwestem coast of Puerto Riro are all important factors that contribule to (he excellent
growth potential of coral rects, seagrass beds, and mangroves at La Parguera. The Lesser Antilles chain
generally shiclds the area from both NNE {North Atlantic) and ESE swells; thus, wave action on the
southern coast is normally produced by systems of relatively shorl [etch. Nevertheless, the northern
Caribbean region, which includes the southern coast of Puerto Rico, is within the Lrajectory of ropical

depressions, tropical storms, and hurricanes. These systems generate the highest waves in the region
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and affect coral reef formations and other coastal ecosysterns. Where insular platforms are narrow,
wave action from tropical storms is high and causes massive destruction.

The insular shelf of La Parguera extends 810 km offshore; a well developed coral reef formation
exists at Lhe border of the shelf (Morclock ef 4l., 1977) and serves as a first barrier against wave aclion,
Two other lines of barrier reefs provide further protection for the mangrove coastline and submereed
seagrass beds of La Pargucra, Neverthcless, slorm-generated waves may play an impottant role in the
distribution, structural comnplexity, and biodiversity of local coral reefs and associabed communities
(Yoshicka and Yoshioka, 19589).

The paucity of rainfall and the absence of large rivers along the SSW coast of Puerto Rico, combined
with the oligotrophic nesan waters in the northern Caribbean contribute to the high level of water
fransparency on the insular shelf. This condition oplimizes growth rates and maximizes the depth
range and distribution of corals and seagrasses. Sediment runoff from rivers discharging upcurrent along
the south coast of Pucrto Rico and from intermittent strcams in the watershed of La Parguera can be
significant during and for a few days after heavy rainfall and affecl water transparency. Locally
induced inorganic furbidity is quickly diluted by flushing. Mesoscale processes such as the northweslern
plume of the Orinoco River (Muller-Karger ef al., 1989) may affect water transparcncy locally al times,
due to seasonal increments in organic (planktonic) productivity associated with fronts {Yoshicka ef al.,
1985).

A series of “coral bleaching” events has taken place recently at La Pargucra (Cocnaga cf al., 1989;
Williams and Bunkley-Williams, 1989; Bunkley-Williams et af, 1991). In total, more than () sperics
of corals have been affected (Williams and Bunkley-Williams, 1882), Extremes in climatological con-
ditions, particularily water temperature, have been suggested as possible precusors to these bleaching

events,

Climate and Qceanography

Caribbean surface waters are part of the North Atlantic anticyelonic surface gyre that controls
currents ol the subtropical North Atlantic. Under the influence of trade winds, north and south equa-
lorial water masses flow into the Caribbean and farther, through the Yucatan Channel into the Gulf of
Mexico (Pickard and Emery, 1982), The current systom of the Caribbean Sea undergoes seasonal fluc-
tuations influenced by changes in the position of the inter-tropical convergence zone {([TCZ). During the
winter, when the thermal cquater is farthest south, the ITCZ is located between 0 and 5°5, and walers
of the tropical Atlantic flow with increased strength westward into the Caribbean. In summer, the
thermal equator shifts north, the ITCZ is lacated between 6and 10°N, and surface walers in the
Caribbean are influenced by increasing precipitation. This is also the time of year when the north
cquatorial counter-cutrent {NECC) is established and surface waters of the cquatorial Atlantic are
displaced to the cast {Busalacei and Picaul, 1983; Richardson and McKee, 19843,

The zonal shift of the ITCZ is responsible for the change {rom wet to dry seasons in the Caribbean.
In the dry season (February to May), the ITCZ is ncar the equator; in the rainy season (August to Octo-
ber), the ITCZ is at its most northerly position in the Catibbean {Etter et af., 1987). The seasonal
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change is mitrored in the change of surface water salinity; however, precipitation affects salinity only
indirectly. The main contrbution o buoyancy in the Caribbean is the discharge from threc rivers: the
Amazon {average outflow 17.3 x 1P m*s7), the Orinoco (3.9 x 10* m* s7; Meade et af., 1983}, and tho
Magdalena (0.8 x 10 m™ 5'; Milliman and Meade, 1983}. These discharges increase silica concentrations
{35 pm). decrease salinity (Froelich ef af,, 1978; Momison and MNowlin, 1982) as well as chlorophyll
pigments (Muller-Karger ¢f al., 1989}, and increase loading of terrestrial materials onto the Caribbean
floor (Milliman and Meade, 1983). Scasonal changes in Caribbean surface salinity directly influence
the watcr mass transport of the Gulf Stream. Periodic fluctuations in water transport are aso linked to
wind speed changes in the tropical-subbropical trade wind zone.

La Parguera is located on the southwestern coast of Puerto Rico in lhe subtropical climate belt
influenced by easterly trade winds during 90% of the year. Iowever, by the time the moisture-laden
trade winds have crossed the island and reached La Pargucra, most of the meoisture has been lost.
Therciore, La Parguera is one of the driest and hottest arcas along the coast of Pucrto Rico; the average
annual rainfall 1961-19%} was 74.52 cm {Table 1}, compared to 132.74 om at San Juan. The “rainy season”
ocours during bhe fall {average 35.61 cm), the “dry season” occurs in winter {average %12 em). The
highest one-day rainfall 1961-1990 was 35.21 an on Sepltember 17, 1975 (Table 1), Most of the high
rainfall amounts arc caused by tropical storms that stall in the northeastern Caribbean, Cccasional

cold fronts in winter, which may sometimes be associated with large amounts of rain in Puerto Rice,

Table t. Historical meathly mean rainfall record from the [sla Magieyes climatological station in 1a Marguets

- - NOadesseen. - .
L __ Total Rainfall .
Mean High Low 1-Day bax
_ooom cm Year o em VeAr Tm dd F vy
January 277 F.HT 1954 (.06 1467 a4 FFA1073
February 241 11.07 Takd 1o 1675 .64 04 /1984
March 2oy .88 1283 0,30 1564 716 131983
April 3.28 10.32 1983 013 1974 546 21 /1083
May 673 20,249 19EA 000 1974 14.63 28 /1980
June 3.76 20,80 1987 0.x1 1977 11,44 1541990
July 4,45 19,96 1934 005 1976 18.24 314944
Avgrust 8.6d 3282 1978 1.BO 18972 29.85 1741978
Seprhetiber 11.79 39 34 1975 254 1871 35.31 17/1975
Cretarbur 12.93 ad.ay 1985 2.08 1965 24,0 a7 /1983
M overnber 10.87 41 .40 1487 0.00 1062 18.54 (/1984
Devenber 3.34 in.21 1951 0.00 1974 853 1i/1%31
e cm  dd/mmSyyyy_
Annual 74 .52 11050 1978 401,594 1977 33.31 E7/0971975
Winter 9.12 2914 189A1] 244 19940 453 11712716/
Spring 12.70 34,24 14986 3.23 1974 14.63 2R 05 /1980
Survrrer 154 33,74 1988 511 1967 2485 17 /08,1978
UAntman 3561 0 7912 1985 .83 1850 35.31 177081870 _
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seem not to affect the southwestern corner of the island. Total precipitation amounts vary from year to
year (Fig. 2). The lowest annual rainfall 1960-1991 was 40.%4 amn in 1977, the highest was 123.57 am in
1560,

The average mean air temperature at La Pargucra 1960-1991 was 27.0°C (Table 2). This value is
similar to &ll coastal locations in Puerto Rico. However, the average annual maximum of 31.5°C is
nearly 1.4°C higher than at San Juan, while the average annual minimum of 22.5°C is 1.3°C lower than
al San Juan. The average snoual maxinum, minicum, and mean temperatures do not change appreci-
ably throughout the year — winter months are only 2.2°C cooler than summer months, The highoest
temperature recorded 196-1991 was 41.1"C in Octobrer 25, 1991, and the lowest, occurring o a nudser of
occasioms, was 15.7°C. The high of 41.1°C is unusual, as the maximum average for October is 32.3°C

There cxists no long-term salinity record for La Parguera. Dunryg the two-year period 1971-1972,
Froclich ¢t al,, (1978} recorded a LO%. change in anrmal salinity at a station located 34 ko south of
Pucrtn Rica, Salinities were depressed in late October through early November, coinciding wilh
advected Amaron River water (Muller-Karger cf af., 1989) rather lhan local rainfall and runoft. Glyon
{1973) measurcd near-daily surface salinities between 1960 and 1966 at a nearshore site and found that
lhe inter-annual range of monthly means varied from 1.5 o 20%., with a depression in salinity occur-
ring from October to January. Yoshioka et af. (1985) measured monthly salinity values at a rumber of
stations over the southern shelf of Puerto Rico from January through November of 1980, Salinity  lue-
tuatiems at the water surface wore o greater than 0.5%. and were also depressed in Oclober and
November. Since corals live in an exposed area oo the shelf, the salinity measurements taken by
Yoshioka ¢t al. (1985) are the most representative. In contrast, surface salinities at the CARICOME

ree[ moniloring site in La MParguera {Turrumote Reef) averaged 35.2%. (Table 3).

& & g &

Total anoval rain (e}

g
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1982
19583
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19840
1987
19684
1969
1970
1972
1973
1974
1375
1376
1977
1378
1973
1530
1981
1982
1383
1984
1985
1386
L
1988
oo
a9
98]
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-
)
&
-

Fig. 2. Hislorical reds in total annaal rainfal]l measuned at the climatological station, Magueyes Island, La Farguera,
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Tahble 2. Historical trends in monthly maximurm, minimum, and mean air termperabure measurnimnents
at the Isla Magiieyves climatological station, Ta Parpuera.

Averages {“C) . Daily Extremes (')

_ Max Min Mean High dd /vy Law ded Fvvyy
Jaruary 303 15 2h.4 330 1371977 15.7  11/13%6
Februaty anz 0.4 25.5 342 ZRF1UTR 157 237197
March anz 248 25.0 347 1971477 168 22719487
April 31.5 219 26,9 I5E 2471978 15.7  07/1986
Tlay 20 23.2 277 364 03/197B 185 20/1981
June 325 24.1 284 364 IBSIY7R 196 03719R5
July 329 24.0 286 364 1171977 1%.0 06/1967
Aupust 33.1 23.49 28.4 7.0 2071979 17,9 10/1%68
Seprember 33.0 236 8.5 It 0141979 168  27/1963
Cretuber 32.3 236 28.1 4.4 2571979 1900 2171485
Mrvember ns 22.3 274 3.7 OM/6FT 4.5 3071470
Decernbcr 307 LB 2549 336 1371977 lo.83  D9/1976

hax Min  Mean Hizh  mm/ddivyy Low mmddddvyovy
Annual 31.8 2.3 27.2 414 10/25/1979 157 0171171975
Winter 30.4 20.3 25.6 342 02/26/1978 157 0171171475
Spring 3.5 22.0 26.9 3nd  05/03/1978 157 0470771986
Surmmet 329 24.0 25.6 370 0B/20/1974 179 05/10/1%64
Autumn 323 23.2 279 414 1072571979 168 09/37/71%63

Table 3. Biweekly hydralogical measurements al Turrumote Reef, La Parguera,

b

anuary-December 1593,

Surfare Temnp {7C) Surface Satinity {%.n}
01/15/1993 260 350
01/29/1993 26.0 5.0
02 1771993 272 a0
D3/03/1593 271 350
n3/17/149493 27.0 355
03731 /1993 20.0 3.0
0d/21/1903 290 A7
0472851993 270 g0
05/10/194%3 8.0 35.0
Q5 /21 719493 2900 360
0604 /1993 258 35.0
i/ 1H/ 1993 8.0 35.0
070971993 265 35.0
07 /2371993 290 35.0
08/08/1993 290 34.8
0B/20/1993 26.0 34.8
39/03/1993 295 35.2
/17715993 8.8 34.0
10/08,1993 294 34.2
102241993 290 340
11/05/1993 290 3e.0
11,/24/1993 288 di.0
12/03/14993 280 3s0
Meaan 254 35.2
Std Dew 1.11 0.91

CSeechiqo)

12.0
13.5
13.5
12.5
7.0
18.0
le.0
10.0
5.0
B0
{181,
11.0
13.0
12.4
g0
1.8
B.0
12.0
1.5
20.0
.0
8.0
12.0
11.3
3.48
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Sea surface temperature (S5T) and rainfall measurements have been collected since 1957 by the
Department of Marine Sciences of the University of Puerto Rico at Mayaguer; NOAA facililated the
operation i 1976. The data set is reliable only after 1964 when time of measurement was standardized
to within several hours. However, to reduce the effect of daily variations, only readings collected
between 07(K} and 0900 hours are used, representing 85% of all readings after 1964. Figure 3 shows the
timing of the high temperature peaks and the duration of warm events throughout the year. Monthly
means of measurcd lemperatures between 1957 and 1992 iHustrate intra-annual and infer-annual varia-
tions. The data show no warming trend for the duration of the record, in agreement with other data from
tie Caribbean (Atwood ef af.,, 1992}, During the 35 years illustrated, August 1958, September 1987, and
September 1990 had mean monthly temperatures above 30°C. Since 1987, every year has had at least
threc months with mean temperatures above 29°C. Surface water temperatures at Turmumote Beel ({ore-
reef) averaged 28.4°C and ranged from 26.0°C to 29.5°C (Table 3).

Fig. 3. Histurical fremds in munthly mean sea surface temperaturos (C) measared at ihe climmatelogical station,
Magriieyes leland, La Farguera.

Coral Reefs

According te Almy {1969), coral rcefs in La FPargucra originated from crosion and deformation of
Upper Cretacenus Himestones (with interbedded mudstones and volcanic rocks) into a WHNW-ESE trend-
ing syncline. The northern limb of the syncline is the Sierra Bermeja, and the southern limb is a platform
of lower relicf represented by the coral reefs on the shelf. The rise in sea level associated with the last
Pleistocene glaciation (Wisconsing flooded the lowcr limestone ridges on the shelf, providing ap-
propriate sites for coral growth and subsequent recf development (Glynn, 1973; Coenaga ard Cintrom,
1978). Cross-shelf seismic profiles (Morelock of af., 1977} support the theory of Kaye (195%), which
states that the reefs developed on drowned calcarenite cuestas formed as enlianite struchires parallel teo
the coestline during the Wisconsin glaciation. Substrate, deplh, and water transparcncy conditions In La

Farguera allowed for extensive development of coral reefs during the mid-Holocene (Vicente, 1993).
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Two distinct lines of cmergent reefs align east-west, paralizl to the coastline, and divide the insu-
lar shelt of l.a Parguera into inner, middle, and vuter shelf zones (Morelock ef af., 19773 There arc
many «ther smaller submerged patch reefs dispersed throughout the shelf, as well as a large submerged
recf at the shelf odge. Allogether, it has been estimated that coral reels cocupy about 20% of the La
Parguera insular shelf (Morelock ef al., 1977} Margarita Reef, the westernmast in the sccond bine of
emergent reefs, is the largest of the “island reefs,” with a maximum underwater extension of 4.2 km.
The shelf-edge Tect is located at 2 mand has a “buttressed” appearance, with channels cut nto the
slope down to 30 m (Merelock et af., 1977).

Almy and Cartion-Torres (1963 reported 35 spocics of scleractindan corals, and at leoast 30 other
species of shallow-water octocorals have been reported from La Parguera (Yoshioka and Yoshioka,
1989}, A generalized pattern of coral zonalion at the fore-recf of emergent coral reefs in La Parguera
was described by Acevedo and Morelock (198%). Zonation is similar to other Caribbean caral reefs,
except that the Lithotfiamniuwm ridge found elsewhere is replaced by Milfepora in La Parguera,

Turrumole Reef 1= located 3.5 km south off Punta Papavo, Lajas (17" 56.2'N; 6771.2°W, Fig. 1).
Adjacent emergent tects are Corral {08 lan to the north) and Media Luna (~2.0 km to the west),
Turrumote Reef runs cast-west with a longitudinal extension of 1.8 km; its emergenl extension is 0.5 kn
alomy the E-W axis, and its total surface area is ~1.3 km?® This reef is situated o an isolated platform
with its base at 20 m. The basc subsirate is covered with sandy silt sediments. Several other submerged
reel platforms, rising to ~5 m frem the surface, are located close {0 Tusrumote to the southeast, induding
“Pinnacles.” A small patch reef lies to the northeast, and a hard ground, low relief platform known as
“Turrumote Ridge” is found to the southwest. The emcrgent section of Turrumote Reef is shaped like a
horseshoe, forming a shallow reef lagoon at its center; this section is partially vegetated with red
mangroves. Turrumote is farther offshore than any other reef in La Parguera.

The fore-reel is chatacterized by a long reef crest, an abrupt slope that includes several terraces,
and a deep reef zone of irregular topography featuring massive coral formations at the basc, At ils
easternmast section, the [ore-reef extends 0.8 km to the south as a low-relief platform dominated by soft
coral, Elsewhers, the furc-reef has horizontal extersions of less than 100 m from the surf zone o the
reef base. The back-reef of Turrumaote lacks the typical sandy-silt substrale leading lo lurtlegrass beds
(Thalessia  tesfudinum) that is found o many other reefs in T.a Parguera. Instead, the back-reof pre-
sents substantial hermatypie, soft coral, and hydrocoral (Millepoera) development on a mostly sandy
subslrale,

The reef crest {depth 0-5 i) of Turrumote 1s a 2one of energetic wave action dominated by encrusting
biota: firecoral, Miffepora spp., and branching coral, Acrepera pelimate. A dense algal turf composed of
an asscmbiage of red and filamentous greon algae covers most of the non-living hard substrate. The
encrusting sponge Anthesigmella eurians is found in multiple, small to intermediate patches (max 1.5 m
diameter]. Zoanthids, maostly Palythos caribbea, and encrusting soft coral (Crythropoditm sp.) are also
carmumen at the reef crest. Topographic relief ranges from 2 to 3 m and is influenced by the presence of
large colonies of A, palnmta .

The reef slope {5-13 m) is an arca of intermediate wave and surge actiom and good light penetration.

Lsing CARICOMI methodology, five chain transects, 10 m long, were surveyed at the foreeroct slope of
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Turrumete Reef. The dala on percent linear cover by sessile-benlhic taxa for 1994 are summarized in
Table 4 Massive corals, mainly Montastrees annudariz dominate linear cover with a mean of 41.2%.
Branching coral (mostly Pordtes porites) represents an additivnal 6.6%, for a total of 47.8% of live coral
cover at a depth of 10 m. Bell-shaped colonies of M. annnlons are generally of large size, ending wilth
extensive overhangs on the sides. Some of these colonies measure more than 4 m in diameter and are con-
tiguous with other colontes, creating sections of live coral that exceed 10 min lenpth. In addition to AL
axnnlaris, other massive coral species that are present in excellent condition at the reef slope of Turru-
maote include Mentastrasa cavernosa, Dendrogyra cylindricus, Siderastrea spp., and Diploria spp. Algal
hurf follow live corals in linear cover, averaging 27.2% along the surveyed transects (range 13.9-38.3%).

A highly diverse and abundant population of gorgonians represents another important cotnponent of the

benthos at the reef slope.

Table 4. Percent linear caver by sessile-benthic biota at the forc-rect slope of Turrumote Reef at a depth of 10 m,
La Parguera, 1994,

Tr-3

Calegory _ SpCode T Tr-2 Tr-3 Tr-4 _ Mean
Algae
turf 23.1 24.2 3583 13.9 N 272
calcarenus 1.6 2.2 11 1.0
Spanges
eroct 04 0.7 0.2
encrusting Clia n.& 1.3 02
Milleparids Mlalc 1.5 (k.3
Gorgonians
erect 0.5 (.1
crcrusting Lecar 10.7 3B 13.7 8.9 7o 8.9
ADETDnes 0.3 0.1
Zoanthics Zoan 2.1 0.4
Paly
Corals
massive hiann 481 294 13.4 36.4 24.6 34.4
Mcav 34 5.8 1.8
Past 3.5 30 1.3
Gipt 4.4 7.2 4.0 3.0
Side 2.8 0.3 0.1 0.6
branching Pori g.5 24 9.3 £2 50
others 1.6 t.3
Agar 5 0.5 3.0 1.7 11
athers n.e 0.3 0.2
total live 478
Harg sediments 52 171 4.5
Bare rock (L& 0l
Caps 1.0 {.a 1.1 (.1 d.a
Oreerhangs 14.0 15.2 4.7 138 20.2 135
Boulders
_Bugosity. B 1.6 1.4 1.5 1.7 1.8 R

Speties vades: Clio = Cliore sp.; viale = Millepora alcicornis; Hoar = Erytfropoditem caribaserion; Zoan = Zoanfhus sp.; Faly = Paiythoe s,
hann = Montaateves euneleris; Moay = Mortasiroed covernosd; Tast = Parides gitreoddes; Dipl = Diploriz sp.; Side = Sulerastren ap; Agar

Agnrice =p.
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The deep fore-reef (13-20 m} is a zone of low wave and surge encrgy, Reef rugosity is imregular, in-
fluenced by the growth of massive scleractinian corals, particularly Montastraga anmularis. As on the
tore-reel slope, Montastraca colonies grow with extensive lateral projections, creating ledges and oveI-
hangs. Many massive coral colonies are overgrown by an algal turf, an encrusting soft coral {Lrythropo-
ditm sp.J, 0o a combinabion of both, The most coromon rmassive coral specics at the deep forc-rect arc M.
anmularis , M. eqvernose, Diplorie spp., Siderastren spp., and Dendrogyra cylindricus. A profuse deve-
lopment of soft coral colonies is also found at the decp fore-reel of Turrumote,

Mangroves

The somthwestern coast of Puerto Rico contains 996 ha of mangroves, representing 15.3% of the lolal
mangrove area in Puerto Rico (Martinez et gl., 1979} The original area of mangroves in Poerto Rico was
estimated at 3,000 ha; by 1575, only half of that arca remained. Unforlunately, the destruction of
mangrove areas continues despite political resolutions and laws {Lugo, 1988}, Some of the emergenl
portions of {he shelf reefs at [a Pargucra are colonized by mangroves, The degree of exposure to the
incoming waves limits mangrove development on these offshore islands (Yoshioka, 1975). Red man-
prove, Khizephera mangle, is lhe dominant species onisland reefs; a few white mangroves (Laguncu-
laria racemosa} are also present. Mangrove development is greatest in zones of intermediate wave
energy. Cn the exposcd outer cays, the strong surf does not allow deposition of the fine sediments needed
for the growth of red mangroves, On the middle shelf zone, waves and currents are siiong enough te
maintain a constant flow of water, yot allow for accumulation of fine sediments. Consequently. red man-
groves prevail at these middle shelf reels. The inner shelf reefs are not subject to enough wave cnergy to
maintain adequate flushing: consequently, these reefs normally have strong transverse salinity gra-
dients. Salt builds up in the center of these islands and enables the succession of red mangroves by the
more salt-tolerant black mangrove {(Avicennn). Prolonged acenmulation of salt eventually leads to the
death of the black mangroves.

The Pitahava mangrove foresl, the largest and best developed mangrove stand in Lhe southwestern
corner of Fuerlo Rico, reaches 1.2 km inland and stretches 6.5 km along the coast belween Punia
(Guayacan and Punta Pitahaya (Fig. 1), The area is characterized by a well-developed fringe forest of
red mangrove and a less developed basinal forest that includes red, white, and black mangrove species.
The structural characteristics of the mangrove forests at La Parguera are summarized in Tabic 5.
Ditferences in mean plot stand height and trunk diameter arc observed within and between mangrove
sites. The tallest stands and greatest mean trunk diameter correspond to red mangroves of fringe forest
type. The basinal mangrove stand at Pitahaya has lesser stand heights and trunk diameters. Fariher
inland, vegetation gives way to barren salt flats (Martinez 2t al., 1979} Inshore islands and fringing
{raastal} mangroves are scparated by channels and embaviments. Large arcas bebwesn the mangraves
are covered by turtle grass (Thalassig testudinum) and associated algae {e.g., Dictyora divarica, {au-
recin obtusa, Canlerps verticifloles, and Acanthophorz spicifera). The upside-down jellyfish (Cassi-
opeia frondesa), the starfish (Oreaster reficulatus), and the sea cucumber ([udwigothuria mexicana)

are some of the dominant faunal components in the embayments and channels (Cerame, 1973), along
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with a diverse ichthyofauna of juvenile marine fishes and resident estuarine populations {Austin, 1971;
Garcia, 1981). The red mangroves bordering the channels, bays, and islands protrude with drop and prop
roots into the sediments. This root system provides a unique habitat for a varicty of sessile organisms.
Typical epifaunal species are sponges (Tedania ignis, Cullyspongia, Ircinia, Chondrilla, Haliclonn),
hgdroids, sea anemones {Aiptasia and Bartholomea), vysters (Crassostren rfiizephorde), tunicates
{Claveling spp., Ascidia wigr, Ecteinascidin turbinaia), and polvchactes {(Sabellastarte maygwnifica and
Sabelle melanostigna) (Matthews, 1967). The struclure and composition of this epifaunal comummity
seem bo vary due bo ditferent bydrodynamic regimes (Yoshioka, 19753,

Table 5, Structeral characteristics of snangrove forests in La Parguera; all values are from live stems
(after Cintron ef gl 1978),

klean Mo of 'I'tces Wilh Stand
Stand OH Soof Trunk Diameter Basal Area (m) Height
Type* _ [onl Spp »23an =1 e »2hom e [y
Caballe Blanco Reef .
Flat 1 T 1A.2 1 63 33 L 0.5 14.4
Plot 2 T 14.1 1 144 104 L% 1.7% 14.3
Enrigue Reef
Il 1 1 21 1 ahy 4 27 (.6 9.2
Taurel Reef 1 14.1 P 251 236 iz 3.4 A
Pitahaya-1
Flot 1 B 13 1 277 170 2.7 2.3 122
Flat 2 F & 2 THE K1 1.85 (.1 A
Flot 3 G 7.2 3 314 17 0.55 0.2 4R
Pitahaya-2
Flaot 1 F 14.6 1 2504 214 A8 35 13.8
 Plotd F 112 1 283 _ B0 1.5 0% BA

*Stand Type: T = wland; F = fringe; B = bavan.

Seagrass Beds

Seagrass meadows and associated macroalgae are highly productive habitats that provide living
space, foraging grounds, and refuge from predators for populations of mvertebrates and fishes, many of
which are commercially valuable specics. The extensive seagrass beds that occur in southwestern Puerto
Rico, in close proximity to somne of the island’s most pristine coral reef and mangrove habitats, provide
nursery and feeding grounds. In addition to providing basic nutrients, pritmary productivity, and stable
habitats, these beds provide essential foraging grounds for such endangered marine species as the West
ndian manatec, Tricheclius manatus, and the green sea turtle, Chelonda moydas,

Of the lwelve recognized genera of seagrasses distributed throughout the temperate and tropical
coastal zones of the world, four are found in the Caribbean and Poote Rico, These four genera are
reprosented by seven local species: lurtle grass, Thalassia  testudinnn (Banks ex Keonigh the sea vines
Halophila decipiens (Ostendeld), [T baiflonis (Aschersom), and 1. engelmannii {Ascherson); manatee
prass, Syringediwm filfforme {Kutzing): the shoal grass Haludule wrightii (Ascherson); and the wid-
geon grass Ruppis maritintg  (Limnacus). Of these specics, Thalassia  festudimem, Syringodium fili-

forme, Holophiln  decipiens, and Ratodule wrightii iphabit (he insuiar shelf zunes on both the At-
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lantic and Caribbean eoasts of Pucrto Rico as well as the nearby islands of Vieques and Culebra. The sca
vines Halophila  beillonis and H. engelmunnii have been found only in restricted localities on the
notthern and southeastern coasts of Puerto Rico. Halophila decipiens, although patchy in distribution,
can be quite abundant when encountered and appears to tolerale low salinities {<20%) and turbidity
{Secci <1 m), enabling this vine to invade polluted environments (Vicente ef al., 1980). Widgeon grass
(R, puariting) has been found only in enclosed lagoons with liltle or no oceanic infltuence {Dretres, 19588).

Large areas of Thalessiz on the reef flat are periodically exposed to air, resulting in increased tem-
perature and desiceation, Glyrm (1968) observed that Thalassie leaves do not survive when tempera-
turcs reach their upper tolerance levels of 35-40°C but that rhizomes of the plants are apparently
unaffected, due primarily to the thormal buffering effect of fine-grained sediments covering the under-
ground portion of the plants. Tidal fluctuabons accompanying strong spring tides can cause extreme
temperature shills that, coupled with desiceation, kill vast quantities of leaves, which then are shed
by the plants. The process occurs speradically throughout the year and seems to be an integral part of
the ecology of Lhe seagrasses, with no apparent negative long-term effect on the population as a whole.

Large seagrass beds are established in the Ta Pargucra arca, with Thalassia and Syringodium
being the most abundant and widely distribuled seagrasses over Lhe insular shelf and also in the back-
reel zones of middle shelf reefs. The most extensive seagrass beds are found within the 2-m depth
contout, fringing the red mangrove coastline. Mangrove forests border almost the enlire southwesfem
coastline, and mangrove islets are commeon inside the inner shelf (Cintedn of af., 1578} The distribution
ol Thalassia near the offshore reefs and mangrove islets is gencrally restricted to the lee {north) side of
these [ormations and commenly ooours in associadon with coral species such as fire coral (Millepora
complanatael, staghom coral (Acropera cermicornds and A, prolifers), and finger coral {Porites sppl.
Scagrasses are absont from the oxpescd reef frents. On the inundated central portion of the reef flats
and in the shallow lagoon side of the reefs, Thalassia dovelops among the corval mubble and sand,
providing a rich feeding ground for diurnal reef residents. Prominent grazers in the seagrass beds include
the long-spined sea urchin (Disdesta antillarim); the variegated sea urchin (Lytechings varicgaius);
the West Indian sea egyg (Tripreustes ventricosis), the Queen conch {Strombus gigas), the green sea
turtle {Chefonia mydas), and a sizable assemblage of herbivorous fishes.

Reproduction in seagrasses ooours vegetatively {rhizome propagation) and sexually {incomplete
dicecious flowers). Male and female Thalnssiz flowers begin to appear in March, reaching peak abun-
dance in April and May, after which time flower producton begins to wane, The season normally ends
in Junc, The percentage of shoots with reproductive structures (buds, flowers, or {ruits) varies from 4% to
54% during May. Inter-annual variation is dependent o factors such as wave energy, sediment load,
turbidity, and water temperature, all of which affecl the success of the reproductive season {Vicente ot
al., 1980},

There are considerable temporal and spatial fluctuations in total biomass of the seagrasses. Tlu-
lassig has low biomass (100 g m® dry weight} in areas where mangrove growth is prolific, thereby
reducing the amount of available light, whereas biomass under high light intensity may reach 3500 g

m”® dry weight {(Vicente, 1992). For our purposes, “standing crop” relers te the above-sediment living
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comprment {including caleareous epiphyvtic algae), whercas “blomass” refers to the sbove- and below-
sediment (roots, thizomes, and short shoots) cOraponents.

For Thalassiu growing in an industrial estuary that receives thermal effluent from a power plant,
primary production values have boen reported as 0.43 to 261 gm? dry weight per day (Vicente 1992).
liomass valucs for the same bay were reported as 330 g m® dry weight. Primary productiom is likely to
be higher in less polluted environments of Puerto Rico. Higher productivity values {up to 189 g m* dry
weight] have been measured for Thalessia in olher parts of the Caribbean {Buesa, 1972): an average of
70t yr' hal of Thalussie. Gonzalez-Liboy (1979} surmumarized Thalessie biomass end standing crop
values {g m™ dry weight} for various sites scattered throughoul Pucrto Rico, with means for south-
western Puerto Rico in the range 229-586 g for standing crop estimates and 532-1,986 g for biomass
eslimates. Burkholder et af. {195%) reported 80-450 ¢ m® dry weight as a range of means for biomass
estimates taken al several sites in Puerto Rico. Delgado-Hyland (1978} reported standing crops for
Thalassia in the La Pargucra arca as in lhe range 96-480 g ™ dry weight.

In summary, the seagrass beds of southwestern Puerte Rico appear to be in good condition and serve
as @ key component, intimately and functionally associated with the coral recf and mangrove ecosys-
tems, in providing important nursery and {oraging grownds for many commercially inpottant fish and
invertebrate populations. In order to ensute the long-term health and sustainability of these nearshore
marine gcosystems, fubure development plens will have to take into consideration the physical and
biclogical requirements of the seagrass beds and offer prolection whenever possible, as well as restoring
the original mangrove {ringe where it has been cut or destroyed.

Human Utilization and Impact on Marine Rescarces

Approximately 100 fishermen concentrate their efforts within the insular shell of La Parguera,
evenly split between cornmercial and recrcational fishing. Fish traps (atrow type} and monofilament
gill nets are the main methods used by the commercial fishermen, A recenl survey determined that 1,050
traps are ulilized in the commercial fishing effort. Recreational fishing nvolves hook and line,
flycasting, jigging, trolling, and spearfishing. Bolh cormumercial and recreational fishing bere have sof-
fered a sharp decline in CPUE {calch per unil effort), consistent with the decline seen for all of Fuerto
Rico (Appeldoorn ¢t ai., 1992). The direct and indirect implications of changes in ichthyofaunal
commumity structure upon sessile-benthic communitics are nol well established.

The mangrove areas of La Parguera have been, and continue to be affected by soveral anthropogenic
factors. For example, mangrove trees were aut down during the construction of 200 sumimer houses along
the shoreline. Strips of salt marsh were tiled to provide access to these houses, altering notmal tidal
flow throughout the mangroves, Boat traffic in the channels and embaymenis perfizbs the sediments
covering mangrove root systems,

Another important factor influencing coastal eocosystems is the sewage treatmenl plant (STF) that is
lpcated between a Parguera and Tsla Guayacan. This plant discharges an average of 228,000 liters ot
secondary sewape effluent per day inte percolation ponds at the landward margin of the coaslal man-
grove fringe, The mangrove area subject to the ntrusion of effluent waters covers at least €123 km’
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(Corredor and Morell, 1994). Investigations of surface nitrate comcentratioms indicated that some
nitrates do not percolate completely into the sediments and thus reach the seaward fringe in eflluenl
streams, However, experiments trevealed that microbial commmunities in mangrove sediments are cap-
able of deputating 10 to 15 times the nitrate added by the STF effluent (Corredor and Moreldl, 1994). The
mangroves themselves seem to respond favorably to nutrient additions, as can be seen around the STP
where the heights of the trees are much greater than in undistutbed areas. Nervertheless, the man-
grove root conununity appeats to be less diverse near the ST

Deforestatinn is a common practice in construction of homes, camping areas, and other projects with-
in the watershed, Such development has increased drastically during the last ten years, leading to
alterations in the natural pattern of rainfall drainage and runoff and to an inerease in sediments
reaching coastal waters,

La Parguera is probably the single most popular tourisl destination on the southwestern coast of
Puerio Rico. Boal traffic can be quite heavy, especially on weekends and during the summer. Many
tourists utilize the nearshore mangrove isleks and associated seagrass beds as a psuedo-beach area,
anchoring their bpats in the lee of the islets. Thus, these habitats at times are subject to heavy boat and
foot-traffic, with ensuing trampling effects in addition te propellor and anchor scars. According lo Zie-
man (1974}, although Thalussia is highly productive and capable of vigorous regeneration, it does not
recover rapidly when injurics extend down to the root-rhizome system. Tracks from propeller damage

have been observed to persist n Thalessiz beds for more than five years.
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Franciseo X. Geraldes
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Universidad Autdnona de Santn Domtingo

Aptdo. 1355, Sente Domings, Kepiibfica Dominicana

The CARICOMP site in the Dorninican Republic is iocated in the Parque Nacional del
Este on the southeastern coast of the island of Hispaniola. The site is typical of lee-
ward marine and coastal environments, with frequent calm seas and noticeable currents.
The surmy days, average air temperature of 26.%°C, and rainfall of 1,000 mm yr-
contribute to a tropical semi-arid forest growing on coral/limestone bedrock. There are
few anthrepogenic impacts; boating, diving, and fishing are the primary sources of dis-
turbance. The ecosystemns selected are located along a NW-5E transect near Palmillas,
The mangrove site {Catuano), is a fringing forest type, with a dense growth of trees no
taller than 5 m. The scagrass station {Hicrbas los Cocos) is 1.5 km to the northwest ina
sandy and rubble shallow (24 m) just inshore of a hard plalform where soft corals
dominate. The coral reef statiom (Bl Pefion) is farther north and lies at a depth of 10 m
on a rocky platform where diverse species of corals form a low relief spur-and-groove
reef system. The park represents one of the largest pristine marine and coastal envi-
romtrents in the Caribbean. It is a protected area under Dominican iaw, and continuous
gfforts arc being made to maintain il Mooring buoys are being installed and fishing and
navigational regulations are being implemented to minimize the impact of users and

visitors,

Introduction

The Parque Macional del Este is located on the southeastern coast of the Dominican Republic; it is
bordered by San Rafael de Yuma on the north, the Bahia de Yuma on the east, and the Caribbean Sca
on the south (Fig. 1) The park, 42,000 ha, was declared a protected area in September of 1975.

Only a few marine research studies have been conducted in the park. In 1973, a physical oceano-
graphic study was conducted by Metealf ¢t al. (1977) usmg drift bottles, A similar study, but encom-
passing the entire Caribbean, was performed by Brucks (1971} Metcalf ¢f gf. (1977} indicaled Lhe
existence of Yan extremcly complex current condition in Mona Passage, with some bottles drifiing from
the Caribbean into the Atlantic Ocean and others in the opposite direction.” Geraldes (1983) surveyed

' CARICOMP —- Caribbean Coral Reef, Seagrass and Mangrooe Sites {edited by B. Kjerfve), pp 213-220.
UMNESCO, Paris, 1998, 347 pp.
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P 1. CARICOMP sites in the Parque Nagional del Este, Doninican Eepublic,

marine habitats on the western shore of the Parque Nacional del Este, especially mangrove forests and
the Bahia las Calderas. Olivares (1984) studied the eomposition, distribution, and abundance of zoo-
plankton community in Bahia de las Calderas on the southern coast of the park. Data were collected on
temperature, salinity, arul depth of the area; the salinity gradient in nearby Bahia de las Calderas
suggests freshwater intrusion in the area. The zooplankton analysis indicates that the composition of
the community remains fairly constant as the tide changes.

Using ground-truthed aerial phetograph interpretations and helicopter reconnaissance surveys,
Island Resources Foundation, Inc. (Towle, 1975} offered well-documented descriptions of marine habi-
tals and biota in the park before the marine Rapid Ecological Assessment in 1994-1595 {(Vega, 19343 In
1973, a briet underwater survey was conducted by Caboza and Pierce in marire areas within and
adjacent to the present park. Although if is largely a descriptive study, it does point out that there is a
lack of large fish and suggests that spearlisherimen may be responsible.

Adter the declaration of the area as a nabonal park, the Dircccién Nacional de Farques elaborated
the Flan dc Manejo del Parque Nacional del Este (Fahrenkrog, 1979). This management plan was the
first of this nature in all the parks in the Dominican Republic. The plan not only describes the park and
its resources, but it includes preliminary species lists of the manne fishes, marine reptiles and mam-
mals, corals, marine moliuscs, and marine seagrasses and algae.

Ina series of sludies in the Catalinita and Saona Islands (Vega, 1967), Dominican archaeologists

discovered and photographed great conch piles, called “conchales” or “concheros,” demonstrating the
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coomamic importance of Stromdnes gigas for the Taino Indians as well as for madern fishermen. Vega
(1987} noted: “It is interesting to see how the places where the most munerous Precolombian conch piles
exist arc the same places where, today, the fishermen still dedicate themselves to the same work and
create ‘modern’ parallel conch piles. The place in the country with the greatest modem conch piles is

Catalinita Island, between Saona and Boca de Yuma.”

Ciimate and Oceanography

The inland features of the park consist largely of terraces of Pleistocene corailine rock that emerged
from the ocean and whoso prosent elevations are 0, 5, 18, and 60 m above sea level. The coastal lime-
stone is porous and [illed with cavitics and casts of coralline fossil organisms {Benchmarks, 1973},
There are two shore-normal geologic faults: ane is in the northeast near Boca de Yuma and extends for
almost 27 km from east to northeast, the other is located in the southeast near La Granchorta and
cxtends for approximately 12 km east 1o southeast (Cano Corcuera, 1993).

The climate of the park is tropical. The mean annual air temperature is 265°C with oply £2
vatiation. The humidity is stablc, averaging 79%. Rainfall averages 1,000 mm per year, with Y0% of
the precipitation occurring May-July and September-Crtober. The northeast tradewinds blow almost
comtinuously (Benchmarks, 1973). A salient feature of the park is the absence of munning froshwates;
there are no rivers, lakes, ponds, streams, or freshwater swamps (Towle, 1975). However, Lthere are
sinkholes that accurmnulate rainwater. In gencral, oceanic currents low east to west, although there is
eviderce of much variability in the Mona Passage betwecn Pucrle Rico and the Dominican Eepublic
(Mekcalf ef al., 1977).

The geology, geomorphology, and hydrogeclogy of the park combined with the semi-humid trop:-
cal clitnate indicate that, due to the high porosity of the coralline ground, there s a relatively large
flewe of groundwater (Cano Coreuera, 1993)

The terrestrial flora and fauna of the park have been previously described {Benchmarks, 1973;
Canw Corcuera, 1993); more recently, an extensive Rapid Ecological Assessment was performed con-
currcntly on the terrestrial systems of the park. To summarize, many different types of terrestrial and
marine environmerits occur in fhe Parque Nactonal del Este, including mangrove swamps, coconut planta-
lions, moist subtropical deciduous forests, salt-resistant plant communitics, and dry subtropical [orests.

The coastline of the park is varied. There are white sandy beaches and relatively shallow walers
in the western and southetn portions of the park mainland and around mest of the southem portion of
Saona island. There are rocky intertidal coasts and cliffs on Lhe easlern side of the mainland and an the
northeastern coast of Saona Island. And there are well-developed, varied mangrove forests in sone

places on the snuthern coast of the matnland.

Ecosystems in the Parque Nacional del Este

The marine nearshore tropical coosystemns (mangroves, seagrass beds, and coral reefs) in the park
are found mainly on the western leeward shore. These ecosystermns have not been disturbed and are pro-

tected. Human mterventions and anthropogenic impacts are fow; plastics and other debris are found
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occasionally, Neither freshwater influences nor pollutants are commaon in this region or in adjacent eco-
syslerns.

A Rapid Ecological Assessment that was performed in 1994 aboard the Shed Aquarium’s R/Y Coral
Reef 1 by a team of US and Dominican scientists produced the first comprehensive docutnent regarding
lhe constal and marine ecosystems in the park. Table 1 summarizes the marine biodiversity fund after
a three-week cruise,

Table 1. Murnber of species in benthic communities in the
Pargque Madonal del Bste, Daminican Republic,

Alpae Spongms Octocorals  Corals

Law-Relief Spur-and-Groove

Farque Nacional 15 29 10 22

El Feriom 15 i 14 26

] Tors - 25 22 23

Arrecife de Rubén 14 34 14 16
Recf Flat

Pasa CGrarute 36 7 a 12

Arrecife del Tronoo 27 16 7 14

Arrecife Puerte Glay 28 L3 3 10
Transitional Reef

Cl Faro #2 24 - 22 23
FPatch Reef

Aarecife del Anpel #1 21 20 7 11

Arrecife del Angel #2 15 18 3 15

i Fara 1 19 - 15 23
Taow-Relief Hard Rattom

Arrecife los Cooos 24 24 23 14
Rocky Coast Flatform Reef

Acantilado de Catuano 29 2K 13 an

Fuerto Catuano 17 14 9 iz
Saft Bottonn

Hirrba de Trooco 25 1] 0 2

Pila de Lamhbi aq 1 ] 1

Los Manglecitos 11 0 0] 2

Ciudad de Menicillus 17 2 0 Q

[lierba los Cocos B Tl 2 0 3

The CARICOME sites are located at Palmillas on the western shore of the park near the Catuano
Passage that divides the mainland from Saoita Island. The names of the CARICOMP sites are: Punta
Mangle al Catuano (mangroves), Hietbas los Cocos (scagrasses), and El Perdm (coral reefs). In general,
these sites Tepresent seagrasses and coral reefs; however, some variations were found related to the
oceanography, geomorphology, and substrate that affect prodoctivity and bicdiversiby.

Coral Recf Commmunities, Four of the benthic sites are characterized as belonging to the low-relief
spur-and-groove community: Parque Nacional and El Pefidn (where the CARICOMFE site iz located),
both of which are on the west side of the park, are the most representative of this category; Arrecife de
Eubén is located om the western epagt of Saona [sland; El Toro is alse located on the western coasl of
Saona but farther south. These sites are relatively protected from direct wave action by land barriers.
They lic in water depths of 1525 m and have well-defined but low relief {«<1m} spur-and-groove
features. They do not appear to be actively accreting. The substrate in low-relief spur-and-groove com-

munities is mostly hard reef, but crevices, depressions, and space grooves are filled with sediment. The
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life form data show thal these communities ate characteristically dominated by algae, sponges, and
ortocorals, while hard coral cover is very low. Diversity of all lifeforms is high, and it is in this recf
category that we find the sites with some of the greatest octocoral species richness (El Toro with 22
species), sponge species (El Pefitn with 36 species), and hard coral species (Bl Pefdn with 26 species).
Most algae are calcareous {Hafimeda) or twef algae, although Dictyetfa is also present. Octocoral and
sporge individuals are characterized by large size. Corals, when found, are mostly Diploeria labyrin-
thiformis, Siderastrea sidereq, or Moniastraea caversosa,

Threc reef flat communitics, consisting of low-relief consolidated carbonale platforms, are iden-
tified in the park: Pasa Grande, Arrecife del Tronce, and Arrecite de Fuertes (las. All are in relatively
shallow water {(15-3.0 m) on the eastern portion of the channel bebween the mainland and Saena
Island. They are thus subjected 1o heavy wave action and strong currents from the Mona Passage. Life
form characteristies in reef flats vary substantially. Pasa Grande is dominated by algae cover (in more
than three quarters of the quadrats, the coverage is ¥2%), although sparse hard coral colonies {Acre-
pora pahnaia, Diploria clivosa, Porites astreoides, Porites porites) are also present. The greatest alyal
species richness, especially of phasophytes, ooccwrs at this station. The most important algae herc are
the genera Dictyota, Turbingria, Stypopodivm, and Halimeda. Arrecile ded Tronco is also dominaled
by algae, although not as strongly as Pasa Grande. There is sparse to moderate sponge and hard coral
(mostly Porites porites forma furcala) cover at this site. Arrecife de Fuertes Olas is also strongly
dominated by algae, with some sparse hatd corals and seagrasses present.

Threc patch reef communities were identified in the park. Arrccifes del Angel #1 and #2 arc both
celatively circular in shape and are surrounded by a sand hale and then a seagrass bed (Thalassin
teatiedinunr), It has been shown that these sand halos can be cansed by nocturnal grazing activities of
long-spined Diadema antillarum sca urchins, which move out of their hiding places on the recf at
night to feed on the adjacent seagrass beds (Vega, 1990). The substrale at Arrecife del Angel #1 consisls
of nonconsolidated rubble or cemented dead Porites porites corals, wilh sediment increasing towards the
periphery of the reef. The substrate at Arrecife del Angel #2 is a mixture of hard recf, sediment, and
rubble. El Faro #1 is a heterogeneous series of patches scparated by sediments and nubble from Acropora
cermicornis. The substrate ikself comsists of a consolidated reef platform with some coral heads. The
dominant biota in all three patch reefs is algae. At Arrecifes del Angel #1 and #2, algae covers =50% of
the quadrats in 72% of the area. Dictyota are very common at E1 Faro #1. Although sponges, octocorals,
and hard corals ocoar in all three patch reefs, FI Faro #1 and Arrecile del Angel #2 are also
characterized by having a diverse octocoral and hard coral fauna. For example, L1 Faro #1 is the only
place where Agaricia temuifolia is found and where colonies of Millepore sguarrosa arc also common.
This latter coral species is found only at the El Farv #1 and #2 stations. Hard coral and octocoral species
arc also very common at Arrecife del Angel #2, where large colonies are abundant.

Seagrass ond Algae Communities, Thalassip testudimum and Syringodium filiforme characterize
the mixed seagrass and mixed seagrass/algae communities along the western nearshore coastline in the
park, with six different hard boftom and three different soft bottom community types. In the shallow
areas, lhere are moderate to dense scagrass and algal commwumnities, In the leeward, western portions of

the park, low-relief spur-and-groove and hard bottom communities are the types of bottom typically
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found. The substrate of all soft bottom benthic communities surveyed in the park is composed mostly of
sediment with small amounts of rubble and patches of hard resf.

Hietba del Tronco is the only soft-boliom station whose biota is dominated by the seagrass Syringo-
diurm. Hierba del Tronco is located in the eastern portion of the passage between Saona and Catalinita
Istands and is subject to heavy wave cnergy. As expected, its biota is predominantly seagrasses,
although some patches of algae were encountered. A comparison of the relative cover and frequency of
pecurrence of the different seagrass species shows that although Syringeditum is dominant, Thalessin is
alse present in moderate amounts. The algal species richness here is swrprisingly high, with 25 species
found. Most dominant of these algal species is Halimeds fcrassata, followed by Pericillus dunietesus
and Udotea flabelfum,

The Pila de Lambi sitc is located NNW of Catalinita [sland, 8 km from the mainland, where large
white piles of dead Séromims giges are clearly visible -~ hence the name of the site. Its biota consists of
madetate to dense cover by different scagrasses (Thalassia, Syringodium, and Halodule), with some
algae dispersed throughout. Algal species richness s low, and no single species of algae is dominant in
terms of cover, although Penicilfus dumetosus individuals are quite rumerous {(eccurring in 4% of the
quadrats).

Theee of the comumunities surveyed in the park are mixed algae/seagrass communities: Los Mangle-
citos, La Ciudad de Penicillus, and Hierba de los Cocos. These communities are characterized by their
location in relatively shallow water {<3 m) and the co-dominance of seagrasses and algal species. Los
Manglecitos is less than 100 m from the southeastern coast of the mainland. It has a highly variable
cover of both algac (Halimeda, Lanrencin intricata, and Dictyota) and Thalessta fesfudinum, The maost
cormumeon algal species in termis of munbers are Penicilius capitatus, P. dumetosus, and Laurcncia infri-
cata. In terms of cover, however, the dominant species are Hafimeda  opuntia, Lawvencfa infricala, and
Dictyata cervicorais, Ciudad de Penicillus has the same characteristics in terms of dominant bicta as
Los Manglecitos, but there are more anemones and sponges present in this soft bottom corromunity. The
dominant scagrass is Thalessin testudinum. The most important algal species in terms of cover ate
Penicilits  dwmetosts, Halimeds  monile, and Halimeda incrasspta. o terms of oumber, the 1most
important are various species of Caulerpr, Halimeda, Peniclifus, and Udelea. It 1s interesting to note
that the density of seagrass shoots and blades in Ciudad de Pemicillus is low compared to Hierba del
lronce, which is dominated by Syringedium, although blade length is greater therc. Finally, Hierba
los Cocos is dominated by the alga Lobophore variegata, although Udoter and Avvainevillea specics
ate alse common. Both Thelassie and Syringodinm are found at this station.

Mangrove Cowmmunities. The mangroves in the park are typically fringing mangroves with an aver-
age height of 4 m. No large trees have been found, but they may have been cut down; this part of His-
panicla was impacted by indigenous inhabitants, pirates, and smugglers and, more recently (until about
125301, by timbermen and cattle ranchers, About 1,50 ha of the park consists of fringing mangrove [oresl
of the species Rhizophors wmangle, Laguncularia raceniosa, Avicennin germinans, and Conecarpus evec-
td, which are found mostly around low-lying shorelines where wave action is minimal. The mangroves

also arc part of a series of coastal lagoon habitats, where juveniles of the spiny lobster Panufirus wrgus
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and other fish species wse them as refuges and numsing grounds. There are some dwarf mangroves at
Bahia las Calderas.

Mangrove-assoviated fauna indude frigate birds (Fregufa magnificens), pelicans (Pelicanus sect-
dentalis), and white crown pigeons {Columba lencocephala); about 26 species of fishes; melluscs, includ-
ing Crassosirea sp. Isngnomon sp., and Litlorine sp.; and crustaceans, including Cardisoma  guahsuunt,
Crrgreinus sp. and others of the family OCcipodidae. The sponges Tedagnin iynis and hydorids are
relatively abundant. The up-side-down jellyfish Cassiopes frondosa is occasionally found in back-

waters and lagoons. Helimedn is the moest conunon algae found.

Coral Reef Site

The Fl Poiéon station {18°15.24'N; 68°46.79W} is located on lhe leeward side of the mainland,
facing west, 8 km north of Punta Catuane and 1.5 km northwest of Puntla Palmillas at mooring buey #2 of
the Fi Pefidn dive site {Fig. 1). The depth of this station is ¢ to 12 m (averaging 10 m). The base of the
reef lies ona hard coralline bedrock, which is the substrate for corals, actocorals, sponges, and other
benthic organisms in a low-relief spur-and-groove system perpendicular to shore. This system ends in a
sand channel that parallels the shore. This station represents ome of the healthiest coral reef
communities in the Parque Maclonal del Este; continuous visitation is possible duc to the oceanic
conditions in the area: wave heights average (1.2 m, winds are usually from the soulheast at an average
speed of 2-3 m 57, currents wwually flow to the notthwest at a rate of 0.1 m s?, and femperature is
normally 2829

Scagrass Sife

The Hierba los Cocos station {(1§13.527N; 6536 107'W) iz located on the leeward side of the
mainland, half-way between Punla Mangle at the Catuanc Massage and El Pefion (Fig. 1). The site is
characlerized by a dense seagrass bed, located towards the shallow side of Arrecife Los Cocos. This
seagrass ed hes on top of a soft substrate mixed with gravel. The principal species ocourring here arc
Thalassia testndtnum and Syringodivm filiforme, together comprising more than 5% of the cover; the
remaindet of the cover includes eight specics of algae (most commonly Awvrainvillea and Udoteq, but

Lobophore is also quile abundant),

Mag&mw Sit-:_

The Canal I'unta Mangle al Catuano station (18"12 217 N; 65°45. Z15'W) lies in the northern section
ot the Catuano Passage (Fig. 1). When the winds and tides are active in this sector, sttong currents flow
through the mangrove system forming channels, some of which are navigable. Large deposits of organic
sands, originating mainly from [Halimeds and other sand-producing organisms, are created by current
cddies. The CARICOMP site is located at the edge of one of these channels o the middle of the forest.
It was chosen as representative of a yommng and stable mangrove community that is always inundated.

Trees are mainly Rifzopfiore mangle, 5-6 m high with trunk diameters generally 0.4 m.
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Cayo Coco is part of the Sabana-Camagiiey Archipelago off the north coast of Cuba,
The sampling site on the northern shore of the cay includes reefs, scagrass beds, and a
permanently flooded red mangrove forest. Human influence on marine, coastal, and ter-
restrial environments is limited. Wawve action and sedimentation are the most impot-
tant large-seale physical stressors governing the marnine ecology of the site. Froshwater
runoff is limited and influences salinity only very close to the coast. The virtual abscince
of the black urchin Dindema antillarum probably accounts for the greal proliferation of
fleshy algae onrocky reef substrates. The marine and coastal ecosystems of this area
remain almoest pristing and are included in plans for biodiversity conservation and

susiainable tourism development.

Intreduchon

The Cuban CARICOMP Site is located on the northern shore of Cayo Coco, which lies north of Cuba
in the Sabana-Camagiiey Archipelago, at 22°33'N, 7§°26'W (Fig. 1}. The notthemn coast of Cayo Coco is
open to the Old Channel of Bahamas; the southern coast is open to the very shallow and hypersaline
Perros Bay. Cayo Coco occcuples an area of 370 km®, making it the sccond largest cay within the
archipelage {aftcr Caye Romanao).

Three institutions of the Cuban Ministry of Sciences, Technology and Environment (formerly the
Academy of Sciences) participate 1 CARICOMP: Lhe Institute of Oceanology {I0), the Institute of
Ecology and Systematics {IES), and the Coastal Ecosystems Rescarch Center (CERC). The excellent new

research facility of CERC at Cayo Coco contains a well equipped Class A meteorologieal station,

" CARFCOMP — Caribbeas Coral Resf, Seagrass and Masngrove Sites {edited by B. Kjerfee), pp 221-228.
LINESCO, Paris, 1598, M7 pp.
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Site mapping was done using black/white aerial photographs {scale 1:10,000). The three sampling
sites are located in Ensenada Puerto Coco cove and comprise three habitats: reef, seagrass beds and a
permanently flooded red mangrove forest. The marine and coastal ecosystems of this area rematn
almest pristine and are included in plans for biodiversity conservation and sustainable tourism deve-
leprent,

Human influcnce on marine, coastal, and terrestrial enviromunents is limited. Wave action and sedi-
mentation are the most important physical siressors governing the ecology of Lhis offshore marine
shelf. Freshwater runoff is limited and apparently influences salinity only very close to the eoast The
virtual absence of the black urchin Diadema antillarum, since a imassive die-off in the early 1980s, pro-

irably accounts for the great proliferation of fleshy algae on recd rocky substrates.

Genlogical Setting

The relief of the Sabana-Camagiey Archipelago is due to the neotectonde transformation of ancient
siructures and formation of new tectonic disruptive features that fragmented the area into transverse
and longitudinal blocks, Other factors ineltide the trend of block movements during the Holocene {ascen-
ding and descending), its geographical location in the northern lropical beit, sea level oscillations
during the Quaternary, and Lhe predominance of carbonate lithological assemblages during the Quater-
nary {(Magdz et al., 1990},
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Fig. 1. Gevgraphic setting ol Cayo Coco, Cuba, and broad scale habitat destribution;
CERC is the Coastal Hoosystem Research Center,
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The archipelago was formed by elevation of the central northern margin of the shelf of Cuba,
reaching down to the nsular slope (northward). It is separated from the mainland by a longitudinal
lectonic depression (southward), which is occupied by an ensemble of lagoons. A line of bordering cays
on the north exists on the domes of the fragmented structural elevalions (Magaz at af., 1990}

The scctors of discontinuous emersion are manilested in the relief by the existence of several erosive
and crosive-accumidative relict marine terraces, as well as in the formation of sand bar systems and
consalidated dunes with crossbedding where the coast is elevated. The immersion soctors arc
represented by the predominance of cumulative and swampy marine biogenic flats with thick lavers of
sandy-argillacecus and peaty scdiments. There also exists superposition of facies of coastal sand bars

over peaty facies of scaled lageons and swamps (Magaz et 2., 1990).

Hydrogeology and Oceanography

Pooling data from Cayo Coco (1985-1990) and Cayo Paredon Grande (1946-1963), the monthly aver-
age minimurn air temperature at the site is 20.0°C and the average maximum is 32.5°C. The monthly
average mean alr temperature varies from 23.3°C to 28.7°C. (Fig. 2). Average precipitation at Cayo
Cocgis 1,076 mm annually {1985-1990, whcrcas nearby Cayvo Pareddn Grande has only 733 mm (1946-
1863). The recorded average number of rainy days per year at these two cays is 92 and 76 days, respoc-
tively. The rainy season is from May to October (maxima in September and October); the dry seasen is
MNovember to April {Pazos-Alberdi et al., 1990). Annual average evaporation is in the range 2,100-
2200 mm (IGHOQ/TCGC/ICN, 1989), resulting in a strongly negative hydrobalance. Fastward winds
predominate at Cayo Coco. From May 1989 through April 1990, annual average wind speed was 44 ms”;
calm periods made up only 1.2% (Pazos-Alberdi ef al., 1990). Horizontal Secchi disk measurements at
he reef station on March 27 and 29, 1984, varied from 26.1 m (cloudy noon) to 32 m (sunmy noon); at the
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Fig. 2. Monthly variatiun of air teoperatiers and rainfall at the Cayo Coco station, 1985-1%90 (alter Fazos-Alberdi at al, 1990).
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sCagrass stations, measurements on March 28, 1994, were in the range 11.5-11.6 m {(sunny noon). Coastal
currents are prodominantly westward. Rodriguez-Portal and Redrgues-Ramirez (1983) classified the
Lides at the sile as mixed (two cycles daily with different ranges} and recorded a maximum range of 1.2
m. Cold fronts affect the site with a frequency of 14.6 times pet year {data from 1916-1217 and 1987-
1988), aceurring between Cctober and April, resulling in decreased air temperature and humidity and
increased rainfall, cloudiness, wind speed, and wave height (Pazos-Alberdi ¢t al., 1990} Synoptic
cyclomes and burricanes ravely affect the site, wilh hurricanes occurring only once every 6.6 years, most
commonly {rom August to October. Only one high-intensity hurricane has hit the site in the last 178
years, on the 9th of November, 1932 {Fazos-Alberdi ef af., 199),

Human Impact

Historically, Cave Coco has been virtually devoid of human population. The social and economic
assimilation of Cayo Coco and adjacent cays of the archipelago lock place at the beginning of the 20th
centuty, characterized mainly by forest exploitation and charcoal production. Cattle ranching was also
tried, and some feral cattle still inhabit Caye Coco. Many forest areas were cleared by timber har-
vesting or were burnt to ¢lear land for pasture {(Alcolado et. al., 1992). Most cleared areas are redevelop-
ing as sccondary forests,

A stnall airport was constructed and began to operate in Caye Coco in 1995, Two villages provide
accommaodabtions for coastguard, constriction, and towrisi personnel. One holel has 450 rooms, another
with 500 rooms is under construction, and others are projected. There are plans for significant growth of
the lourism industry, focused an the beach and nature. A GEE/UNDP Project (CUB/92/G31) is dealing
with protection of bindiversity and establishment of sustainable development, mainly tourismn, in the
region. A system of marine and terrestrial protected areas, including Cavo Ceco, is being propused.

The greater part of the offshore marine erwironment north of Cayo Cooo has been only slightly
affected by human activities; it ssems ko be driven mainly by wave action, sca level fluctuations, and
wind and precipitation regimes. Fishing in this area has been maintained at near maxirmun sustainable
yield. [t is still common to observe great quantities of snappers and proupers while diving on the reefs.
However, lourism is modifying the ecology along sorme stretches of the northern coast. Inshore waters
tend o be hypersaline, with large fluctuations in salinity, due in part to iimited exchange with ocean
waters and in part to human activities such as the construction of bermed roads and dams. Fisheries
have been severely affected in some inshore areas, and saline-induced mangrove mortality has been
noted in some places. Mitigation aclions are being planned and undertaken for improving the ecological
siluation in the affected areas. These include increasing the number of culverts and bridges along the

bermed roads, releasing dammed-up waters, and channeling runoff.

Broad-Scale Hab it;L

The Cuban CARICOMEF site {Fig. 3) is dominated by sandy and rocky-sandy Holocene plains that
cxtend from the shore to a depth of 30-40 m. The slope steepens at 50 m decp, where the dropolf begins,
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Sandy surfaces are predominantly covered mainly by sparse seagrass beds of Thaelassin  festudinum.
Unvegetated sandy bottoms are also ammon along stretches dose to the coasl, in bar-shaped patches
within scagrass beds, in the recf channels and depressions, and in cxtensive patches along the forereef
slope {lower terrace). Significant patehes of Syringodivm filiforme are found on this foreresf slope, and
abundant Halimeda has also been observed. Reefs are represented by zomes of erosive-accumulative
rock pavements, which are conspicuously inhabited by porponians and a few scleractinians. Several
actual and relict reef crests and some spur-and-grovve areas ate also foumd, The spur-and-groove sys-
temns ccour only close to the reef crests, perhaps as a comsequence of the protection of these structures
against the sediment-loaded waters outflowing from the shallow sandy plains during days with high
wave energy. This protection allows better development of scleractinian corals, Some discontinuous reef
escarpments, deopping 12-15 m, extend almost parallel to the roast north of Guillermo, Coco, and
Romano Cays. The shores are characterized mainly by sandy beaches, with mangroves an the leeward
sides. Some rocky shores are also present. Behind the shore, shallow lagoons are fringed by mangroves.
In some places, complex channels and lagpon systoms extond into extensive, marshy, mangrove plains
that are dominated by Rhizophera mangle, especially northwest of Cayo Coco. As with many other
cavs in this area, terrestrial vegetalion is represented by four foresl asscmblages: (1) tropical evergreen
microphyilous woods, (2) subcoastal forests, (3) seasonally and temporally flooded forests with
patches of herb communities and dotninant Conoctrpues erecta and Bucidat sp., and {4) mangrove svstems
in which Rhizophora mangle dominates. There are also areas of tropical thickets, halophyte vepgela-
tion, sandy and rocky vegetation assemblages, and herb communities, Vegetation is also ropresented by
degraded and secondary {orests (Menéndez ef al, 1990).

Caral Reef Stations

The coral reef transects are located at a depth of 10-12 moacross a very pootly defined spur-and-
groove battom or a rather rocky-sandy botiom with coral mounds (Fig, 30 A, 22°33'49"N, 78°26'19"W,; B,
22733 48"N, 78°26'42"W). This tramsect atea is located in the forereef sone adjacent to an escarpmoent
that drops from 12 to 15 mp the arca is rich in corals, sponges, and gorgonians. The adjoining lower
borrace on the forercef slope is a rocky plain that is covered by a sand layer of varying thickness and
extensive patches of Syringodit filiforme {surveyed to a depth of 20 m). At both reef siles, bolloims
exhibit irregular patterns of mounds, sand grooves, and patches. The relief is accentuated towards the
12 m contour, where the cscarpment begins,

The reci data are averages from both transects from March 1994 to April 19935, At cach transect, the
mean cotal cover, including sand patches, varics from 5.5 to 7% The dominant scleractinians arc Mant-
astraeg aanularis, with 10554 of cover among scleractinians, M. cavernost (3-22%), Portfes porites {3-
26%), and Sidernstrea sideren (3-17%). Gorgonians and sponges are fairly  abundant and moderately
developed; sponges cover 2-3% of the bottom. The mesl cormon sponiges are Aplysing  cauliformis, Tr-
cintid felix, Iotrochote birotulatn, and Niphates digitalis. Most cornmon among the gorgenians are Peei-
dopterogovgia americana, Briareum asbestinum, and Plexaoa homomalla £ kwekenthizli, The rocky

substrate 18 covered by a mat of fleshy algac, including Dictyota, Lebophora, and Microdictyon, {hat is
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covered by sand. Fleshy and turf algae cover 52-60% of the bottom. From a depth of 10 mto 2 m, the
bottom grades from a poorly defined spur-and-groove system to plain rock pavement, dominated by
gorganians. A discontinuous reck erest consists of a line of rocky outcrops covered by abundant colonies of
fire corals (Millepors complangta), sea fans {(Gorgonig flabellnm), and small, sparse colonies of
clkhorn corals {Acropora palmata). At both ends of the recf crest, extensive low-relief sandy rock
pavements with gorgonians penetrate deeply into the lagoonal area, showing the abrasive influence of
open ocean waves and perhaps Hdal currents. The bottom of the rear zrme is homogeneously covered by
abundant coral rubble, profusely colonized by brown algae {Dictyote and Stypopodizm} In the recl
lagoon, the rubble bottom is colonized by sparse short-leaved Thalassig. The bottom slopes from Lhe
shore to the sandy sparse Thalassig beds of the reef lagoon. Extensive sandy ateas, without vegetation,
occur among Lhe grass beds, The nearshore bottom is void of macrophytes, although some, mainly The-
lassia, necur in elongated patches.

Dominant fishes, at depths between 3 and 1% m, belong to the families Haemulidae {Haemitlon
plemieri, H. flavelineatum and H. scivrus), Labridae {Thalessoma  bifascigtum and Halicheeres  bi-
vittaius), Pomacenlridae {(Stegastes spp.), and Scaridae (Sparisoma spp. and Scarus spp.). At depths of
15 to 25 m, specifically on the deep slopes, the predominant families are Labridae (T. bifasciginm and
Cleptices parrat), Pomacontridae {Cheomtis cypies and 5. parfilus), Incrmiidae {Inermia viffata), and
Scaridae (Sparisoma spp. and Scarus spp.).

The most mporlant phystcal stressors on this reef are wawve action and natural sedimentation.
Freshwater sources are limited. Heman impacts on these reefs are negligible so far, limited {o lobster
fisheries and somc tourism. The virtual absence of the herbivorous black wrchin, Digdene anéillarum,

may accowunt for the greal proliferation of algae on the rocky substrates of this reef,

Seagrass Bed Stations

At depths greater than 1.5 m, luxuriant seagress beds are rare at the sampling sites {22°31'N;
THAZW, Fig. 3 A, CRand C3). A seapgrass bed with a moderate standing crop of preen leaves of Tha-
faseia lestudinum (mean dry weight = 60116 g m?, from samples at the two stations in March and
Cctober 1994) was monitored north of the mangrove station, north of Canalize Cencbra, at a depth of
1.40 m (Station A) and 1.75 m (Station B}, Leaves are longer and less epiphytized than i the reef
lagoon seagrass bed. Total Thaelassia biomass, including roots and thyzomes, varied from 931 to 2,396
gm” (data from March 1994 to September 1995). Seme algae, e.g., Halimeds, Penictllus, Rhipo-
cephalus, as well as many small sponges, anemones, gastropods, and holothurians, were observed. The
bottom sediment is sandy. The water is transparent bt greenish, suggesting nutrienl enrichiment from
the neighboring mangrove swamp. Some influence of freshwater runoff during rainy days has been

ohserved at this localion.

Mangrove Forest Station

The mangnwe sampling station is located in a permanently inendated foresl of red mangrove,

Rhizophore wmangle. This is a basin forest occupying a depositional marshy plain with covered karst
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topugraphy. A dendritic system of channcls and lagoons of varying sizes irrigates the mangiove basin.
Alarge, poorly irrigated marshy lagoon extends toward the southeast to Canalizo Ginebra, where
flooding is continuous (Fig, 3, A: I3 and C1). Rhfzophora mangle trees reach up to 7 mhigh at the
sampling site, Tree height tends to decrease towards the highest high-water mark: thus, the distri-
bution pattern of tree height is heterogencous. Mangrove roots are poorly colonized by animals and
algae. They are predominantly covered by some barnacles and biogenous silt. A few fire sponges
(Tedania ignis) were observed. Fishes are apparently scarce and are represented primarily by
Clupeidae {fenkingia famprotaenin} and some Atherinidae [Atherfnomorus  sifpes). Some black
mangrove [Arfcennia germinans} and buttonwood mangrove (Conocarpus erecfus) trees are distributed
near the eastern side of the entrance channel, also bordering the open coast, and in the band of contact
between the mangrove swamp and the sureunding evergreen secondary microphyllous forcst. An
important influence of the freshwater nunoff through this frontier during rainy days is expected. Until

now, Lhis mangrove ecosystem has not been impacted by human activity.
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San Salvador is similar in many respects fo other islands of the Bahamas Archipelago,
but it is unigue in its position away from the Bahama Banks. The isolation of San Sal-
vador influences its climate and eenlogy as well as its cultiral history. The CARICOMP
mangrove sites are located along the southem coast of San Salvador, and represent the
emly such shoreline mangroves on the island. Data collected to date reflect the stressed
nature of Bahamian mangrove systems. The seagrass sites arc located in embayment
areas at both the southern and northern parts of 5an Salvador. The data reveal the im-
portance of Thalassiz at both sites, but varialions exist in its biomass between the lwo
sites. The coral reef site is located off the west shore of the island and, while not repre-
senitative of the majority of Bahamian reef systems, it does meet the criteria set up by
CARICOMP. Data collected to dabe from Lhe coral reef sile shows little change from
one monitoring to the next, Daily and weekly physical measurements at all of the sites

reveal the importance of seasonal fluctuations,

Lntmducti[m

San Salvador is onc of the 700 islands which make up the Bahama Archipelago located along the
subsiding continental margin off the coast of Florida. This archipelago extends from the Nawvidad
Bank, 20N, off the coast of Hispaniola, north to the Little Bahama Bank at 27.5'N. While the entire
archipelags extends 1400 ki north ke south, the Commeonwealth of the Bahamas is 1,126.5 km, from

Grand Bahama to Inagua, the southernmost island.

Egu]iﬁical History

The Bahamas are low, carbonate islands that rest on two large bank syslems, with watcr depths of
less than 10 m. The Little Bahama Bank is in the northern Bahamas; the Great Bahama Pank oxtonds
trom central to southwestorn Bahamas. The remaining islands are isolated small plaforms beginning
at 24'N latitude in the eastern Bahamas and extending to Navidad Bank just north of Haith, These

- CARICOMP —— Caribbean Coral Reef, Seagrass and Mangrove Sites (edited by B. Kjerfve), pp 220-245,
LINESCO, Parls, 1998, 347 pp.
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7430 ]

Fig. 1. Lewatinn of San Salvador, Bahamas.

shallow seas give the Baharnas its name, from the Spanish “Baja Mar.” The bank syslems are separa-
ted from each other by a deep water basin, with depths up to 4,000 m.

The origin of the Bahamas is still controversial. The archipelage may be the result of plate
teclonics activity 200 million years ago, forming as a horst graben (Mulling and Lynts, 1977), or it may
be the remmant of a much larger platform (Meverhoff and Hatten, 1974). It is generally accepled that
these banks originated at a latitude with warm, shallow waters thal cncouraged the growth of a
variety of maring organisms whose skeletal remains were deposited as sediments. The weight of thosc
sediments caused subsidence as depoesition continued, developing carbonate deposits which, at present,
reach a thickness of more than 5.4 ki (Meyerhoff and Hatten, 1974). The islands are all less thann 61 m
above sea level; the highest elevation on San Salvador is 37.5 m, atop one of the ridges on the east side
of Flamingo Dond {(Shakles, 1994),

The Bahama Platform became exposed during sea-lovel lowstands as a result of four major glarial
advances dunng the Pleistocene. Wimmowed eolianite dunes formed during these periods and became
lithified afler flooding, thus forming the islands. During the interglacial stages, weather allered the
landscape into karst formations of caves, sink holes, and solution pits. Thesc conduits honeycomb the
islands. Because of the great porosity of the limestone, water from rainfall and runeff is rapidly debi-
vered underground Hirough these conduits, resulling in a scarcity of freshwater rivers and streams in the
Bahamas.

Luzring the last ice advance, sea level was 91.5 m lower than today, exposing tho banks. This

allowed plants and animals to arrive from the Greater Antilles, across the short gap from Cuba or
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Bakimus

Hispaniola. Some plants also arrived via birds and as flotsam, as is the case with mangroves. Thus,

the majority of life forms are Caribbean in origin rather than North American.
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Physical Geography

San Salvador is located at 24°3'N latitude and 74°30'W longitude, 640 km FSE of Miami, Flonda. It
is surrotnded by 4,000-m-deep waters and is exposed to waves from the Atlantic Ocean (Figs. 1, 2). The
island s pod shaped, with a north-south orientation. Tt measures 11.2 km east-west and 19.25 km north-
zouth, not including the offshore cays to the north, The island has 94.9 ko’ of surface area, most of
which consists of dune ridges, with adjacent roughs forming brackish (hypersaline) lakes that consti-
tute nearly a third of the total area (Tig. 2} A series of fringing reefs surrounds the island, with a break
in the vicinity of Cockburn Town on the west coast. This breach in the reef provides access o the island
for shipping, dockage, and mooring during novmal weather patterns. The reefs form several protected
embayments, including Grahams Harbor and Rice Bay in the north, Long Bay in the east, Snow Bay and
Trench Bay in the south, and Fernandez Bay and Bonefish Bay in the west (Fig. 2).

Weather and Climate

The moderating effect of the Antilles Current, part of the North Atlantic Gyre flowing past San
Sabvador, cools in the summer when temperatures range from 22 to 32°C, and warmns in the winter when
temperahures range (rom 17 to 27°C (Fig. 3}. Annual rainfall in the Bahamas ranges from 140 am onthe
northern islands to 703 om on the southern; San Salvador, in the center, averages 100 cm. Cold fronts from
the north bring winter rains; as front systems progress southward across warm waters of the banks,
winds moderate and it rains in the northern Bahamas, The summer rains { May-September) resut from

convection; the larger northern islands create more convecfion currends and roceive more rain in the
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sunumer. [he second rainy season is from September to November; it is caused by tropical depressions,
tropical storms, and hurricanes and may account for up to one quarter of the total annual rainfall. All
these weather condilions are unpredictable and produce years either with less than average rainfall on
San Salvador or heavy rains that wash away exposed soils. Baharnian soils generally are shailow,
pootly developed, and retain very little water, Land disturbed by cullivation erodes very quickly, and

the lightweight humus occcasionally present washes away even more easily.

Yepetation

San Salvador hosts only those specics which can survive the hardships of poor scils, hall sun, and
poriods of drought. Salt winds have led to 6 to 8% endemism in the plant communities. The vegetation
of San Salvador is generally “scrub,” with approximately 524 species of vascular plants in 265 genera,
representing % families. Of these, about 60% arc of Caribbean origin, approximately 3%, are exotic
Florida imports, and the rest are the 6 to 8% endermnics (Smith, 1993).

As defined by Smith {1923), the vegetation of San Salvador can be categotized into three broad
zones: coastal, nearshore, and inland. Coastal vegetation, in beach soil locations, is dafined as the sea
strand /sea cats community, consisting of sea vats (Uminle), sea grapes, and railroad vine, all of which
assist in stabilization of the dunes In rocky shore locations, the vegetation is 1 m high and includes
Mallotonia  graphalodes (bay lavender), Erithalis diffusa (black torch), Scaevola pluntieri {ink
berry), and Gundlschia corymbaza (thorse bush). The nearshore vegetation is located farther inland and
is more protected from salt spray. This “coastal coppice” community consists of thicket and silver-
thatclh or Cocotlirinax shrub. The inland vegetation includes the mangrove community, the freshwater
forests, the whitcland community, and the blackland community.

Mangrove swamps line the inland brackish lakes and are also found in protected basins such as
Pigcon Creek and Irench Bay; the average height of the trees is 4 m. Vegetation is sparse in the man-
grove flats; plants grow out of cracks in the rocks or in pits where soil has collected; average tree height
is less than (0.3 m.

The blackland community is the most extensive plant community on the island. The soils are fertile
light and dark loams. This community is characterized by dense vegetation with preal species diver-

sity but no dominant species,

Cultural History

[t was probably San Salvador upon which Europeans (Columbus and his crew) first set foot in the
MNew Wotld. As described by Columbus in his log, the local Indians, called Lucavans, named the island
Guanahani. These Islands were completely depopulated by 1513 when Ponce de Leon passed theough on
his expedition to Florida. The Indians either were the victims of European diseases or were deported to
the Greater Antilles as slaves. While the Spanish by-passed the Bahamas for more lucrative locations
in their quest for gold and fertile lands, the British slowly took possession of this region, initially
because of its strategic position on the perimeter of the Spanish colonies, and finally declared it a

Crown possession in 1629,
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San Salvador was virtually unaffected by the encroachment of Europeans until American colonists
loyal to Britain were forced from the United States and migrated to the Bahamas in 1783, They built
impressive cstates, using African slaves as a labor force. The “Loyalist Period” ended in 1834, when the
Crown abolished slavery, capping an era that included many unsuccessful years for the plantets because
of drought, insect infestations, and soil depletion,

The descendants of San Salvador’s slaves continued experimenting with agriculture under a share-
cropping system throughout the 1800s, ealsing {irst citris and livestock, then pineapples, and finally
sisal. All of these large-scale agricultural enterprises apparently came to the same end as those of the
Loyalists, Records show that just prior to and after World War I, the lifestyle of San Salvador's
imhabitants was very poor, with cveryone existing on subsistence farming.

Prosperity returned in 1951, with the establishment by the United States of a down-range missile-
tracking base, a Coast Guard station, and a subimarine tracking facility, all located on%em Salvador
The majority of the US military departed the island in the late 1960s, leaving an infrastructure uof
wellconstructed buildings, an electrical power station, and a 1,500 m paved airstrip. These facilities
have all been put to good use by the Bahamas Government, now housing 4 Teachers” Training College, a
high school, and the Bahamian Field Station. Prosperity has continucd for San Salvador with a short-
lived land development company in the 19705 and now a recently opened Club Med resorl.

The lecal resident population of less than 800 persons lives in several small cornmunities around the
petrimeter of the island. The capital is Cockburn Town, on the west coast of San Salvador, which houscs
the local government offices of the Commissioner and palice, the post office, a telecommunicalions
center, & government clinic, and electrical ubilitics company. Electricity is available for all but the
smallest of commumities cmv the rural southeastorn side of the isiand; telephone service extends only
along the west and north coasts. United Hstates, located on lhe northeastern side of San Salvadoer, is
home to the majority of the jsland’s population and is also the site of the Dixon Hill lighthouse, a

major navigation aid in Lhis section of the Atlantic.

MNearshore Waters

The Antilles Current, as part of the North Atlantic Gyre, brings warm waters as well as flotsam to
the coast of San Salvador. However, the strongest curvent affecting the nearshore waters of the island
is the leng-shore current runming north-scuth along the westorm shore, This curmrent is sttongest in the
winter menths when waves are forced around the island by the northeasterly winds. In summer, winds
shift to predominantly southeasterly, resulting in the progradation of many beaches. Although long-
term daka on nearshore water conditions are not available, various measurements have been collected
sinee 1992 by Thomas Mo(irath as part of & neatshore coral monitoring project. Table 1 shows the 1993
mean values at different times of the year for air and water temperatures, pH, salinity, and dissolved
oxygen at different sites around San Salvador. Secchi disk depth varied from 21 min July 1993 to less
than 11 m in November 1993,
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Table 1. Mean values for nearshore waters {McGrath, 1993),

Temperature 'C} Salinity K2
Reef Site Air  Water pH % N
Eocky Foint March 13 24 5.3 35 6.0
Auglist 9 30 8.3 35 —
Noeemhor 26 25 B3 35 £ it
Linday's Reef March 24 24 83 KR 6.0
August 24 30 8.3 3.5 —
Suvember 26 25 5.3 35 fild
Rice Bay Site not established ool August teamn
At 9 an 5.3 ahb
ovember 260 25 B3 3.5 6.0

_th_si_—:_:i Measurements

The mangtove wetlands station is located in Blackwood Bay {Fig. 4); salinity and temperature
measurements ate taken & m offshore in order to obtain proper depth, interstitial water is measured > m
landward of Quadrant 1. Seagrasses are sampled at two stations, the southern ane in French Bay (Fig.
4), and the northern one in Grahams Harbor {Fig. &), wiich also contains the climate sampling station.

The coral reef stalion is located in Fernandez Bay (Thg, 8).

Mangrove Site

The mangrove site is located in an area called Blackwood Bay, part of a large embayment lawown as
Frenwch Bay on the southern shore of San Salvador (Fig. 4),

Blackwood Bay has a low-energy shoreline, due to the fringing reef to the south which dampens
waves coming from the Atlantic, Seaward of the reef, as described by Pace (1986), the bay platform
passes through spur and groove topography and plnges almost vertically to abyssal depths (Fig. 5.
The reef is a boulder rampart composed of coral rubble, bound by encrusting Milfepera. The quiel lagoon
located landward of the reci is a shallow platform of bedrock with mud mounds upen which Thalassia
is growing on the lower mounds, Halodule on the higher, Thalassia traps sediments, causing the mounds
to grow taller until they are exposed at low tides. Thalassia, having a low tolerance for aerial expo-
sure, is then replaced by Halodule.

The platform shallows upward into an intertidal zone and continues to the mangroves of the upper
intertidal zone. Red (Rhizophers mangle) and black (Avicennia germinens) mangroves are interspersed
here, and the progression contimues landward into white mangroves (Leguncularia racemesa) and
buttonwoud (Conocarpus erechus), Tree growth ends abruptly along a sandy beach ridge, or berm, which
is basically treeless and covercd primarily with dried Thalgssia wrack along with Sargussum and
swash debris. The berm parallels the shore and has all the apprarance of an abandoned road; it
represents {he spring high tide and is marked with human detritus: botiles, styrofoam cups, plastic

Jugs, etc.
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The sand beach extends 5 minland to a gravel ridge of reef rubble and rock fragments. This ridge
alse parallels the coast and dips landward into several shallow ponds. Some of these ponds were dry in
early April 1934, but there was evidence of flooding during the previous rainy season. The sand ridges
probably represent successive storm beaches that were rapidly stabilized by mangroves {Kramer and
Caputo, 1988), This may have been accelerated by tropical storms transporting materials to the gravel
ridge and the shoreward sand berm,

The coastal red mangrove forest in Blackwood Bay is one of two habitats in which coastal man-
groves cxist on San Salvador; the other is in a lageon /tidal flat complex in Snow Bay., The mangroves
on San Salvadoer are typical of those on many of Bahamian islands. Mangroves are vulnerable to wave
activity (Davies, 1980}, which accounts for their absonos on mast of the coast, with the exception of
these two low-energy environments. Jugo (1993) described the coastal mangroves of San Salvador as
guod examples of an ecosystemn under stress. As he stated: “Short tree struchure, small and rigid leaves,
abundance of sencscont leaves, vertical leaf orientation, thinned canopy, and high rates of albino
seedlings are indicators of stress.” Most of San Salvador's mangrove communities would be classified as
"serub” or “dwart” as a result of scarce fresh water from rainfall and runoff, low nutrient availability,
generally poor Hdal exchange, lack of good substrate, and exposure to strong winds.

The mangrove sampling quadrants in Blackwood Bay consist of three 100 10 m plots located paral-
lel to the shoreline, entirely within the intertidal zonc. The substrate consists of calcium carbonate
graveis and sands, with concentrations of crganic-rich mud as the density of the mangrove prop roots
increase. This site supporls the growth of taller and greater diameter-at-breast-height (dbh) red
mangroves than are typically found at other coastal communitics on San Salvador. This may be due Lo
seepage from the freshwater ponds located just landward of the sandy beach ridge, and /or to profection
from prevailing winds,

Mangrove Quadrant 1 is located at 74°31'36"W, 23°5712"N, entirely within the intlertidal zene,
and consisls soleiy of red mangroves. The quadrant contains trees with mavimuom heighls of 4.5 mand 4
with diameters greater than 2.5 om just above the top prop roots. Numerous seedlings (diameter less
than 2.5 cm) are dispersed throughout the quadrant.

Chiadrant 2 1s located 250 m east of Quadrant 1 and contains 22 irees more than 2.5 cmoin diameter.
The tallest mangrove reaches 4.5 m. This quadrant of red mangroves contains one large buttonwoed tree,
which may be a leftover from a lower sea-level stand.

Cluadrant 3 is adjacent to the eastern side of Quadrant 2 and also parallels the shoreline. [t containg
5 massive red mangrove trees whose prolific prop roots cover the entire 10 m¢ quadrant. The circum-
ference at the lop of the last prop root averages 22 em. There are no seedlings in this quadrant, although
it has the densest growth of the theee. Tree heights reach 5.5 m.
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Seagrass Sites

Seagrass meadows oo in many matine cpastal areas throughout the world {den Hartog, 1970).
The diverse ecological roles played by seagrass in the marine cnvironment have been well documented
(Zieman, 1982; Thaver et al., 1984). These plants provide fixed catbon to other trophic levels through
direct herbivory and microbially transformed deiritus {Ogden, 1976; Tewis, 1986; Kenworthy ef af.,
1989). Seagrass also stabilizes marine sediments {Fomseca and Fisher, 1986; Fonseca, 1989) and provides
a habitat tor a variety of other nrganisms (Kemworthy of af, 1988),

A number of environmental factors can have a profound influence on the growth and distribution of
seagrass species in goneral. Among these are light intensity and quality (Dennison, 1987}, temperature
{Bulthuis, 1987), sediment nutrient stalus (Short, 1987), current velocity {(Fenseca and Kenworthy,
1387, and microbial interactions (Smith, 1887, One or a combinalion of these factors may also accouwt
fur seagrass declines in various geographical regions {den Hartog, 1957; Short et al., 1987; Shepherd ¢4
al., 1549). Although some decline may be attributed to point-source pollution, it is difficult to deter-
mine if they are local or widespread due to the lack of long-term, coordinated monitering studies at key
lcations. Seagrass meadows occur off the northern, southern, and eastern coasts of San Salvadoer. They
arc particularly cxtensive in sommewhat protected areas in the south (French Bay) and in Grahams
Harbor in the north. French Bay was selecled as a primary CARICOMEP site because it has the highest
potential growlh rates for Thalassia, cawsed by the winds and currents providing high levels of nut-
rients {Tig. 4). The French Bay site is located 10 m cast of and parallel to the French Bay jetty, which
runs al 3377 to the shore, The seagrass meadows near the mangrove sites are often exposed during low

tides, while those chosen as CARICOMP studics arc never cxposed. Grahams Harbor was selected as
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the secondary site since it is most typical of the seagrass meadows around San Salvador. Grahams
Harbor is a windward, high-cnergy lagoon located on the northeastern coast of San Salvador at 24707
"N, F42730W (Fig. 6). This shallow basin is bounded by San Salvador to the south and North Toint
to the cast. A barrier recf protects the lagoon along its northern margin; it is open to deeper waters to
the west {(Armstrong and Miller, 1988). Protected by fringing reefs, Grahams Harbor contains the most
stable and the most extensive seagrass meadow around the island. It is buffered against extremes in
watcr current velocity and is approximately 3 m deep at mean low tide. Beginning in 1985, samples of
the seagrass beds n both French Bay and Graharms Harbor have been collected semiannually (mastly in
July and December}. The sampling protocel is given in Table 2 and resulting data are shown in Fig. 7

{next pages)

Table 2, Six year seagrass sampling protocel, 1988-1593.

Sike . __ . __ . DatesSampled No ofCores  Species Present
French Bay 1, 4-12 285 T, 5
Crrafarms Harbor I 2 - 830 T.5H
e e o ampling Thes Geagrasses
1 - 07788 4 = 12/89 7 =07/491 10 = 12/93 T = Thalassia
2 =12/88 b =07/H] B =12/9 11 = 07793 5= Sy?'z'nlg'ﬂrﬁum
3 =07/8% f=12/90 g =07/92 12 =11/93 Fl = Haledule

Scagrass corcs were taken along 15 to 60 m transect lines at 2 m intervals with a 0.02 m corer to a
depth of 20 em. Cores were placed in plastic bags upon removal from the substratum and washed free of
adhering sediment on shore, Flants were then taken to the laboratory and washed in 0.1 N HCL, sorted
by species and plant part, and leaf counts made. Contents of these cores were analyzed for seagrass
species, above and below seditment biornass, and leaf count. The highest growth rates for Thalessia
were observed al the French Bay site. Both Thelassin and Syringodien were found in more or less cqual
prpulation densities (based on leaf counts), but biomass was much greater for Thalassia. Most of these
measurcments have remained stable over the past few vears, Al French Bay, huge mauds of seagrass
wrack can be fitnd on shore after hoavy storms, At the Grahams Harbor site, population levels of
Syrimgndinum and Heledule were similar and relatively consistent until Neovember 1993, wihen a
significant increase was cbserved. Biomass measurements of Thalassia showed distinct scasonal fluc-

tuations, with increases during the winter months.

Coral Beef Site

The coral reef site is located at 24°02°12°N, 74°31'57"W in Fernandez Bay, a gently curving shallow
embayment along the west coast of San Salvador (Fig. 8). The bay is 4-5 km wide and extends from
Cockbum Town in the north to the Sugar Toaf Rocks in the south, a distance of 6-8 km. The dominant
feature of the irregularly shaped shoreline is the presence of large blocks of lithified beach sand
which extend from the uppet reaches of the mtertidal zone (splash zone) through the lower intertidal

zone and into the sandy bottom of the bay. The intertidal extends approximately 25 minfe Fermander
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Bay, with a mean depth of 1.5 m at high tide. The beach rock shoreline of Femandesx Bay grades inte 2
predominantly calcium carbonate sand and extends cutward from the shore 400-1,500 m to the “dropoft”
or “wall,” with a gradual downward slope such that the water reaches a maximum depth of 15-25 mat
the lop of the wall (Fig. 9. Numerous patch reefs of considerable size (=5,000 nv, 3-5 m high} appear
randomly on the floor of the bay, Water visibility remains good most of the year, with an average
Seechi depth of 60 me The mean water temperature is 28°C.

The wall is the predominant geological feature along the west coast of San Salvador Island; it has

a near-vertical drop to 2,000-3,000 m. Running parallel to the shoreline and about 1,000 m from shore 1s
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a mingr secondary dropoff that descends toward the top of the wall. The sampling site at Ostrander
Reef i located within a band of coral reefs situated on top of the wall and extending a considcrable
distance both north and soubh of the site,

The patch recfs scattered across the sandy bottom of the bay contain at least 100 species of fish and
many more species of invertebrates, Hard corals include Acropora cervicornis, Porites astreoides, P.opor-
ites, Monagstrea annplaris, M, covernesa, and Dichocoerin séokesti, The same soft coral species as des-
cribed above predominate. In addilion, significant numbers of colonics of Millepora sp. eccur at a higher
density oil these reefs than an the surmnmding substrate. The predominant algal species @ the patch
recfs include Pading and Turbingria.

Pritnary anthropogenic activities in the viginity of the coral rect site include occasional recrea-
tional divers and fishermen that visit the wall. However, this site is not in close proximity to any
regular dive sites or fishing spots. Consequently, little human impact an any aspect of this coral reef
ecosysfem is anticipated over the course of these studies. The coral reef site is located a considerable
distance from the seagrass and mangrove sites, and little interaction between the three ecosystems can
be cxpecled,
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Bermuda is an isolated subtropical coral reef ecosystem in the North Atlantic. Shallow
water carbonates cover an atoll-like volcanic seamount. The islands are emergent acoli-
anite limestone duncs that lie along the southeastern margin of the seamount. Extensive
rones of coral reefs, dominated by massive corals {Diplaria spp., Muntasiraca spp. and
Porites arlreoides), suround the central North Lagoon Within the lagoon there is a
complex of shallow patch recfs that support a higher diversity of corals, dominated by
branching species (Oculing spp., Madracis spp.) and lhe hydrozoan Millepora alcicer-
#is, Seagrass beds are distributed throughout the patch reefs, the inshore basins, and
the shoreward margin of the outer rim recf. Threc species of scagrasses, Thalassia
testudinnm, Syringoditnn filiforme, and Halodule  bermudensis, are often intermixed or
form monaspecific beds, Mangrove forests have been reduced by foreshore development
to small pockets and fringing communities, cxcept at Hungry Bay. Shizephoras wangel
ard Avicennia germinats are the only species prosent. Scawater temperature fluctuates
seasonally within the lagoon (14-317C}) and on the outer reef (18-297C), which is moder-
ated by e surrounding Sargasso Sea. Salinity remains close to oceanic values {36.5%:)
due tr low run-off from the porous limestone islands. Despite a high population den-
sity, human impacts are limited lo over-fishing {now controlled Lhrough legislation),

nutrient and trace metai loading of the inshore basing, and ship groundings.

Intreduction

Bermuda is a unique island ecosystem located at a high Jatitude {(32°N, 65"W) in the North Atlan-
tic. The warming influcnce of the nearby Gulf Stream moderates the air and waler emperature,
allowing the development of subtropical marine and littoral comununities {coral reefs, seagrass beds,
mangrove forests). The islands of Begnuda are emergent aeclian dunes, formed during FPleistocene
interglacial periods, located along the southeastern edge of the Bermuda Fedestal (Garrot and Seoffin,
1977, Mackenzie and Vacher, 1975; Morns ef ol , 1977)

S CARICOME — Caribbean Comal Reef, Seagrass and Mangrove Sifes (edited by . Kjerfve), pp 247-237.
UNESCO, Paris, 1998, 347 pp.
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The volcanic pedestal is covered by Pleistocene and Holocene carbonates, 15 fo 100 m thick, and the
upper surface is about 665 kan® in sizc of which only 50 km’ is covered by the islands. The bulk of the
upper surface of the pedestal is a shallow lagoonal system (<20 m deep} with cxtensive shallow reefs,
scagrass beds, and deeper muddy basins, refetred to as the North Lagoen (Fig. 1} The islands form
protected nearshore arcas with further seagrass development and isolated pockets of mangroves.
Extensive reef zones are developed at the seaward margin and flanks of the pedesial (Fig. 1}. The cuter
reefs and lagoon areas, <20 m deep, are referred to collectively as the Reef Platform (Logan, 1988),

The marine biota is Caribbean in origin, with reduced species diversity and relatively little
endemism {Sterrer, 1986). The cool winter water temperatures (14-18°C) are believed to be the limiting
factor for the survival of some Caribbean species, although the depree of isolation of Berrnuda {about
120t km from The Bahamas and Florida) may limit larval dispersal from the Caribbean {Logan, 1988).

The islands were colonized in the early 17th Century and extensive development has taken place,
primarily since 1940, At present, the population is about 60,000, distributed throughout the islands,

The oconemy is based principally an toutism, international business, and finance (Hayward ef al.,
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Fig. 1. Map ot the Termuda Platform, showing the outer reef zones surrpunding the central North Lagoon, which comitains
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1981). The main settlements are the city of Hamilton in the center of the island and Lhe lown of 5t.
Geurge at the eastern end. Both urban areas have centralized sewage systems that discharge directly
into the marine environment with little treatment; the Hamilton outfall is located o the South Shore
and the 5t George system empties into the North Tagoon,

Human impacts on the marine environment have been relatively limited. Fishing pressure on fish,
conchs, and lobsters on the reefs has increascd throughout the 20th Century and stocks have declined. A
reasonably comprehensive management plan was introduced in 1990, inchuding restricted areas and
endangered species protection, to stabilize harvesting efforts (Jutler ef al,, 1993). The inshore coastal
lagouns receive nulbrient inputs derived from agriculture and sewage via both terrestrial rnmoff and
groundwater seepage, and also brace metal contaminants {Bodungen ¢t al., 1982; Jickells e af., 1986}
Dvrect sewage inpuls appear to have limited impact due to good flushing at the outfal]l sites. Toreshore
development has been extensive, with the creation of commercial and naval port facilities, Also, ship-
ping charmels have been dredged and blasted through the North Lagoon for access to the capital city of
Hamilton al the center of the island and to the naval bases at the western end of the island. The
creation of an airfield by dredging and filling a large area in Castle Harbour eliminated ceastal
mangroves, caused coral mortality, and altered the ccology of the lagoon (Dedge and Vaisnys, 1977
Ivyer aned Logan, 1978).

Climate and Dceanugl‘al_]h}’

Bermuda’s climate and the oceanographic condilions on the Reef Platform and surrounding Sargasso
Sea have been studied intensively for decades {Anom., 1984; Mormis et al., 1977) A comprchensive
summary of many types of data pertaining Lo the Bermuda marine environment is given by Morris #f @7,
{1977

The high latitude of Bermuda {32°N) makes it susceptible to strong low-pressure gystems from
Norih Arnerica, bringing an average of 4-6 stong gales per winter {Anon., 1984 Garret and Scoffin,
1977). High seas {5-20} m) arc genecrated over a long fetch and impinge on the outer reefs, qualifying
them as high energy zones. The lagoonal reefs experience 1-2 m waves during gales. Hurnicanes and
tropical storms hit or pass by every 2-5 years and also produce extreme wave conditions on the outer
reefs,

Air temperature fluctuates sirongly with the seasons, dropping to 8°C with the passage of strong
winter lows, while summer highs range to 35°C {Tablc 1; Anon., 1984). Spring and summer air fHow is
generally from the SE to S5W and usually less than 15 knots. ENE-N winds are cammon in the autumn;
winter air flow Is from SW-W-NW, often =15 knots, and frequently gale force (35 knots) Rainfall
averages 147 cm per year and is evenly distributed throughout the year, Cloud cover varies seasonally,
with more clear davs in summer (35-40%) than winter (15-20%). Solar insclation ranges from a july
average of 640 g cal™ em™ d™ to a December average of 240 g cal™ em™ 47,

The North Lagoon and outer reef zones differ slightly in their eceanographic conditions {Beden and
Kampa, 1953). The water temperatures o the outer reefs range from 18 to 28°C, moderated by the

passage of Gulf Stream eddies in the surmounding Sargasso Sea (Hela ot al., 1953} Due to shallow
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depths, the North Lagoon watms and cools over a larger range; winter lows may reach 14°C, climbing to
31°C in the swmnmer. There appear to have been record-setting highs in the past six years {Table 1; Cook
et al., 1990, 1993}, but this may be the result of more frequent sampling and detection of short-term
pealks.

The lagoonal waters are exchanged over the outer recf zones by semi-ditrnal tides with a mean
range of 0.75 m and a spring range of 1.0 m. Salinity varies little from the 36.5 ppt recorded in Lhe North
Lagoon and the quter reef zones. The more enclosed inshore basins de show modest departures (=358

ppt) due to groundwater seepage, run-off, and rainfall.

Table 1. Summaty of CARFCOMP climatic, occanographic, and biological data (average values).

Maximum bMonthly Minimum Monthly

[Sampling Period} {Sampling Penod)

Curnulative rainfall 547 mum (0971995 19 num {05 /1595)

Air temperature 35.0°C (07 /1545) FAC (D2/1993)

Sea temperabure, reef site 29.2°C (07 /1994) 15.7°C (02/1995)

Sea temperabure, scagrass site 29.2°C (07 F1994) 18.7°0 02/ 1949

Seachi herizontal distance, reef site 30.0 m {05 /1993 110 m {10,/1995)

_Secchi horizonlal distanee, seaprass site 253 m (0471995 7.3 m (051995

. Range of Avcrages Sampling Pering

. e ) Lenw High Low High
Mangrove total litter fall (g o™ month =) 13.00 250,00 /15993 09714463
Mangrove biomass (Cinkron & Novelli} (kg m) 1E17 10.96 03/1993 09,1594
Thalassin leaf production rates (g™ m~ d7'} 052 1.48 09,/1995 014 /1954
Thalassta biomass {above+below) (rm 7 &38.00 10A3.(H) 09 /1993 14 /19494
Total caral coverase (%) 16.70 2420 09 /1494 08 /1993
Tutal algal coverage (Y 8.30 30.40 09/1995  00,/1993

The lagoonal and inshore basins are more turbid than the surrounding accanic waters, due to par-
ticle resuspension and higher water column productivity (Bodungen ef af., 1982; Jickells et al., 1986;
Morris ef al., 1977). Extinction coefficients are about 0.05 for the oceanic waters and range between (.13
and 0.57 on the Reef Platform. Recent Secchi data show clear seasonal patterns at both the lagoonal
seagrass site and the ouler reef site, with generally clearcr condilions in late spring/early summer,
tallowed by a decline in water clarity through summer and fall {Table 1).

A water quality momitoring program (BIWI) has collected monthly surface water samples from Lhe
inshore waters and in the North Lagoon since 1977 {Bodungen ef af., 1982; Jickells et al., 1986; Morris ot
il., 1977). The program measures dissolved nutrients (NO+NQ,, NH,, PO,), pigment concentrations,
temperature, and Secchi dise depths. Significant nilrogen enrichment was found in the inshore basins
but nat in the North Lagoon. One site {Site 34A) is located about 5 ki east of the North Seagrass Site.

Climatic data are collected at two locations. Rainfall data are collected on St. David's Island as
part of the AEROCE program. Air temperature data are collected at the Naval Oceanographic
Command Faeility, U.S. Maval Air Station, also on St. David's Island (see Fig. 1). oceanographic data

are collected at the Hog Breaker Reef Site, the North Seagrass Site, and the Hungry Bay Mangrove
Site,
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Mangrove Ecosysterns

Mangrove communities in Bermuda are the northerrmost in the Atlantic and are limited in diver-
sity and development (Thomas and Logan, 1992; Thomas, 1993). Bermuda's mangrove swamps have been
reduced dramalically due to forcshore development, particularly in the last contury (Sterrer and Win-
gate, 1981; Thomas and T.ogan, 1992). Approximately 16 ha of mangroves remain, perhaps less than
hall the pre-Colonial amount, and ~6 ha of the toka) are found associated with landlocked anachia-
line ponds (Thomas and Logan, 19925,

Mangrove swamp development was never very extensive due to the steeply sloped shoreline and
lack of cstuarine erwvironments, Most of the currenl mangroves are classified as fringing communities and
arc camposed of only two species, Rhizophora mangale and Avicentin germinans, that exist as narrow
stands along the shore (Thomas and Logan, 1992), The distribution of the mangroves on Bermuda is
disjunct, due to the character of the coaslline. Mast of the mangrove communities are small («1 ha} and
there are no zonation patterns. Hungry Bay is the largest swamp (2.9 ha), with a creck svstem that has
been channelized since the 1950s (Fig. 2}. The seaward margin of the Hungry Bay swamp has retreated
significantly due to sea-level rise over the past 10 years (Ellison, 1993).

The CARICOMP mangrove study is carricd out in Hungry Bay {32"17.3N; 64°45.5W) an the south-
ern shore of the island. Four 10 x 1{t m vegetalion study plots are located along the central axis of the
swamp {Fig. 2) and the water sampling station is located near the mouth of the main drainage canal.
CARICOMP results from 1992-93 indicate that salinity in the creek may drop to 33 ppot The mangrove
trees at the seaward margin arc wnder stress, with reduced diameters, heights, and litter production
compared {o the plots in the interior of the swamp {CARICOMP data). Also, oo scedlings are found at
the seaward raargin though they arc abundant within the swamp. Ellison {1993) has demonstrated
that the margin of the swamp is below mean sea level due to erosion and cising sea level, and this has

coniributed to the cxtensive retreat of the margin over the past 90 years.

Atlardic Cicaan

Fig. L Map of the miugrove forest at Hlungry Bay (after [, Ellison, 19930, The locations of the four study plots are shown, as
well us the principal channels within the: forest.
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Seagrass Ecosystemns

Seagrass beds are distributed throughout the Reef Platform but they are generally limited in extent
and have not been well studied (Thomas and Logan, 1992). The dominant species are Thalzssia
testudinnm and Syringodinne filiforme, which can form large monospecific stands. The most extensive
Thalassia beds are located off the southwestern end of the island. A large bed of Syringodinm is loca-
ted along the North Shore (Knap ef al., 1931; Smith et 2l., 1995), In the inshore basins, Thalassia and
Syringedinm usually ooour in mixed stands along with a third species, Halodule bermmudensis. These
beds are generally small due to the limited shallow water areas surrounding the relatively deep in-
shote basins, Several small bays and sheltered coasts have been mapped (Morris et al., 1977, Thomas
and Logan, 1992). Seagrass beds are found associated with the patch reefs in the North Lagoon, either
contained within the cellular and minié-atol]l reefs (Logan, 1988) or an their flanks. Their distribution
within the North Lagoon reef complex is patchy and has not been described. T. testudimun and 5. fili-
forme arc the moest abundant spectes in these beds, occurring as cither mixed beds or tnonospecilic stands.

The two CARICOMPD seaprass sites are located within a mini-atoll recf (Crescent Reefy in the
center of the North Lagoon, south of the north shipping channel, in an area known as The Crescent
(Figs. 1 and 3). Water depths off the reef reach 15-18 m. The North Seagrass Site (32°24'04"N; 64747
57"W} consists of a broad belt of T. testudinym adjacent to the eastern reef, which grades ko an exten-
sive mixed stand of 8. filiforme and H. bermmdensis. The South Seagrass Site {32°24'10"°N; 64748'20"W)
is a monospecific stand of T testudinum. The seagrass bods are surrounded by banks of ree{ that may
shallow to 0.5 m depth but average 2-3 min depth, Water depth at both seagrass beds is about 5 mu
Shouot densities of T. festridinum are low (790 + 1% [standard error] m™®) and blade lengths shorl {5-11
ey, perhaps indicative of the relatively exposed condition of these beds. These sites appear to be
pristine and undisturked by human activities, apart from the CARICOMP study.

Thalassia beds are found at the lagoonward edge of the outer recf zone of the North Lagoon, known
as the Rim Reef (see below and Fig. 1). These beds are small {<0.5 haj, patchy in distribution, and occur
in relatively deep water {8-10 m). They are an important habitat for protected populabions of the
Cucen Conch, Skromibus gicas (Berg et al,, 1992).

Quantitative studics on seagrasses are limited primarily to the nearshore beds {Palriquin, 1973;
Titt, 1992; South, 1983; Smith ef af., 1995). Shoot densities for T. festudinum and 5. filiforne range [rom
300 to 1600 per m®. Leaf production estimates for T. festudinum range from 0.8 0 1.7 g o &7 dry weight
(e, 1992; CARMZOMP data). Higher leaf growth rates are found in the nutrient-emriched inshore
areas compared to the lagoonal beds (Pitt, 1992). Intensive studies of T, testadinim and S, fififorne beds
alomg the North Shore have been carried gut as part of an environmental monitoring study {Knap «f al.,
1991; Smith ef al,, 1995). Syringodium leal production rates are 0.3-0.6 g m™ d” dry weight {Smith ¢!
al., 1995},
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Coral Reef Zones

Extensive reef zmes are developed at the margin and oo the shallow flanks of the Bermuda
Pedestal (Fig 1; Garret and Scoffin, 1977; Logan, 1988), The Fim Reef is a shallow (3-10 m) wone, about
0.3-1 lan wide, that separates the ocean from the North Lagoon. This zone is reduced on the narronw
southeastern edge of the pedestal adjacent to the islands, where a nearly continuous linear sequence of
emergent algal-vormetid reefs ("boilers”} separate the nearshore reef zone from the ocean (Meischner
and Meischner, 1977). Seaward of the northern Ritn Reef and southern boiler reefs is the exfonsive Main
lerrace, sloping bobween 15-30 m, that susrounds the entire pedestal and may be up to 3 kn in width.
Below the Main Terrace reefs is the deep fore-reef that slopes sharply off and terminates at aboul 60 m
{liricke and Meischner, 19585). Within the North Lagoon is an extensive array of patch reefs varying in
sive and configuration (Garret et al., 1971; Logan, 1968}, interspersed with deep {15-1% m} muddy basins.

The Rim and Terrace Reefs have similar coral assemblages, made up of a few species, but coverage
ranges from 23% in the former z2one to 50% in the latter zone (Dedge of /1., 1282; Logan, 1988). Diplarin
strigosa, D. labyrinthiformis, Montasfraca franksi (scnsu Well and Knowlton, 1994}, M. cavernoesa, and
Porites astreoides are the dominant corals in these zones, along with the hydrozoan Millepors alcicor-
nis. Less common species include Steplanacoenia micheling, Favia fragum, Agaricin fragilis, Madracis
decactis, Siderastrer spp., Scalymia cubensis, and fsephyllia sinnosa, The decp fore-teef commumity is
compused of Montastraea spp., A. fragilis, 5. michelini, and Madracis spp. (Tricke and Meischner,
1985).

The lagoonal patch reefs have a similar Diploria-Montasiraca-Porites commumity struchire with
lesser coverage (<20%} (Dodge ef al, 1882; Garrett et af., 1971). However, the patch recfs closer to the
island and within Castle Harbour suppart a different community of primarily branched spocics (Mad-
racis decactis, M. niirabilfs, Oculine diffusa) that grow on the verlical sides of the reefs [Dryer and
Logan, 1578; Logan, 1988). This reef community may have developed as the result of higher sedimenla-
tion rates ¢Jose fo shore and the degree of protection from wave energy. Coral diversity is greatest an
these reefs, along with other sessile invertebrates and benlhic algae.

Cotal growth rates appear to be seasonal, with faster growth in the summer months but reduced for
somc specics compared to Caribbean comgeners (Table 1; Logan and Tomascik, 1991). Higher growth
rates for several cogral species are foumnd within the lagoonal reefs compared to the outer reef zones
(Logan et al,, 1524},

Overall, Bermnuda’s recfs arc in good health, despite repeated coral bleaching episedes (Cook et
af., 1993}, The reefs have suffered direct human impact (ship groundings, dredging) but these have
generally been limited in extent (Cock ef al., 1993). The potential effects of the over-harvesting of reef
fishes have been mitigated by 2 now manapemenlt plan thal eliminates the use of non-sclective braps
and creates no-fishing zones (Butler ef al., 1993}, Recent monitoring has noted the recovery of some {ish
stacks (Luckhurst, 1994}

The CARICOMP reef sites are located on the northern rim reef about 12 km from the island (Figs. 1
and I} The Hog Breaker site {32°2732'N; 64°4%54"W} and the Twin Reefs site (32°27'51"N; 64748
6" W) have been used [or extensive investigation of coral rccruitment, mortality, algal abundance, and
fish grazing activity since 1986 {Smith, 1988, 1990, 1992; Hog Breaker = Smith’s WC and Twin Recfs =
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Smith’s EC). Monitoring of coral bleaching on permanent transects at both sites has been carried out
since 1990 {Cook ¢f gf., 1993} Neither site shows any cvidence of human inlerference apart from low-
mnpact scientific endeavors {photography, algal collection, installation of marking stakes).

The reef sites are near the center of the Rim Reef zone, about 100-150 m shoreward from the transi-
lion of the Rim Reef to the Main Terrace; thus, these sites are exposed to oceanic swell and storm waves.
Both sites are characterized as a bank of reef, average deplh 7-9 m, interspersed with sediment-filled
depressions at about 10 mdepth. The reef surface is a fairly rugose relief of 1-2 m, due in patt to the
large sizes (0.5-1.5 m diameter] of the main framework-builder, Diplaviz spp. {Smith, 1388). An
unusual feature is the presence of ccasional biogenic carbonate pillars up to 4 m in height and 1-2 m in
width, with sparse coral cover (Logan, 1933).

The coral eommunities at both siles are the Diplorie-Monfestraea-Porites assemblage typical of
the Rim Recf. Gorgonian corals are common, primarily Pseudoplexaura spp., Plexaura spp., Eunicen
spp., Psevidopterngorgia spp., and Corgonig ventaling, Other common sessile invertebrates are coratlio-
morpharians, roanthids, and anemnomes. targe crect sponges are rare. Reef turf algae arc primarily
Polysiphonin spp., Ceramium spp., Herposiphonta  secunda, and Sphacelaria sp. The mosl common
macroalgae are Lanrencin obtuss and Dickyels bariayresii, althoupgh Ceramivm nitens becomes

seasonally dominant in the summer months (Smith, 1990).

]ntera::_t_inn of CARICOMTI Sites and Relationship to the Caribbean Sites

The three CARICOMI study sites on Bermuda are scparated physically and do not have any divect
interactions. Bermuda's study sites are geographically unrelated to the Caribbean, with different
climatic and oceanographic regimes. However, Bermuda's role as an outlier ecological system mav be a

valuable point of reference for future changes that may occur in the Caribbean,
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The Data Management Centre and Data Summary"

Dulcie M. Linton and Jeremy D). Woodley
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University of the West Indies-Mona

Kingston 7, [ewmaica

The CARICOMP Data Management Centre is responsible for the collation, storage, and
redistribution of data. At each CARICOMP site, dala are entered into spreadsheet
templates prepared for each of the fourtcen CARICOMP Level One methods. These arc
sent to the Centre by various means, increasingly by e-mail. Regional data swnmaries
are distributed to the network each year. After a period of internal review and use,
these will be published, both in hard copy and a the World Wide Web. Final storage
will be in a relational database program. Meanwhile, the Centre has epordinated

Caribbean-wide research and discussion within the netwaork.

litmd uctian

The Caribbean Coastal Marine Productivity Network is a cooperative effort to study and monitor
three productive Caribbean coastal habitats, namely mangroves, seagrasses, and coral reefs. Twenty-
ane marine laboratories, parks, and reserves in nineteen countries are collecting data according to
prescribed methods given in the CARICOMP Methods Manual, Level 1 (1994, unpublished). These data
are sent to the Data Management Centre (DMC) for eollation, storage, and redistribution. The DMC was
established in 1992, with grant funds from UNESCO, at the Centre for Marine Sciences, University of
the West Indies (Mona), Kingston, Jamaica. The Centre becamc fully operational when a full-time
Data Manager was employed, thanks to grant support from the MacArthur Foundation, in November
1994, The agreed functions of the DMC arc:

*  To recoive and stere all CARICOMTD data, ultimately in a relational database, to be

available tor querics,

*  To preparc regular summaries of the data and distribute them to the contributing sites.

*  To prepare annual data reports, for publication one ycar after the data summary has

been distributed to the sites.

*  Toperform analyses and summaries, as requested by the network,

* Tobeafocal point of communication between CARICOMP sites, relaying ideas and

mformation on issues of concern o the participants,

' CARICOMP — Caribbenn Coral Reef, Seagrass and Mangrove Sifes (edited by B. Kjerfre), pp 259-336.
UNESCO, Paris, 1998, 347 pp,
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Receipt and Storage of CARICOMP Data

Data Entry. At each site, data are collected using fourteen methods, described in the CARICOMP
manual and summarized in the first CARICOMP data report, which appears in this chapter. n 1992-
93, raw data were sent to the DMC and entered into a specially written database program. In 1994,
spreadsheet ternplates were designed (in Quattre Pro} for each of the above methods and distributed m
disk to all participating sites for entry of their data.

The use of spreadsheets has several advantages (Ledgister ef al, 1995, 1997)

* paper data-collection forms can be printed;

+  reports will be uniform in style {c.g., units of measurements);

o simple calculation formutfas are buill in, reducing errovs;

»  electronic enfry at the local site facilitates error checking.
However, if Site Directors are umable to enter their data promptly, they are encouraged to send their
raw dala shests to the MC for entry.

In addition Lo the basic CARICOMY methods, data are being collected and stored clectronically by
automatic recording equipment: weather stations and Hobo temperature recorders,

Data Transfer. Completed spreadsheets have been retumned to the DMC by courler, by mail or,
increasingly, by e-mail. By October 1996, 1% of the 21 active CARICOMLID sites had access to the Inter-
net. So far, six have successfully transferred data to the DMC by c-mail, while others have yet to
master the appropriate software,

Data Storage. Datasets received by the DMC are examined to ensure that the correct template has
beer used; they #re then checked for obvious data entry errors. For HoboTemp data, which are pre-
sented in hundreds of rows, the DMC has designed macros (conunands written in a software program
that automates repelitive procedures) to speed up processing,. All data received to date arc stored in
Chaaltre Pro spreadsheets ona 1.0 GB hard disk at IDMC. Perjodic backups are made to 120 MB data
cartridges and stored at both on-site and off-site locations. Also, the original diskettes sent to the DMC
are retained.

The cntire CARICOMF database is now stored in handreds of Quattro Pro spreadsheet files. This
arrangement is part of a two-phase data management stralegy of the DMC: to use spreadsheets at the
data entry phase, with subscquent storage in a database management system. This strategy allows
flexibility in data handling at the entry level, where the data are readily sumnmarized and trans-
ferred to the CARICOMDP network. Then the spreadshects are imported into a relational databasc for
ultitnate storage in & more robust and versatile programme {Lodgister et al, 1997),

The initial and most crucial stage of dalabase development has been comploted: sorting the data
and designing data tables, in which the data are normalized {reduced to the stmplest structure pos-
sible). The next phasc, designing the data tables in an apprepriate database, will take place after the
pros and cons of vartous relational database programs have been fully explored. Meanwhile, a con-
verter program has been writlen for the DMC, by which data will be extracted from the spreadsheets
and entered into the database program.

Preparation and Distribution of Data Summaries. The: schedulc originally proposed was that the

siles should send data every month to the DMC, which would return regicnal summaries fo the network
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cvery quarter. This schedule has not been maintained, largely because of the irrepudar flow of data
from the sites. All sites received copies of the 1993 dataset in January 1994, and annual summaries to
date werc mailed to all contribuling sites in September 1995, Furthermore, copies were distributed at
the Site Divectors” Meeting in the Dominican Republic in December 1995, Abstracts of papers presented
by CARICOMTD at the §th Internatiomal Coral Reef Symposium (ICRS), held in Panama in June 1996,
were drafted at that meeting, using the summaries provided.

Annual Data Reports. Site Directors agreed that their data should not be published unlil they had
the opportunity to work with the data themselves. Thergfore, the report for 1992-1995 in the following
pages is the first to appear. The data herein will be made available m the CARICOMPE home page o
the Waorld Wide Weh, swhich was established in November 1997

Analyses and Other Summaries. Specific datasets were distributed to members of working groups
assigned to prepare the CARICOMP papers for presentation at the Sth ICRS. Those papers are listed in
the 1992-95 report in this volume,

Communication Between CARICOMP Sites, All 25 participating sites arc linked to the DMC by the
traditional means of conununication: telephone, fax, and mail service; at least 20 now wse electromic
mail, as do all members of the Stcering Committee. No system is completely reliable, but the use of e-
mail has made network communication much quicker and easier than even by fax,

In 1985-1996, the DIMC organired a Caribbean-wide survey of coral bleaching and subsequent mor-
tality, which was reported at the 8th ICRS. The DMC also played a role in the Caribbean-wide survey
of a seafan sickness, the subject of another paper at the Sth ICRS. Reports of ather mortality cvents,
notably at the CARICOMP coral reef site in Moroccoy, Venezuela, were also distributed. In addition
the DMC has facilitated discussions on CARICOMP methods and on future CARICOMP programs,

It is expected that the DMC will also be a focal point for communication with other individuals
and agencies. So far, most of the enquiries received, cspecially from institutions wishing to join CARI-
COMP, have been passed to the Steering Committee [or decision. Additional information is available
to all interested persons at the CARTCOMF website, which is maintained at the University of the
West Indies—Mona, in Kingston, Jamaica: hitp:/ / www.uwimona.cdujm/centres /cms.

_I_{_Eferem:es

Cintrdn, G, Y. Schaefler-Novelli. 1984, Methods for studying mangrove structwre, In: The Mangroee
Lessystem (edited by 8. C. Snedaker and J. G. Snedaker), pp 91-113. UNESCO, 251 pp.

Colley, I, H. T, Odum, R, F. Wilson. 1962. The structure and metabolism of a Puerto Rican red mangroie
forest in May, Eeology, 43{1):9-16,

Ledgister, K., . M. Linton, |. D. Woodley. 1995. Data Collection and Management in CARICOMP, A
Regional Programme of long-Term Ecologival Research. Presented at the European Symposium
of the International Society for Recef Studies (Newcastle UK, September 1995),

Ledgister, R., D. M. Linton, J. I Woodley, 1997, Use of spreadsheet templates for general data entry
and their intcgration into the database system. In: Proceedings of the 8th Internationa!l Coral
Reef Sympesiwm (Panama, fuie 1996) {cdited by H. A. Lessios and [ G. Macintyre), Vol II,
pp 1565-1568. Smithsonian Tropical Research Institute, Balboa, Republic of Panama.
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Table Ta. CARICOME daily site measurements:
Mordhly mean of daily maximum air lemperatares {7C), 1992 -1995,

EAHAMAS BARBATIS FELLAE BERMLIDA BOMWAIRE

BI& BRT OB RES [thE N
] Mo#  Mean sD L% (PR S0 Mean a0 kean ah Mean SO
1592
Jan 1
Feb 2
Kar 3
Apr 4
heday i
Jun [
Tul 7
Ay 4
Sep i 0.0 | Y
Ot " 26.5 11
Mo 11 M3 1.4
Dec 12 28.4% 13 2L 7
1093
Jan 13 261 10k 97 249 L7 20
Feb 14 265 IRY 0.1 2.5 201 24
hlar 15 300 P2 i 3.3 1.7 L7
Apr 14 310 04 324 15 pur . 13
May 17 31.2 0.4 3.1 1.8 53 0.5
Jun 1% 31.2 1.0 124 17 66 15
Jul 19 I 0.4 KN 1.6 m7 14t
Aup 20 3.7 0.7 e 17 ans 14
Sup 21 ) I 1.7 303 08
(ot 2 3 1.0 .0 1.3
Perr i3 XA 0.4 26.0° LD 5.4 15
D i g 0.2 74 Lo 234 1.5
1544
Jan 5 281 07 7.8 24
Fob 2R 2B.2 n9 Hi2 1.7 211 23
hiar 7 9.7 05 KANI) 7 na4 2.2
Apt B T & 20 1.8 240 1.8
May 24 A I8} 338 1.5 M A 158
Fun M 304 {k5 A34] 19 mn 1.3
Ful 31 a7 LT a2k 1.5 11 14
FATY 37 4. 1.3 3.2 .6 334 L7 31.2 15 M7 0.9
Gep 32 M5 0.6 305 1.9 34 L3 321 0.5
Oct H 3Lz i 03 1.1 251 25 e B
[ PO 35 31.6 L3 301 07 23.B* 2.0 3 0.6
TMev k3] 24,0 1.2 201 i i} 2.2 K {l.a
14n
Jan 7 28.7 1.3 290 04 8.5 1.9 216 30 EN 0.5
Feh 35 F 19 205 ik 208 2.5 0.0 25 .6 0.4
Wlar ¥ LD 1.2 anl R 3.4 2.1 201 24 04 11
Apr 0 3.4 L7 304 i1 3z 5 3.6 0.8
May 41 328 1.3 321 0.6 JL4 1.0 il 25 321 .4
UL 42 359 11 34 L2 KxX. 18 Ha 232 322 05
Jul 43 1 1.0 34 0.8 327 21 344 2R 3241 0.8
Aug 44 HE 24 300 29 A 2n 334 27 e 1.3
Sep 45 355 1.5 3y 21 132 i3 0.4 32 a5 nr
Dt 44 332 19 307 1.3 a4 21 2.1 34} azks 14
Moy 47 34 21 307 0.8 P B 3 4.4 2.4 1.8 07
Crew 43 7 2.0 NG n.3 7 22 211 3.0 31.3 0.3

Mean = monthty mean of daily max temp. *bean cbtained from less than 20 days of data,
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Table 1b. CARICCRF daily site measurements:
 Moothly mean of daily maximum air termpetatures ('CJ, 1952 -1995.

CAYMAN COLOMELA LTLEA [AMAICA WEXTCO

It i) TNVEMAR 10 DoAML FAMOR

Ma#  Mean S0 bdean SO boanm 50 Mean 5D Mean S
132
Jam 1 283
Fel» 2 He
Mar 3 e
Apr 4 a4
Melay 3 b
Jun ] Ila
Jul 7 Mz
AN L G
Sep 49 314 NP iy
et 0 111 295 1o A1 10
Mow n i a0z 12 a 1%
Coe 1z aFa 303 0.3 5 10
1993
Jan 13 %0 204 10 254 14 ¥z Lo
Frhy 14 el 295 0.3 85 19 X5 7
Mar 15 i b 302 L) MR 10 X 16
Apr L Akt 303 0.7 e 5 2.6 1.3
May 17 Akl 30,7 0.5 el ] i7 X4 0z
Tun 15 112 3l 0.7 .4 & Ml 7
Tul 12 a2 ala 0.5 36 &7 an 15
Aug 20 ard a4 1.0 31 6 L3 14
Sep ra ala 5.4 1.3 311 7 310 e
Ot 22 a1l ans 1.1 311+ 15 M3 11
Mo 23 255 an.l 1.0 . L7 bl 11
Dree M 208 anl 07 WA 8 22 12
1454
|an 25 286 1.3 255 s 265 15 ol 11
Feby 24 20 0.8 298 ] 22 5 251 1.0
Mar 7 1 12 ana L4 %6 24 R 12 2H.0) 14
Apr 25 nz 0.6 NG 17 2941 0.3 ] 07 ot Al ]
Way 249 1.2 0.8 307 0.5 0.5 n& A 5 A 1n
Jun el 318 07 L5 17 34 0.5 3n n? A4 (4
Tul L1 Y B 0.4 3la 10 314 N.a a3 L}:] 306 10
Aug az KIE 04 o7 1.8 3l 0.5 als 5 3.l 4
Sep i3 310 [EY 91 1.7 ald 04 all 14 07 1.0
Oct H aln L an 1Lk UK 1.1 n4 LX) LN Ite
Now 35 7 14 an 1.0 2.6 12 UEE g et 5
Do 34 9 1.3 A0t 1.2 2Usr 17 244" 14
1995
Jan A7 ) .7 7 26,2 12 g L1 7z 0
Feh Eh] Iry 4.9 7 262 1a x0 1.2 26,7 17
Mar % i R 3.1 1.0 74 14 0.2 05 2rh 1.1
Apr 4l 304 KIN 3 2.3 14 94 L3 FLN 10
by 41 a4 K I (X kLIRS L4 3.3 a1 3] 03
Jun 42 304 LY (X 3o L5 3l L3 A3 0a
Jul 43 321 L5 1.1 314 Il ala 1.4 a 04
fug 44 314 ol Lt 3.5 0.2 Al 11 a0 1.3
sep 45 31k LE 1.1 321 1.0 24 14 i 1.1
Oct 46 306 X4 11 ALy 1.8 ari T4 - 141
M A7 9.7 IE 1.1 el 1.& EA 33 44 1.5
Dhue 43 .7 2.5 0.8 5.4 2.3 27 ey 4.2 1.7

hean = monthly mean of daily max tetnp. *bean ohtained feom less than 20 davs of data.




CARICOMP — Caribbean Coral Reef, Seagrass and Mangrove Siles

Table 1o CARKCOMY daily site nuasuremenls:
bonthly mean of daily maximum air temperatures (7C), 192 -1985.
PUERTORICO SATA TRINID AL YEMEZLUELA VENEZUELA

UrR SxIr I6IA 158 EDIMAR
_ _ _Mo# Mean _SD Mean SD_ Mean 5D Mean  SD  Mean D
1592
Jan 1
B 2
hiar 3
Apr 4
hiay L
Jun 1]
Jul 7
Aup &
Sep o .6 1.3
Cct | [¥] 36 1.3
Mov 11 284 1.5
Ger 12 270 1.2
19%3
Jan 13 X2 0.9 2u.0% LI a7 0.4
Fel» 14 270 1.3 0.5 1.1 n.r 04
Mar 1a 2.0 L7 k¥ 1.0 XY 1.5 322 9.9
Apr 1& Xz 23 327 (X3 313 1.1 #:a L7
Way 17 330 L& 24,0 1.2 321 12 354 t2
Jun 15 3.4 .3 3.4 1.4 2.0 1.7 328 L5
Tul 149 Mé L& 334 1.5 410 Ik 37 15
AUE 20 35.0 a7 325 .9 4 0.9 kN .Y
Sep 71 338 L7 a7 LA 315 13 32 1e
Ot 22 328 1.1 314 LE 3l.a 1.5
Mawv ! i 0.5 1.2 10 311 &
Dl X LY il x4 LIRS
1594
|EL 25 3.5 04 264 15 A4 0.7 Fach) 1.1 pal s F
Feh 25 A4 0r 26,1 1.2 HLE 04 8.5 1.4 a0 &
Mar 37 gk 1.2 281 156 3Ll (& 2.7 7 AUrd 15
Apr 2R 2 1.0 a3 19 a2 0nr e 1.0 315 .6
blay ) 328 N} 358 2k nx 0.6 7] 1.0 325 9
Jun 20 333 a3 EL ] 1.9 IR 1. 269 na9 314 .5
Jul 31 328 L2 335 25 30.7 0.7 iy .5 34 3
Aug 32 13l LIRS 335 15 3407 11 7 09 321 1.3
Sep 23 27 L& 1.7 1% J3a.5 14 311 1.0 322 [EA")
et 3 IR .0 3Ll 11 3.7 1.2 324 0.7
Moy kK 31K L3 2948 14 30.7 1.3 323 14 A 1.3
ec K1) 31.2 14 275 1.1 290 a7 305 0.7
1495
lan 37 304 1.1 274 1.3 KLY L EIRI .h
Feh 1] 313 i3 254G 19 wnF 0.4 314 1.0
bdar a9 L 1.5 2B.0 2.0 3.8 .4 3241 1.5
Apr 4n ard 1.0 315 2.4 k) W s 325 1.2
May 41 325 1.4 xR 24 320 LG 333 11
Tun 42 333 {5 338 xa s 0.5 324 [FR
Jul 43 a2 14 3341 24 iz 0.3 321 1.4
Aug 44 333 1.2 328 2.3 213 1o 314 1.2
Sep 45 25 210 318 21 317 1.0 50 1.0
Ot 45 327 D9 x3 21 EER 14 3240 1.0
M 47 5 T4 287 L7 311 5] b a7
Dlew 4 274 14 ahq L& 4.2 0.7

Mean = monthly mean of daily max temp- "Mean obtained Irom less than 20 days of data.
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Jan

Mlar
Apr
My
Jun
Jul

Aug

Miow
Diee
1993
Jan

har
Apr
hiay
Jun
Jul

Aug

Ot
Mo
e
19494
Jan

mdar
Apr
May
Jun
Jul
Aug

Ot
Mo
Dec

1935
Jan
Fits
Mar
Apr
hefay
Jun
Jul

Aug

2t
Mo
[Jer

iz

Table 2a. CARICOMP daily site measurements:
Moathly rwean of daily minjmuwm air temperatures {7C), 1992 -1995.

BAFHAMAS
EFS
__ Mo#  Mean a0
1
2
3
4
]
]
7
L]
]
1
11
12
13
14
15
16
17
18
19
20
21
i
23
24
25
]
v
24
249
KiH
31
32 252 14
33 252 12
ad 24.5 1.0
i) 238 1.5
et 211 1.7
kr 207 2.0
38 198 19
39 19.8 20
40 2.7 1.3
41 25 1.0
47 245 1.0
43 255 14
44 24.7 1.1
L] 4.9 1.3
113 3.4 1.1
47 224 15
48 24 i

BARBADOS BELIZF
BRI CBE

(Mean SO Mean 5D
PEY IS B
31 11 25 1.8
224 03 24l 13
229 14 245 2.3
35 @A 26l 14
240 0B 253 17
B1 10 278 1.2
46 1% 274 0.8
42 14 275 1.2
P (132
% LR ¥
2711 mer 14
/4 17 239 12
24 11 241 22
227 L0 254 1.3
25 16 253 2.2
40 14 272 1.8
/2 12wl 1.2
/1 11 274 L1
/W1 B8 274 0.8
Mr 12 7B LI
BA 12
™6 18
236 10
27 16 244 14
22 13 243 1.2
23 17 M1 1.2
»n7 10 253 1%
732 12 3 43
24 1E W7 13
51 12 285 LB
M7 12 178 18
158 27 283 L3
5 28 272 10
241 Ll 261 1.1
37 11 155 16
229 11 M3 14

BOMAIRE

BERMUTIA
BES BMP
Mean_ 5D Mean —_ 50
245 14
219 14
204 16
176 22
17.8 23
158 28
17.3 20
187 15
204 10
21 16
254 13
25.9 12
254 08
238 1.2
24 17
185 25
17.0 25
16.0 23
17.3 14
203 18
23.2 1.2
245 12
245 15 269 .7
232 i1 r 06
20.4 15 267 10
121 23 266t 13
255 14
16.1 24 254 13
151 29 251 D&
159* 23 %4 D&
26.4 0.8
179 27 2nL 0.5
2.3 Dg 273 6
24.3 12 268 11
24.2 17 271 13
23,5 L3 275 14
221 10 266 14
180 22 259 11
145 26 233 1.2

Muean = tnonthly mean of daily min temp, *Wean obtatned from less than 20 days of data,
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Table Zb, C ARMCONE daily site measurements:

Jan
Feb
Mac

hlay
Jun
Tl
Aup

Ot
Moy
Ther

1943
Jan

bdar
Apr

Jun
Tul
AUE

et
Maov
Dec

19494
Jan
Frb
Mar
Apr
May
fun
Jul
Aug

ket
Now
D
1945
Jan

Mar
Apr

Jun
Jul
AT
Sep
Qct
Mov
Dec

1992

o Muod

MIOo ] o e e D b L

— =
k1 = 3

13
14
15
1a
17
12
19
n
|
s

37
]
39
E1H
41
42
42
44
45
141
47
44

CAYMAN

P&l
hean

218
2
27
241
333
M
252
253
4.5
4.5
237
275

i)
s
224
233
246
25,6
6.0
258
5.2
n
246
2.5

231
228
2.7
235
4.4
6.2
254
25.2
5.1
47
2.4
231

2
2.0
223
24.2
258
5.5
26.0
254
5.0
252
5.0
24.0

5D _

1.1
14
17
10
1.3
n9
L5
L3
1.1

1.3
1.2

25

COLOMBLA CLUBA
INVEMAR JOHC
_Mean_ S0 Mean_

272 1o

275 1.0

274 X

45 Uy

268 .4

73 L5

i) 0

i) 14

i) ng

R0 nA

250 09

rd 1.4

278 na

6.9 11

5 il

26,5 0.5

6.5 0.3

275 az s
278 0.6 ks
27H 0.8 234
284 0.4 L
282 0.6 260
ZF5 a9 559
8.5 14 4.8
L DR 241
2R 11 235
264 1

73 (6 204
6.y 0.5 LG
74 LE:] 2%
254 0 29
X6 140 236
) ny 247
o 1.3 4.0
26,7 1.2 o R
vy 09 4.0
4 04 /0o
273 0.8 237
2re 0.3 219

MEXIC

¥ean = monthly mean of daily min temp. {"C) *Mean obtained from less than 20 days of data.

JAMAICA
DEML PMOFE

_ 80 Mean S0 Mean S
4.2 1.8

432 22

FE N 27

354 2.4

no id 2.6 A5

21,3 L1 1.5 12

Mg 18 224 4.3

b I 08 235 a3

237 14 250 2.0

24.9¢ 1.1 6.2 14

2.6 0.7 273 1.3

5.2 12 266 24

M. 1n 255 19

M5 09 258 2.3

233 11 226 3.4

213 21 211 3

21.7 I.2 218 A6

21.3 0.8 235 X4

31 21.2 09 234 1.1
13 223 Q.7 25,7 1.5
15 Ay L 255 33
L& 3.8 L} 7Aa 1.4
1.4 29 0.3 AnY 21
1& 234 24t i 1.7
14 .3 06 247 21
14 nr 0r by 24
18 234 0.3 2.3 2y
Pt 1.1 2.4 a0

23 M5 09 215 v
248 214 ng 20,5 4.4
14 ra il 1.2 233 R
L& 238 23 249 A5
1.2 2549 29 74 1.5
L& 242 1.5 264 14
L& 238 1.4 261 1.7
L& 24.4 13 .2 1.5
I2 245 L& 237 a1
1.2 244 0.6 2ha* 1.5
1.3 244 ] 35 3.4
21 235 12 123 29
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Table Ze. CARICOMY daily site measurements:
Monthly mean of daily minimum air temperatures ["C), 1957 15495

FUERTO RICO SABA TRINIDAD VEMNEFLELA YEMEZLUELA
TR SMP iMA 5k ECHMMALR

_ Mo#  Mean S0 Mean 5D Mean S Mean Sy Mean 5D
142
Jan 1
Feb 2
Mlar 3
Apr 4
May A
Jun &
ul 7
Aug 4
Lep 4 259 [t
] 10 264 1z
Mo 11 51 112
Chac 12 54 LA
1593
fan 13 241 13 e 1.2 24.3 n&
Feh 14 id.l 1.3 215 14 2440 .
Mar 13 4.1 L1 221 1.3 23z 17 245 04
Apr L 44 L5 241 1.1 250 ne 254 07
May 7 244 1.1 24 11 251 n7 26.1) 1.2
Jun 12 6.3 1.1 43 I.2 244 (LR 254 14
Jul | 6.3 14 i) Li} 237 [t 5.7 L
Aug 20 z7l 1.1 2. L2 236 DY 260 .7
Sep ral 281 11 a2z 1.2 235 05 20.3 0.3
Chet 2 225 0.7 M1 1.0 259 0z
Moy 23 235 0.3 23.3 % 3 0.5
Lrer ) i Lo 5.1 0z
T4
Jan 25 m3 0.4 235 12 232 187 215 04 4.7 0.6
Frh 2 204 14 233 11 235 1.1 214 14 44 0.5
Mar 7 21.4 0.8 M2 1.2 PR 1.0 21 15 255 (3.4
Apr an 216 1.3 5.1 23 247 1.3 241 1.1 i 4
Mlay 29 4.2 n 71 3.3 255 0.7 25t nr X r4
Jun a0 243 L] XA x5 37 .3 243 n? 03 (LX)
Jul a1 v 14 274 az 244 .6 213 N& 2 b5
Aug a1 225 an 2Rl Lé 250 (LA 236 Bé 254 [
Sep 3 i 34 7.3 14 243 1.2 238 10 a4 14
Crct 3 274 2.0 242 & 2% 3 i 0.6
Mo 15 33 24 %3 10 24.4 ne 216 1o 5.5 L1
e 38 1.1 LA} 240 1.0 235 1.0 XA (L 5.4 Q0.7
15465
Jan a7 ms 1.4 237 12 14 1.0 22 12 52 na
Feb 35 X4 1.5 241 1.3 234 L3 224 141 M5 (.6
Mar g 1 1.1 238 12 24.3 19 FER | [ 2.4 0.
Apr #) 214 1.5 248 34 250 1% 2441 2.2 ik 07
hlay 1t 238 14 T8 28 256 1.1 A 0.4 251 0.4
Jun 47 25.1 14 et 22 4 {LA 4.1 04 26,2 M
Jul 43 4.8 [EF. 241 paL 53 %] 3.4 0.7 26.5 04
AT 44 4.5 12 7.3 1.9 28R 1.2 240 0.9 263 (R
Sep 45 4.5 17 iy 21 28 R 4.2 0.7 272 (R
Dl 46 Faray 2.6 259 1.5 253 1 6.7 0.3
Mow 47 Frh 20 el L.a 4.5 0.4 26.2 L5,
Lec 48 43 1.4 ks Q.7 286 i

Mean = monthly mean of daily min temp. [FC] *Mean cblained froimn less Byan 20 days of data.
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Table 3a, CARN.OMP daily site measirements:
Comdative imonthly raindall (mmj 1902 -1955.
BAH: BAR:  BEL: HER: BON:  CAY: Q0L CUB:
Mof  BH: DRI CBC _ BESR  BMP  P&CU INV  (OC

1492
Tan 1 1365 182

I 2 1530 128.8

Mar 3 Bh.3 LIyl

Apr 4 el TE

May 5 99.1 TR

fun ] 7355 1954

Jul 7 H 107.5

Aug 8 TRy 2385

Sep o 1221 50

el 140 58.1 15852 75

Moy 11 715 mY 34

Der 12 115 L6 %3 3.4

12 Momths 1304 4 13734

1993

Jan 13 5,0 s 1057 674 2.2

Feh 14 9.0 192 2333 1.5 014

Mar 15 BT 1104 .2 3.4 0.

Apr 16 17.2 1B1 1364 BT 15

May 17 759 71.1 4.5 1% R 1630

Juz 15 66,5 55.7 B0 1784 a7

Tl 17 %54 1348 5K.7 B3.5 3.3

Aug 20 T20.1 227 L3ty 63.1 143

Sep 5| 1894 ThE L56.R 455

Ot 22 royr 1673 159.3 3210

Mo 23 W5 14" 1716 290.1 47.4

Dec 24 44 W3z s 3549 (#1i]

12 Moanths L4318 13685 13040 3178

164

Tan 23 121k 2R 1260 a7 0.4

Fib 26 IR 455 1166 i 0 .

Mar 27 18.7 341 H5.4 145 (1} 4.1
ApT 28 59 258 &g 7.4 0.0 K5
May 24 25 294 55.1 1093 B3 R3.A
Tun 30 ary 721 7o 70 A 1162
Tuf 31 742 A8.2 1971 155.3 3] py b
Aug 32 B5d 1265 1GaM 1907 180 1330 A1 13.7
Sep et 636 2600 1504 43 w3l 5 2344
et M 1060 #1.6 1976 1432 55 524 1249
oy s 41496 AL 323 X&c 11407 550 EL7
Dec % 114 64 l6ls 6.4 33.0 10

12 Months Gh3.5 13619 W4l4 24 e

1505,

Jan kil 034 KT L b R 18 6.8 673 0.0 23.2
T 34 274 183 7oA 98,5 14.8 14.2 i 16.5
hfar 3 MY 1§97 52 952 52.0 .2 i.0 517
Apr 40 1325 38104 770 17.56 EX 22 11
May a1 GE.0 23 0.4 t96 .0 6.9 237 1084
Tun 42 Fla 1231 478 1041 104 4247 BE  2RT.4
Tul 43 138 1178 1436 FEA 75l 04 ARE 1394
Aug 44 L2 /A3 A4 1500 I0RY 1829 RS 1284
Sep 43 1136 1710 222K FiL1 M2 OHET 114 1319
Oict 4 ™5 1723 Mda 1882 781 MuE 1133 95.5
Nov a7 133.0) Badt 24 32 56.6 4.0 [k.0) 20
Crec 4H R4.1 47h  20E3 1534 3LE 117 4% gLE
12Manths 1007 13248 16813 13910  Soé 17418 4331 11477

*Curalative monthly rainfal] obtained feom tess than 20 days of data.
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Tuble 5b. CARICOM daily site measurements:
Curnulative monthly rainfall (mon) 1992 -14%5,
Mo#t JAM  MEX TUE  SAL TRl W¥EN _ VEN

194

Jan 1 7ld

Feh 2 Me

hdar 3 B30

Apr 4 1177

May 5 1418

Tun f 54

Tul 7 455

Ay 3 R4.5

Sep 9 L anz

Ot 11 2275 30,2

Moy 11 1437 1912

Mec Lz 123.5 50

12 Monlhs L

1593

[an 13 550 1235 0.8 1 (%]
Frh 14 ST L | 0.3 224 2.0
Mar 15 1158 1444 444 23 o
Apr 16 oo+ 13E 783 7 27 12
hlay 17 25044 2918 33 3.4 154 AT
Jun 14 LY Tl W 4 38R 134 9.1 17.6
Tul 14 4440 g - T 1) Wl any 52
Al L] 380 SHz 421 1190 118 584
Sep ral aid 1007 a5 135.0 21.3 4
Oct 22 alor 1264 a32 1750 E:11] L8
Mo 23 1810 1174 GRS 1ML 324 0.4
Dhec 24 4rd ALE X 1 3 195
12 Months 7S J3ney 36T 42449 2682
|

fan 5 126.7 A Ha k) 263 2 X
Fah i 6.2 517 23 #HH w1 5 131
hlar 7 4.2 1249 47 all F.4 1.0 (.0
Apr ) 29 6.2 262 164 78 4.1 0
May Pl 1634 544 14 123 215 1.3 1.2
Tun Hl 27.B 444 251 702 1454 143 144
Jul Y 296 46.3 fea 1540 11432 46.R 6.4
Aug, 3z 47,2 QA 14.2 A0E ISLS B&.5 4485
Sep 33 36 190l 1574 T3 M 262 B4.4
Ot 34 X 221 Saz2 1233 a0.3 275
Moy 33 1444 m2% 53T ant 293 Al 7.4
Dec 36 614 M3+ B35 323 e 11.2 @2
12 Months F19.0 B4R 8 4515 12194 3114 M99
1945

Jan a7 K75 504 211 ny 0.2 73 0.5
ke 35 1724 G54 624 a6 154 (.0 0.0
htar 39 342 A1 1 a7 39.3 THE 0]
Apr 4n e E1 160 A1 1081 33 0.4
hay 41 19.8 0r M5 71.3 2240 29 0.0
Fan 42 7B 1584 1683 e 1461 55.4 112
Tul 13 475 WL 0.4 35 1315 33A 102
Avgr 44 118.6 443 1435 a1 2229 a5y 534
Sep 45 132 M .5 3HLS 859 15.6 158
O 44 A7 el M5 344 2192 Tars
MNov 47 37 5300 1Ke 1273 86.5 ULE
Dec 45 1376 2029 FCACR 4 It 167
12 Months SO8.G  11404 M55 12164 1

*Cumulative monthly rainfall dbtained from less than 20 days of data.
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Table 4a. CARICOMDP weakly sthe measuremeints:
Manthly mean of weekly waker temperatures (*C at {15 in depth), 1952 - 1995, o

1ea2
Jan
Feb
Mar
Apr
Mlay
Jun
Jul
Aug
Sep
Chct
Miwy
Thac

1953
Jan
Ty
pdar
Apr
May
Jun
Jud
Aug
Sep
Ot
MNow
Dec

)
Jan
Feds
Mar
Apr
hay
Jun
Jul
Aug
Sep
Cict
Mo
Dee
1945
Jan
Fit»
Mar
Apt
by
Jun
Jul
Aug
Sep
Ot
Mo
D

Mo#  Mean 8D _ Mean _SD_

o ow] Oh N e LA b —

Jr pe—
ki — = 4

13
14
15
1o
1¥
14
14
ah
21
el
23
24

25
26
27
28
249
an
3l
32
a3
14
35
a6

7
38
3%
40
41
47
43
44
45
46
47
4%

Cnral Reel

57
55
54
o4
i
2R3
il
3.1
e
285
26.8

0.4
{2
1.4
5
T
(k1

07
0.3

BAHAMAS: BFS

BARBADOCS: HRL

Beagrass Mangrowe Coral Recf SeagTass Mlangrove
Mean &1} Mean 5D Mean 800 Mean 3D
zmy 287 Har
8.4 s 8.2 [LX 285 1.5
27 a4 i 1.3 ard 1.3
el 1 270 03 8. 2
273 .2 ol 5 2h.4 15
29.0 0 291 [FR g N
2491 03 291 0.3 291 ni
285 nz 295 n.s a0l nz2
285 (3.4 295 0nr 300 n.4
iR 02 294 04 A nsy
87 0.3 291 na 269 11
2.3 na WA N3 29.1 14
W n.d i 0.0
26k 04 i 0.1 ot 11
¥ 0.3 6.8 0l
k] 0.3 o 0%
it 0.4 275t 07
] a.c el ar
iy 0.2 285 0.5
281 03 mr 1.5
259 1.3 1 4.7
259 0.1 i 0.7
287 h2 285 [hia
8.7 il.1 200 1.5
264 (E] i 13
A .4 a7l nY
7 ni %7 0z
G 0l gt ng
RS 0a pL A n.a
Pl 04 i ni
e ni el nz
T4 ni HLR n2
a9 1.3

AP 43 A .0 0.1

6.3 na 5.3 02 31 05
e 1R 255 05

“Monthly mean values calcolated from fess than 3 weeks data; values without SO mdicate oidy |oweek's measwrement.
valuea with ST indicale 2 weeks” measurements,
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Momithly mean of weekly water teonperatures ("C at .5 m depth), 1992 -15435.

‘Table 4, CARICOMY weekly sile measuremenlis:

1992
Jan

Jum
TJul
Aug
Sep
Oct
Mo
Dec

BELIZE: CARTIE BOW CAY

Coral Resl
—Mo#  Mean  SD
1
2
3
4
&
&
7
o]
a
10
11
12
13 ] 0.5
14 69 VXS]
15 2748 L&
16 274 4
17 FL 0.4
18 24,3 1.4
14 249.0 .o
20 4.2 1.2
21
12
23
24 26,8
5 275 o
26 73 0.3
7 280 0.6
28 294 0.5
249 it N 0.3
a0 4.8 0.3
3l 87 1N ]
3z 250 0l
A3
34
35
36 279 01
37 275 1
3R 269~ 4N |
ki it | L7
40 8.2 {.2
41 26 a3
47 ani 0.3
43 2.3 (2
44 .0 .7
45 2 1X:]
46 TR 17
47 200 1.7
48 8.2 N4

BERMUDWA: BIOL STATION

SeagTass mangrave Coral Reef Seagrasa Wangrove
~_Mean 52 Mean 5 Mean 52 rMean §fr  Mhean 5D
erll| 05 273 0.4
rs X [+ 237 13 244 0.6
214 0r nn 0F 224 0.8
206t 01 197+ 0l 20.5%
26.% 21 26.5% 22 207 0.7 19.5 0.3 193 1.4
7.0 1.3 R0 1.3 128+ 11 18.5 4 194 1.4
74 0.% 282 L7 149.8 04 14 0
285 0.0 9.4 e ity
m2 L3 anz L 223 4 2.3 18, 230 .z
0. 12 0.7 1.3 138 Q.6 2349 0.8 "/3 13
bl 13 s 2 264 07 2649 035 il o k8
4.7 1.1 a3 & 78 Lo rH [r.4 s 1.5
273 0z T (.6 e 3
na
a3 232 2.0
7.2 7o 24 213" o7
275 (L 253 3 2. 0.z 13.5% ol
75 0.8 i 09 oLl 19.3* Lk (1R
5.6 14 il 1.0 RO 189 .4 140"
29.6 13 .6 7 4 0.7 20.4% 0.8
29.4% nz 250 0l e 0.1 3.2 0.3
2941 ng M2 23 3 LB 28.6% 1.7 (LTI
291 03 B b7 b g 0.5 241 0.3 2h
29.6% 0.4 200 0.2 29 1o 2 L5 230
- 0.7 75 0r
2 ok 14 39 1.2
a B
wn LB
7 03 a0.4% 1B.5*
3 0% 18.7 1B.5*
Fr h3 154 Né 18.6 07
8.7 L& PE-A 20.0% 1.1
20.9 1L.r 147 21490
04 08 w\e i | 2h 04
296 LX) il 1.0 27 0l
a3 (L 26,84 .4
0.4 1.2 LR .4 73 0.4
PRt L3 PR o il na
249 12 i 1.5 237 1.5
& 14 a By 21.3*

donthiy mean values calculated from less than 3 weeks data; values withoot STY indicabe only 1 sweek’s measurement,
values with 502 indicate ¥ weaks” measurements.
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L)
Jan
Feh
Mar
Apr
May
Jun
Jul
Aug
Sep
Chet
Mo
ler

19493
Jan
Fuh
Mar
Apr
hay
fun
Ful
Aug
Sep
Chet
Tav
Cher
1994
jan
Feb
Mar
Aqpr
hlay
Jun
Tul
Aug
Sep
it
Miw
Dec
15495
Jan
Feh
Mar
Apr
hday
Jun
Jul
Augr
Sep
Dt
[ow

Tahle 4c. CARFCOMP voerkly sibte measurements:
dMomthly mean of weakly water bemperabares (*C at 0.5 m depth), 1992 1935,

BOMNAIRE: BONMAIRE MARINE PARE COLOMBTA: TNVEMALR
Coral Reaf Seagrass Mangrove Coral Reef SeayTatin Mangrove

Maod  Mean 5D hean E1N Mean 517 higan 5l} Mean 50 Mrean 3D

O =1 Oh T e D kg~

13
14
i3
ia
17
15
14
2l
i
s
23
4

25
26
7
P
i)
n
a
1z
a3
H
A5
34

37
35
3
40
4L
42
43
dd
45
16
37

_.48

reak 4.5 B I

83 i 5.3 L[5 5.5 1.7
27 R 25 13 252 .2
i L& e & 174 1.2

5.5 iz I .1 2p1% 0.1

261 04 26 02 27 12
%0 06 270 06 We  4¥
7O 15 WS 15 MW 12
WwE L4 2 12 A 16
WA 14 /O T WMT N8
24 08 27 45 M2 Q%
i 11 s 47 M3 2.4
H1 {LE 214 L& 0.4 M.y
84 5 291 3 310 15
72 15 27?13 2R3 16
71 fte 272 RS 27D M6
B[ NHE /3 e 289 13
M4 12 mF 07 352 10
258 @l 283 02 263 0.5
236 B3 W7 07 279 11
wE 4 25 b2 e b5
w4 4T 277 L8 I8 U6
BSOS 28 B2 2D 1
281 0.3 72 04 WE b4 WD U5
ITE 0.5 w4 06 282 43 32 1
28.5 0.2 /I 01 22 L0 8P U4
r X IR T S T 13
ral | 1.6 i} [[1 20 n.2
27.3 0.2 253 45 256 08 250 14
267 01 255 #8258 02 264 0.5
269 0.6 256 @48 267 085 275 12
2746 10 %4 b6 277 45 289 14
28.3 1.4 7B B3 288 05 298 14
2.2 01 /6 13 23 10 313 12
84 0.2 271 05 274 05 187 12
264 0.5 e B9 29E Be 3 12
294 0.l 96 N4 30 10 A1 U
/7 04 oY BT A 10 08 11
284 0.2 81 M6 23 R4 PR ke
276 0.2 MA o b6 272 B4 __ 278 IL&

“Wlonthly mean values caleulated feom less Bhan 3 weeks data; values withouwt S0 indicate rmly 1 week’s measurament,

walues with S0 indicate 2 weeks' measurements,
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Tabile 4d. CARICOMP weeekly site measorements:
_bonthly mean of sveakly water temperatures {°C at 0.5 m depth), 1992 21995,

TARIATOA: TEML, LT WEXICCx PUERTO MORELDS
Copraal Reef Seagrass Mangrove Crorgl Besef Seagrays Mangrove

Mo#  Mean S Mean S0 Mean S0 higan £l kean £D Mean D
1992

Jan 1

Fels 2

Mar 2

Apr 4

May 3

Jun 4]

Tul 7

Aung g

Sep o 298 DY
Chet 10 e 1.4 254 0.8
Mo 11 Ba 04 283 0.3
Crer 12 7.3 0.3 L 0.5
e ’

Jon 13 275 0.2 r {1 26,3 L7 0.7 0.4 26.3 1.0
Feh 14 271 0.4 e | 03 AT 1.3 26.5 0.4 26,41 0.5
Mar i3 271 02 ey {1 267 LN LA 02 6.1 0.8
Apr 16 27.3 a3 27 A {L& 265 {LE 273 3 27h 0.3
bl 17 275" 0.7 278 .8 259 .2 275G 0.5 282 0.5
Jun 4 28.2 1.6 203 07 26,4 0.2 Ha 0.5 292 0.6
Tul 14 285 k. ) 4.4 0.3 26,8 .3 2.2 0.5 29.7 .3
Al Hr 282 LN 2849 01 26,4 0.2 0.2 0.1 302 1.5
Sep a| LR {4 283 13 26,6 LN 2 04 3.2 LB
Ot a2 4.2 a3 %2 1 273 2 28,7 0.2 280 5
M 23 282 14 LR 1.0
D 29 270 0.2 2462 X!
148t

Jan 25 M1 L& 254 1.4 6.7 049 2647 {40 254 07
Feh 26 203 0.z 77 0.3 27l 04 26,7 ol 26.5 0z
Mar 27 e 272 26,2 6.8 3 26.5 L&
Apr 28 28.6° a7A il g2 1.1 A 0.5
M ay 49 i 0.6 288 0.6 6.7 0.2 254 0.3 2510 07
Tun a0 .6 0z 24,0 0.3 265 0.3 262" 03 204 0y
Jul a 285 0.2 290 a2 26,6 0.1 29.5 ol 28.5 0.3
Aug 3z 8.8 .3 249.4 0.5 6.3 O.G 29.3 .5 2649 1.1
Sep 13 82" 2954 27.0* 20.4% ol a0 0.4
et R 291 0.1 243 04 26,1 .1 29.4 0.2 203 0.4
Moy s 2 29.4% 26.8* 2800 26,3

ilec Jh irk o 270 01
19495

Jan 7 28.4F 2h4* b W 0.8 261 0.7
Feh 38 274" a2 27a {+& R3¢ {0 /.M 25.8* 14
tdar i 27.1* 0.0 27.5¢ 4 2647 LA} i 0.5 265 0.2
Apr 4] 274 4 282 3 26,4 1 28 0.
Way 41 82 k6 284 0.2 4.5 oL 261 4 U6 {5
Jam, 43 249.0 .1 85 1 X3 26,7 03 .1 0.1 249.7 5
Tul 43 284 A pack! 1.1 26,8 & 9.2 1141 249.1* £l
Aug 41 U L7 Aok 1.5 73 0.3 300 LINE 310 15
Sep 45 MG 1.4 30.5 (LR 72 04 anl 0.3 3.0 .2
874 46 Hr 1N} 20.9% 01 iy & 2R5

Mo 47 202 (1A 28.1 n9 220 [EE] o .3 2R.4 1.2
Dec_ 48 284 05 284 0f 2p4 02 375 3 20 D7

*Momthly mean vahues calculated from Less than 3 weeks data; valwes without 50 indicate only 1 week’s measurement,
values with 5010 indicate 2 weeks”’ measurements.
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1962
Jan
Fel»
Mar
Apr
May
Jun
Jul
."!Lu.g
Sep
ik
M
Lrec

16403
Jan
b
bfar
Apr
My
Jun
lul
Al g

Monthly mean of weekly waler temperatures (6 at 1.5 m o depiby, 1992 1925,

Tabie 4o, CARICOMP weckly aite medsurements:

=1 W e A b

o

13
14
15
16

-
-

13
1%

-

M
22
21
24

23
%
ar

e

i |

23

a7
38
I
40
41
47
43
44
45
40
47

8

_ a7

_ Mno#  Mean

264
a7z
s

25.0*
28.5*
294
23
PRy
202
X
5.9
3.0

27 A
o
0.4

R4

0.0
294

PUERTO RICC: Undversity of PR
C'oral Bept

HEL

L1
L4
0.7
i
i
[0
.5
(ki1
1

Ih2

0.6

Heagrazs
S Mean 5D

241
2G5
2610
279

ikl
Pl
78
244
9.5

3L
LA
2L

204+
279

Mangrove

il
.3
1
04

I

=
v

03
(Lh
0.4

L2
17
L3
04

Mean - ST3 Mean

SARA, NA:-Saba hMudne Park

Coral Reef Sedgrass tdangrove
S0 Yean 53 dean S0

270 04 271k LIk

7E 1.0 278 Ln

288 1.3 268 ()

288 i1 5.5 LIN ]

264 {1 2B {1

294 32 260 2

28.8¢ 288+

2654 6.6* o1

267 0.z 174t 0.4

271 01 hG 0.3

TR 5 278 05

a7 H 0.3 Pl 0.3

28,3 0.3 284 0.3

285 0.2 Bah 01

2no 0.1 IRy 0]

M5 0.4 LA 0.4

274 0.5 274 .6

2740 0.1 270 a1

26.5 12 26.8 32

26.6 04 ol {14

2741 1.5 0 &g

254 1.3 24 1.2

264 {3 284 1h3

29,01 0 iy 1L

291 1 1 M1

282+ . i

LT 1K1 i [t}

277 _ 04 _ @ b3 L

“Wlunthly mean values caloulated from less than 3 weeks data; values without S0 indicate only 1 week’s measurement,
ralues with 512 indicate 2 weeks” meagnrements.
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Table 4f. CARICOME woeekly site measurements:
Monthly mean of weekly water temperatures (°C at (L5 m depth), 1992 1995,

TEINIDAD & TOBAGOY IM A YENEZ UELA: Universidad de Simon Bolivar

Coral Heef Seagmass tdangrowe Coral TReef Seaprass Manpgrove
- Mo#  Mean s Mean 5D Mean =2 B Y¥rean 50 Mean 502 hean S0
1593
Jan 1
Falx 2
Mar 3
Apr 4
hay a
Jun ]
Jul 7
Aug L]
Sap g 26,0 270
Ot 10 5.5 0,07
Movw 11 s
Dec 12
19493
|an 13 272 o R i
Feb» 14
Mar 15 37AF 287 282
Apr ta 270 2R.4+ 274
May L7 23.5* ok o PLAL
Jurn i3] 31.4¢ 135 B By
Jul 15 285" 3 3¢ 294
Aug n ki a5 i
Sep rdl 3.1 Lz 2944
Ot 22
Moy ) 2600+ LG 293
Lo 24 KT N e R 2490F
1904
Jan 25 26,7 12 7R LG 740 & 2R 278 274
Rt 26 2R+ 270 26.3*
Mar V) 70 2840 280 26.8¢ 2R 279
Apr M 26.F 2648 2604F 2T 25 pL RO
Mlay 26 L [LA] 28.5% (Ehey 294 nr 28.0¢ .5
Jan K1H 28 i 2850
Ial K| 20 2uan a4+ 27 8.7 283+
ALE 32 2R.1* 1.5 Aa*
Sep 3 8.1 .1+
Coct Y| K 1N 311+
My a5 3.1 1.0+ 3l
Druc 46 275 ot 254t
14995
Jan 7 2R Tk iy
teb 33 i P 273
Mar 35 TR 2924 Awar
Apr 4
May 4] il 0.5+ 2944
Jun 42 I8.5¢ s 294+
Jul 43 ratl 3Lzt 29,51
Aug 44
Sep ah
Ot 4h
U Lrd
Lkeg 44

“Monthly mean values caloulated Lrom less than 3 weeks data; values withnut 512 indicare only 1 week's measurement,
walues with S0 indleats 2 weals” measurements.
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Table 4g. CARICOME weekly site measurements:
konthly mean of weekly waler tamperatures (O af b5 m depthy, 7492 1995,
YEMEZUELA: ELIMAR
Coral Reaef Seagrass Mlangrove
——Mo#  Mean  ED - Mean 8D Mean S0 _

TaL2

Tarn 1

Fibs b

Marc 3

Apr 4

My 5

Jun ]

Jul 7

AUg &

Sep 9

W]y i1

Mo 11

Thewr 12

1543

Jan 13 2 {Lfr 26.3 1.4
Tch 14 2R 1.2 X {11
biur 15 0 i i 1 0.1
Apg 1& mn i1 k! 1%
May 17 287 % M3 &
Jun L& 8.2 1.3 251 1.4
Jul 1g 284 0z JR3 0.8
Aug 20 281 (.5 2540% 0&
Sep | 283 0.5 a2 oF
Ok s 251 0.3 2.2 s
Mow 23 7.8 ne il 0n.g
D 24 274 04 el &
15494

Jan 235 a0t 0.2 26.4* 0.2
Feh 26 251+ 07 240 0.6
Mar 7 263 0.6 6.6 0.5
Apr 28 .8 0.1 2p.7* 01
May 29 267 04 2n.0¢ .1
Tan k4] 271 0.3 273 0.7
Tl L 71 0.5 2311 2,
Aug Az 3.3 J4 J0ea 2
Sup 33 i W n.s 2687 3
et B2 b 1.0 2R 1.0
oy an H2 in Pt 1.t
Thee In 26.9% Fz2

19435

lan a7 2.7 13 rrA 1
Kk as HE i1 Pl 11
Mar 39 274 1.1 71 [.e
Apr a0 2az nz .0 i
felay 41 2 [ 248 0
Jun 42 278 ol 2R.5% 04
[l 43 A 0.3 2H4a 1.4
A 44 g 0.4 Pl ng
Gep 45 ana 0.7 UL 1.7
ek 46 2.3 0.6 oy 0.k
Mo 47 2749 n7z 277 14
D 48 74 049 s 04

“Wunthly mear vabues caloolated from dess than 3 oweeks data; values withotet 50 indicate only 1 week’s measurenent,
values witts SDF indicale 2 wioeeks' measuroiments.
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Table fa. CARICORT HORO measuretients: Monthly mean waler tenpreratures ("), T9M -1IKE,
BELTAE: Carrie Bow Cay

1554
Tan

hfar
Apr
Iy
Juin
Jul
Al
Sep
el
Moy
Doc

1965
Jan

Mar

hlay
Tun
Jul
gy
Sep
Ot
Mo
Dec

BAITAMAS: Bahamian Fiald Staton

Oatrander Reef Crahams Hatbor Fremch Bay
Mean S Muan Sy dMean 5D

2736 71

20405 1.2
2555 .93

253 025 M0k 1.5 2472 (ER]1
403 023 1402 E5 2450 142
24 B8 Dad 2475 045 2482 i1
20,22 0490 2653 1.4
2820 nar 2 111
57 050 23 IRy
9.6 DAL 29w 1.IFF
2495 (1 N | 09% 29T 1.14
2453 .15

27a2 .52
2605 055 2445 130 2527 120

19934

fan

Mar
Apr
May
Jun
Jul
Aug
Sep
Qcr
Mo
Duc

Tous
Jan

Mar
Apr
hay

Jun
Jul

Auzg
Ik

it

TEFMUDA: Bialyical Slation for Research

Coral Reef Sedgriss Ded Mangtewe
Mean S0 Mean 5 Mean S0

Coral Beef
Mean 50
253,50 t16
2LAD {15
28706 151
2852 0.4
2774 0.25

2066 73 2005 43
2339 B2 2351 .35
2525 133 232 1.21
28.58 144 2955 nEy 2R1a .43
2540 150 2908 48 2715 0.43
2746 05 274 63 2615 040
2472 114 2448 130 2142 1.30
2224 el 2167 73 193w 221
2144 083 2 041 1833 1.4%

Seagrass Bed
Mean 51
LR 12
X0 152
.64 h74
i) 1.17
WHT Al

2

4
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Table 5b, CARICOWME HOBQ measurernents: hanthly mean waber temperalures (703, 19594 1505,

COLOMBIA INVEMAR
Reef ite Seagrass Bed Mangrove Site  Laboratory Side
Mean 50 Mean S Mean 3 Mean  ED

1994
fan
tch 3.4 B2 25 10\ 2680 r32  2R18 (3.80
Pdatr 2.h 04 ek 181 2616 [LX- L (.5%
Apr 25402 034 Al 047 e 13 19400 7
ey Jial4 Oad 2745 094 75T g% 294 (.98
Jun 2584 .74 o5 a5 I7AD p2F 7 .77
jul 1464 07 g 1A 706 236 2980 095
Aug Ja. 44 A Z716 073 Zaon Ih32  IRAS 1.413%
Sep 271 049 773 k49 2856 n3x M 1.1¥%
Ol 2778 149 2380 1000 3537 N34 2858 .58
Mo 2714 0.3 284 107 2743 L34 2522 .54
Lrae 2462 099 red3 103 2624 02e 2883 (.85
19495
|an 2488 167 2551 088 2580 031 2881 .70
Feb 24.80 0] 2582 nEI 2543 .21 28.21 0.73
Mar 2517 1M 654 1.4 25410 nhe 256 194
Apt 2491 173 70 n4s 2673 031 2478 IL.7H
May 2688 51 25325 07 25 127 2904 [+56
Jun 27.51 b5 2588 091 47 025 2619 1.01
Jul 2645 7R 3757 n4g 370 037 2824 1.0
Aug 2541 033 359q 093 2A7 46 2811 1.1%
Sep 28,49 b5 2994 L LN 04s 2384 1.07
Ot 29.34 034 300 041 2R.a1 053 2757 1.0
Moy 17 b 048 2732 a.62 272 123 2545 074
LDec | N 072 ZRBE 086 2682 BA% AT Did - —
CUBA: MWW SCIEC
el Site Seagtiss Bed Mangrove Site  Lubozatoty Site
Mean SO Mean S0 Mean 5D Mean 8D

Tu
Jan
G
bdar
Apr
My
Jun
Jul
AL
Sep
Ot
M
Dec
1545
Tan
Fel
har 251K 495 2568 L.07 74 1.0 2537 1.1%
Ar 2545 02 2674 LA 2664 rwl 2571 0L.87
May 26.54] B3 2830 Lk 2821 103 2672 ey
Jun 7 03 28w T 20 1.1 2745 1.22
Jul I795 036 AT 113 2gH 105 2514 143
Ang Pl R [ [1.30 9.3 1.13 ol L 1.11 745 1.12
Sep 29 (4 n.1l WO iz 347 13 I7F2 0L.&0
Ot
ey
Dhar
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JARMAN A Discovery Bay Marine Lab
Coral Reef Sepgrass Bed Mangrove
Mean 500 Mean S+ Mean sD

15904
Jan
Fetr
biar L naz 257 k11
Apr 2732 062 2764 ed 2581 1117
hav 25.19 032 2R.oR 2 2606 k11
Jurn 2531 0i3  IB56 2t 2w [ENIE
jul 2R.26 nie 2822 022 4R .04
Az 283 021 2851 0.3 2621 a0
Sep 548 a8 272 0.20  Ze08 .05
Che| 2872 025 2R 1129 2631 32
Mow 2565 n21 2824 122 264w 0%
Ciec 2605 v | 1.4z 2580 4%
1555
Tan .3k 143 26594 031 2534 (X
Teb M.t 01z 2872 k23 2521 0.0z
hdar
Apr TR il 2713 k29 2520 01z
bday i 036 275 kgl 2531 1o
Jun 1524 0zl 2800 k23 2530 0.0F
Jul 2559 024 2.7 k21 2664 0.
Aug 2415 0,27 2350 iz 2671 KT
Sep 2% 5h 015 2528 r31 2647 012
Cret Xul anz 2347 2 2650 N0z
Ny 2636 L1a 27 24 2628 0.1z
Dec 2811 a0t 25 0.2 2530 0.0z
MEXICE Puerte Morelos MEXICO: CINVEST
Coral Beset Seawrass Hed Met, Station Seagrass Boed Mangrove
Mean S0 Mean S0 Mean H)  Mean S Mean a1
1994
Jan
Feb
Mar
Apr 2733 hds 2773 nEl  24¥ .52
May 2780 hi2 2724 a1l I 224
Jan 2794 6 2858 n.41
u] 28,22 k56 2R.S2 N4z M 124
Aug Firs | 124 28,19 129
Sep 2560 238
Chok 28418 38 2780 nan 2544 1.70
Mow 728 137 2650 0.75
Liec 26,52 5§ 2557 1.35
15
Jan 2336 04% 2445 L7 2380 291
Feh 2464 L 251l 083 2359 315
har 350 e 24.12 L33 HaAF 247
Apr 2643 030 2462 149 2545 152
biay 26,39 105 2824 141
jun 25.58 Q70 2Beh .53 M4 76 138 27 1.76
Tl 2B.72 0.44 2715 13 43 089 2852 Wil
Aug 2641 0Bl 2034 t71 Fae 171 ¢ el 2R.02 .7
Sep 2B.75 036 /95 - el 2792 2 AFIT L3 2E53 0.62
Qct 18,45 r3a 2757 135 2570 132 2542 L43
™oy 2r.al r31 2554 x7l
Teg 26,21 172 2388 266
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CARICOMP — Cartbbean Coral Regf, Seagrass and Mangrove Siles

Table 54, CARICOMP HOBC measurenens: Moatliy mean water temperatures (03, 1994 -1985,

SABM: Park TEINIL:AT: IhdA
Coral Reef Coral Begf Seagrass led Mangrove Weathar Staticn
.. Mean 5D Msan S Mean s _ .
144
Jan
Feb
War 2608 14
Apr 2822 0.r7
My 2692 0.30
Tun 2734 0.0
Jul 2751 0,22
Aurg 02 0.2
Sep 2525 013 2678 0.33 202 (150
et i 087 270 133 83 +.3&
My 2582 04 2p53 K32 27359 .58
[Chac 2611 0.2%  2an68 22 273 24
1995
Tan R | 1.9z
P 2305 1.26
Mar e 1.76 a2 241
Apr 2571 151
May 7H 041 todd 144
Jun 2603 017 .11 115
Tul 20.4] 1.53
Aug 2R3 LA3
Sep 2645 144
Qct 2620 L4 2695 274
Moy 2523 1.25 a4l 267
Dee | 0 _ _ . _ _ _ _ __ _ _.__#x 13 nBF 27
YEMNEZUELA: INTECMAR VEMELURLA: ELTWAR
Coral Reaf Seagrass Hed Mangrave dangrive et Staticn
__ _Mean 8D Men SO Mean SO Mean _SD Mean _SD
1444
Tan
Fehy
hiar 20.57 {148
Apr 788 137 2718 {+.5%
bay 28.38 117 2738 (1A=
Jun 270 014 273 {241
Tl 757 037 7l k31
Aug
Sep 2434 s | 2830 [F.a5
(et A3 047 29.35 (135
Mav Ay 41 14.&6* 287 2846 1.1
Irer 273k 0,26 1785 0.3z 2673 133
1995
Jan 24.4% .24 2783 0 24525 a3 2563 1.12
Feb 240 010 2736 [ 6,16 (1 N B 1 2.6 242
Mar 231 2M 2785 28 25.56 2 2B.06 Lila 27H 2.4
Apr 2838 0.13 27.5% 134 23,00 2,24
May 2772 L17 2B.25 Z.3l
Jum 24.22 107 Zdi 210
Tl et | 1.33 s Bl 204
Aug HEHER 147 2524 107
Sep 475 139 B0s 202
Ot 26,05 1.1 28,24 203
MNov 23.02 L13 27 &k 214
Der 2701 102 o 206 215
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The Dtz Managerent Cenire and Data Sunmmary

Table 6a. CARICOMP weekly habitat measurements: bMonthly mean of weekly salinity (%e al (0.5 o deplh), 1992 - 1995

BAHAMAS: BAHAMIAN TIELD STATICN BARBADCS: BELLAIRS RESEARCH IMST
Cuooral Reef Geagrasd Mangrove Caral Reef Seagrass Mangrove
Mam BMecan 5D Mean S  Mean 50 Mean  SIP Kean 51} Mdean A0
1952
Jan i
Feh 2
ndar 3
Apr 4
hiay A
Jun b
Tul ¥
Augr ]
Sup )
Cret 11
Moo 11 3500 354" 2.0
Do 2 0.0 0.0 334 0.4 24 (R
1923
Jan 13 30, (ERA] 3541 (3.0 0 [k
Beb 14 355 0.4 331 0.3 ! .6
Mar 1% 350 0.4 351 .3 KX (L5
Anr 16 A2 3 335 0.5 4.5 .0
“ay 17 4.0 0.4 331 0.6 4.4 0.z
Jun 18
Jul 14 135 ns i34 1.t =2 130y
Mg 20 M3 0.5 335 0.6 4.5 .G
Sup M M0 Q.7 35 Ly 4.4 7
Ot v M2 0.3 344 0.4 2.5 0.
Mo 23 M3 0.4 H.5 il 34 0.3
Cer 24 MR 0.4t 3.5% (84
1954
Jan 25 152 0.3 W7 0.6 a3.0¢ 0.4
Fel» 24 M0 WAL .0 0.0
Mar 27 .0 K]l 334 0.3
Apr 25 M0 o an o
hlay 24 240 AL 337 0.6
[un Al R 1.0 23 0.5
[1] il Ji5 1.6 2.8 1.0
Aug az 31L& 13 a2n 0l
Sep a3 M6 05 MDD ur
Ot H 344l [hi K1 5
Iy 35 a3 b6 139 0.
D 34 LN 1.4 25.8 2.3
1995
Jan ¥ 34 o8 363 06 48 14 3B/BF 08
Foh 3 J27 L Ll (LA 343 & 5.7 L1
Mar L 0 10 374 % 55 0.& R 0.3
Apr 40t et {[Rs) 375 L[5 ERTL na 5.2 03
hay 41 364 a4 22 0.4 M D0 3/ DD
Jun 42 avn 28] AT5 hé A5 k1l s 0.0
Jul 43 £V b .0 ara [L0) .
Aug 43 EL N nr ars ILG EMEL (1] 34.5 &
Sep 45 KNy Q.1
Qel 46 375 7 Ky 07 350 04 .3 1.2
Mo 47 8.0 L0 J7E 4 50 0 4.4 0.3
Dec 48 35.0° R 3560 .0

Sonthly medn values caleulabed From less than 3 weeks data; values without D indicate onby 1 swweek's meamimement,
values with 50 indicate 2 weeks” measnrements.
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CARICOMP — Caribbean Coral Reef, Seagrass and Mangrove Siles

__. Tahle &b, CARICOMI weekly habitat measurements: Monthly mean of weekly salinity {%o at 0.5 m depth), 19921395,
BELIZE: CARRLE BOW CAY

Coral Recf Seagmass

Mo#  Mean 589 Mean 5@
14992
Jan 1
Fet: 1
Mar 3
Apr q
May ]
Jun B
Jul 7
Aug a
Sep %
Ot 10
Mo 11
D 12
1993
fan 13 347 23 3.7 243
Fetlx 14 IR .5 354 049
War 135 352 3 357 0.4
Apr 14 64 1.3 Ja.n 0.0
Mlay 17 6.0 1.0 57 e
Jun 15 36401 .41 ELAE HEI}
Jul 19 368 1.3 0.5 L
Augr 20 354 0.5 as4 .5
S pa }
Dt 12
Maw 23
Dec 24 Ad.0 M
1w
Tan 25 303 .3 5.0 .0
Febr 24 35.8 COE 355 .5
Mar 27 358 1.5 3h9 .3
Apr 23 353 R 3Ra &
haw 24 kLAY Q.4 A5.5* 07
Jun ag 373 14 365 1.0
Jul 11 8.3 i 3a0 .00
Aug k¥ 3o 0.0 3a.0¢ .0
Sy 33
e M
Moy 35
Lrec 36
1945
Jan 37 5.8 13 323 52
Feby 35 kLM a0
Mar 35 6.2 i 35.4 04
Apr 40 A1 1.0 5.5 0y
May 41 kB 0z Ha 0.2
Jun 42 5.0 14 333 0.5
ul 43 353 [HR3 353 0.6
Aug 44 M0 14 43 1.4
Sep 45 328 i7 328 1.0
Cer 46 354 1.4 35.3 1.5
Moy 47 5.4 1.0 M3 0.6
Dec 4B a3 1.4 3.2 2.1

*hiumthly mean values caleulated feom less than 3 weeks data; walues withoul 50 indicate only 1 week's measurement,

Mangiove
_Mean 5}

36,54 07
3h3 1.3
156 0y
KA 04a
5.3 1.2
380 a4l
380 0.8
153 0.5
340

540 a0
My 3
355 hd
3R 6
355" {7
A6 L0
121 10
a5 7
0 )
320 14
MR 1.4t
M7 21
M5 0.7

BERMUDA: BIOL STATION

Coral Reef
Mean _5D
355 1o
kLt .4
6.0 oo
Ip0" [
JhL .0
3600 0.0
360 0.0
3540 L7
364 (LAW]
364 o
364 1.0
341 03
Hadp
a0
6. (1]
K -Liy
a0
.l [5.61
Ha2 (L]
Jadp
3.0 [124]
il i
3al (PR
a0
365t
363 e
37
3.0
36.5% 0.7
35,54

Seagrass Mangrove

Mean s Mlean e

AR5 Y

4.0t 0.4 350 1.0

36,41 .4t 343 15

3.0 [INH 335 a7

K1l L] o 0.0

350 0.0 35.2 L3

3.0 a.n

as.0or

.00 {0 F3P

360 k.0 R i 15

6.0 (L0 4.5 211

6.0 {LL) 5.4 1.5

360 (3.8 R .5

a5 [

e 1 340

3640 [ERY}

36.0% 0.l aRO"

e (1.0 60 00

E-R | 4 3k 3¢ n4

Aea* na

362 03

Jaar 0.0 34.5*

3653 04 ano*

G 35.5¢

oA Rl

35.5%

KM

3.3 A

35.5% 07

3g.0¢ &0

3h.0r 0.0

350 0.0

36.0¢

5.3 4

360

values with S0 indicate 2 weeks' measurentents.
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The Data Mupragement Centre pnd Dot Srrmary

Table oo, CARICOME weskly habitat measuremenis: Monthby mean of weekly salinity (% ab 15 m depth), 1952 -1955.

BOMATRE: BOMN AIRE MARINE PARK COLOMBTA: INVEMAR
Coral Bewf Seagrass Mangrove Coral Beef Seagrass Manyrove
Mo# Meas 5D Mean  S1* Mean 5D Mean  SD Mean  SD Mean = SD
1592
Jan 1
Faty 2
hiar ki
Apr 4
Kay a
Jun 3]
Tul 7
Ay g
sep 9 3500 5ot 340
et 10 4.7 0.6 .7 06 347 0.6
M 11 5.2 a1 5.2 01 331 0.3
Dt 12 35,34 0.2 5.2+ 01 3= 0.3
1993
Jam 17 T.0¢ 0.0 36.0¢ 355 7
Fcb 14 359 4.3 36.0 0.0 366 0.8
Mar 13 5.0 4.1 360 ar &L 0.4
Apr 15 360 T 3613 an Faz 0.3
May 17 4.0 1.0 333 2R 3T 44
Tun 15 35,5 13 34.1 15 334 1.4
Tul 15 363 0.6 7.7 0.6 404 0.0
Auog 20 35,3 0.6 370 L 393 1.2
Sep 21 3t 11 5.6 L1 Jas6 L3
et 22 3601 0.0 36.0 a0 371 1.2
Nov 2 58 L3 36,00 g8 365 1.3
Dec 24 353 16 3.5 06 a4 1.5
L334
[an 23 T3 05 36,4 05 3D 0.8
Feh 26 a7rn L e (LA AR 141
Mar 7 360 0.0 70 o 393 1.2
Apr 28 KT 05 375 06 400 L&
May 79 153 1.0 35.18 14 AG 2.2
Jun an 362 11 34 1.1k A7 23
Jul 3l 6.3 05 370 0% 385 1.4
Al hy 245 13 2400 RN 360 a4 A80 1.7
Sep 33 33 (I3 53 15 35.3 1.5 5T H 1.5
Oct 34 335 L6 335 14 D 14 544 1.5
Mo 35 052 1.R 330 23 34 7
Do 36 W Ot ft 3P (T T 7
1995
lan 37 340 0.0 360 0.0 362 0% 378 0.3
Feb 38 4.0 0.0 36,8 0.5 75 0.6 356 1.4
Mar v 4.0 0.0 B, 0.5 36.6 05 363 11
Apr 40 ET R 05 w64 ] F70 AT TR} 0.8
My 41 4.3 0.5 i ¥ 0.4 36.0 T 14
Tun 42 4.3 0.5 4.0 22 .5 6 3TH 23
Tul 43 4.3 1.0 360 0.7 36.4 Lr 382 0.5
Aug 44 340 [0 316 2.0 33.7 Le 33 L5
Sep 45 345 & 154 13 35.8 02 34E 3.3
et 46 M5 (& M0 26 .0 26 333 2.3
Muv 47 a4 6 (5 a7 6 0.5 27 4 05 379 1.4
Doy 43 5.0 0] 177 15 18D 15 393 0.3

"Manthly mean values caloulated from less than 3 weeks data; values withuot 5D indicate anly 1 week’s measurement,
values with 50 indicate 7 weeks” measurements.
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CARICOMP — Caribbean Coral Reef, Seagrass and Muangrove Sites

Table 6d. CARTCOMP weekly habilal measarements: Manthly mean of weekly salinity (% at 0.5 m depth), 19492 -1945,

JARATCA: DBME, UWT MEXICO: PUERTO MOERELOS

Caral Reef Heagrass Mangrove Cowal Rapf Seagrass Mangrove
. Mo#  hean D Bean il Mean 5D Mean g0 hean SCr Muan 512
1942
lan 1
Fek 2
Mar 3
Apr q
May 5
Jun &
Tul 7
Mgy f
Sep q 350 14
Chct 110 A6.3 & 353 A
M 11 333 1.2 353 1.0
Chec 12 1T | 1.0 E6 1.4
1947
Jan 13 kX! 0.2 T o7 260 0.4 BT 1.6 3a.0 40
Feh 14 359 0.t M 0.2 272 01 3641 LN a0 40
Nlar 15 58 0.3 344 11 252 3.2 360" .0 3.0 1.0
Apr 1k B4 0.3 A 1.3 6.2 1.5 360 L] 3.0 1.0
hefay 17 AR 0.3 Ha 1.3 236 49 360 . 3.0 LI
Jun 18 ap2 0.3 3235 2.3 271 0.3 360 .0 3.0 ann
Jul 19 ARy 09 344 1.3 26.0 2z 360 0.0k 6.0 nn
AuE 20 354 1L 4.0 1.1 234 53 3e.0 0.0 a0 A
hep 21 57 M2 .5 0.4 254 15 6.3 0.5 k3 0.5
et iz 353 {L" M1 20 240 4.5 ARG 0.6 358 0.5
My 23 AR 0.4 a5 0.6
D 24 R0 0.4) 340k 0.0
1954
Jan 25 35,2 [l.& a3.9 1.5 270 & RO 04 34} 0.0
Frb 26 an2 i 340 1.3 276 na AN 0.4) 3a.0 0.0
Mar 27 A5.6% 335 25.8* R0 0.4) 340 .
Apr 28 35 270 A5 3.0 k]l 3a.b (4t
Mlay i 5.0 .7 333 0.4 72 1h5 34.0 0.0 333 0.6
Jun a0 35.2 LN Adh [LX] s k2 il 04 36,03 0.4
Jud A 34.0 0.1 352 1h3 279 2 Hi.D .41 kX 0.0
Aug a2 LR .4 39 L7 254 24 3.0 1.0 Akl 0.4
Sep a3 Aadl* 355+ 28,0 S6.0* el % 4 [eXy]
Chel a4 335 0.2 M0 .1 A 03 Jadr [0 6.0 [0
Mow a5 3585 3.5 Fi LTI 3.0
Dhee D Jadr 360 [0
1995
Jan 37 a5 275 64 k0 Ang (LAY}
Feh IR ard 1.2 53 0.4 275 a.0 e Je.0 0o
kiar 32 ard- 1.2 M3 4 235+ a7 KLY k0 3.0 [0
Apr 40 AL.3 14 5 LIt 256 09 AR (1]
My 41 3548 1.0 13k LR NS A3 364 {10 330 4.5
[un 42 368 24 a5z 0.3 27 0.3 a60° 0.0 3e.0 {+n
Jul 43 353 0.3 353 0.5 255 3.7 ARG 1.0 6.0 o
Aug 44 351 0.3 356 0.5 273 1.3 el | a.n 360 {.0
Sep 45 36.0 0o R 0.5 .3 1.5 Ao LINH 58 0.5
Chot 46 38.0¢ 07 3505 07 2R.5* 1 340
Moy 47 30 1.0 364 1.0 i 24 i} a.n 358 0.5
[dar 418 152 3 337 5.1 277 1.2 360 0.0 2.0 (.0

denthly mean values calculated froom less than 3 weeks dala; values withoot 5D indicate omly 1 week's measurement,
vahuees with 50 indicate 2 weeks” measurements.
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The Duata Management Centre pnd Data Sumnary

Table ée. CARICOME weekly habilat measurements: Monthly mean of wegkly salinity (% al 0.5 m depth), 1952 -1955.

PUKRLO BICCE Universily of PR

5ABA WA Saba Marine Park

Toral Rect Seagrass Mangrove Circal Beef

] Mo#  Mean 1] Mean 50 Mean <12 Mean S0
142
Jan 1
Teb 2
Mar 3
Apr 4
May i
Jun f
Jul 7
Aug fi
Sep 3 39.1 1o
kot 10 353 .5
Mo 11 B L)
Drec 12 350 0.0
1993
Jan 13 a5 Lk.0) R0 0.4
Fel 14 360 ELA 04
Mar 15 355 1.5 15.0 0.4
Apr 1t J4.5* 07 Hi na
May 17 ST .7 A51y 30
Jun 13 344 T4 350 [ERA]
Tul 1% 3541 0o a5 i
Aug 0 34.8% 0.1t 354 ko)
Sep n 3.6 0.k 334 .0
O 22 ag.1* 01 2500
[wow 23 360017 0.0
D 24 J6.0¢
1994
Jar i3 a5
Frds 6 354 0.B
Mar red 35,0 0.4
Apr % 35,00 0.0
oy 2 6.0 0.0
Tun a0 35.08 04
Jul 3l 60 0.0
Alrg, a2 AL (3.1
Sep 33 3.3 06 5.1t i)
Ot M 330 .0 347 L
Moav a5 330 Q.0 350 0.0
Ther 3n 20 LAY ERAL 10
1585
Jan 37 300 00 Ml o 354 0.0
Feby 38 3308 335 L& 350 {40
Mdar 3 3300 3.0 0.4 350 i
Apr 4i] 3.0¢ 0.4 And 1.0
Way 41 34.0* M. 0.0 s 0.0
fun 47 3510 arp
Tul 43 /O 00
Aug 44 A44* 5.0 0.4
Sep 15 34,00 M 00
et 46 340 LAN] 344 .0 a5
Mow 47 34.0% L] a5 041
Lla¢ 43 o L0 ¢ sn o o

Feagrass Manyrove
Mean 50 bdcan 5D

3.0 08
a5u 1.5
350 0.0
ann CLI
3ad 0.4
354 0.4
354 0.4
¥ 0.5
35.0 (EX4)
352 0.4
35.0 (LX4]
35,00 0
R0 (LAY}
5.0

ELAL

an 041
54 04
s 0.4
3541 0
354 .
354 N
3540 (XY
350 (X
.7 (LY.}
3h.0 L]
350 i1
5.0 .1
350 1
50 a0
55 1o
asn 0
5.0 €10
5o 0
i 0
azar

ERla R
s o

*Monthly mean values calculated from less than 3 weeks daka; values without S0 indicate only 1 week’s measutement,
values wilh S0 indicate 2 weeks' measurements.
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CARICOMP — Crribbeun: Coral Recf, Seagrass and Mangre Sites

Lable 6f, CABICOME weekly habitat insasurements: Monthly mean ol weekly sabinity (%o at 0.5 m depth), 1952 -1995.
VENEZUELA: Universidad de Simaon Balivar
Coral Beel

TRINIDAD & TODAGD: DMA

Coral Recf
Mo#  Mean 5D
Jauz
Jan 1
ek 2
Marc 3
Apr 4
hay 5
Jun f
Tul 5
Aug H
Sep 9
Cict 10
Mo Il
Dgr 12
14493
fan 13
Feh 14
Mar 15
Apr 16
My 17
Jun 15
Jul 19
Aug 0
Sep 21
et 22
o 3
Dhac 24
19ug
Tan o5 5.0 I
Fel 26 v LIS
Mar 27 3501 0.4
Apr pi 4.5
Mar H IS4 0.4
lun an 35
Jul 31 33
Aug Az
Sep 33
Qict a3q
Mo i)
Dec 36
1995
Jan 37
Feh 38
har 39
Apr 44
hiay 41
Jun 4z
Jul 43
Augr H
Sep 45
Chet 46
Maw 47
Lhec 43

Seiyrans blangronwe
_ Mean SO Mean  SD
351 ra 4 17
3500 10 4541 1.0
350 o a0 L
34.0% 340
7o 43 3504 QL
o anar
b1 a0

bdean

o
IR0

dr.o

o0
Jear
kXA
araoe
8.0
360
JhA

JBA
Ja

30,0
Ll
g
a4
JaA

e
s
Ja®
Ja.*
ELR 1o
.00

7o
a7
6.0

8.0

N
a8

sD

SeagTass Mangrove
_Muean 53 Mean N
W
B
S8
Jar 13N
L 3940
370 A8
Uy A7
IR L 70
380 370*
360 370
380 3a.F
JR.0% 36,
380 3P
6.0 3547
A58+ a0
1 T4 hd Sh.0*
i JaF
6.0 a0
il
Jh0 36,0
J6.0% a0
36.0%
a6.0%
3540 5.0
351 6.0
Ja.0¢ a7
38 50
el 641
3.0 J5.0*
5.0 355"
JR.O* 3B

“Bonthly mean values caloalsted from Jess than 3 weebs dabig values seithout SO indicate only 1 weel's measuretnent,

wralues with SDVindicate 2 weeks’ measurements.
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The Data Managenient Centre and Data Summary

Table fgr. CARICOMD weekly habitat measurements: Monthly mean of weekly salinity [ at 0.5 m deplh), 1992 21995, .
VEMEZUELA: CDTMAT

Caral Ree{ Seagrass bangriree
hiod  Bean 50  Mean 50  Mean 8D

o0k

Jan 1

Feb z

Mar 3

Apr 1

May 5

Tun 3]

Jul 7

Aug &

Sep G

Chet Tl

MNav 11

Chee 12

15923

Tan 13 176 144 e na
Fh 14 35 (.6 185 0.4
Mar 13 372 0.4 M4 0.5
Apr 15 I7E 1n 33 05
May 17 v 0.5 K5 4
Jun 18 7K 0.4 Jaz 5
Jul 1% 333 na kTR 5
Aug 20 383 12 R 0.0
Sep Il Ar3 1.0 I7R 1.0
Ot 22 373 15 IRl [0
Mav 3 arn o 3&A LD
Drec 24 30 ro 3841 1103
1954

Jan ) FEe a.; 375 .7
Peb A KTy 0.0 375 7
bfar 7 373 .5 8.0 LAY
APt 28 aro AN .0t Q.
hfay 2d K [E] Foe 0.4
Jun *1 73 0.6 383 0.6
Jul n 37.[¢ 04 3.5 ns
Aug 32 3.7 (1] KriH 17
Sep a3 A 00 A5 07
Oct a4 375 07 kIR [.e]
M as 3.3 & 370 .0
Ter 35 R RIR 3o

1445

Jan k7 g 14 3&.5 7
Feh = Jro" 17 380 1.4
Mar 3 37 AT 0 w7 k&
Apr 40 A7 7 7.5 7
May 41 363 153 393 L&
Jun 42 38.0¢ {L.0) At .7
Jul 43 3e5t 47 A7 14
Aug 44 370 LA 73 1.5
Sep 45 375 .7 J7 5 0.7
3t 40 375 .7 Jree .7
Maw 47 370 1.0 a7 L5
Dreg 45 370 AL Ja.r .0

“Monthly mean values caloulated from less than 3 weeks data; values without 5D indicate only 1 week's maasurement,
vitlues with SUF indicate 2 weeks’ ineasurements.
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CARICOME — Caribbean Coral Reef, Seagrass amd Mungrove Sites

Table 7a. CARWCOMID weelkdy habitat measurements: Monthly mean of light attenuation (Seechi disk}, 1992 1945

BAHAMAS: Bahamian Field Scakion

BARBA LS Bellaits Resvatch Institute

Month  Corai Sea Man- Coral Sen— Man-
. & Reef o) grass B prove 8D Koot 50 grass S BEOVE
1992
Jan 1
Feh 2
Mar !
Apr .
May 5
Jun &
Jul 7
Aug B
Sep a
Qi 10
WNoww i1 Hpa o
Tiec 12 115 100 35 .8
13493
lan 13 12,3+ 5.5 16
Fel» 14 173+ 21 74 52
Mar 15 1.9 36 84 53
A 15 187 15 5.1 4R
May 17 164 24 14D 35
jun 1K
Jul 19 46 L5 4,1 4.8
Aug 20 175 26 8.5 4.0
Sep 21 144 25 14 L&
Cict 22 15.1 0.9 R0 14
Nov k] 172 2.0 42 L3
Thar 24 h.E* KX
1054
Tan 5 16.4 1.3 Ry 31
Fer 26 16.7 11 Ffh il4
Mar 7 188 1.2 .l h
Apr 25 19 01 Ja 58
May 29 11.7 4.3 7ar 3.4
Jun 30 111 LI} 53 0.7
Tul k11 114 40 4.2 1.0
Aug 32 e 15 53 21
Sep 33 153 14 7F 24
Ot H 1.2 1 5.1 1.6
Mow 35 71 17 k.1 13
Trec kI 71 21 5.7 05
1995
Jan 37 M7 N6 1.7 15 3.6 0.3
Feb 3y 413 51 132 05 43 20
Mar 30 422 28 13.3 22 54 L
ApT 40 44.3 53 R 1%.6 07 6.4 an
May 41 43.0 a7 13.6 Ly 18.4° 8.0 7AT 1w
Juen 42 o 117 176 12 13.1* 0.l 5.3 0.3
Tal 43 370 14.6 5
Aug 44 3400 0.4 38 135 & T (5
Sep 15 o 2. 01
0l 46 7o 9.4 4 1441 2.1 41 04
Mo a7 4 25 10,2 24 10.9 55 2.8 21
Dec a1 Rl 21 0 43 1.2

*Denotes homthly hMean Values caloulated from less than 3 weeks data; values withouwt Standand Deviation indicate
only 1 week's measuremenl) values willy Standard Deviation indicate 2 weeks® measursment.

5D
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The Date Managemen! Centre and Data Summary

Table 71y, CARICGMEP werkly habilat e surerients: Monthly mean of lght attenuation (Secchi disk), 1992 -1%5,

BELLZE: Smillysonian Tnstinmtion {Camie Tow Cayl BRRMUTA: Bivliwzical Station for Kesearch
Month  Coral Sea— bfan— Coral Sea— M an—
# Feef ) prass 513 growve 512 Reef Sl prass L g o
1902
Jan 1
Fab 2
Mar 3
Apr i
May f
Jun A
Jul 7
Aug R
Sep 4 9.4 0.5 1.2 4.0
Dt 10 i Xi 111 13
Mav 11 an.z2 11.0 157 25
D 12 4545 .49 1394 4
1443
Tan 13 24.5 ns 127 25 Y5+ 10.6 17.0¢ 4.9
Foh 14 216 23 140 4.2 153 .0
Mar 15 208 1.4 121 17 .0 181 21
Apr 16 225 41 158 1.3 4.0
Weliay 17 nrF 03 11.0 1.7 41, 12.% 11
Jun 13 X0 4.7 PRI 1.2 4 47 233 24
Jul 19 8.5 (L3 132 22 7 24 154 21
Mg 0 217 0 153 1.2 244 1.2 122 nz2
Sep b3l 332 33 1L6 25
QL 22
Mo 23 1210
Dhec 24 14.0¢ 1340 150 12.8* 23
1904
Jan 5 173 0.5 14,3 1.0 it 1.2 13.1% 52
Dby 26 163 1.3 154 .5 363" 137 4.4
Mar a7 173 a4 9.3 i6 12.5% 30
Apr 28 n7 L3 127 2.1 K2 B 35 13.0% 23
hday 29 Hs 1.4 B0 14 307 6.7 124 33
Jun an 221 4.7 128 im 0 15.6 4.1 |
Jul a 6.7 14 149 04 270 8 130"
Aug 32 25.4% 3.3 3 1B 8.5 34 103 24
Sep 33 2514 100 123 i
Chet 34 15.5* 114 1.7
Mow a5 &.0
D 36 n.me X 13.0¢ 04l
1.5
Jan a7 19.4 4.0 n 3T 3y 14.4*
Fel 3z 1a." 18 B.7 44 AL 120¢
Mar 39 2341 59 113 34 9.8 45 nz 39
Apr 4 1.8 6.2 10 1.2 174¢ 253 123
Ma}f 41 FAR: 09 143 140 LI 128+
Jun 42 4.8 34 13.0 32 335 106 130¢ 25
Jul 43 as5s" 33 1.0 24 430 7.0 17.4* 21
Aug 44 224 JLEN) 139 a4 7. 1.3
Sep 45 17.8 23 15 7 197 2B 113+ 2.5
Cicr 46 11.4 1.5 o4 5.3 291 11.5* 0.5
Mo 47 mz2 5.3 B2 5.1 vl 14.3 135+ a1
D 48 253 2l B0t 57 425 12.6*

TDenntes Monthly Mean Values calealated from Less than % weeks data; values without Standard Deviation
indicale cnly 1 weel's measurement; values with Standard Deviation indicate 2 weshs' measo mment.
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CARICOMP — Caribbean Coral Resf, Seagrass and Mgngrove Sites

Table 7r. CARICOMT weckly habitat measurement:: Monthly medn of light artenuation {Secchi disk), 1982 1995,

BOMATRE, MA Bonaite dMatine Fark

Month  Coral Bea- Man— Coral
#  Besl SO Emass 5D gmowe 50

1992
fan 1
Feb 2
Mar 3
Apr 4
hotay 5
Jun [
Jul 7
Aug 5
Sep 9 1407
Ot 10 162
Mow 11 140
Nec 12 17.0¢
143
Jan 13 7.0t
Feh 14 108
hiar 13 12.3
ApT 16 15.7
May 17 a0
Jun 12 12.4
Jul 13 10,3
Aug 20 145
Fep ! 11.5
Ot 22 15.8
Mov 23 11.6
D M 125
1954
Jan 25 11.5
tieh 268 120
bdar 27 14.7
Apr 28 125
May 29 15.5
Jun 3 127
Jul 3l 1L.B
Aug 32 216 19 16.0
Sep 33 21.2 23 11.6
Ot 4 220 4.1 9.0
Noy 35 158
Dec i) 13.0
135
Jan a7 24,7 x5 131
Feb 33 235 10 134
Mhar i a4 4.3 15,7
Apr 40 269 34 16.8
May 41 255 33 182
Fun 42 274 340 115
Jul 43 274 La 143
Augr 44 6.0 11 10.5
Sep 45 8.2 13 14.4
Ot 46 277 L4 11.1
Mo 47 24.1 1.3 15.8
Teu 44 5.8 1.4 14.7

Reef _

COLOMEBLA: INVEMAR

i)

16
57
14

10
3z
4.9
24
an
13
3.1
33
35
a5
1.4

(R
L7
4.0
5.6
34
29
L.l
1.3
4.4
4.8
4.2
i

nl
22
aw
17
37
48
(b
473
26
4.2
24
.8

Sea-~ Man-

frass a0 ETOVE 1
G
72 16
4.9 16
3.0 .7
3.5+
BT 20
6.8 21
&7 i3
358 1.6
51 13
4.2 15
a4 4.3
74 2.0
hi 2.3
a1 5.8
4.7 4.4
a4 19
0.6 3l
73 04
a6 4.3
75 a7
KR 1.3
a0 (1A%
73 149
B2 12
a.r 31
75 a5
3.0 1y
3.2 | &)
R7 3.3
1.4 21
49 28

0.2 4.5
4.9 21
4.3 0.9
53 1.5
6.2 1.7
3.5 1.0
34 2.7
a4 3.2

*Denotes Monthly Mean Valpes caloalated from less than 3 weebs data; values without Standard Deviation

indicate cnly 1 week's measurement; values will Standard Deviation indicabe 2 weeks' measurement.
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The Data Management Centre and Dafa Sunimary

__ _Table 7d. CARICOMT weekly habitat measursments: Monthily mean of light abtenuation {Secchi disk), 1992 -1495.

TAMALICA: Discovery Bay Marine Lab MEXTCCE TOMy L, LIAM (Puerto Mnredos)

Month  Coral Sea- Man- Civral Sea— Man—
e #®  Reef 9D g  SD  gwwve 8D Reef 8D gmew S prove  SD
1992
Jan 1
Feb 2
Mar 3
Apr 4
May 5
Jun ]
Jud 7
AL i
Set 3 17.0¢
Oct 1% L LAY 1.8 2.4
Mow 11 prk” 41 2.5 7
Dec 12 221 1o %7 KX
1993
Jan I3 RIRL 1.3 185 241 18.8 L 1749 i
Feh 14 81 14 175 1.4 25.1 4.3 214 L
kar 15 9.7 24 171 [ 1. 2.8 73 LR
Apr la 4.8 1.5 121 23 22.0 27 16,1 4.9
hay 17 24.8% 9.5 42 2 204 5.0 15.5 22
fun 33 264 6.3 122 34t 1.6 4.1 el AL
Jul 19 My 0.4 14.4} 17 187 (1.2 153 149
Aug 20 5 74 115 L6 1T 23 152 10
o M 2 6.4 133 11 il 19 14.6 18
Ot 22 A1 L) 1249 14 204 43 144 14
Mo 23 M3 w1 114 an
Dreres 4 mrF 21 115 N
1544
Jan 25 222 73 147 2% Trd ar 1.4 kA |
Febr 26 253 48 134 7 181 4.4 174 14
hat r 225 171 14.3 14 172 xa
Apr 4 £5.0* 113+ 1. 1.2 151 .
kay 24 1.0 54 131 21 .7 1 138 na
Jun 30 5.4 5.0 112 Al 20 i4 141 0.2
Jul 4 g 1.2 12.2 zl e 1.4 1653 L&
Aug 32 2.0 31 124 1.5 23R 3.9 15.0 L2
Sap ki) 240" 14.2* i 28 1357 1.1
Qct 34 2610 1.0 12.0 n7 s 1.1 14.0* 1.1
Muow 35 1540 1a.0* Mo to.2¥
Dier 36 15.3* 1297 0
15
Jan a7 11.0* 225 N 15.4 24
Fehs 38 P 0.4 300 2264 162" 4.9
hdar = 170 4.3 151 11 2149 A 151 0.4
Apr 41 HE1 42 11.7 2.3 150 0l
belay 41 198 23 IRl L6 5.4 15.3 0.4
Jun 42 16.0 15 138 1.3 2157 25 16.7 21
Jul 43 33 8.1 LY 1.9 21 27 17.6% 0.7
AT 44 2749 5.2 100 L5 235 34 153 23
Sep 4% 4.1 17 TILF 1.4 5.5 L7 14.1 L%
Chek 46 244 128" in g
Mo 47 il 42 a7 13 237 LA IR8 22
Dex 45 27 14 125 8 6.5 53 173 40

*12enores Monthly Mean Values caleulated from less than 3 weeks data; values withowt Standard Desiation
indicabe onky 1 week’'s measurement; values with Standard Deviabion indicate 2 weels’ moasorement.
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CARICOMP — Caribbean Coral Reef, Svagrass amd Mengrooe Sites

Table 7e. CARICOMP weckly habitat measuremnents: Mrnthly mean of light atbenuation (Secchi disk), 1792 -1995.

1902
Jan
Tl
Mar
Apr

Munth

L

—
=R - A= N R R I N

—
[N

13
14
15
16
17
18
14
aly
|
ol
23
4

at)
7
28
29
at)
3
az
a3
3d
aa
A4

7
i
¥
S
4
12
43
49
a5
L1
47
.

PUERTCH RICC), LISA: University of Pusrto Rico

SATA, NA: Baba Marine Farl

Coral

Coral Sea— M an—
_Reef gD grEsa S0 prove 513
128" 1.1
135+
125 fa
1an 4.2
&5 2.1
0.5t L7
12.5* L7
g5+ 11
100 2.4
153~ 6.7
G 14
12.0¢
0.2 1.1
129 1.5
1049 .7
127 LK)
183 04 G s
[iXe 9.6 X
Tae 85 1n
74 0.9
1507 e 2.1
53
11
7.3 1.6 72 1.3
B4 2.8
fdF 0" 14

Recl 5D gm0 D pmve

453 1.5
HEZ 3.8
125 41
180 L}
aLy 2.5
241 2B
2.0 6%
155 14
453 2.8
168.5 24t
254 1.1
145 1.7
et 2.h
20

15.0¢

23.0 2.7
¥nn 16
RE 1.3
5. 12
184 14
2r3 i
N3 )
.3 1z
235 15
215 1.4
220 A5
235 1.8
212 1.2
1% Zh
197 0.6
173 al
o

oo 0
20,3 i5

Cog—

194
at s
133
L7z

194
25
220
A0
25.0
177
.5
20
M5
240

158
53
234

245
o
58
2.0
Ne
19.7

173
2Ot

-
A0.5"

59
4.7
3.8
0.6

L4
34
5.3
4.5
4.2
1.2
A2
24
35

LR
1z
22

10
A5
1.5
1.4
L5
0.6

kA |

(A
1

Man—

s

*Denotes Monthly Mean Yalues calalated from less than 3 weeks data; values witheut Standard Deviation

indicake anly 1 week's measurement; valoes with Standard Deviation indicale 2 weeks' measurement.
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The Data Managemen! Cenfre and Datn Swmmary

Table 7f. CARICOMP weekly habitat measutemants: Monthly mean of light altenuation [Secchi disk), 1993 -1995.

TRINITIAD & TOBAGD: Institute of Marine Atfairs

FLiemotes Monthly Mean Values calculated from less than 3 weeks data; values without Standaed Devialien

Month Corad
# Beef
1962
Jan 1
Lt 2
War 3
Apr 4
Mday L
Tun B
Tul 7
Ay A
Sep 4
Dt 1
Moy 11
D 12
1903
Jan 13
Feh IE !
Mar 15
Apr 16
May 17
Jun 18
Jul 19
Aoy 20
S |
Chit 2
M 23
[hac 24
T
Jan 15 155
Teh 24 14.2
bfar ey 118
Apr 25 FAr
May al) 125t
Jun a L7.0*
Jul 3l 14.0¢
Aug 32
Sep 33
Chct !
Mow 35
[Jec 36
155
Jan 37
Teb el
Mar 3
Apr At
bday 41
Jun 42
Jul 441
My 44
Sep 45
Chot 4¢
M 47

YENEZUELA: Universidad de Simon Bolivar

Sea— Man— Coral Lod- hMar—
5D ZTASE 5D grivve S0 Reef b ] ZTRse = ) grove.
a0 e
10,7 RI*
4.7
o 4.3
HIP FAi
10407 a0
.o 4.0
Th o
G0 7o 4.0
GO 541 3.5
11.0¢ 7o 3
g.99 34"
2.4 4.4 4.0
34 A&
0% a5 28 1040 115+ 34
248 4.8 20 1137 9. 2.0
4 TE* 07 1040+ B 3.8
7o X1 R 20
49 .5 49 120
7
B.¥ R.A" 4,54 i
155 5.0 Elcd
g R 7.a*
Bl X
B.O* 7o X
15+ 3.3 A
11.3* 10.5% 5.0
150 q. 4,07
74" S.h 218
W ki 340
H.r 1.0 J.o
e 11.00

incticate only 1 week’s measarement; values with Standacd Deviation ndicale 2 weeks® measurement.
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CARICOMP — Caribbean Coral Reef, Seagrass and Mangrove Sifes

Table 7. CARICOMT wrekly habital messurernents; Monthly mean of light attenuation {Secchi disk), 1992 1543,

VENEZFUELA: ELAMAR

htonth  Coeal Sea- Man-
# Reef 5D Prase s prove s

1au2
Jan 1
Teh 2
har 3
ApT 4
bay 5
Junm f
Jub 7
Aug B
Sep o
ct 10
Moy 11
Dec 12
1963
Jan 13 18 1.0
Frh 14 32 23
ilar 15 27 1.0
Apr 16 15 0.6
May 17 29 (K]
Jun 158 1% N4
Jul 19 1.6 0.2
A 20 40 34
Sep 2] 13 La
Ot 22 7 0.5
Mo 23 27 03
Bec 24 24 .7
T4
Jan 25 4.7 LR
Feh 28 1.h* 1.1
har 27 21 .5
Apr 2B 25+ L
May el 2 {10
jun u ik 15
Jul | 43 D4
Aug 32 47 25
Sep a3 i o
Ot S 27 1.2
Moy 35 A3 12
Dec 36 4.0*
19495
[ETY a7 a0t 1.3
Heh 38 21 05
Mar 30 TR 1D
Apr 40 4.7 24
May 41 24 0
Jun 42 247 ny
Tul 43 4.4* 23
Aug, 4 52
Sep 45 35 07
Qe 16 29 19
Mow 47 33 1.6
Dec 48 39° 23

*Denotes Morthly Mean Values caloglated From less Bhan 3 weeks data; values withoul Standard Deviation
indicate only 1 week’s measurenient; values with Standard Deviation indicate 2 weeks” measurement.
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Table Ba. CARICOME mangrove forest measuraments, 19921995,

COUMNTRY and InsHtrtion Mumber Basal Area Mumber af Trunk Vol
af {m®/ha) Trevs {m?)
Satnpling Date Dok Mean &D brali S0 hean 8D
BAFAMAS: Bahamlan Figld Stabion
July 1994 3 3083 297 113 1ik] 15 0.096
July 1995 3 4313 285 120 13.0 #1785 0085
BARBADOS: Bellairs Rrsearch Lnstitute
Eebruary 1994 3 33.10 1494F7 4.0 72 4870 2560
Frbruary 1935 3 33,54 1569 2241 a1
BELTZE: Smithsontan Tnestitution — Carrie Bow Cay
Avggrust 1983 5 1544 4,47 4356 124 0.562 {+3R7
Febmiary 1995 2 117 1.06 N6 7o 050 .05
BELIZE: I Chan Marine Reserce
Crtober 1995 3 3653 ey BhS 219 1.220 0.530
BEEMULYA: Bermuda Binlogical Station for Ressarch
Augist 1992 4 2801 540 41.5 75 2,330 £1.Ra0
Angrust 1953 4 28,73 B4l 414 271 2360 ALGRO
Augast 1994 4 27m 10.11 4L | 2070 0.76d]
August 19495 4 2R42 R.22 4L0 AL 2130 (et
BOWAIRE: Bonaire Marine Fark
MNovember 1924 4 18504 3,45 124 5.7 1.2%8 0.450
CAYMAN: Department of the Environment, Frotection & Conservation Uit
hiarch 1954 5 .64 1244 481t 13.4 ZRIT 1.540
April 1995 3 M7 13.04 440 136
COLOMBLA: Instituto de Investigaciones Marinas y Costeras
February 1945 3 4260 el M7 4.2 3.4%] 0,940
CURACAC: CARMABI Faundaticn
Juae 1994 5 18.60 A10 282 141 0942 (.220
Septemnber 1995 5 1875 £.22 282 142 N.94a4 .20
DOMINICAN REPUBLIC: Centro de Investigaciones de Biclogia Marina
Movember 1995 1 16468 7.0 (1,804
MEXTCO: Centra de Investigacian y Esrudios Avanzados de 1IN
September 1964 5270 24,48 a3 7.3 3.713 1560
PUERTO RICO: UPR Department of Marine Sciences
October 1994 3 20044 5 237 B.1 1.40x%1 04143
TRINIDARD & TOBAGCE Institute of Marine Affairs
Octiober 1993 1 21.35 11.0 o8 LA0G
hiar & Sep 1994 4 16.23 4.3 L 35 2087 0.854
Mar & Sep 1995 7 17.76 3.29 1549 124 1443 1164
VENEZUELA: Universidad de Sirmoan Bolivar, [INTECKMAR
September 1954 3 171 176 45,3 251 1.720 1.014
VENEZUELA: Fundacién La Salle de Cigncias Naturales, EDIMAR
hlay 1992 1 3121 EQ 3760
June 1994 1 L7 5.0 3.830
July 1995 2 3454 75849 a 14 4. 620 4.7
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CARICOUMP — Caribbean Coral Reef, Seagrass ard Mangrove Sites

Lable Bb. CARICOMP mangrave furest measurements, 1921995,

COLRTRY and [nstibution

Number Tutal Biomasa® Tokal Biomas:
of (ks %} (kg m?)
_ Sampling Thite Phets  Wlean . ) Mean SO
BAHAMAS: Bahamian Field Sration
July 1534 3 1407 0.73 223 1.5%
July 1995 3 1.27 71 2,55 215
BARBADOS: Bellairs Research Institute
Febraary 154 3 1358 1781 L0 4.08
February 1945 3 9.CH 4.m
BELIZE: Smithsonian fnstifution — Carrie Bow Cay
Augrast 1993 5 449 1.94 XA 167
February 1995 2 .4 062 203 1.83
BELIZE: Hoel Chan Marine Reserve
October 1995 3 #.50 273 15.7% 145
EERBR{UITIA: Bermuda Bietogical Slation for Research
August 1992 4 12.84 48 1059 317
Angast 1599 4 11.534 4.20 10.73 523
Angnst 1994 4 11.61 4.54 1070 D4z
Auyrust 1395 4 1173 369 10.5% .04
BOMATRE: Benaire barine Fark
Movember 1904 4 6.75 164 4.78 1.451
CAYMAN: Tepartment of the Environment, Prolechion & Conservation Uit
March 154 o 11298 6.7 10.38 2,53
April 1995 = 16040 253
COLOMBTA: Instituto de Invesligaciones Marinas y Cosberas
Febimyary 1555 3 18.37 4.21 13.4% &3
CURACACK CARMABRT Foundation
June 1994 5 R.94 1.42 H.0R 1%
Septembner 1595 3 394 1.4% w07 327
PROSITNTCAN REFUBLIC: Centre de Investigaciones de Biclogia Marina
Movemiwr 1595 1 1332 G405
MEXICC: Centrn de Investgacidn v Bstudios Avanrados de TPM
September 19594 3 1742 L1, 11.65 3.25
FUERTO RICC: UPR Deparlment of Marine Sciences
October 194 3 #.26 2.5 TAz 245
TEINIDAD & TOBAGO: Institute of Marine Affaits
Cictober 1993 1 11.54 525
Mar & Sep 1959 4 .94 372 136 113
Mar & Sep 1995 7 q.70 480 S 202
VENEZLELA: TUniverisidad de Simon Bolivar, TNMTECKLAR
September 1904 3 202 E4B .53 447
VEMEZLUBLA: Fundacidn La Salle de Ciencias Maturales, EDTMAR
May 192 1 15.94 4.30
June 1994 1 153 4.37
July 1995 2 14935 17.68 617 2410

Bismmipss?
Per Tres

_Mean SO Mean

r.10 nas
1.1l 0213
(343 419

434
h10s n.zo2
o2l AR
15t 0.250
N.300 0255
0283 0,263
0283 1.261
0,203 10.265
0563 0395
0.291 1.6

[l
11555 0388
#2211 0287
21K 0.286
M1R3 0070
0,557 i1.372
0.34% 1.230
1.065 477
1.Mm9 0447
11410 D354

199 0Is2

3416t (14460
3114 1.47a

646

2364

"Cinkrin and Schaetler-Movelli 1984} *Galley ot af, [1962).
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Table 83, CARICOMT mangrove measurements: Monthdy mean [ttecfall (g d'), T892 105

19G32
May
Jun
Jul
Asp
Sep
Crct
Moy
Tec

1993
Jan

Mar

Mlay
Tun
Jul

Aug

et
Tiow
Dee
1204
Jan

tdar
Apr
May
Jun
jul
Aug

Qict
Moy
Pec

I'KG
Jan
Feh
Mar
Apr
hday
Tun
Jud

P
O
Mov
Dec

Mean

s
145
0.3
0.25

0.54
(1,44
1h62
1165
1.18
1.13
1.73

BAHAMAS BELIZFE
_&b GH Mean = SD
(1.a4 0.41
0.4y
0,99
024 Q.46
L4k .98
1o 1.9z
Log 0.8
1.55 .78
268 0.67
inm 0,85
(+38 LIRS
.82 (.24
L 13
0.30 .18
[ k16
1.40 0.&1

_ 5B

18

n
ad
042
3%
0.3
0,30
0.3%
.02
n11

HERMLITIA
hMean I 56
253 .87 1632
a.07 1.3] 104
305 0.84 0.35
331 134 [k
540 2.19 1.72h
434 .54 1.67
1.62 1154 1131
[h.] 1y 311
[2=rd 117 {1.10
(.64 0.2 611
1.3 =1 [h24
251 (3.5 0.51
4.33 h72 42
397 (.46 032
1.54 1.4 1.12
4,249 148 .45
145 L £.59
0.62 0.24 n.14
0.52 111 L1
259 67 .35
A 1412 L
74 044 .74
44 L34 1
4.52 138 .:1
547 L5 1.07

204




CARICOMP — Caribbeant Coral Reef, Seagrass and Mangrove Sites

Table b, CARICOME mangrove measurements: Monthly mean Htterfall {g me® 47, 1992 -1955.

1992
May
Jun
jul
Attg
Sep
Oct
Mo
D

1993

CAYMARMN COLOMBLA
Mhean 18 SE hdean 50 5E

1.17 0.27 n.14

1.74 037 i b

190 0.38 037

238 0.50 0.2

361 R} .56

4,12 0.A9 .44

4,12 1.45 .65

303 0.82 037

347 1A {15

2,20 0.88 .39

1.33 .62 .28

| 0.57 {.25

451 1.57 0. 583 1.18 0.68

513 241 1.08 540 {95 155
566 0.64 037
517 (L5 .52
a5 (.35 270
343 par 0oy

—Mean

315
.16
J.4h
293
272
1.7

bR
206
211
275
2,86
3
368

CURACAC

s 5E

1.85 bar
{125 13
Ny ni7
.52 .23
36 2%
o n.20
0.2% oLl
0.6 0.2%
(LA 0.34
0.83 0.37
IELY 043
042 149
073 133
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Table 9c. CARICOME inangrove Ineawurements: Nunthly mean litkerfall fe m™ 4", 1980 21955,

PUERTO RICE TRINID ALY VEMRZLUELA: EDIMARY
- Mean S0 SC Mean sk SE . Mean 50 5T
1992
May 866
Jun 857
Jut PALG
Aug T3
Sep 532
Ot 530
Mow 4.1
Dec 1354
1993
Jan 4.02
Fehb 1A
Mar 551
Apr A
bay e
Jun 665
hal 60
Aug 3.59
Sep 4,70
Ciet 4,66
Mo 4.70
Diec 4.65
1%l
Jan 240 .54 n.aa 9044
Feb 37 L21 N.8% R.44
Mar 414 0,98 N.44 454
Apr 13 L0 072 716
May h.RG 166 074 652
Jun ka5 1.583 0.82 /.00
[al 376 043 041 G 77
AUE 348 (.58 0,39 771
Sep 351 1.85 (.53 T
Qct 3.34 11h 0.52 712
Moy 319 .5 0.29 3.9 093 142 ;.72
Dec 6.04 1.3 0.23 2.4l 070 .31 3.33
1985
Jan 208 1147 0.27 275 151 158 383
Fol» 2495 .60 0.35 354 1.50 &7 4.0 {46 13z
Blar 3.72 (43 048 3.22 1.2 1154 3.23 1M 77
Apr 3499 037 0.21 4.%] 1.14 [L74
May 272 113 0.65 A8 1.28 [IR=1]
Jun 443 1.23 {LHT
Tul 475 1. fr.41
Aug flih 1155 K32
Sep 472 1.7 .44
et 3. {1.h4 {1.22
Mow 3. (.24 .16
Dec : 318 070 040

*ERIMAR: Flot A emly, 1992-1994.
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CARICOMF — Caribbean Coval Reef, Seagrass and Mangrove Sites

_Table 1. CARICOMP interstibial water salinity measuraments at mangrove sites, 14941455,

Towd
Jan
Feh
Mar
Apr
May
Jun
Jul
Aug

Qe
Mow
Ter

19595
Fan
Frbs
kar
Apr
hlay
jun
Tul
Auy
sep
Ot
o
Dec

RELTZE
Salinity

COLOMBIA

41.50
IR
A4.42
3.1
3R

=

1277
12,38
826
.57
il

BB

521
357
2%
LX)
1.35

"

Salinity

5D

SE

CURAGAC

_ ., Salinity

5L

43.13
44,17
4347
a7
297
43.03

07

1.3
2.14
231
[+36
1.al
120

400,36
F
42,98
4.2
39.A2

rag

L
3962
AHAZ
A1 4
Ja44

.50
2.5

1249

167
242
468
flonded
322

1327
R11
3.349
12
525
Hooded
.51
54

(.58

1.4
1.30
0%

144

1.4
29
1%
274
235

1.12
1641

PUERTC RICC

"M

_Salinity

b

SE

VENEZLELAEDDMALR

%

5o

Galinity

SE

1964
Jan
Feh
Mar
Apr
Mefay
Jun
Jul
Aug
Sep
Ot
Mo
Drar

1445
Jan

Mar
Apr
May
Jun
Jul
Aug

Ot
[isw
FLES

Lad

067

LERLY

43.50
16.33

41k
41.53

1.41

212
1.5

346
7

1.1K)

1.5]
k33

)

.20

5 LF2



The Data Management Centre und Dofa Summary

i _.___Table lia, CARICOMT seagraws hinmass measuraments, 11955

Bivmass of Turtle Carass & Olhers Biomass of Turtle Grass
COUNTRY: Tnstitution gmt gm?
site Date  Mean 5D S5 btean 0 SE_
BAHAWAS: Bahasmien Ficid Statior
French Bay Tul 1954 19524 7615 W5 18057 GBLT F0.5
Grahams Harbour Tul 1994 235.7 125.1 625 159.2 1247 #4.3
French Hay Aup 1595 16714 A6 133 1589 4 025 151.2
Grahama Harbowr  Aug 1995 2¥22 1143 L2 P 235 i 371
BARDADHOG: Reflairs Resparch frnstitute
East Lagoon Apr 1993 73582 3339.6 16658 40209 16445 R225
West Taynon hiar 1413 43454 21529 LFB.5 31831 it A EILIRL,
East Lagoan Ot 1993 23102 3090 1525 13353 3122 1501
West Lagoon Ot 1593 24588 1414 7 17766 2443 1496
Fat 1.ageom Mar 195 25747 a3s3 JEF 12496,1 4799 2
West Lagaom flar 194 27734 4252 o] 15K3.0 984 1482
Rast Tagsem Sep 1954 25743 401.2 24 T2 7976 Lk
¥ est Lagresm Sep 1994 AT 3643 3.2 194411 Mi2.2 1745
East Lagism Mar 1955 13603 A336 iz 1449/ 2145 1072
Wesit T aginm Mar 1945 14614 L 2R2h 2KLD 354 1704
BELIZE: Spnithzonian Insiituw ion
{Zarrie Bosw Cay 1 Aup 1923 44304 g5 304 A2 7 2L% RALERY]
Carrie Bow Cay [I Aug 1593 2380.3 4652 235G 2495 a05.7 524
Cartie Bow Cay 1 Dec 1993 39534 338,58 4[44q Huz Yy S%d.4 952
Catrie Bow Cay 1 Dec 19973 33433 FE2H W3 kralthy 6749 3¥7h
Catrie Bow Cay [ Aug 1994 41371 3892 194.4 3R 4067 033
Caroe Bow Cay IT Ang 1954 3324 117B.7 SHML3 335987 Flha.2 3931
Carrie Bow Cay [ De 1994 4300,0 460.1 2301 41774 [ GoR 2320
Catrie Bt Cay 1T Do 1954 i ) FEY 25 35532 7h0.0 750
Carvie Bow Cay [ Ay 1995 4265.3 AHER 334 414979 ZEM I kol
Carric Bow Cay II  Aug 1965 42435 i B 2822 45 alz? o4
Carrie Bow Cay 1 Dec 1495 Jkr2 L P 2086 MTER 74 3137
Carrie Bow Cay Tl Tipe 19045 $362 R 745 7.4 432149 FT | MAT
BERM T} A: Berpeuale Binfognal Stafion for Reseurih
Neorth Sengrass Apr 1543 amF 2754 1505 EFt 70 160.5
South S":‘:i-lgTaE\‘i hiay 1923 nEs.e 2207 1274 1839 2207 137 4
turth Seagrass A 1963 wIF7 501 289 w77 501 iR
South Seagrass Sep 1953 8730 2772 GHN] #re.0 il B&LLQ
Mowth Seagrass Apr 1994 10683.8 7r.b A 10835 T’& 4_4.3
South Seagrags Apr 194 OGS.8 165 a15 9658 106.6 al.a
Morth Seagrass Sep 1994 11528 R0 221 13528 Ja0.0 021
South F.-ea.grar.:: Sep 1994 ELi.a ART.3 212.1 Lt B 3673 2124
COLCRBLA: Inafitube dr Investiraciones Marinus p Costeras (INVESAR)
Chengue Bay | Mar 193 1350 338,3 268.2 12493.2 R3E.E L)
Chengue Bay 11 War 1954 10731 458 24 10043 74 3R7
Chengue Bay | Novw 1994 12621 aren 189.5 11769 4.2 2041
Chengus Bay 17 Neow 1904 OR4.5 w1 144 9346 .7 0.4
Chengue Hay 1 Wlar 1955 o3g MG 1702 H514 351.3 1758
Chengue Bay 11 kar 1995 ER A 114,54 ag.2 8916 1459 phy
CUBA: Institeedo de Oceaneloghs (CIEC) _
Cayw Coco A e 19w 24463 al0.2 40 2386.3 5187 2504
Caya Coco B Mar 1944 22512 alan K1RER 2251.2 aladt 3075
Cays Coco A Oct 1954 17624 I 347 17857 6152 kLA
CayoComo B Lot 199 20193 710 2855 1873 ?[}'1.% 5.4
Cavo Cooo A ApT 195 MG 2.4 1457 Y3y 2875 1433
Cayo Coco B Bpr 1995 15227 3324 1662 15227 3324 Tr6.2
Cayn oo & Aug 1995 13255 = 329.3 1325.8 Ba72 3286
Caya Coea B Mg 1985 12375 2355 117.4 1217 4.7 1074

303




CARICOMP — Caribbean Coral Feef, Seagrass and Mangrove Sites

Table 11h. CARICOMP seagrass biomass measwements, 1993- 10495,

COUNTRY Biomass of Turtle Crass & Others Biumnass of Turtle Grass
Inskitulion gt gm’
_ dite Date  Mean a0 SE Mean 5o SE
CUFALC AT Carfitche Foandgtiom
Spanish Water Mlar 1954 BELS 1352 7R 5.1 2304 1150
Spranish Water Mar 1995 565.2 2785 1392 4528 2164 1083
Spanish Water Sep 1945 5758 108.5 543 1%2.7 18.2 a1
FAMAICA: Déscrery Bay Marine Lel, LInfaersity of the West Dredies
Back Reef Aug 1533 2393 1743 gr.2 THIT 1853 R2T
Bovk Rewf Jum 19954 L0372 953 H0.T 8.7 11533 ae7
Back Heef [nn 1485 115140 248.6 12473 10451 2210 1124
WEXTCC: T, Lninersidad Auhdroma e Mezioe
Fuerlo Morelos | Sep 1992 1R37 314 LRLED 12745 2099 154
Puerto Motelos [ Sep 1992 ana.2 2811 1255 HoL5 155.0 e
Puerla Morelos | Febr 1943 1526.0 B2.1 A0 13601 L7 11.3
Fuerter Morelos L Mar 1993 7ot 17340 56.5 £9HY 185.1 a2k
Truetro Morelos [ Aug 1993 1588.9 107 153 14007 2505 153
FPuerto Morelos 1L Aug 1993 1078.% L3 1354 9714 238 1224
Tuetit WMorelns | Febr 1994 14874 1.4 i 12778 1234 mn.z
TMuerto horeloa 11 Felh 191 9422 1887 950 806 1971 1137
Puertcr M oretos T Aug 1984 149533.5 173.5 113 4425 1a5.10 g6
Fuerto Moreles 1T Aug T #7722 2849 1674 L 258.5 1422
Puerks Morelos T Jam 1945 135863 17.2 5.3 2R84 1785 31
Poertor bAorelin 1T Jan 15 3.5 962 5565 it A LR -5
Pucrto Morelos Ang19uh 12338 ratlx.) 11tA 100K, 4 227.4 1513
Puerto Mareles IT Avgr 1953 144 261y 152.4 A52.3 1781 1028
MEXTCO CINVESTAY, Merida
Celesrun [ Fep 1994 7.8 N 2703 9176 532h 276.3
Celezhun I Ot 1934 47561} 24695 14349 1756.0 24508 1234
Celeshun | Jur 193% 2766.0 478.1 221 7317 4333 4l.6
Celeshim 1L Jul 15 a4 15711 FERG Wlgir. 3 1571.1 FASA
FLERTO RICC, USA: Department of Marime Scicnees, Lniceraily gf Cuerfo Rion
La Fargueta L Sep 1594 004 Iedl HiLa 4 160,k HILD
La Parguera |1 Sep 1944 1072 1254 LW 1[KI7.2 1agd £.2
T.a Parguera T Mar 1995 TaBS 1746 w73 &5 1™ T3
La Parguera 1 Mar 1955 8300 ALy B34 R0 177 &h.4
TRINIDAD & TOBACC: Institute of Murne Affrs ([304)
Bon Accord Lagesday Ok 1992 2134 A 45.3 4055 .5 45.3
Bon Aceord Lignnm Sep 1924 4361 aney 15.4 423.7 30 1.5
Boau Accord Lagissn Mar 1995 501 168 R.4 495.5 11.4 az
VRNEZITEL A Umenersidod de Sivedn Heliver
Las Tagisas Juan 143 a3 4 1561 anl.3 2704 1541
Tumba Cuatri Sep 15993 HIEH.B 1802 1075 10585 1662 175
Las Luisns bfar 1594 6L 0 4534 R xra Liai 454 5 2374
Tumnba Cuatru Mefar 1954 BA A7R.5 2893 8606 ATRA 2893
Las Luisas Sep 1954 Lean. L 30L& 1508 16507 S0LG 1505
Tumba Cuatrao Sep 1994 1459.8 19584 1492 T45HH 298.4 149.2
Las Litisas hlar 1995 F3al 1484 7d.3 L 148.6 .3
VENEZULLA: Fawdarid L Salte de Civncies Notwrales, CDIMAR, Margeribe Iziand
Funta de Mangle D 1993 L2575 401,30 283,00
Punka de Mangle Jan 1994 263000 42269 256,89
Fumla de Mangle Feb 193 20L3.0% B58.35 SIE R
Funla de Mangle Mar 1994 3061.11 L365.98 131844
Punta de Mangle Apr 1994 152778 526,41} K
Funla de Mangle [ 1954 141567 44743 Aa.pT
Punta de Mangle Mo 1995 1029.10 .40 FIR
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The Data Managerent Cenfre and Dalg Swmmary

tean Areal Mean Turnover per
Country and Instifution Productivity Biemass of Flant
Site Crale Mean S 2 SE Mean S0 88
BAHAMAS: Baliamian Ficld Stalion
French Bay Jui 1994 035 (1At g 4.5 104 .42
Grahams Harbour Tul 1944 0an Lz (TAEY 310 {5 n.38
Erench Bay Jan 1995 1.11 54 (2 257 M43 N1
Grahams Harbour Jan 1uah Q70 n.45 213 316 141 0.78
French Bay Jul 195 2.9 043 025 326 (140 0.35
Grahams Harkour Jul 1995 044 016 0.0e 298 a0g .05
AARBADOS: Beflairs Research Insfitnte
East Lagoun Apr 1993 2188 144 4.2 3.58 0462 0.5
West Lagoon Aprl1ews 5.00 242 0949 352 0.da 01
East Lagnon Cigk 1993 333 LG3 0.43 318 .22 (e
West Lagoon Oct 1993 243 53 L2 398 33 013
East Lagoon befar 1934 3483 .70 (Rt S48 a7 027
West Lagoon belar 1954 5,24 1405 n43 516 0.4 41
East Lagoom Sep 1994 240 0.&0 .36 344 D.43 .14
West Lagoon Sep 1294 341 43 140 3405 0.1g {11
East Lagoon Mar 1995 3.0 .34 0.15 4 042 17
West Lagoon Mar 1995 97 0.7 032 3.36 0.53 n2:
East Lagoon Narv 1995 151 107 LE L 289 51 0.7
West Lagoon Moy 1995 116 137 .52 gl 0.54 Q.32
BELIZE: Smtithsontan Jnatitution
Carrie Bow Cay [ Aug 1993 252 ns1 .21 132 .2y 0.1z
Carric Bow Cay 1 Aug 1993 273 0.83 0.34 279 0.57 0.23
Carric Bow Cay i Dher, 1902 a1 119 049 275 .51 .21
Carrie Bow Cay JT Deec, 1903 | 0.79 L3z 2.35 14 (R
Carrie Bow Cay [ Aup 1554 175 1.36 054 in R.26 Q11
Carrie Bow Cay [T Mg 1904 241 0.69 024 7 037 0.5
Cartie Bow Cay I Dec 1144 l.a1 (A 01z 1.56 n1s .06
Carrie Bow Cay IT Dec 1994 LE0 (.53 021 1.0 111 (.05
Carrie Bow Cay [ Aug 1995 119 1.24 .50 248 0.10 0.04
Carrie Bow Cay [I Aug 1945 287 1.01 441 243 .25 (.10
Catrie Bow Cay [ Dac 19495 285 121 (.53 ana M55 023
Cazrie Bow Cay T D 1995 268 .37 .36 1M 21 o
BERMULrA: Berwrpecdn Bacdogical Statior for Rezeprcl
Morth Seaprass Apr 1993 1.19 0.40 0,15 283 (.28 1l
South Seagrass Apr19ed 115 .24 013 2R3 0.35 016
Morth Seagrass Ang 1953 1.06 (23 . LET nzr 011
South eagrass Aug 1593 1.34 0.4% (1% 341 045 0.18
Worlh Seagrass Apr 1994 1.4 n47 (3,1t 174 0.40 0.16
South Seagrass Apr1ed 135 0.44 .14 507 029 0.1z
North Seagrass Sep 1994 132 034 6uW 254 040 0I5
South Seagrass Sep 1994 hos 046 019 23 45 0m
Morth Seagrass Apr 1965 1.15 fiva | .08 35 {45 o
South Seagrass Apr 1995 1.45 (.42 mr 372 a3 i Rrid
Maorth Seagrass Sep 1995 (- 132 13 4.08 115 (.47
South Seagrass Sep 1595 0.5 0,10 .04 2,14 N2z 0.1
COLOMBIA: Frufitato de Inpestigacimmes Marings i Cosleras (INVEMAR)
Chengae Bay I Mar 1904 4.1 068 028 328 044 0.8
Chengue Day II hiar 1924 307 1.3 (50 43 14 078
Chengue Bay I Mosr 1954 27 (.42 020 323 0.40 .16
Chenguoe Bay I Moy 1994 342 HEL 0.20 KA L 0.24 11
Chengue Bay 1 Mar 1595 3.A9 1.21 4% 305 043 {18
Chengue Bay II Mar 1995 354 1.3 .42 343 0.1 0.03
CUBA: Insfiteie de Qoeanelogla (CTECH
Cayn Coco A hdar 1994 1.76 037 15 2 G.l& 0.07
Cayo Coco B hdar 1944 ralo 0.52 021 206 0.13 .05
Cayp Coco A Cot 19944 164 043 018 240 0.26 10
Cayn Coca B 3 153 104 0.23 a.09 204 042 117
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Table 12k CARICOMP wirlle prass {Thelessis testudinen) growth measurements, 1993199% Pervent per dav,

Mean Areal Mean Turnawver per
Cou.nlr].-' afud Institation Froductiviky Ricrmass of Plant
. wbe I3ate ¥ean &0 SE hdean £ EE
CUBA: fastituto de Oueenolagiz (CTEC)
Cayva Coon A Apr 1995 3 070 .23 X naz nir
Caye Coep B Apr 1995 1,83 0.z20 0.08 2.40 .41 017
Cayer Coco & Aug 1995 145 032 13 207 0.al 0.25
Cayo Conr B Ay 1995 170 045 018 252 .40 .25
CURACACK Corntabi Foumdiation
Spanieh Water Mar I99d 122 0.3 013 i .33 1.14
Spanish Water Mar 1953 {1541 .25 .10 314 .31 013
Spanssh Water Sep 195 114 LM 0414 244 073 3
JAMAICA: Doz Hay Mavise Lab, Liriversity of the West Tndies
Discovery Bav I Felr 1953 2.97 {195 .40 4,27 1.73 13,513
Discovery Bay I Feby 1953 17 1.14 047 332 1L37 n.15
Discovery Bay | Aug 1993 1.87 0.+ 0.2z 361 fl.Ag 025
Discovery Bay 11 Auy 1993 1.5 045 {18 337 1794 .38
Digcowery Bay 1 Jun 1954 374 245 L11 2.5 [k 0.40
[Ascovery Bay [ Ay 1595 pat EEA Ly 2.49] 105 0.4£3
Discovery Bay 10 Ay 1995 342 174 0433 EA:¥) n.54 0.24
MEXICOx: [OMpL, Wninersidad Autdrose de Merico
Fuerto Morelos 1 Falr 1993 247 £,401 037 rm 0,23 ALLRI
Puerto Maorelog 11 Feb 1993 .55 0.2% 112 x17 0.70 117
Puero Moreloa | Aug 1993 215 112 L4k 3M 02z (ALY
Puerta Morelos 1T Aug THA L8 .41 N 3.2 1154 23
Puerto Maorelos T Fulr 1914 1.64 .22 0.0 .66 .23 005
Puaerto bfirelos 1T Fab 1904 (.80 0.27 011 kAT .62 025
Tuetto Morelos I Aug 1994 2.17 1.22 {154 2549 1.27 0.52
Puerto Morelos I1 g 1954 113 145 {3 308 a2 .34
Fuerta Moralos I Jan 1935 1.13 »33 13 218 3,24 (.10
Tuerta Morelos I Jan 1995 &7 4l 117 258 0% (.20
Tuettr Morelos T A 1995 1.76 .34 1h24 2.3 051 .21
Puerty Morelos T Aup 1595 1.13 0.49 T2l PR G .16
MEXHO: CINVESTAV, Aderidi
Celestun T Jun 1995 ) .87 2.51 .30 1.20 (1.7
PUERTIC RICTY, USA; Deparelment of Marine Sciences, Unizeesity of Muerta Rice
La Parguera l Sep 1994 74 1.4 0.7 513 L4 011
La Parguera 1 Sep 1404 ARF 167 118 527 X [EME
La Parguera | hdar 19%5 2.1 130 [Lva ) 345 020 n14
La Farguera L1 Mar 14945 1.4h M50 0.3 4.684] 032 023
La Parguera | Moy 14995 314 112 0.7y 5.0 0.11 0.08
La Parguera 17 Mo 1995 Ak 043 31 LX) 106 Q.75
TRINTDATY: Institute of Marime Affurrs (IMA)
Boor Acverd Lagronn bdar 1993 2.40 LI2 .46 .41 0.56 1123
Ton Acoord, Lagoun Sap 199 109 025 {110 41 144 1516
Thon A cuond Lagroon hWar 1595 147 0.2z RT 37 0.0 (28
VEMEZUELA: Linfrersidad di Sisnon Bolier
Las Luizas har 1994 .53 1l 0.0 212 .23 0.13
Tumba Cualro Mar 1994 1.53% 1126 116 302 a1 0.24
Las Luizas Sepr 1994 1.36 027 N1é 217 .41 024
Tumba Cuatro Sep g .54 .43 028 .55 (.50 029
Laz Luisas Mar 1945 214 .34 043 203 .50 025
VEMEALELA: Fundacior Lo Salle de Cercinz Miteorles, EDIWAR
Punta de hMangle Dhee 1903 288 .17 .10 5.1a 1.73 1.00
Matpatita Istand Jan 1994 raz 0.4 (.28 520 0.3 nzl
Feh 194 528 1.1R [r.AR 454 1.16 0.67
hfar 144 L XIS 216 1.08 4.57 (ki 0.35
Apr 154 520 1.30 065 278 027 {.14
1 Jum 194 215 1.36 095 16 108 .78
14 Tun 1544 4.28 0.5 042 422 1.29 [1XA
Mo 1595 149 0,70 0.3 RAlE 0.66 L3




The Data Management Center and Data Summary

-Table 13, CARICOMI turtle prass {Thelossis festedinum leal peasurements, 19931995,

Country and Shewrts Mean Leaf Length Mean Leaf Width Loaf Area Lndex
InsHbution Croadrat {em} {inm) i’ leaf per m' surface)
Sie _____ Date AMean Mean SO S Mean 5D SF_ Index 5D SE
BELIZE: Smithsonian fnstilution

Carrie Bow Cay [ [hoc 19494 214} 16,83 g.3a 114 12410 n.493 n.24 i 091 041
Carrie Bow Cay [ Aug 1% ) By 1492 1178 ATd 1 0z 0.25 B84 364 165
Carrie Bow Cay Il L 1550 a2l 1 ILAT 0492 .24 | 0.3% 017
Carric Bow Cayv [ Dec 1095 1.0 20.6% 1Z40 30 1280 154 0.5 T 2.7 1.21
Carrie Bow Cay [ 170 20,20 10.73 A1 1108 1.03 LY 4.68 164 .75
BERMUDA; Bersreda Bivlogival Stekian for Research

Morth Bermusda Sep 194 157 515 CAL: 1.03 A.s3 092 24 168 52 n2a
Scualh Bermuda 134 612 185 T f.14 1.3% .36 {74 024 0.11
COLOMEBLA: Iustituto de Innestigaciones Marinas y Cosferas (INVEMAR?

Chengue Bay 1 bdar I 11.0 1541 12.71 84 16 1.21 (L2 6.5% 1.15 52
Chengue Bay T 11.0 1772 1z.02 256 1457 143 Qe 6,53 .8 {441
Chengue Bay 1 MNovltad 148 1612 w20 217 e 2.05 (.45 312 .49 Ly
Chengue Bay 1T 173 20407 870 235 1RH 1.37 .34 a7 iL5e 0,43
Chengue Bay 1 Mar 1985 125 20.50 9.5 132 1506 216 053 .04 07 g3
Chengue Bay 11 175 22.25 L7 i R 1 (.50 ni2 1075 1.53 (.62
CLUBA: fastifato e Qresrologds (CIEC)

Cayo Coow A hiar 1954 ™0 L12.6% 1.06° 093 9.54 L1& 029 |

CayoCoca B ND 1141 A 120 10.20 1.40 0.31 ND

Caye Coco A Ot 1334 M 14.54 TAT 214 B.d4 t75 0.2z ME

Cayo Jnon B NI 1029 198 1.29 &3 1.4l 41 D

Cayo Cooor A Apr19%5 1340 214 B3 1.75 923 145 (31 5.%1 1.67 N
Cayo Coco B 13.2 13.03 4.5 1.01 530 218 046 a4 .95 043
Cayo Coco A Sep 1995 185 2516 .34 214 831 .24 0.4 7.a0 L6& .74
Cayo Coso B 15.7 1245 Tag 1.51 78 145 0.3 461 LA il
CLRACAD: Carmakyf Eoundation

Spanish Water Mar 1995 a5 16.71 640 1.66 1053 1.46 .35 (.83 (.40

Sparish Water [t 199A x7 14.25 51z 1.4k .42 0.5 023 143 0.11
NVEXICCR [nstitute de Ciercies Marines p Linologis, Estactfn Puerto Marelos

High Prod. Aug 1993 1.2 11.54 f.66 L4z 1167 2.03 a7 170 0o i
Typrical Lik3 B33 421 1.22 e a0 158 07 0.20 13
High Prod. Fedr 1954 W3 LRI J4H 140 w52 (.76 (vl 114 (L1 014
Typical wr 478 KA 113 842 0.7 n23 .57 035 (.15
High Fred. A 1994 &4t 1118 B.45 24 1049 1.4% n.54 Tt 076 034
Typical 120 .03 523 15§ A9 L4 050 0% 053
High Prod. Jan 15995 &5 10497 6,52 2 LoD 74 125 115 1.5 022
Typical 11.0 B 3 159 353 (ENrd 21 04835 23 015
Figh Prod. Aug 1995 3.5 14.69 a3 181 1237 1.10 (.33 1.85 n2a 013
Lypical 10.7 14,93 el 114 L. 139 Q.47 1.24 0.5% 0.26
MEXICC: CINVESTAV

Ceteatum Sept 1994 N 13.27 a1l 1.22 10 17 .75 N[

PURRTO RICO, TitSA: Departmment of Marire Sriences, Uniuersity of Prestla Riro

sk Wlagueyes A War 1995 220 L34 55 1M Q.23 1.1% .26 A.nd 164 073
Isla Bagueyes B 9.5 44 447 115 £.60 (A1 0.13 111 016 0.07
VEMNEAUELA: INTECMAR

T4 Lapnsas Sept 1994 ML 1457 6.54 Lar G414 (.54 k13 ML

Las Loisas hfar 1995 & 1537 453 1.9% 1094 1.20 024 WD

WENEZUELA: ELHALAR
Pontade Mamgle  Nov1¥5 _ B2 1276 _ 656 140 _ 1600 341 030 374 105 B

D Leal Area Index could nor be calcalated

as the mean number of shoots /quadrat was not measured.

f— e ———— s T
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COUNTRY
Rk Site
Uhabe of Survey

Mumnlbwer of Transects and Sid Cev

ALGAR
Calcareous algac
Encresting algae
Flashy algae
Turf algas
TUTAL

HARD CORALS
Branching corals
Maszsive corals
Encrosting corals
FKiaceos
Mi]]epnrtn:—!
TOTAL

SOFL CORALS
Gorgonians
Encrusting gocpronian
Ancinones

Zoanthids
Corallivmorpharians
TOTAL

SPOMNGES

Erert sponges
HEncnesting sponges
Crtherr 4srgamismis
TOTAT,

ADIITIC
Bare rock
Bare rubble
Bare boulders
Hrvles, gaps
Sand

Dead coral
TOTAL

Tatal Chain Links
Ruprsiby

Percent Hard & Soft Coral m Biotic

M 1954
T1-1 sD

031 073
1.48 143
10,17 3.45
555 4.0
17.51 625
(34 hde
218 1A
4.57 242
2.4 237
{12 .38
9.69 4.68
.10 4.13
0.0 .00
.0} (AL 1]
[+.00 (L0
0.0 (.00
n10 413
125 215
364 1.33
(.42 N.dg
490 314
14.71 .76
B5Z LAE
7.0 £.52
7o G.RG
289 4.7
a2 J40
Be-Ba 319
1274541 1541.20
1.72 .24
3088 1478

BAHAMAS

Fernanclez Bay, San Salvador

Table 14a, CARICOMP coral reef transect measuremnents, 19931595 Percontage cover at 10 m depth.

4-8 Feb 1995 19-22 Nov 1995
__Ti110 S0 T1-14 s

0.00 0.00 0.00 0.00
L9 2.53 228 304
AR 737 1334 4.5
7.31 6.10 1112 4.16
£l 7.08 774 703
0.14 0.20 0.10 0,14
1.3 136 2468 1.90
6.11 150 347 187
111 0.94 0.81 117
0.01 0.04 0.00 L0
874 3.8 7418 155
0.21 0.18 0.04 .04
fLon 0.00 0.00 0.00
000 (LK) 0. 0.00
0.1 0410 0.0 (.40
.00 0.0 0.00 0.0
021 0.1% 0.04 0.4
214 254 3.06 242
204 1.63 1.51 058
B.OD .0 .10 02
418 242 3.54 259
578 453 8.12 AL
1401 10.20 B.43 377
0.21 0.4% £.21 410
25.35 7.46 26,55 7.2%
148 2.60 2.29 328
383 8.31 0.00 (R
56,48 7.96 61.61 5.57
1226.70 154.10 1349.20 141.21)
1.73 0.22 1.90 121}
20.74 7.19 T3 7.76
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— . Table 14b, CARICCHMP coral reef ITansect tedsnretnents, 19931995 Fercentage cover at 10 m depth,

COUNTRY
Recf Site
Date of Survey

Mumber of Transects and Std D

ALGAE
Calcareous algae
Encrusting algae
Flezihy alzae
‘Lurf algae
TOTAL

HARD CORALS
Branching corals
Massive comls
Encrusting corals
Foliageins
Milleporine
TOTAL

SOFT CORALS
rgnnians
Encesting gotgonians
Anemones

Foanthids
C:Jraﬂi.i}mnrpharians
TOTAL

SPOMNGES

Erect sponges
Encrusting spongos
Cthet onganisms
TOTAL

ABUFITC
Bare rock
Bare rubble
Bare boulders
Huales, gnps
Gand

Dead caral
TOTAL

Total Chain Links
Rupysiby

IPercent Hard & Soft Cotal in Biotic

BARBAIKIG
Morth angd South Bellairs
April 1593 karch 19%4 September -Choiober 1994

riag & T 1-10 50 T14 s
.00 {1.0% .11 [0 [n.er {1.I%1
.80 239 804 B30 11.94 523
k02 006 011 .2 04 212
57.7L 1756 .40 11.35 40418 1754
4G 1626 Lo.57F 11.28 5205 1814
Thed) 103 1402 i (.43 1.08
7 7.0 7.41 TR 721 5.8l
351 3.3 4491 343 7.B9 345
0N (L[] {10 {1.4K) £1.0K 0.an
119 147 .94 (.48 145 [LE5
1760 655 14 69 10,05 1734 R
.00 {Ldl (1K1 (14K 0,00 [.4300
0,00 [.0HF {460 (.00 (.0d] 11410
a.an 0.0 (124 159 [RLHF {1.LK)
0.0 .00 {00 0.00 [EHI (.06
HELY (WEIH [3,CHH Lt 0.0 .00
000 .arny (24 R .0 1.0
0560 153 0.4z o.an .13 (.35
.35 n47 0z 021 .0 Q.04
iRy | 1.r8 .40 0.a0 £1.4K) .00
1.3 . (LIS 0.21 .13 0.35
.03 (kLM 0.0 1L.IK) a.11 0.33
924 Th (1O {1.041 LUt {1.IK)
0.ae (3.CHE Akl {1.0%1 (LCH) 0.4
7413 T8 MpeT 683 2122 k.89
415 318 485 1,69 9.1 571
ALY (A3 .00 .04 (. 000
Hrdaz 1345 2542 745 a4 11.03
1408 H) 220.70 137040 94730 1HK)L B0 12630
21 031 1.93 014 149 14
21.05 o437 19,95 12+ 4 23 1778

ang
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Table 14 CARICOMFE coral reef bransect measurements, 1993-199%: Fercentage cover at B0 m depth.

COLNTRY

Reaf Site Cartie Bow Cay Tand 1T

Date of Survey August 1593 August 1454 Drecember 1994
Number of Transects and Std Dey __T110 s T118 5D T110 S0
ALCAE

Calcarsous algae 14,17 4.04 1272 am 15.52 402
Encrustirgr algae 6,45 240 4.6 740 7h3 322
Hleshr algae 13.3% 3.29 2352 T.h8 125 549
Turf algaw 19.402 | 17z 4492 el 4.46
TCOTAL 5301 525 37 8.5 5706 &.01
HARDCORATS

Branching curals s 254 444 12 387 343
Maszive curals 283 140 334 208 354 224
Encrusting corals it | 208 5.2 3.66 168 1.94
Foliacerms 552 324 485 714 .18 5
bfilloprine (.25 .44t {24 .24 0.3 0,38
TOTAL 11.06 295 18,85 .54 1750 i
SOFT CORALS

Gorgonians 1.74 0.5E 1.13 7% 1.15 11749
Encrusting gorgonians 0.4 o4 0.0 004 0.05 .19
Anemones N.48 nis (03 {106 ;03 Nz
Zoanthids .02 0.0 .00 0.0 0.0& {16
Corallimerphariang 012 019 015 .32 0,20 047
TOTAT, LO8 0.68 1.31 .85 1.50 1
SPOMGES

Erect fponges 1.2 L&7 162 Ll7 140 235
Encrusting Sponges 131 ;.54 081 076 (.74 Ded
Crther prEanisms 0,59 112 .11 0.2 014 .23
TUTAL 369 2.61 243 202 232 2.4%
ABMOTIC

Bare rock Tag 2 4+ 244 G-I 1.18
Bare rubbie 0,70 &.12 2.97 2,82 vy 525
Bare bouliders 0.0 .00 [h0HH 0. {LIN 0.00
Holes, gaps 1576 418 4.4 4.013 1387 431
Sand 22 2.594 1.55 262 .64 0.7
Dead coral 0.0 0.0 .44 1.2 .36 L13
TOTAL 2736 2482 1225 .20 206k 5.0
Tutal Chain Links 11714 Tk 1172490 20 1174.20 Ta.6d1
Rupgsity 165 nit 1.65 0.10 l.at 11
Petrcent Fland & Soft Coral in Biotic 2192 6.2 24.97 7Y 2355 B.74
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The Data Management Centre and Duta Supmmary

_Table 14d. CARICOMT wora reef iranseet measurements, 1943-19%5: Percenlage cover al 10 m depth,

COUNTRY BELIZE

Reef Site Carrie Bow Cay | and I

Diate of Survey August 1995 Docemlwr 1995
MNumber of Transects and Std Dev 1 1-10 &0 T1-10 sD
ALGAE

Caicareous algae 184 545 1597 3.93
Encrusting algae .54 2. 121 33
Heshy algae 16,49 357 13.5¢ 453
Turf algae 1747 957 14.08 539
TOTAL 5023 8.a7 R7 4] 514
HARD CORATS

Brathing corals 234 304 .92 324
hdugsive corals 441 284 F.00 L]
Encrusting corals 24a3 1.7 4.33 245
Foliacemis 5.43 f.65 483 7.5
Milleporine .44 04T (.25 (.34
TOTAL 16,59 £.51 17.43 805
SOFTCORALS

Gorgonians 1.3 14H 1.16 0.9
Encrusting gorgonians 0.6 .40 0.0 .00
Anemones f.0Kx 004 n.on 000
Zoanthids .0z 0.0 041 .1z
Crrallienorphadans 027 045 0,30 .55
TOTAL L.61 L3l 1.08 I.22
SFOMNGCES

Erect sponges 143 2641 21 2.4
Encrusting sponges 1314 0.51 .89 .63
Chher arganisms oa 13 121 M1
TOTAL picyd 2.8 AN 293
ABICITIC

Bare rock 233 144 a1s 1.5
Barz rubble .66 AL | 1.14% 0.4l
fare houlders 14K a0 1] 000
Tlohs, gaps 1328 A0 1236 14l
Sanid 1.a1 343 x43 377
Dead coral .32 RS 0.a7 0.58
TOTAL 2121 357 1995 342
Total Chain Linka 1216.70 Gk.20 1156.40 3,10
Rugosity 1.72 0.1k La? .08
Percent Hard & Soft Coral in Biotic k.~ 8 FAL]] 23.7H &.00
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CARICOMP — Caribbean Coral Reef, Seagruss and Mangrove Sites

Table 14e. CARICOMP coral reef transect measurements, 19693195 Fercentage cover at 10 m depth.

COUNTRY

BEEMUDA
Reet Site Hog Breaker Weat and Twin Breaker
Doater of Survey Septermber 1993 August-Cotober 1964 September 1995
Mumber af Transects and Std Dev _Ti-1n 5D Tian S0 T1-10 I
ALGAE
Calcarems algae .50 102 053 (145 [.0H (LIK]
EncTusting algae .35 L1 195 331 (04 0.0
Fleshy algoe 7B 6,13 961 33t 4 44 » 7R
Turt algac 149 1008 15k 7.29 .74 412
TOTAL 2363 1410 2378 .15 11.18 37l
HARDCORATS
Branching corala .36 .03 LR ES ALY 0.0 (.00
Massive cotals 1944 R 1478 4,80 9.63 457
Encrusting rurals 11z 4.14 242 326 10.13 17
Faliswers ([0 ]] .00 (LIK] 0.0 032 (.06
Milleporine {432 0.3 (.52 [).6i 0.76 076
TOTAL 2325 h.49 19.71 .51 20,56 521
SOFTOOEALS
Catyzeniana 049 0.60 (.53 0,42 070 &8
Enctusting gorgoniins 0.k HELY 0.0 0.0 0 QAL
Aremongs (1K) 0.00 .00 [ERAI1 oan .00
Zoanthids 0.1 0.1 0.00 .60 (.0 ALCHE
Corallinmerpharians 0.0 .44 0.0 0.00 0.00 .00
TOTAL 0.49 (.AD 0.53 042 070 ok
SPONGES
Erect sponges 0.0 LK 0.03 OB .00 {1.0M)
FEncmushing sponges HRL.] 0.20 o1 n 0.0 .14
Crther crganismns 0.3 .66 .00 0.0 (.00 £.0%
TOTAL 0.30 0.5 012 022 0.0 0.14
ABIOTEC
Tate rock 23.80 17412 2700 1236 38,44 .29
Tiare mubble 0.64 242 202 2.34 022 0.FL
Bare boulders 01.06) (.40 0.0 .03 G0 0.
Holes, gaps 22 54 7.1 24,22 GRS 2185 703
Séd 36 5490 kX0 4.5 .02 3.63
Dead cocal 0.4 .03 .00 00N (2.0 {1.0%1
TOTAL Ry 11.56 36,90 1014 A7 4R 40
Tutal Chain Links 111484 BTAN 118620 S 117380 1255
Rugsity L.57 012 147 012 146 €14
Peroent Hard & Sofl Ceral in Biotie 5305 16,59 4877 1214 6605 1145




The Daty Manggerent Centre and Dafg Somnary

Table 14f CARICOMT cural reef transect measutements, 1993-1995: Percontage cover at 10 m deplh.

COUNTRY BOMNATEE CATMAN

Recf Sibe Barcadera Reef Sites Andes and Pirmacle
Date of Survey Oetober 1994 Mfarch [595 Dctalwer 1995
Number of Trnsectaand Sid Dev . T1-10 S0 Tilin S0 T1-10 &h
ALGAE

Calcareous algae 345 g 0.00 0.00 360 343
Brecmasling algae 0.01 0.4 EX 2.45 367 6.27
Fleshy algae L.54 102 2 143 11k32 12.87
Turf algae 2743 o1 nm 55 WLET IRl
TOTAL A7 819 3744 L% 57.45 1367
HARDCORALS

Branching curals 1.10 1.13 LA 0.%5 ar £.74
hiassive corals 26,22 .24 Ha 3] L 1h.04 a2
Encrusling corals 0.14 n45 [L]] M (17 047
Foliacenns 112 1.58 1.3 182 rE x £l
Millepoeine L408 194 .84 1.14 0.4 012
TOTAL 29,67 .94 om A5 1500 7.5
SOFT CORALS

Gongomians 140G .00} 1R[] 1.0 2.4 250
Encrusting gorgonians 239 17 1ar 17 n.az7 LI
Anemones 041 Q.40 0ol (LXNF .00 4.0
Zoanthida (14K} . [hCHI 1LCH1 [r.0F 4. K]
Comalliconorpharians 0.0 .00 0.0 (.00 0.00 LA}
TOTAL 235 27 Tad 216 247 244
SPOMGES

Erect sponges 016 0.5 D05 15 nin .33
Encrusting sponges {54 077 055 (.67 246 .14
Other orgahisoms LLAE 015 f1.4p 0.1h 0.4z (07
TOTAL 081 114 .72 (LA7 254 rin
ATRIOTIC

Rare tock: 028 [1A=] 0.60 .00 74 745
Bare rubhle 1.5 1.17 .52 1. .05 015
Bare boulders 0.o0 G (LA {L0A) [0k Q.00
Holes, gaps 15,16 T.a7 121k 5.33 RI2 805
Sand 17.44 .24 16.32 Lo e W 290
Dwead coral 0.00 N (00 LYy 1.43 203
TOTAL 3145 517 2425 haz 18.41 14.54
Teta] Chain Links 134140 163.50 L6020 161,04} 121240 129.40
Eugosity 203 023 .08 23 1.71 0158
Percent Hard 8z Soft Coral in Biotic 449,13 13.28 45.74 .47 2875 .64
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CARICOMP — Caribbean Coral Reef, Seagrass and Mangrove Siles

Table 14g, CARICOMP coral reef transect measurements, 14993-1995: Percentage cover al 10 m depth.

COLUNIRY COTORBT A

Reef Site Chengrae Bay Reef Sibes

Date of Suwervey Aqril 1953 Orterher 1993
Mumber of Tensects and Sed Dew T 1-10 =D T1-10 5D
ALGAE

Calcareous algae {0 {158 .34 Ml
Encrusting algae .00 4.06 1.2 518
Floshy algae 25.64 w37 .15 395
Turf algrae 2243 1049 3058 540
TOTAL 5627 13.24 3520 13,70
HARTI CORALS

Tiranching curals .48 143 0.54 1.4
Magsive comls 3190 12.73 15 1477
Encrosting corals Th5B 123 0.7 .75
Foliaoemis 042 63 0.5 (.85
Milleporrine (58 065 .73 147
TOTAL 154 1214 3514 13.55
SOFT CORALS

Gorgrmians B (1K) (LI .00
Encrusting etgonians (.40 a0 (300 n.00
ATEmones U4 13 [3.0% m1s
Zoanthids (.00 (1O Lh.CHE O
Corallipmarpharians RS 0.0 0.00 0.00
TOTAL 004 Q.13 a5 0.1%
SPOMGES

Rrect sponges 0¥ .11 .25 0,29
Encrustng sponges (.20 037 n.2a 0.42
Orther organisms 1X¢7) V106 0.0 008
TOTAL {34 047 0.57 {145
ABIOTIC

Bare rock (115 0.29 (LI 0.0
Bare rubble 52 11.54 LR3 3.52
Bare boulders 0.0 LICE [h.CH 00
Hales, gaps 585 254 G 112
Sand 208 353 7% 341
Tread coral LELA 0.0 (.40 0.0
TOTAL 9.44 174 11.00 f.dll
Tastal Chain Links 107480 10040 107280 19,30
Rugosity 1.61 0.5 161 0.10
Fervent Hard & Soft Coral in Bicc 37 A5 1343 ¥A7 15.00
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The Data Managemen! Cenlre and Dofa Sunenary

—Table 14h. CARICOMYP coral reef transect medsurcments, 1993-1965: Percentape cover at 10 m depth.

COUNTRY COLOMETA

Reef Site Chengue Bay Reef Sikes

Date of Survey Croiober 194 Muyvetnber 1995
Mumber uf Traveects and Std Dey T1-10 50 T 1-11 s
ALCAE

Calcarenus algrac L 1.02 0.45 0.64
Erwrusting alrae pLIR: o £.33 14,59 .97
Theshy algac 19,24 1137 314 254
Turf alyrae 1981 534 25.71 4.2
TOTAL .24 1231 4431 735
HARD CORALS

Branching corals k21 041 023 .38
Massive corals 26.71 12.02 ZA77 1222
Encrusting corals 428 4,13 411 2.79
Feliavewus {138 0.68 (1.54 1.10
hillepurine 114 .53 1.37 1.25
TOTAL 3332 153,37 CEAL 13.02
SOFT CORALS

Corgonidns .96 1.64 114 1.54
Encrusting gorgonians Q.0 [N} .00 (041
Anemones 022 [hxr .35 047
Zovanthids (.08 n.2% 001 ENES
Coralliomorpharians LX4E] 0. 0.4 N4
TOTAL 1.4 1.77 1.55 1.78
SOMCES

Ercct sponges (k10 0,13 0L1e 0.20
Encrusting sponges 1k .49 (.53 04
{Hher organisms 0.0 4.00 003 0.0
TOTAL n.31 (.55 151 044
ABIOTIC

Bare mck 0 G0 rl1 (.34
Bare rubble 1M 249 1.M 205
Bare tinilders 1K} 0.1 .40 0410
Holey, gaps 414 368 11,54 a
Sand 54 n.23 543 6Kl
Dawad coral (L0 L1} 0.0x1 .04
TOTAL 14.55 T THAT 8.5
Tutal Chain Links 1124.30 7,60 111 106,61k
Rugrosity 1.65 0.12 167 11
Pereent Haed & 5ol Coral in Biotic 4039 14.74 44.14 1209

315




CARICOMP — Caribbean Coral Reef, Seagrass and Mangrove Sites

Table 14i, CARMOMF coral reef ranseck measiremetts, [793-1995; Peecentage cover at 10 m depth.

COUNTRY CLBA

Reef Sire Caye Coco — Reefs A and B

Dtz oof Sutvey March & June 19494 Cwtober 1994 April 1945
Number of Transects and Std Lev T 1-1d D T1-10 00 _TI-Li o
ALCAE

TCalcareous algac 11 120 194 1.4 228 L9
Encrusling algae 138 2 0.22 .24 027 &5
Eleshy algae ILF 9.6% i 1151 2443 1217
Turf algae 4.3 16,084 14.09 564 24,60 4%
TOTAL 57 1413 S4.00 .73 51548 1044
HARD CORALS

Branwhing corals 1.22 1.34 .54 1.14 4.5 0.44
Mazsive corals 4.R3 4.17 4.93 345 4.0 2.h2
Envrusting corals 051 0.55 085 (165 077 052
Forlineecus 0.6 0.25 .08 126 014 024
Milleporine {25 0.45 (.13 n .37 014
TOTAL .94 4,15 4.7z 3a7 B.56 273
SOFT CORATS

Gurgnnians 14 .33 011 n.14 (Il 35
Encrusting gocgoniars 0.03 -0 (14K Q.08 (14K] (LA
SO S 0.3 137 .23 029 (.34 0,32
Zoanthicds 0.0 (3O {0 0.0 {1081 (.00
Coralliemarpharians .00 LYV {1.0K] 0.4 £1.1) (a0
TOTAL N.38 a1 33 033 (.54 (.63
SPOMNGES

Erect spunges 2.3 0.6% 1.20 104 134 152
Encrusting sponges {65 0.78 0.5% .64 067 L6
Cther organisms [h.0HE .04 0.00 1410 L1K] (.00
TOTAL L7R 1.79 100 26 1.45
ABIOTIC

Bare rock 5D G.02 4.25 252 244 315
(are rubbla 1.43 211 180 L0 5.09 562
Bare boulders 01.10K) 0.0 (.00 1RO} 274 2%
Holes, gaps 9.34 593 21,83 75 2241 6,53
Sand 10.82 946 617 5.3 T 511
Mead coral {00 0.0 0.0 Q. 042 93
TOTAL A0 13.70 3715 g.m 40.30 L
Total Chain Links 1061.70 77H 1083.20 H4.30 112864 92,58
Hugosity 153 i1t 1.53 012 159 .13
Fercent Hard & Soft Coral in Biotic 1094 6.5 1161 6.15 1155 514
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. Table 14, CARICOMP coral reef fransecl measurements, 1993-1995: Percentae cover at 10 m depth,

COUNIRY CURASAD
Reef Site Sarita Barbara Reef Sitan
Crate of Survey Ohctober 16694 March 1965 September 1995
Mumhber of Transccts and Std Dev T1-5 5D Tti-10 5D T1-i0 S0
ALCAE
Calcareous alas 134 0.7 2.0 2.14 130 261
Encrusting algas A5 248 4.3% 304 5665 4,41
Fleshy algac 1.07 L7l %.51 871 3% 335
Turf algae 263 i0.82 2312 10L55 7.2 ALY
TOTAL 712 14,70 3595 | arny 7.2
HARDOOIRALS
Branching corals 4,16 2R 1.32 184 4,75 107
Wlavsive corals 24.03 234 1854 £.845 19,56 6,49
Encrusting corals LI 1.405 233 2.24 2.8 340
Foliageous Lo 1.37 1.08 102 071 141
Milleporine 523 543 £ 25 4.36 R 568
TOTAL .39 027 5254 752 2R s
SOFTCORALS
Cotponiins 164 116 3,33 182 45 .67
Encristitg gargonians .M 0.9 3,04 008 33 045
Anemones {143 (1.3 030 447 1B 0.2
Zoanthids 1.9 am 313 2.62 342 4
Corallinmerphanians 0.0 .00 [L.CHE LK ILCH} (14K
TOTAL 4.[¥2 257 401 2.3 438 276
SPOMNGES
Eract RRLNERS .07 4N L) R4, .17 .07 0.7
Encrusting sponges .13 (12 0,24 [h5 1304 0.0
Chhwer orgganisms 013 014 (.60 [k.CH} [ERYES 0.0
TOTAL .33 0.32 .36 Al niz 0,20
ABIOTIC
Rare roch: 9.R7 LI 1.50 1.5 047 1.14
Bare nibble 305 .50 .6d 07% 042 0
Bare bonlders (k24 0.5 .0 (.60 .60 .05
Holes, gaps 1081 450 19.62 7.51 15.21 541
Sand 548 481 544 143 547 242
Dead coral .00 {1.0x (.40 0.0 n.oo LINE]]
TOTAL 15 16.69 27015 7.58 21.58% hE7
Total Chain Links 942 At f .31 THKL40 121.5% LAS.M 710
Fugosity 1.33 1.4 141 0.17 1.35 i
Percent Hand & Soft Coral in Bietic G240k 14.27 51,27 49,83 RL.2S .51




CARICOMP — Caribbean Coral Reef, Seagrass and Muawngrove Sites

Table 1dk, CARICOMTE coral reef transect measurements, 1993-1955; Percentage cover at 10 m depth.

COUNTRY DOMINICAMN EEPUBLIC
Rert Site Boca Chica
Dlabe of Suney MNovember 1994
Wumber of Transects and Skl Dev T14 S0
ALGAE

Calcareous algac 5.1 443
Encrusting alzae 097 1.20
Fleshy algase 1262 3.55
Turf algae 3.4 8,40
TCITAL 49.54 1333
HARD CORALS

Branching corals 1.04 0.
bdassive corals 358 325
Bnvcrusting corals 0.00 n.ao
Foliacoous 319 L33
Milleporine £ 0.1¢]
TOTAL 7.0l 4,20
SOFT CORALS

Corgomians .23 017
Encrusting gorponians .00 0.1
Anemones o0 0.1
Zoantheds (LoHE {00
Corallicanorphatians .00 0.x
TOTAL n23 17
SPOMGES

Erect sponges 07l (4%
Fnrrusling sponges o9 4.4
{her organisens 11.4K) n.gn
TOTALT w30 433
ABIOTIC

Bare rock 9.57 1754
Bare rubbie 477 4.50
Bare hmelders {1.0¥ f1.0K]
Hules, paps 33 1.25
Sand 15.80 1274
Dwead coral {00 0.x
TOTAL 3313 15.36
Tutal Chain Links 1IE23.00 10168
Rugesity 144 014
Fercent Hard & Soft Coral in Biotic 1220 329
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The Date Management Centre and Data Summary

. Table 141 CARICOMD vorat reef transect measusemnents, 1993-1995: Percentage cover at 10 m depth.

COUNTRY JTAMATCA

Reef Site Sike A

Date of Survey Augnost 1943 August 1454 Octaber 1995
Mumber af Trangects and Std Dear TS sD T15_ oh T1-5 sk
AlGAR

Calcarenns algae 1.57 249 112 .85 1771 1.57
Enerusting algae .04 IRLY 003 (.3 341 291
Fleshy algae 26.19 A L 28.20 B.6H 28468 4.88
Turl algae 2.5 a8 034 .55 7.8 575
TOTAL S 722 A8.73 11006 57.55 5.10
HARD OORALS

Branching corals Qa3 072 0.08 017 016 436
Mdassive corals 13.2% .77 0% A5 548 4.87
Encetsting cotals Nz 047 .45 0.3k 3.1z 1.74
Foliaceous 233 112 ALY 14K 0.52 iL71
Milleporine 077 X 0.4 0.410 0.0 O
TOTAL 1773 4.4 G.h2 7.0 9.59 178
SOFTCORALS

Gorgonians LIALY oA Do 13 115 .34
Encrusting gorgonians .04 WRIE (.28 1.3 .44 069
Anemones IRLY Q. LLLH} 11.0x] .45 .76
Foanthids LR AL [.CH) [10H1 (h.CH} .41
Corallivmerpharians [N} 0410 [HL]] {041 [HO3 04K
TOTAL (k.04 LIALY] 037 (20 Lig e
SFONGES

Erecl sponges D52 1.05 ALY ELH] 04 {t.00R
Encrusting sponges s {14 HELY n.an 0.2 442
{hher organisms (O] L0 (.00 0.0 0.0 0.0
TOTAL (.5% 102 10K 0.0 0.3 (a4}
ATBICTIC

Bare mock 23,66 147 17.14 51 10.33 37
Bate rublrle 0.4 0.0 ALl ALY 304 308
Bare baulderns 0.0 (3.CH} Lo 110K 11.1¢] 000
Hales, gaps 1281 8.6 1947 6.2t s 321
Sand 14.41 54l 1422 507 1035 6,37
Dlead coral 1.0 0.0 0.0 (.04} [R.CH} 0.4
TOTAL 1.08 11.1% 51.3% 14,99 31.51 10.45
Tutal Chain Links 118480 15750 1161.20 L3020 123340 144201
Rugosity 1.67 [t.22 164 0.3z 1.74 1121
Percent TTard & Soft Coral in Biutic 3612 243 19.22 E.HO 1513 oo
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CARICOMP — Caribbean Coral Reef, Seagrass and Mangrove Sifes

Table 14m. CABRICOME coral reef transect measnrements, 1993-1995: Percentage cover al 11 m depth.

COUNTRY
Reel Site
Date of Sutvey

_Mumber of Transects and Std Dey

ALCAE
Calcarcous abrae
Encrusting algae
Fleshy algae
Turf algas
TOTAL

HARD CORALS
Branching corals
blassive coraly
Encrusting cotals
Foliaceous
Milleporine
TOTAL

SOFT CORALS
Gorponians

Encrusting gorgonians
Anemones

Zoanthids

Coralliomorpharians
TOTAL

SPONGES

Hrect sponges
Encrusting sponges
Oiher organisms
TITAL

ATFTIC
Bare rwk
Bare tubble
Bare boulders
Hexles, paps
Sand

Errad coral
TOTAT

Total Chain Links
Ruggrasity

Percermt Hand & Solt Coral in Bistic

Duwrts Mol
blarch 1943 September 1943 Aprl 1994
_T1-4 s T1-5 Ser T8 =D

1455 a.ng 1177 132 555 458
00 0.00 n.4ao 0.0 (an .04
Zo.dh 345 151 246 45.52 483
.83 324 13.9% 1041 32462 5.0
4755 B.40 44.56 5.74 AR 4.53
[0k ]| 0.0 0.0 ALY L e
[nal 157 044 074 ik .54
D45 X} 1.1k 014 027 h42
(LK} 111X 04K Qa0 Nl .06
040 1.2 0.74 0.5 (LR3 (1,95
1.49% 1.37 Log 0.3z 1.3 (h45
3493 .84 444 111 PR 11
04K nuoc {00 0.0] .04 Q.00
.01 0.0 R 1AL LN ry 0,16
ALY 0.0 LI .00 LIy RLY]
.08 0.0 oA (301 0.0 0.00
5.65 0B85 444 n 247 I-24
0.9 0.1% 1.85 272 1y 0.43
B.7R 414 240 101 ! 064
.00 .0 nan .00 D .00
a5y 435 406 Z.BY kX3 k35
nan (LY ] 7.53 15.68% 1.6l 1.33
1.0k Q.00 (r0a 1.04 {LDAI EL
(110 (L.0HE {100 0.0 11.IX] R0
LAY Q.00 L 0 [n.CHE 0.04
3524 11.30 araz? LE54 837 443
.00 Q.40 Q.00 [kHI a0 £1.08]1
35,24 11.30 4490 LAE! 758 AT
§25.80 15,80 83540 SF20 620 42.2]
11m 02 121 008 114 06
12.6R 367 1.2z 1.71 441 171
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Table 14n. CARNCOME coral reef transect measurements, 1993-1935: Percentage cover at 10 m depth.

COUNTRY

Reef Site

Divte of Sunre}'

Mumber of Transects and St Dev

ALCAE
Calcareons algae
Encrusting algae
Fleghy algae
Turf algae
TOTAL

HARDCORALS
Branching corals
Maskive corals
Enciuasting comals
Foliaceous
Milleparine
TOTAL

SOFT CORALS
Gorgonians
Encrusting gorgoniins
Anemones

Zoanthids
Coralliomorpharians
TOTAL

SPONGES

Frevt sponges
Fruomusting sponges
{Other organisms
TOTAL

ABRWITIC
Bare rock
Bame rubble
Bare boulders
Holes, gaps
Sand

Dead coral
TLITAL

Total Chain Links
Rugosity
Percent Hard £z Soft Coral in Biotic

MEXTCOD
Puerto horelos
Ohctobor 1994 May 1945
T15 D Tis
e 1.52 6,72
{105 (.12 0.an
.77 4.4 46,73
A7 Y7 7.50 40.7%
a5 1.94 9430
1.0 .00 (.00
0o {154 .
137 .57 0.30
10X 14K .08
na2 {.21 .39
148 .37 1.56
182 .3 1.3
0.0 {1.[K1 .00
0.0 [Lodt {1.[W)
.00 [k ]] {106
.00 {r.0a 11061
1.52 (L1245 1.18
1.3% 1.682 (k8%
153 1.54 11
0.0 {004} .02
222 a7 214
.39 0.k0 0.0
.00 0.0 .60
ELY .60 (0.6
e )] 110K 0.0
hd4 275 f.51
.00 HELY Q.00
£33 75 {.57
31840 L 77440
115 .04 1.0L
37 1.0 20

b

302
.00
543
8.7
T8

(IR H
.49
0.23
017
0.3
012

1.10
{ELY
L0
0.0x1
0.0x1
110

173
im
.00
1.64

013
.00
2.00
HELY
0,78
0.00
0.5

j2ra
{05
1.05

a1
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Table 140, CARTCOMP coral teef transert measurements, 1993-1995: Perpenipige oxver at 11 m depth.

COUNTRY NICARAGLA

Bt Site CGreal Com Island

Date of Survey August 1593 Crotoher 19495
sumber of Transects and Std New T1-5 _. & T _ &b
ALGAE

Calcarenus algas b 5.4% 11.18 RaT
Encrusting algae >87 3.2 .05 374
Fleshy algas 30.68 768 1302 513
Turf algae 4.0 170 557 757
TFAL 445,01 5ot 3811 506
HART CORALS

Branchung verals 207 117 X1a 194
Belassive oorals 1598 .45 1117 590
Engtosting corals 214 353 Bk 259
Foliageous 720 1.51 2y (W E
MillepoTine .33 042 0413 N8
TOTAT. iy 3.23 2309 6,11
S0OFT CORALS

Gorgonians 1. 245 1.21 0497
Encrusting gorgomans 1.6 £1.4K) n.4n 0.0
ATEMONES 0. 110§ 0.6 0.
Znanthids 11k 1] ALY (.00 0.4
Coralliomurpharians 000 0.0] Q.00 ALY
TOTAT. 1.5 245 1.21 0.y7
SPONGES

Erod sponges 0.2 {54 .02 {05
Encrusting sponges 184 145 (A1 103
Crher orzanisms 002 Thiq .01 .03
TOTAL 22M 147 1.0 101
ABTOTTC

Bare rick Akl [0 [h.CHE [OG
Bare tubble 1407 155 147 2,64}
Bare baulders A0 [r.e0 [%.CHE (00
Hules, gaps .4l 395 ¥z 1141
Sand 25z 445 248 177
Drwad cural 749 3.26 11.4% 541
TOTAL 19485 215 37.50 6,24
Tutal Chain Linls 14%.30 760 1431.H0 X630
Rugowity 158 0.29 2z 029
Percent Hard & Soft Coral in Biotic r.4 6,37 374 8.58
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Table [4p. CARICOMT coral reef transecl measurements, 1993-1995: Perrentags cover at 10 m depth. .

COUNTRY

Reaf Site Medta Luna & Torrumote
Date of Survey Cotober 1994
Mumbrer of Transects and Std Dev T 110 _&D
ALCAE

Calvarenus algae [y 1,54
Enciusbng algae [0 L1e]]
Fleshy algae .02 o7
Tur algas 2862 7.a8
TOTAL 2043 T a5
HARD OORALS

Tranching corals 1.404 2.7
bdassive corals 34.02 1106
Cncrusting corals 375 ENord
Tultaceoms 22 M52
WHlleporine 0,40 0.5%
TOTAL 42,44 &.95
SOFTCORALS

Gorgonians 011 014
Encrusting gorgonians 540 A.25
Anemones 0.23 0.36
Zoanthids 2.3 323
Coralliomorpharians AL {LIK)
TOTAL 1113 6,58
SPOMNGES

Frecl sponges (.64 128
Encrusting sponges ;87 115
{her oTpanisms Q.0 [hCHE
TOTAL 131 1.67
ABICTIC

Bare rock 032 (1125
Bare rubhle 0.00 0.0
Bare boulders n12 027
Huoles, gaps 12,43 4.34
Sand 2.57 527
Dead coral 0.4 0.00
TOTAL 15.49 735
Tustal Chain Links 130640 .40
Ruynosity 157 0.1t
Fercent Hard & 5oft Corad 1 Biotlc G341 907

PUERTO RIC(E LISA
Media Luna Media Luna & Turrnole
April 1995 Auinast 1997

T1-5 I 11-1) s
014 023 0.29 043
1.0 0,00 LIRE] (4101
1.3z (.29 1.15 1.h4
i B 514 27 %h TR
Fto 5.8 24924 724
325 132 57 310
3505 A5 24 %0 B0
215 1.49 &l .89
{1.73 149 1.69 155
[r.44 LF5 019 28
4183 458 43 54 M
0.3 23 025 .24
Tis 7. 014 5K
N.al 035 .83 31
405 3.3% 263 Jn
0.0 0.0 0.40 (AN
1x12 £, 3T i 52
1.37 1.5 .1& 0,31
1.15 1.29 1.54 L&ad
1L0%] 11.0¥ {100 114K
252 .20 1.72 1.4H6&
(.00 N1 {110 000
(r.00 {LIN] [ERE .44
{H.0¥] {1,1%1 (k.01 (1,00
W55 2.4 1026 4.00
.37 344 120 heh
0.0 [EXNL 0.0 .03
11,932 347 1370 Fa5
121900 6220 121350 G1.50
Ldé 0407 144 0.1l
al. 17 470 nd 22 7.l
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COUNTERY

Reef Site

LCrate of Survey

Mumber of Transects and Std Dov

ALGAT
Calcaregns algae
Encrusting algas
Fleshy algzan
Turf algas
TOTAL

HARD {ORALS
Branching corals
hlassive corali
Enerusting corals
Fuliaceous
hfilleprocine

TCT AT

SOFT CORALS
Encrusting gorgonians
ANEMOones
Loanthids
Coraliomorpharians
TUTAL

SPOMGES

Erect spodiges
Encrusting sponges
Other organisemns
10TAL

ABTOTIC
Bare rack
Bare ukble
Rare boulders
Huoles, gaps
Sand

Tread coral
TCOTAL

Talal Chain Links
Fugosity
Percent Hard & Saft Coral o Biatic

Ockobor 1953
_T1a _ o

0.0 0.03
53 285
25,1 7ua
11.72 504
1213 11.11
1.54 1.67
1392 4.72
0.3 .61
324 2.8
0.24 0.15
149,58 745
LE2 1.38
.00 0.0
.0 .00
L2 (.58
[hCH} 0]
2.08 1.54
G668 .35
1.08 nrrs
.84 .76
K58 LA L
.04 0.0
{.R2 1.0
Lr.CHE {1.0A)
9.h8 175
17.38 14,30
.00 [eR40]
27.72 12,71
115624 o760
164 (.14
ol £.36

SABA, NETHERLANDS ANTILLES
Ladder Labyrinth

Table 14q. CARICOMP coral Teel transect measuroments, 19%3-1995: Percentape cover al 10 m depth.

Mlay 194 Mivember 1954
. x5 5D T1-5 &l

303 4.60 1.94 278
000 .00 a5 .12
1850 13,15 12,33 808
3.7k H.4d 24.26 R.R4
45.35% 1291 Js.az 4401
14 {122 .07 .10
T2 555 743 241
f.00 504 a.u7 830
[3.LHb I0.CHE (.00 (11X
(X113 {41 (LAW]3) 0.n3
1676 30 14.33 72
0.0 [0 .15 .10
(14K .00 (.00 {L0H}
(LK1 (.00 1.0 0.a0
44 013 .30 121
(11K .00 {1.1%1 (.00
{04 013 {125 0.26
1% 24t £13 605
1.14 101 252 0.83
.50 057 0.0 {10
340 254 10.45 i1
1Luz 35l 01 124
0,70 1.17 .46 553
100 RLY .04 0o
4.30 L)) 717 27
14, W42 2354 24 016
.04 10N .00 0.4
34,36 1936 2614 15.G8
1159.80 Baal 101260 G 30
led .48 1.43 .
2513 14417 21258 371
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Table 14r. CARICOMYE coral reef transect measurements, 1993-1995: Peceenbape cover at 10 m depth.

COUNTRY LA 1A, NETHERLANDS ANTILLES

Reef Site: Ladder Labyrinth

Tlate of Survey May 1995 November 1995
Numboer of Transects and Std Dey T1-4 s 0 Ti3&5 850
ATGAE

Calcarequs algae [N 11I%] 10.1K] JLIN!
Enctusbing algae HLIH .0 LECX GO0
Flashy al g L2278 1573 1789 1783
Turt algae 3005 1377 253 168.7%
TOTAL 4346 10,53 .42 12,28
HARD CORALS

Hranching corals (. 1R .04 .00
Massiva corala 5,52 154 Joe 325
Encrusting corals 6,32 4.48 7G4 .70
Foliaceous .05 n.m ni1s 017
Milleparine .20 0.3 10 1z
TOTAL 10,97 217 11.40 7.n
SOFT CORALS

COTgetians 0063 045 R HELY]
Encrusting gorgonians 101 0.1 [RLY ALIXI
Anemnones o 0.0 HRLY (ALY
Foanhids 0.4k (k01 0.0x1 ALCHI
Corallimnorpharians [h.0HE {0 0K AL0¥]
TOTAL n.43 (.05 1.4 [2.0LF
SIOMCES

Froct spomges s ] 773 114 (195
Fncrestingg spomiyges 151 1.1 1.H Llg
Cither wrgamisms LAY 0410 0.0 0A10
TOTAL 1045 Fan 143 1.87F
ABLOELC

Bare rock (k5 1.05 .19 1.28
Bare rubble 127 217 494 732
Hare bowlders L [r.C4 1100 (hCHE
Haoles, gaps 6003 X3 5.50 435
Sand 2381 44 24533 14.94
Dead coval oo LIV [r.C .
TOFLATL Mg 0af 3555 B0
Total Chain Links 106800 TEL 10 1180 18u.40
Fugmsity L5 014 147 0.37
Fercent Hard & Soift Coral in Biokic 17.47 443 L&1F &30




CARICOMP — Caribbean Coral Reef, Seagrass and Mangrove Sifes

_ Table T4s. CARICOMWE coral reef frangect measurenionts, 1993-1985; Petoentage cover at 10 m depth.

COUNTRY TRIMNIDAL & TOBAGD

Beef Sike Eastern and Chuter Buccoo Keef

Date of Survey September 1934 March 1995
Nurmber of Transerks and Std Dev [1-1 sh T1-19 _sD
ALGAF

Calcareous algae {111 .00 0.ae 0.00
Encrusting algae 417 2611 Jadl3 1474
Fleshy algac .00 .00 0.4 0
Turf algac 14.38 23.62 2166 10.5%
TOTAL 54 55 13.23 5764 12.R2
HAED TORALS

Branching cotals (XY P .06 .02 407
Maszsive corals 42 6.25 928 735
Fnerestng corals a7 473 14.61 13.43
Foliaceous 770 11,54 [0t .00
willeporine 122 PN 143 275
TOTAL .52 16.91 25.34 1614
SOTT CORALS

Coroiars 0,56 1.3% 0.l 0.62
Encrusling gorgonians 5,24 473 548 a2
Anemoncs 0.1 0410 Qa0 n.{H
Zoantheds 135 224 0.4z 1.33
Coralliomcrphatians 0.0 {100 0.0 LRE ]
TOTAL R L 4,43 6.82 Ll
SPOMGES

Etect Spongrs (.05 [LOf .01 LIE ]
Euocrushng spolyres o= 017 0t a0
Oiber organisms 0.5 .0k .00 2.0t
TOTAL (s niv (hCH} .00
ABICIC

Bare rock fl.e2 1.51 (4K 0.0
Bare rubble LIL .40 .0 ALY
Bare bouldors TLI¥] (LK) 0.0 0.1
Hales, gaps 133 .25 9.77 A6l
Sand 0410 [ERdL 14 G.45
Dearl coral (LEH (0 143 .73
TOTAL 14,22 B.51 135 e |
Total Chain Links 1168501 TRAG 116210 174,74
Fugosily L&3 0.10 1.64 0.25
Percemt Hard & Soft Caral in Biatic 15,61 17.63 /a7 15.4d
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o Table 14t. CARTCOMP cural reef transecl measurernents, 19931995 Percentage cover at 10 m depth,

COUNTRY VENEZLUELA, USE

Rexi Site Playa Caimnan

Dabe uf Survey Ohelober 1994 April 1995 September 1985
MNumibrer of Transcets and Std Dey __T15 o Tl-1n S0 T1-4% 513
ALCAE

Calrareous algae (.00 0.4 (oM LX) 1.1 a0
Encrustity aljras .00 £ 07 L7 14 0.
Fleshy alpae 110K 0400 005 013 4.0 0.0
Turt algae 110 696 1252 Q.13 15.43 2,50
TOTAL 1L 690 13.71 1043 15.58 Fag
HARDICUORALS

Branching corals (L0 HELY L0 (.04 (.04 0.4
Massive corals 19.3) 17.63 36.36 11.22 4112 1598
Encrusting corals 4.5 0.4 .00 .00 (.00 0.0
Faliaceous ALY} 0.0 112 238 .52 .40
Milleparine 1.14 L24 303 3. 494 Fad
TOTAL A4 1791 41,14 12.35 0.7 11.29
SOFT CORALS

GOrEonban 2 .64 4.0 i 245 3,22
Encrosting: ot oy 13.% 13.09 217 F &l 153 235
ANSMOons 0.3 0 nnz LAk .03 Qs
Zoanthids k00 [ELY 000 (+.0HF (rL .41
Coralliomeorplatisns i1 0.0 (.00 (00 LK1 .00
TCTAL 1552 12,74 2589 252 13.81 5.2
SPOMCES

Erecl sponzes 162 0.5z 1.13 1.24 (e 0.7
Encrusting sponges (.14 .19 0.0 0408 043 .25
Other otganismg 22 0.44 0.36 .46 16 0.3
TOTAL (.98 171 L57 1.23 112 1
ARIOTIC

Bare rock 1.74 a5 21 a2 1.2% 145
Bare rubble [LAw 1] 0.0 0410 G a0 {LIX1
Bare boulders 00 [0 0.0 0.0 ALY [k.CHE
Hoies, graps 1082 4 (0 822 5,25 15.37 1284
Sanc .04 8.75 740 552 4.5 G4t
Taead corat (. (.00 0.0 [ELY (14K (.04
TOTAL Z1.60 327 1772 9496 L 10352
Tutal Chain Links 138340 330.20 1127641 3540 1146.20 1590.20
Fugnsily 195 n47 154 .14 | i [Ehverd
Fercent Hard & Soft Coral in Biotic B4.08 748 A2.1% 175 FR.EA 11.75
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CARICOMP — Caribbenn Coral Keef, Seagrass and Mangrove Sites

Table 1du. CARICOMP coral peef transect messurements, 1993-1995: Percentage cover at 10 m deplh.

COUNTRY YEMEZLELA, EDDMAR
Feel Site Funta Ballena, Pampatar
Date of Survey April 1995
Number of Transects and Std Dev_ __ T &0
ALCAE

Calcareous alfae 1LIx1 {1.1K1
Encrusting alzac 204 1.59
Fleshy algae 24 1.59
Tur[ algac 1654 1L47
1T0TAL 21.42 11.78
HARD CORALS

Branching oerals L 13
Massive corals 250 45
Encrusting corals 030 [h 24
Fnlizosous 0.0 .00
Milleparine 2.kl 1058
TOTAL 11.9% 16.63
S0P CORALS

Gorgomians 296 1.97
Encrusting gorgonians 0.0 .
Anentones 0.1% .28
Zoamhicts 242 441
Coralliomonpharians 0.1 .41
TOTAL 556 4.40
SPONGIES

Ercut spaogres n 215
Encrusting sponges i 2.1X]
Cxhar nnranisie G.00 f-21
TOTAL 13H 75k
ADTOIE

Bars rock 514 6.5
Bars rabhble 4.8 fr. 41
DBars houlders 7o 1h22
Masles, gz 5.20 30w
Sand 2124 Val=ry
Deand corral 0.0 0.0
TOTAL 47 Gt 2596
Tutal Chain Links 1023550 110.70
Rugrosity 134 .16
Fercent Hard & Soft Coral in Biotic AR 1071
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Table 150, CARICOMP gotponian measuremenils, 1954-1995,

COLMTRY EATTAMAS
Raef Site Fermandez Bay, San Salvador
Liate of Survey Newember 1994 Noventber 1995
Five 10 mf tran- Siter 1 Site 2 Sile 1 Site 2
__ Bectsfsite Total  Mearn g0 Total Meann SO Total  Mean 2] Totml  Mean S
Fd » X .40 1 3,20 0.4% [ 0 [ f a0 .41
Feather R T 540 23 460 1.67 13 Xal 2.7 1qd 200 1.5%
Fan 5 1.3 1.4 1 0.20 045 1.20 164 2 0,40 0.6
Whip 0 [.CHE (1K) 2 0,40 0,89 1LIx] (1L4K] [t (14K £1.0K]
Site Totals &3 27 e 12
Tt Gurgraniang a0 - #
COUNTRY BELIFE
Reef Sile Carrie Bow Cay
Dlale of Survey Avugust 1994 Derember 1984
Five 10 m# tran- Site 1 Sile 2 Site 1 Site 2

sechs, site Tobsl  Mean 5D Tolal  Mean 50 Talal  Mean 50 Total  Mean sy
Rod 2F 5.4t 2.30 i) 4.60 J43 26 520 L7 25 320 342
Frather e Bl 4.5 25 520 h7s 2 440 3.6 23 4.64] 4.5
Ean 1 0,20 .45 1 (.20 (k45 1 120 .43 1 Q.20 1.45
Whip ] Mh.CHF 04K 0 .00 0.0 {0 0.0 0.0 It (14K £1.0K1
Sile Totals 55 50 ] 24
Tita] Gorgomians 1115 .- S
TOUNTREY BELIZE
Reef Site Carrie Bow Cay
Lrate of Survey Aupmst 1495 Devember 1995
Five 10 m? Lran- Site Site 2 Site 1 Site ]
_ gectafsibe  Towl  Mean 5D Total  Wean S0 Total  Bean S0 Twdal Mean SO
Fod 32 4,44 134 241 4.1 4.3 35 .40 12z K Tan BTt
TFeather 0 4.0 2492 28 5.6 6,58 31 6,20 444 k1| .20 602
Fan 1 020 4% 1 .20 (.45 1 0410 0.0 2 G40 [1.5%
Whip ] .00 Qa0 » (.0} Q.o a .50 L 14 280 000
Site Totals a3 fils i
Toll Gogonians 12 _ 134 o

Total = number of individuals in 5 x 10 on?
ean — number of individuals ftransect (10m7)
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. . Table 15b. CARTCOMP gorwonian meastsaments, 195941995,
COUMTRY BERMITDA COLOMELA

Rewf Site Twin & Hop Breaker Reefs Chengzue Hay
Diate of Survey Angust 1994 {ktober 1994
Five 10 m* tran- Site 1 Site 2 Site 1 Site 2
Fecks / sike Total  Mean ) Towl Mean S0 Tomt  Mean Sy Tl Mean 5D
Brd 72 1d.40 anm 157 3140 £.19 120 280 15.9% 15 RAL 154
Feathot 13 260 1.14 H 4.6 235 L ([ ]l {1.0KY 0 0.0 [ERAL
Fan a 0.0 n.rx1 5 L25 {71 L1 (.00 HELY K ALY aen
Whip it (.00 100 i {1.1M1 A1) {l [r.CHI {11 fl .00 .00
Site Totals 85 142 124 1%
Total Gorgoniams 267 S e
COUNTRY CLEA
Eeef Site Cayn Cnoo
Date of Survey - March and June 1494 Cictober 1459
Five 10 m’ tran- Site 1 Hite 2 Gite 1 Site 2
_ sechSeite  Total  Mean 5D Totl  Mean 50 Total  Bearn i) Totaf  Mean S0
Rod N 4. 41 249 26 520 140 22 4.40 1.67 2 4.40 132
Feather ¢ L30 1.3 fi 1.20 1.10 % 1.60 114 7 1.40 L1i4
Fan 1 M 045 I} [HH 0.0 2 .40 0,55 it 0410 0.k
Whip I 0.0 [HL L it 00 0.0 i 0.0 .on a (2,00 R
Site Tostals k| 32 32 )
Total Gorgonians 83 a1 —_
COUNTEY CUBA CURACAC
Teef Giter Cayo Coco Santa Barbiara
Date of Survey April 1995 harch 1945
Five 10 m? tran- Site 1 Gite 2 Site 1 Site 2
sects/site Total Mean S  Total Mean SO Total  Mean D Total  Wean o
Puxd 16 320 L30 20 41K 20 ¥ 7.0 554 i 4.6 136
Feather L 1.60 1.14 B 1.5 1.14 21 L Bl 311 9 1.5 L7y
Fan L 0.20 L4 i LIRE] (300 f 1.20 164 4 (&L 054
Whip 1 HELY] (.0} a (.0} 0.0 H .05 (7.LH} i [r.00 .00
Site Tokals 25 28 fd )
Tutal Gorzomians A3 100

Turtal = nomber of individuals in 5 x 100 mé
Mean = pumber of individaals S transoct (10m?)
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__Table 15c. CARICOMP porgonian measucetient:, 1964 1995,

COUNTRY JAMAICA TRINIDAD

Reef Site West Porercafl Chater and Eastern Buccoo Reefs

Diaie of Survey November 1935 March 1995

Five 140 m@ Iran- Site 1 Gie 2 Site 1 Site 2
sects/ site Total Mean S0 Tetal  Mean LM Toral  hean Ay Tigtal  Mean

Hrd 25 5.00 187 fl MLIK] 1L0N] 1 {1841 A4 10 2.00

Feather a 0.0 (L[N 1] {1.0k] .00 7 1.4 1.14 0 [LAE1]

Fan I 0.20 {45 f LR (LN 4 [n.84 {34 3 [

Whip fl Q.00 00 t 0.0 .LHF a 0.4} LA Q (1IN

Site Totals 26 ] 15 13

Tokl Gurgomians 26 28 ———

COUNTRY WHENEZLELA

Reef Site Punta Ballena, Tsla de kargarita

Date of Survey Movember 1983

Five 10 m” tran- Sile 1 Site 2

_ secksfsite Tolal Mean 50 Total Mean 5D

Ford 7a 1530 277 20 5.580 593

Pealther 22 440 321 17 340 336

Fan ] (1.4) [r.0d (LN (.00

Whip il 1.0 .0 1] {.0oF .00

Sike Totals I 46

Total Gorgonians 147

Total - number of individuals in 5 x 10 n
tean = number of individoals/tranzect (10m?)

212
{0
Lk
LI

a3




CARICOMP — Caribbean Coral Reef, Seagrass and Mangrave Sites

Table 16a, CARICOMI urchin measurements, 1954-1995.

Country and

ntry # DHadema # Echinc # Trip
Institution Fref Site Site # Blate Total Demsity  Total  Density  Total — 1lensity
BAHAWAS;: Bahamian Fiebd Stalion
Temandez Bay 1 Mo 19% 1 n.az 0 B0 it AL
Ostrander Reef 2 Mowr 1954 a 0.1z ] a0 i .00
1 Mow 1998 4 0.03 [ 012 i1 04
2 Mowr 1965 a 0,06 1 00z i} L0
DARBATICS: Bellaive Research Institute
Bellaics I bar 1924 153 34K L 0410 i {0}
Z Mar 1934 171 342 il 0.0 I} 1h.0ik
BELIZE: Smithsonian Institntion
Carrie Bow Cay 1 Aup 19694 3 4.0 i £AK) 1] 0000
2 Awmg 1954 3 e ¢ 0w 0 000
1 [Dec 19 3 0.0 35 0.70 2 o4
2 Do 1994 1 .02 20 Q.52 0 G
1 Aug 1w [ 114 a4 (.88 0 (00
2 Auy 1995 1 {02 fib 132 ¥ 0.0
1 Dhar 1985 R {14 27 .54 0 (3.410
2 Drec 1985 P e M 045 0 (KR}
CLBA; Academia de Ciencias
Carvn Coo A Apr 1995 ] .00 4 0.08 Q LY
B Apr 1945 f n12 3 06 Q 04K
CLRACAC: Carmabi Poundation
Sta, Batbara 1 War w5 4] [1.CH} 0 {10 ] 0.1
2 hiar 1945 a QLo 0 [r.04F 0 0,[K]
JAMAICA: Discovery Bay Maring Lok
Ciscovery Bay 1 Aug 1904 a o 12 024 I
1 Dt 15495 { 0.4103 ] 0.0 i L0
VEMNEZUELA: BINMAR
Punta Ballena i Apr 1995 I HRLY 37 0n.74 1} .0
i 2 Apr 1995 O 1% 3418 000

Total = nember of individuals in 5 x 10m°
Demaity = nuniber of individuals per me
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. Table 16k, CARTCOMP urchin measurements, 15894-1995,

Country and # Lyt # Oither Trtal #
_Inatitution FeefSite Site # Date  _ Total  Dengity Total  Density Urching
BAHAMAS; Bahamian Tiekd Station
Ternandez Ty 1 Mo 1984 ] .40 a 0.0
Oritrander Heef a Moy 15934 ] [*.(H} 0 oo 7
i Moy 1955 {t (14K i 1.0K1
2 oy 1995 L] .00 1] (1.400 14

BARBALKDS: Betfairs Rescarch Trstitute
Bellairs 1 har 19% 1] HELY] 1] .0k
2 bTar 1994 il 010 1] 0410 324

BELIZE: Smithsonian Insthmtion

Carrie Bow Cay 1 Ay 1994 H 0.0 1] 0.0
2 Auyr 1o9d 1 (.40 it 0.0 fi
1 Drerr 1994 0 [0 13 26
2 L 1904 0 0.0x1 1 Lo f1
1 Aug 19493 0 (M 9 LR
2 Aug 195 [ {10x] 1 o2 134
1 Diec 1995 Q (.00} 3 n.0s
2 Dec 19%5 0 [hCHI ¥ LIC) ol

CUDBA: Academia de Cienctas
Cayo Cocn A Apr 1995 il Q.0 a 0.0
B Aprl1aus [t HRLY 1t 0.0 13

CURACACK Carmabi Foundation

Santa Marbara i blar 145 0 1101 o 1L
2 wlar 1va5 ] [rHE 0 (ER I 1]
JAMATCA: Discovery Bay hMarine Lak
Discovery Bay 1 Aug 1904 0 oo n o2
atl
1 Ot 1995 a 0.00 a 0410
]
VENEZUELA: KDIMAR
Punta Ballena 1 A.pr 1995 [H] {1.0%1 3 .06
SR 2 Aprlfes 0 Do 0 GOt 1%

Tatal = number of individuals in 5 % 10m’
Density = nummber of individuals per m?
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