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ABSTRACT

Before 1974, the coral communitiesof the National Park of Morrocoy, NW of Venezuela, were subjected to
several man-made disturbances brought about by an uncontrolled increase in tourism and related activities. In
May, 1974, the area was decreed National Park by the government. Despite all the protective measures, the damage
suffered by some reefs has increased since then. To quantify this situation several structural parameters of four
reefs with healthy and damaged comunities were compared. A damage index was calculated, which measured
the proportion of coral mortality in all reefs. From all parameters, the damage index was the most sensitive to
the deterioration of the reefs. Sedimentological and mineralogical parameters from sediments samples of
different reefstogether withthe analysis of Landsat satellite images, suggested that the extent and degree of the
present damage in the northern reefs were mainly due to high sedimentationinputsresulting from erosion of land
outside the boundaries of the Park.
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RESUMEN

Lascomunidades coralinas del Parque Nacional Morrocoy, alNO de Venezuela, estuvieron hasta antesde 1974
sujetas al impactode variostipos de perturbaciones humanas, como consecuencia de unincontrolado incremento
del turismo y actividades relacionadas. En mayo 1974, el area fue decretada Parque Nacional por el gobierno.
A pesar de todas las medidasproteccionistas implementadas, el deterioro de estos arrecifes se ha incrementado
desde entonces. Para cuantificar esta situacién, se compararon varios parimetros estructurales en 4 arrecifes
ubicadosencomunidadesdafiadasy sanas. Se calculéun indice de dafio, el cual mide la proporcion de coral muerto
en todos los arrecifes. De todos los parametros usados, el indice de dafio fue el més sensible al deterioro de los
arrecifes. El andlisis de parametros sedimentoldgicos y mineraldgicos de muestra de sedimentos, provenientes
dediferentes arrecifes, unido aimagenes del satélite LANDSAT, dieron evidenciasde quela extensién y grado
de deterioroactual enalgunos arrecifes, se debe principalmente, aaportes masivos de sedimento comoresultado
de procesos erosivos continentales en zonas ubicadas fuera de los limites del Parque.

Palabras claves: Sedimentacién, Comunidades coralinas, Venezuela, impacto.
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INTRODUCTION

Siltation can be the result of natural processes
such as heavy rainfall and river drainage, or of
human activities, such as dredging and poor land
management. Natural erosion can enhance ocean
productivity, butinexcess, sedimentation can cause
the destruction on coral communities (Johannes
1975, Pastorok and Bilyard 1985, Rogers 1990).

Sedimentation and sediment resuspension have
been considered important factors affecting the
distribution and abundance of coral species (Marshall
and Orr 1931, Goreauand Wells 1967, Loya 1976),
as well as recruitment (Johannes 1972, Lasker
1980), growth (Marshalland Orr 1931, Dodge etal.
1974, Dodge and Vaisnys 1977, Bak 1978) and
mortality (Alfer and Dodge 1974, Lasker 1980).
However, itis well known thatcoralshave several
self<cleaning mechanismsthat permitthemtoelimi-
nate acertainamountofsediments deposited ontheir
tissues (Yonge 1963, Hubbard and Pocock 1972,
Bak and Elgershuizen 1976, Schuhmacher 1977).
Theefficiency of thissedimentrejection varies for
differentcoral speciesand depends on sedimentsize
and type (Hubbard and Pocock 1972, Bak and
Elgershuizen 1976, Lasker 1980).

Many coral reefs are found to be flourishing in
turbid water. The existence of these communities in
such conditions does notalways imply that they are
in astate of deterioration (Roy and Smith 1971), but
any disturbance which causes a high sedimentation
rate may overwhelm the self-cleaning capacities of
even the mostefficientcorals, causing their death
and leadingto the decline of the community (Brock
etal. 1966, Dodge and Vaisnys 1977, Bak 1978,
Rogers 1983, 1990).

Erosion hasconsiderable been increasing due to
alack ofland managementandriver drainage has
camried the productsofthiserosioninto the sea. The
effects of thiskind of disturbance on coral commu-
nitieshave been documented elsewhere (Johannes
1975, Dollar and Grigg 1981, Corte’s and Risk
1985), and since itusually hasprolonged action on
very large reef areas, the effects could be devastat-
ing.

During the last two decades, the coral communi-
tiesof the National Park of Morrocoy, located in the
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northwest of Venezuela, have been affected by
differentkinds of man-made disturbances. Weiss
and Goddard (1977) have reviewed the chronology
ofthe maineventswhichhave damaged the northern
reefs of the Park, until 1973. They reported on a

. series of changes which occurred in the main town

of thearea, Chichiriviche, a former fishing village
thatisnow a tourist-centered town included in the
Park. From 1957 to 1964 acementplant, a water tank
andpipeline,and anasphaltroad thatconnectsthe
town with the coastal highway, were constructed.
According to the authors, these changes brought
abouta human population explosionand anincrease
intourismand related activities, which affected not
only themainlandbutalso the keys located near the
coastof Chichiriviche.

Towardsthe endofthe 60°sthe reefsbegantobe
affected by severalkinds of man-made disturbances,
such as construction of houses and docks and the
disposal of garbage, sewage and othermaterials into
Chichiriviche Bay. From all these, Weiss and
Goddard (1977) considered thatsewage pollution
caused the mostdamage.

Thedecade of the 70’s began with the spread of

buildingstoallexistentkeysofthe areaand to many
shoals, sandbanks and reef flats. InMay, 1974, the
areawasdecreed National Park by the Venezuelan
government. The demolition of all constructionson
the keys and beaches was ordered that year and
completedthe next. Any further developmentofthe
coastal townsincluded within the Park was prohib-
ited.
"" Despite these and other protective measures, the
damage suffered by the reefs has increased since
then. The reefs reported healthy by Weiss and
Goddard (1977)in 1973, showed high dead coral
covervalues when firststudied by usin 1979. Other
reefs of the northern part of the Park had obvious
symptomsofdeteriorationsuchashighdead coral
coverage and thesmothering of many living colonies
by sediments (Bone 1980).

Inthispaper, wepresentevidence to suggest that
theextentand degree of today’s damage are mainly
due to a high sedimentation process which began
around 1972 and has increased since then. This
recentkind of man-made disturbance has its origin
onthe mainland asaseriouserosion problemresult-
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ing frombad management ofagricultural land. The

erosion products have been carried into the Park -

watersby the run-off of several rivers and the action
of marine coastal currents.

METHODS

Fourreefswere selected forthis study according
totheirdistance fromthe twomain centersofhuman
activities in the Park, the towns of Tucacas and
Chichiriviche. Cayo Muerto and Cayo Sal, the most
northern reefs, are located near Chichiriviche,
whereas Cayo Pescadores and Costa de losMuertos
are among the farthest apart from the two main
population centers (Fig. 1). To sample each reef,
underwater line transects perpendicular to the coast
line were laid down using 50 mplastic measuring
tapes. Three to eight transects;depending onthesize
of the reef, were laid parallel to each other witha
separation of 25 m. The tape touched the coralson
many points, and wheneverpossible, followed their
contour. Inplaceswhere the live corals were layered,
allgrowth levels were considered. The method and
criteria used to quantify the community structure
were the same as those used by Loyaand Slobodkin
(1971)and Loya(1978).

Foreachunderlying hermatypic colony alongthe
tape werecorded speciesname and interceptlength,
aswellasthe condition ofthe colony (alive ordead).
Wealsorecorded other organismssuch aszoanthids,
sponges, seagrasses, algae and the type of substrate
(sand, coral debris orbare coral skeleton). Only the
most abundantbenthic organisms, the scleractinian
corals, were identified to species. Based on this
information we calculated the following community
structure paramaters foreach reef: number of coral
species, percentage cover for each species and
Shannon-Weaver diversity index (H).

A damage index (d.i.) wascalculated to express
damage in terms of mortality of coral colonies. The
total coral mortality on each transect Mj was first
calculated by the equation:

Mj=—— (1)
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where Miisthe dead coral cover(i.e. denuded areas
where coral morphology was still obvious or
completely eroded, but not colonized by benthic
invertebrates, in meters) for the speciesi; Liis the
living cover (same units) for the coral speciesi; and
n is the number of species present in the transect.
Then the average coral mortality on transects
monitored on the reef, M, was calculated by:

Mj
-—— ©
N

where N isthe total number of transects.

The natural mortality, K, causedby natural events
otherthan man-made disturbances or catastrophic
events, wasassumedto be equalto the onecalculated
by equations(T)and(2)for the control reeftransects.
Line transects from two other reefs, Playuela and
Playa Caiman (Fig. 1), also selected because of their
locationrelatively far from Tucacasand Chichiriviche,
were sampled to calculate the damage index on
relatively undisturbed reefs. Finally the damage
index, which fluctuatesbetween zero (no damage)
and 1 (total damage), isthe proportion of coral dead
cover minus the natural mortality. The index is
obtained by the equation:

di.=M-K (@)

Community structure parameters were compared
among the four locations using Kruskal-Wallis
nonparametric test. When significant differences
were found, aMann-Whitney test was performedto
determine differences between disturbed and
undisturbed locations (Hollanderand Wolfe 1973).

Sediment analysis

Samplesofsediments were taken fromthe bottom
of the fore-reef slope of each of the four selected
reefsusing plastic cores which were manually buried
into thebottom toa depth ofabout20 cm. Fourcores
forming the corners of a4 m? were pooled in one
sample.
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Figure 1. Parque Nacional Morrocoy, showing the location of the sampling sites.
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"Samples were analyzed for granulometric
compositionand x-ray diffractionin order to establish
their probable origin by their mineralogical
composition. They were dried inan ovenat 50°-60°C
during 24 hoursand homogeneized. A subsample of
a 100 g was then washed with water to separate the
silt-clay fraction (<0.063 mm) fromthe sand-gravel
fraction (>0.063 mm). Once separated, the two
fractions were dried under the same previous
conditionsand weighted. The sand-gravel fraction
wastreated with 30% HClto eliminate the carbonates
and weighed again. Before the x-ray diffraction
analysis, the organic matter of the silt-clay fraction
waseliminated by oxidation with hydrogen peroxide
according to a procedure described by Roa and
Berthois(1975). Samples were run undera Phillips
high-intensity x-ray diffractometer (1800 W, 60K V).

RESULTS

Table 1 showsthe proportion on the coral natural
mortality, K, relative to the total coral covercalculated
fromseven control transects which we assumed to
be caused by natural eventsacting onthe Park, such
aspredation, disease, etc. The values of K fluctuated
between 0.13 and 0.34 withanaverage 0of0.25. This
meansthat one-fourth of the totalcoral coverofeach
control transect was dead. Although the control
transectswere run on reefs far from the main centers
ofhuman activities, theaverage value 0of25%should
notbeconsidered the natural mortality forall healthy
reefs, aspercentdead coral onany reefisextremely
variable.

Table 2 is a summary of several structural
parameters of the coral communitiesin the reefs we
studied. The different substrates, mainlysandand
coral debris, occupied from 25 to 50% of the total
transectcover. Hermatypic coralsoccupied from 20
to 50% ofthe total coverand otherbenthic organisms,
such asalgae, the seagrass Thalassia testudinum,
sponges, zoanthids and octocorals, from30t045%
ofthecover.

The reefs of Cayo Pescadores and Costa de los
Muertos, located far from the main centers of
disturbances, showed the highest values of H’
diversity index (0.78 and 0.86 respectively) and the
lowest values forthe damage index (0.09and 0.19),
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whereas Cayo Saland Cayo Muerto, had the lowest
H’ valuesand the highestd.i.

Differencesofthe diversity valuesamong localities
were found to be nonsignificant (Kruskal-Wallis, H
= 6.35, p > 0.05), but the values for number of
speciesand damage index were statistically significant
(Kruskal-Wallis, H = 10.05 and H = 12.60

Table 1. Natural mortality (k) (proportion of the total coral
cover found dead) ofhermatipic corals in control transects
on healthy reefs.

Locality Numberof Natural
Transects Mortality
&)
Cayo Pescadores 2 022
0.16
Playuela 2 032
030
Caiman 2 021
013
Costa delos Muertos 1 034
Mean value: 0254+0.81)

respectively, p<0.05). The number of species was
significantlower in the reefs from the Chichiriviche
area(Mann-Whitney test), while the damage index
wassignificantly higher.

Ifwe compare the mortality of the mostabundant
hermatypic coral species in the studied reefs, the
differences are even more striking. The two
commonestspecies, Acropora palmataand Diploria
strigosa, showed the highest mortality on the reefs
closer to Chichiriviche (Table 3). Species like
Colpophyllia natans and Montastrea annularis,
also present in most localities, invariably showed
higher mortalities in thereefs closerto Chichiriviche.
These results indicate that the healthierreefs were
those farther from the two main centers of human
activities within the Park.

Tables 4 and 5 show the results of sediment
analysis. Asexpected forthiskind ofenvironment,
carbonateswere the main constituent of sedimentsin
allreefsbuttheirpercentage inthe samplesdecreased
towardsthe Chichiriviche area. Thesilt-clay fraction
increased its percentage towards the same area
(Table4).
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Table 2. Mean values of variouscommunity structure parameters for the studies reefs (staridard deviation in parentheses).

Variables . Cayo Cayo Cayo Cayo
Muerto Sal Pescadores LosMuertos
Numberof 4 6 6 8
Transects
Transect 750 1116 124.5 116.7
Length(m) 74 (15.5) (26.0) (362)
Numberof 8 10 11 13
species (1.3) W) (1.5) (EA))
Rangeof
pumber of species 7-10 8-13 10-14 612
Living coral 26.5 199 330 158
cover (%) (39 (12.8) 6.9) 6.9)
Living coral 380 524 242 365
(%) (otherorganism) (5.8) 4.98) 62) (11.9)
Substrate 363 274 417 470
cover(%) 64 (114) 9.6) 9.6)
Diversity 0.68 0.76 0.78 0.86
H) 0.8) ©.7 ©.1) 02)
Damageindex 027 031 009 0.19
©.n ’ 0.15) (0.08) (0.09)

Table 3. Relative dead coral cover of the ten most abundant species (in meters). Rank order withineach locationisgiven
inparentheses.

Species Cayo » Cayo Cayo Cayo
Muerto Sal Pescadores Los Muertos
Montastrea 515 253 197 096
annularis ©) M @ @
Acropora 525 217 147 1.7
palmaia ) @ ©)) ®)
Acropora . - - - 1.12
cervicornis a)
Agaricia - - 374 516
tenuifolia ) @
Colpophillia 315 1.73 0.86 295
natans @ ® ™ 3
Porites 118 0.30 088 210
porites ® ) ©) @
Porites 026 0.10 146 0.67
astreoides (10) 12) @ - )
Diploria 1.63 084 026 057
clivosa 3) @ O 10)
Diploria 140 0.59 0.10 147
strigosa @ ©) a13) ©
Millepora 039 052 106 047
alcicornis ) U] (5) (12)
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Theanalysis of mostconspicuous minerals of the
silt-clay fraction showed the presence of these
mineralsinall reefsbuttheirproportion varied from
recftoreef(Table 5). Samples from the Chichiriviche

areahad ahighercontentof quartzand feldsparsand
alowercontentof muscovites. The presence of these
minerals indicates their continental origin and
suggestsan important influence of river drainage on

Table 4. Percent sﬂt—glay fraction and carbonate content in sediment samples collected from the studied reefs.

Cayo Cayo Cayo Cayo
Muerto Sal Pescadores LosMuertos
Silt-clay
fraction 200 100 80 53
(%)
Carbonate
content 80.0 90.0 920 .5
(%)
the Park waters. satellite photographsot the distribution of sediments

Although the silt-clay fraction did not represent
more than 20% of the bottom sediment samples at
anyreef, many coral colonieswere found smoothered
by atypeofsedimentwhich had the same grain size
than the silt-clay fraction. We also believe thatthe
water with high turbidity found in the Chichiriviche
reefs wasmainly dueto the resuspension of thistype
of sediments.

Figures2 and3 aredrawingsbasedon LANDSAT

carriedinto thesea by the drainage of several rivers
outside the Park boundaries. The run-off of Rio
Tocuyoand othersmalltributariescausesthe northern
plume of sedimentswhich isrecently affecting the
reefsofthe Chichiriviche area. The run-offof rivers
Aroa and Yaracuy causes the southern plume of
sediments reaching the Tucacas area. The reefs of
Pescadores and Costa de los Muertos are less
affected by this sedimentation.

Table 5. Constitutent minerals of the silt-clay fraction in sediment samples collected from the studied reefs.

Cayo Cayo Cayo ' Cayo

Muerto Sal Pescadores LosMuertos
Quartz 20 240 160 160
Kaolin 05 120 06 06
Montmonllonites 05 0l 03 03
Mica and Tllites 02 160 07 07
Muscovites 0l 05 170 170
Feldspars 13 18 03 01
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Rio Aroa

Cayo Sal
< _~Cayo Muerto

90y0 Sombrero
‘;9..003!0 .Pescadoras

Figure2.Drawing ofaLANDSAT satellite photograph taken inMarch 10, 1975, showing sediments distributionoutside

the Park boundaries.

DISCUSSION

The presence of the silt-clay fraction in the
sediments of all reefs studied and its mineralogical
composition clearly indicate the influence of river
drainage onthe Park. The highest proportion ofthis
fraction found in Cayo Muertoand Cayo Saland the
satellite photographs whichshow thesedimentplume
reaching those reefssuggestthat the northern partof
the Park is the most affected by the sedimentation
process.

Recentstudies of the rivers Yaracuy, Aroaand
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Tocuyohave concluded thatnatural erosion hasbeen
accelerated by humanactivities(Floresand Guilarte
1971, Gil 1975, Castillo 1975). Gil (1975) and
Castillo(1975) havesuggested thatbad management
ofagricultural land, suchasan irrational cutting of
timber and forest fires along the river banks, have
reduced the vegetation cover which protected the
banks from erosion.

Hernandez et al. (1967) have studied the
characteristics of sediments and the volume of
suspendedsolids in theriver Tocuyo. They reported
that 98% of the sediments in suspension were ofthe
silt-clay fraction withamean diameterof23 u. Our
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Rio Aroa

9 e—Cayo Pescadores

oa f x%osm de los Muertos

Figure 3. Drawing 0faLANDSAT satellite photograph takeninMarch 21, 1978, showing sediments distribution outside

the Park boundaries and inside it’s northern end.

resultsstill show arelatively highpercentage ofthis
fraction in the sediments of the northern reefs,
approximately 10kmsouthofthe Tocuyo rivermouth.

The reefs of Cayo Sal, Cayo Peraza and Cayo
Pelo’n, reported by Weissand Goddard (1977) as
normal in 1973, appeared severely damaged during
our sampling in 1979, although the demographic
pressure has ceased in 1974 when the area was
decreed aNational Park. We think thatthe extension
of stress over those reefsand theiractual situation is
mainly duetohighsedimentationrather than sewage
pollution or other factors (e.g. disease) for the
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following reasons. First, the main currents are NE-
SW during most of the year and this would have
carried the sewage towards the Golfete de Cuare,
only affecting the communities of thatarea. Second,
ifsewage isresponsible forthe damage, we have to
assume there hasbeena ssignificantincrease in the
humanpopulation ofthe area, whichhasnothappened.
Other factors, such as disease (e.g. white band
disease), were notreported fornearby areas, where
healthy reefsstill flourished (Weiss and Goddard,
1977).

Within the Park, we have observed the
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sedimentation phenomenon on several occasions
withdifferentintensity. Chichiriviche residentshave
communicated to usthat the phenomenon happens
from4 to 5 timesa year, being very intense during
rainy season. Theiropinion s that the sedimentation
hasincreased in intensity inrecentyears. A similar
situation was reported by Corte’sand Risk (1985)
forthe coralreefsat Cahuita’s National Park, Costa
Rica. These reefs have undergone heavy siltation
effects fromnearby river drainages. Considerable
mainland deforestation for lumberand agriculture
has taken place for the past 30 years along river
basins. Although the reefs may not be directly
comparable to ours, their overall findings were
similar: (1) reduced live coral coverage; (2) reduced
speciesdiversity and (3) highamountsofterrigenous
materials in the reef sediments. They alsoggpart low
coral growth rates and low recruitment rates.
Deforestation and subsequent increased siltation
seems to be common problems throughout the
Caribbean.

Hubbard and Pocock (1972) tested 26 species of
scleractinian corals from Florida for theirabilities to
rejectsediments from lessthan 0.006 mmto 2.0 mm
ofgrainsize. They foundthatallcoralsremovesilt
by ciliary action and that with the exception of
Meandrina meandrites and Solenastrea hyades, all
species tested had moderate to strong capacitiesto
rejectsediments smallerthan 0.125 mm. Thismeans
that most ofthe Caribbean hermatypic corals would
be able to survive the stress of low or moderate
sedimentation of mainland origin. The high
mortalities we found for some species in the most
turbid reefs isan indication that the sedimentation on
thesereefscouldbe verysevereat least during rainy
season.

Loya(1976)compared the community structure
of two reefs in Puerto Rico stressed by different
amounts of waterturbidity and sedimentation. Coral
speciesdiversity (H’=2.2)and living cover (79%)
were greater in the reef with less turbidity and
sedimentation. On the otherhand, thereefdeveloping
in very turbid waters and high sedimentation
environmenthadalowerspeciesdiversity (H’=1.8)
and lower living cover(30%). The mostabundant
species were the most efficient in removing
sediments. Ourresults showed a similarpattern, but
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when we compared the community structure of Cayo
Sal, a deteriorated reef with high turbidity, with
Cayo Pescadores, a healthy reef with less turbidity
(Table 2), we found that the only parameters which
could clearly express the differences between the
tworeefs were the damage index (the percentage of
dead cover over the natural mortality of control
reefs) and the number of species. Thus, species
diversity and living coral cover may notnecessarily
be differentin two reefs with very differentlevelsof
turbidity and sedimentation.

Whena reefcommunity isdisturbed, the original
ecological conditions are altered. The eventual
recovery of the reef, which requires recolonization
ofbareareasby settlementoflarvae and regeneration
of partially damaged colonies, could take several
decades,depending onthe type of disturbance and
degree ofdamage. Johannes(1975), Endean(1976)
and Pearson (1981) have published extensive review
on these aspects. Thus, the destruction of the reefis
notjustachange on its physical appearance butalso
achange inbiological interactionswhich may imply
emigration of many organisms associated to the
reef, including fishes and crustaceans(Gunderman
and Popper 1975).
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