High spatial variability of coral, sponges and gorgonian assemblages
in a well preserved reef
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Abstract: The main goal of this research was to obtain baseline field data of the composition of sponges, cor-
als, and gorgonian assemblages that can be used as a reference for future analyses of anthropogenic impact.
We tested the hypothesis that relatively homogeneous and well preserved reef units can present notable natural
variability in the composition of their communities which are unassociated with changes in land proximity or a
human impact gradient. Research was carried out in July 2006 at Los Colorados reef, located in the northwestern
region of Pinar del Rio Province, Cuba at 12 sampling stations. The biotopes selected were crest, terrace edge
and spur and grove. Ecological indicators were diversity of corals, species composition, density of corals, hydro-
corals, gorgonians and sponges, and density of selected coral species. A total of 2659 colonies of scleractineans
corals representing 36 species were counted. The most abundant species in the crest biotope were Millepora
alcicornis, Acropora palmata and Porites astreoides; in the terrace edge and spur and grove, the most abun-
dant species were Siderastrea siderea, Stephanocoenia intersepta, Porites astreoides, Agaricia agaricites and
Montastraea cavernosa. We found differences among sites for several indicators (e.g. density of corals, sponges
and gorgonians and for selected species), but they could not be associated to any gradient of land influence or
human impact. Therefore, sites inside a relatively homogeneous reef unit can present notable natural differences

in the composition of their communities. Rev. Biol. Trop. 58 (2): 621-634. Epub 2010 June 02.
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A general consensus exists of the seri-
ous decline of coral reefs worldwide (Hugh-
es et al. 2003, Bellwood et al. 2004). This
includes coral reefs in the Caribbean region
and southern Florida (Wilkinson 2002). The
degradation of these ecosystems is primarily
due to over-harvesting, pollution, disease and
climate change (Pandolfi 2003, Hughes et al.
2003, Bellwood et al. 2004). In many loca-
tions around the world, stresses caused by
human activities on coral reefs exceeded their
regenerative capacity causing dramatic shifts
in coral species composition, abundance and
diversity (Karlson & Cornell 1998, Bellwood
et al. 2004), as well as in other characteristics

of coral assemblages, e.g. change in popula-
tion structure of corals species, prevalence of
disease and substrate cover (Bak & Meesters
1998, Dale & Beyeler 2001).

In the present context, knowledge about
the status of coral reefs acquires more rel-
evance in “pristine” sites. This is because these
areas are essential as replicated control or refer-
ence areas (English ef al. 1997, Underwood &
Chapman 2003). On the other hand, knowledge
of pristine reefs is equally important for build-
ing an ecological baseline for future compara-
tive research of the function and structure of
degraded coral reefs. There is a general consen-
sus regarding the use of baselines as an initial
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phase of research (English et al. 1997, Rogers
et al. 2001, Hill & Wilkinson 2004, Bellwood
et al. 2004). To complete this knowledge, it is
necessary to carry out research mainly on reef
key functional groups (corals and reef fishes).

The complexity of marine systems, their
inherent high variability, and the influence of
multiple environmental factors or stressors,
suggest that no single measure is adequate for
assessing the effects of multiple stressors on
biota and for establishing the mechanistic bases
of these effects (Munkittrick & McCarty 1995,
Adams 2005). This philosophy has encouraged
a holistic approach and integrative measure-
ments. Following this line of thought, ecologi-
cal indicators can be used to assess the condition
of the environment, to provide an early warn-
ing signal of changes in the environment, or
to diagnose the cause of an environmental
problem. Ecological indicators need to capture
the complexities of the ecosystems and should
meet the following criteria: easily measurable,
sensitive to stresses on the system, integrative,
and with a known response to disturbances,
among others (Dale & Beyeler, 2001). Varia-
tion in abundance, community composition,
diversity and richness of structural species like
corals are critical to the dynamics of the whole
community and they should be analyzed at dif-
ferent scales (Connell et al. 1997, Karlson &
Cornell 1998, Bellwood et al. 2004, Fabricius
et al. 2004, Hughes et al. 2007).

Los Colorados in western Cuba is a well
preserved reef area due to its distance from
land and the very low population density in
this region of the country (Oficina Nacional de
Estadisticas 2005). Currently, the major envi-
ronmental concern here is the proposed initia-
tion of oil exploration (by mid 2009) in high
seas areas close to these coral communities
(AFP 2009). There is a potential risk for these
reefs in the event that accidental discharges and
spills occur.

This is the first detailed study that focuses
on sessile invertebrate community structure
and its natural spatial variation in Los Colo-
rados reef. The main goal of the study is to
obtain baseline field data for sponge, coral, and

gorgonian assemblages that can be used as a
reference for future analyses of the impact of
human actions on this reef and on the entire
northwestern region of Cuba (e.g. oil spills,
other pollution events, tourism development).
This research also provides inputs for a more
comprehensive understanding of the status
of these communities in the Gulf of Mexico
basin.

We hypothesize that different sites inside
a well preserved reef unit can present notable
natural variability in the composition of the
community. We propose that this natural vari-
ability will be detected in different magnitudes
using different ecological indicators.

MATERIALS AND METHODS

Study area: Research was carried out
in July 2006 in Los Colorados fringing reef
(LC), located along the northwestern region of
Pinar del Rio Province, Cuba. This reef is part
of an extended coral formation growing at the
edge of a wide portion of the Cuban shelf, at
approximately 40km from the coast. The main
shallow-water habitats in this region are fring-
ing coral reefs, seagrass beds and nearshore
muddy environments associated with man-
grove prop-roots. This fringing reef has three
main biotopes:

*  Crest: dominated by Acropora palmata
(with large sizes) and Millepora com-
planata. Mean depth is 1-3m and the
area is characterized by high wave energy
and sunlight exposure. The substratum is
mainly a rocky plain with sand patches.

o Terrace edge: a rocky plain dominated
by corals and gorgonians with high spe-
cies diversity. Substrate is covered mainly
by algae. Slope is approximately 45° and
depth is between 15-19m. Wave and light
exposure are attenuated by depth.

*  Spur and groove: dominated by corals,
gorgonians and sponges. Average dimen-
sions for spurs are 15m length, 1,5m
width and 1m high. The substrate cover
is formed by algae and sand. Substratum
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topography is mainly plain and the mean
depth is 20-24m. Wave and light exposure
are attenuated by depth.

These reefs are very far from any urban
center (40 kms) or land-based pollution source.
There is no evidence of any kind of contamina-
tion (Gonzalez et al. 2009). Small commercial
vessels fish in these reefs targeting large-sized
species (e.g., larger snappers, groupers, jacks)
which are heavily overexploited (Gonzalez et
al. 2009).

Sampling procedure: Sampling was done
at four sites located near existing marine light

platforms along the shelf edge (Fig. 1). Ateach
site a profile was defined perpendicular to the
shelf edge and sampling stations were located
in the biotopes described above. In total, 12
sampling stations (combination of sites and
biotopes) were visited.

Species composition and the number of
coral colonies were estimated in replicated
sampling units (SU) at each station. In crest
stations SU were measured in transect of 10m
in length x Im in wide (as suggested by Hill &
Wilkinson 2004) and ten replicates were made
at each station. In terrace edge and spur and
grooves stations, SU was a 1m? frame (Wein-
berg 1981, Dodge et al. 1982) with 30 replicates
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Fig. 1. Northwestern region of Cuban shelf. Circles indicate marine light platforms: Francisco Padre (FP), La Tabla (LT),

Zorrita (ZO) and El Pinto (EP).
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by station. We followed the criteria of Zlatarski
& Martinez-Estalella (1980) for the identifica-
tion of corals in situ. In our categorization of
corals we include scleractineans corals, soft cor-
als and hydrozoans (genus Millepora). The total
number of gorgonian colonies and sponges were
also recorded at each sampling unit in terrace
edge and spur and grooves biotopes.

Data processing: Dissimilarity among sites
and biotopes was assessed using several com-
plementary methods. For a general compara-
tive picture we used hierarchical agglomerative
cluster analysis based on Bray-Curtis distances
calculated with fourth-root transformed density
values and group average (UPGMA) cluster-
ing algorithm. Significant differences among
biotopes were determined using the ANOSIM
routine with sampling sites as replicates inside
each biotope. These analyses were performed
using PRIMER 5 software (Clarke & Warwick
2001). We also used abundance-based Serens-
en estimators and their 95 percent confidence
limits developed by Chao et al. (2005, 2006)
to compare similarities among all pairs of sites
inside each biotope. Calculations were made
with EstimateS 8.0 software.

We computed expected species accumula-
tion curves (sample-based rarefaction curves
in the terminology of Gotelli & Colwell 2001),
with 95% confidence intervals, using the ana-
lytical formulas of Colwell et al. (2004) based
in a Mao Tau estimator for number of species
(S) included in EstimateS 8.0 software (Col-
well 2006). For comparison of species richness
x-axis was re-scaled in units of individuals.
The asymptotic tendency of the curves was
taken as criteria to consider whether enough
SUs were sampled. Shannon’s index of total
diversity (H’=) p, In p, where pi=proportion
of species 1) and Pielou’s eveness index J’=H"/
In S) were calculated with pooled data for each
station. Variability of diversity indexes among
stations inside each biotope was expressed as
the ratio between highest and lowest values
(H/L) and using the coefficient of variation
(CV=SD*100/mean, where SD is the standard
deviation).

Densities (colonies/m?) were calculated
for each group of organisms (corals, sponges
and gorgonians) in pooling all species and for
selected coral species in each sampling station.
The selection of species was based in the abun-
dance and the percentage of representation of
total number of colonies for coral species by
each biotope. One way random effects analyses
of variance (ANOVA) were performed was on
fourth-root transformed data using STATIS-
TICA 6.0 software.

RESULTS

A total 0f 2659 colonies of corals of 36 spe-
cies were counted in 12 sites sampled (Table 1).
Dominant species in crest biotope was Porites
astreoides (Lamarck, 1816) with almost 50
percent of all counted colonies. This was fol-
lowed by Millepora complanata (Lamarck,
1816) and Acropora palmata (Lamarck, 1816)
which represented 25 percent of all the colo-
nies. At terrace edge, a much more diverse
assemblage was found. The most common spe-
cies were Siderastrea siderea Ellis & Solander,
1876, Stephanocoenia intersepta (Lamarck,
1816) and P. astreoides which accounted for
more than 50 percent of the colonies. Montas-
traea cavernosa (Linnaeus, 1767) and Agaricia
agaricites (Linnaeus, 1758), represent more
than 9 percent of counted colonies in this
biotope. In spur and grooves the results are
similar to terrace edge. S. siderea, S. intersepta
and P. astreoides were the most important ones
representing almost 60 percent of all colonies
while M. cavernosa and A. agaricites, accounts
for only about 8 percent. These differences in
the composition of coral assemblages among
biotopes were significant (ANOSIM’s Global
R=0.956, p=0.001)

After the numerical classification, stations
were placed into two well separated groups
(Fig. 2). Group A includes terrace edge and spur
& groves stations while group B, is comprised
of the crest stations. Two subgroups are clearly
distinguished inside group A. The first includes
spur and grooves stations plus LT station from
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TABLE 1
Mean colony density (col/m’+standard error) and percentage representation of total number of colonies
for coral species in each sampled biotope. Blank cell=absence

Species Crest

mean %
Siderastrea siderea 0.02+0.01 0.7
Porites astreoides 0.99+0.23 48.9
Stephanocoenia intersepta
Millepora alcicornis
Porites porites
Montastraea faveolata
Montastraea cavernosa
Siderastrea radians 0.03+0.03 1.6
Agaricia agaricites 0.12+0.06 6.1

Meandrina meandrites
Madracis decactis
Dichocoenia stokesi
Manicina areolata
Eusmilia fastigiata
Helioseris cucullata
Montastraea franksi
Scolymia sp.
Moycetophyllia sp.
Favia fragum 0.03+0.03 1.5
Agaricia tenuifolia
Musa angulosa
Isophyllastrea sinuosa
Mycetophyllia aliciae
Colpophyllia natans

Diploria strigosa 0.09+0.04 4.5
Montastraea annularis 0.04+0.03 1.7
Acropora cervicornis 0.01+0.02 0.6

Agaricia lamarkiana
Agaricia humilis
Solenastrea sp.

Isophylastrea rigida

Diploria clivosa 0.09+0.05 4.7
Diploria labyrinthiformis

Millepora complanata 0.36+0.11 17.7
Palythoa caribaeorum 0.07+0.03 33
Madracis mirabilis

Acropora palmata 0.18+0.05 8.7

terrace edge (A1) and the second is made up of
the remaining terrace edge stations (A2).
Chao’s estimates of Sorensen coefficients
calculated among all possible pairs of sites
inside each biotope (Fig. 3) yielded different

Terrace edge Spur & grooves
mean % mean %
2.51+0.15 29.8 2.84+0.17 38.8
1.15+0.10 13.6 0.88+0.08 11.9
0.74+0.08 8.9 0.60+0.08 8.2
0.67+0.08 8.0 0.50+0.07 6.5
0.34+0.05 4.0 0.42+0.06 5.7
0.38+0.05 4.5 0.39+0.06 5.4
0.26+0.05 3.1 0.32+0.05 43
0.37+0.06 4.4 0.31+0.06 42
0.58+0.07 6.9 0.27+0.05 3.6
0.15+0.03 1.7 0.18+0.05 24
0.13+0.03 1.5 0.12+0.03 1.6
0.10£0.02 1.2 0.08+0.02 1.0
0.03+0.01 0.4 0.07+0.04 0.9
0.17+0.03 2.0 0.07+0.03 0.9
0.02+0.01 0.2 0.06+0.02 0.8
0.28+0.05 33 0.06+0.03 0.8
0.07+0.03 0.8 0.05+0.02 0.7
0.04+0.02 0.6
0.05+0.02 0.6 0.03£0.01 0.3
0.01+0.01 0.1 0.02+0.01 0.2
0.01+0.01 0.2 0.02+0.01 0.2
0.02+0.01 0.2
0.02+0.01 0.2
0.03+0.01 0.3 0.02+0.01 0.2
0.02+0.01 0.2 0.01£0.01 0.1
0.01+0.01 0.1
0.01+0.01 0.1
0.01+0.01 0.1
0.01+0.01 0.1
0.01+0.01 0.1
0.01+0.01 0.1
0.06:+0.02 0.7
0.13+0.04 1.6
0.05+0.02 0.6
0.07+0.03 0.9

variability patterns. Crest and spur and grooves
showed relatively stable and high similar-
ity mean values, while those in terrace edge
were highly variable with a change of 15 per-
cent between the lowest and highest values.
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Fig. 2. Dendrogram showing results of numerical classification. Labels formed by biotope acronym (cr=crest, te=terrace
edge, sg=spur & grooves) plus the sampling site acronym (see table 1). Upper case letters and numbers inside the graph
identify groups described in text.
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Fig. 3. Estimates of Sorensen indices (+ IC 95%) for all pairs of sites at each biotope.
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Estimators in crest and terrace edge showed a
much higher standard error than those in spur
and grooves.

Diversity indexes were consistently lower
among sites in crest stations compared to those
in terrace edge and spur and grooves (Table
2), although J’ value at the crest of EP was the
highest observed for all samples. Variability
for all indexes was higher among crest sites. S
was always the most variable index inside each
biotope but H* and J’ yielded a more complex
pattern. While in crest and spur and grooves
relative change of H’ was higher than that of
J’, the opposite was observed for terrace edge
sites.

In general, expected species accumulation
curves showed an asymptotic trend and a high
overlap of estimated curves and confidence
limits inside each biotope (Fig. 4). This means
that after this approach, no statistical differ-
ences existed for most cases. The only excep-
tion was the pair LT-ZO inside crest biotope. It
is clear that lower 95 percent confidence limit
for LT expected values do no cover expected
values for ZO and that upper limit of ZO do
not cover the expected values of LT. Moreover,
the 95 percent limits of these two sites do not
overlap at all for highest individual cumulative
numbers.

Variability of mean densities of selected
coral species by sites showed different patterns
for each biotope (Table 3). In crest sites, only
P. astreoides yielded significant F values, with

TABLE 2
Coral’s diversity indexes for each sampling station

FpP LT Z0 EP H/L CV
Crest

UM 10 10 10 10 - -
N 239 191 242 136 1.76 247
S 11 12 7 9 1.71 22.7
H 1.60  1.81 124 183 147 169
r 067 073 0.64 083 129 11.7

Terrace edge

UM 30 30 30 30 - -
N 182 249 213 328 1.80  23.0
S 18 20 20 17 1.23 8.6
H* 233 234 234 230 1.10 4.1
r 0.81 078 0.78 0.81 1.16 5.8

Spur & grooves

UM 30 30 30 30 - -
N 212 213 256 198 1.21 11.4
S 18 18 25 18 1.38 17.7
H* 2.18 2.03 232 213 1.14 5.6
r 0.75 070 0.72 0.74 1.07 3.0

UM: Number of sampling units; N: Total number of
colonies; H’: Shannon’s diversity index; S: species richness;
J’: Pielou’s eveness index; H/L: highest mean density value
to lowest value ratio; CV: Coefficient of variation.

highest mean value (FP) four times higher than
that of the lowest (EP). However, in terrace
edge sites, mean densities of all analysed spe-
cies were significantly different among sites.
Three species showed highest values which
were at least four times greater than the lowest

35

30

Crest Terrace edge

Spur & grooves .

200 300 0 100 200 300
Individuals

Fig. 4. Expected species accumulation curves (with 95% confidence intervals) for sites in each biotope.
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TABLE 3
Mean density values (£standard error) by sampling stations for selected coral species. Observed F-ratios and associated
probabilities (p) for random effects ANOVAs are also showed. H/L: highest mean density value to lowest value ratio

Species FP LT
Crest

Millepora complanata 4.4+0.9 2.0+0.7
Acropora palmata 1.7+0.5 1.7+0.6
Porites astreoides 11.8£1.5 9.4+1.7
Terrace edge

Siderastrea siderea 1.6+0.3 2.4+0.3
Stephanocoenia intersepta 0.5+0.1 0.8+0.2
Porites astreoides 0.9+0.1 1.5+0.3
Agaricia agaricites 0.2+0.1 0.3+0.1
Montastraea cavernosa 0.1+0.1 0.2+0.1
Spur & grooves

Siderastrea siderea 2.8+0.3 3.1+0.3
Stephanocoenia intersepta 0.6+0.1 0.8+0.2
Porites astreoides 0.8+0.2 0.9+0.1
Agaricia agaricites 0.4+0.1 0.2+0.1
Montastraea cavernosa 0.2+0.1 0.3+0.1

Z0 EP F P H/L
4.1+1.1 3.8+0.8 1.31 0.280 2.20
2.0+£0.4 1.6+£0.4 0.12 0.950 1.25

14.742.3 3.6+0.5 2.42 <0.001 4.08
1.8+£0.2 2.5+0.3 9.78 <0.001 2.50
0.4+0.1 0.5+0.1 3.11 0.020 3.75
1.2£0.2 1.7£0.3 5.30 <0.001 4.25
0.9+£0.2 1.0+0.2 4.73 <0.001 5.00
0.2+0.1 0.9+0.2 6.70 <0.001 9.00
3.1+£0.4 2.4+0.3 0.88 0.500 1.29
0.8+0.2 0.3+0.1 3.02 0.030 2.67
0.9+0.1 0.9+0.2 0.11 0.950 1.13
0.3£0.1 0.1£0.1 1.41 0.240 4.00
0.4+0.1 0.4+0.1 0.66 0.600 2.00

Degrees of freedom for F tests: Crest=3,36; Terrace edge=3,116; Spur and grooves=3,116.

one. Low variability was also found in spur
& groove sites. Only S. intersepta yielded a
significant F value with highest values (LT, ZO)
almost three times higher than the lowest one
(EP).

Mean densities of major groups of sessile
invertebrates also showed different variabil-
ity patterns among sites with respect to each

biotope (Table 4). Coral densities were signifi-
cantly different among sites in crest and terrace
edge, with highest values almost two times
higher than lowest values. Spur and grooves
sites were homogeneous for this group. Spong-
es showed significant difference just in terrace
edge where the highest value of mean density
was twice the lowest one. Gorgonians yielded

TABLE 4
Mean density values (tstandard error) by sampling stations for major sessile groups. Observed F-ratios and associated
probabilities (p) for random effects ANOVAs are also showed. H/L: highest mean density value to lowest value ratio

Sessile groups FP LT EP F P H/L
Crest

Corals 23.9+1.8 24.2+1.5 19.1+1.8 13.6+1.3 9.71 <0.001 1.78
Terrace edge

Corals 6.1+0.4 7.1+0.5 8.3+0.8 10.9+0.9 8.71 <0.001 1.78
Sponges 2.840.2 3.9+0.3 4.5+0.6 5.6+£0.4 8.06 <0.001 2.00
Gorgonians 5.6+0.5 6.5+0.5 8.1+1.2 6.3+0.4 14.6 <0.001 1.44
Spur & grooves

Corals 6.1+£0.4 7.2+0.6 6.1+£0.3 5.7+0.4 2.20 0.092 1.26
Sponges 4.240.3 3.7+0.3 3.3+0.3 3.5+0.4 1.44 0.235 1.27
Gorgonians 2.5+0.3 3.3+0.5 8.2+0.7 4.4+0.6 18.8 <0.001 3.28

Degrees of freedom for F tests: Crest=3,36; Terrace edge=3,116; Spur and grooves=3,116.
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significant F values for both terrace edge and
spur and grooves biotopes with maximum of
variability among sites in spur and grooves;
here the highest value was more than three
times greater than the lowest one.

DISCUSSION

We found differences among sites for
several indicators. The variation observed can
be considered as natural in origin. In other
words, sites inside a well preserved reef unit
present notable natural differences and vari-
ability in the composition of their communi-
ties. This result reinforces the need claimed by
other authors (Underwood 1992, Underwood
& Chapman 2003, Terlizzi et al. 2005) of using
several control or reference sites to avoid spa-
tial statistical confounding in any study focused
on human impact assessment.

The nature and magnitude of observed dif-
ferences varied independently among biotopes,
ecological indicators, species and groups of
species. In general terms, spur and grooves
biotope showed less variability while terrace
edge was the most variable when considering
all of the indicators. Huston (1985) found a
diversity pattern in reefs near Filat in the Red
Sea similar to those obtained in our research.
However, no clear trends could be found among
indicators, species and groups of species. It is
highly probable that the observed differences
in this research would change in nature and
magnitude when other well preserved reefs are
investigated in the same way (Pandolfi 2002).
Therefore, the main point to be made is that
multiple sites must be sampled in any reef in
order to obtain a more realistic panorama of the
state of the communities under study. This is an
important methodological premise if we want
to detect human impacts through comparison
of reefs under different levels of anthropogenic
stress.

Research done in Cuban waters at a scale of
10-15km has determined some reefs which are
not far from cities as reference sites (Gonzalez-
Diaz 1999, Guardia & Gonzalez-Sanson 2000
b, Gonzalez-Ferrer 2000, Caballero 2002,

Alvarez, 2006). Values of diversity indexes
obtained in those studies are equal or smaller
than those found in our research. Comparisons
among biotopes show highest values in ter-
race edge. Other research efforts (Guardia &
Gonzalez-Sanson 2000b, Guardia et al. 2001,
Gonzalez-Diaz et al. 2003) have focused on
the effects of well defined contaminant sources
(e.g. Havana harbour, Almendares River) on
inshore marine invertebrate’s communities.
Compared to values found in our research,
these studies yielded smaller values for diver-
sity indices in impacted sites but similar values
in reference sites.

Castellanos et al. (2004) found coral den-
sity values for healthy crests lower (6,5col/m?)
than values found in our research. In another
reef near to Havana, that is impacted by river
discharges rich in organic compounds and is
under the impact of a tourist centre, Caballero
& Guardia (2003) found a much lower coral
density (2,6col/m?).

Gonzalez-Ferrer (2000) investigated ter-
race edge biotopes in two healthy reefs near
Havana and found coral and sponge density
values similar to those found in our research.
Guardia & Gonzalez-Sanson (2000b) sampled
terrace edge coral communities in a highly
polluted reef adjacent to the Havana harbour
entrance. They found values of coral and gor-
gonians density lower than those found in our
research. In contrast, sponge density in their
study was higher. Sponge density values found
by Guardia & Gonzalez-Sanson (2000b) may
be reflecting high organic pollution coming
from Havana harbor. Organic pollution in mod-
erate quantities may benefit sponges by provid-
ing nutrients for heterotrophic bacteria which
are a food source for sponges which feed by
filtration, targeting mainly ultraplankton (Riit-
zler 2004). A positive relationship of sponge
biomass with organic pollution and high sedi-
ment load has been accepted by several authors
(Chalker et al. 1985, Rogers 1990, Wilkinson &
Cheshire 1990, Ward-Paige et al. 2005, Costa
et al. 2008). Concerning nutrient and sediment
increases, sponges and corals can be considered
as opposites, with coral biomass decreasing in
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reefs stressed by pollution and siltation (Aerst
& van Soest 1997, Nughes & Roberts 2003a).
Sponge cover was negatively correlated with
hard coral cover in the Florida Keys (Maliao et
al. 2008). These results also support the lower
coral and gorgonian density found by Guardia
& Gonzalez-Sanson (2000b).

Guardia ef al. (2001) investigated spur and
grooves in reefs adjacent to the mouth of the
Almendares River (medium impacted zone).
Compared to our own results these authors
found lesser values for coral and gorgonian
densities and higher values for sponges densi-
ties. From a site off Havana city with a low
impact level, Alvarez (2006) reports values
in spur and grooves similar to ours for cor-
als (6,6col/m?), however higher for sponges
(7,8col/m?) and gorgonians (6.8col/m?).

Based on our results, we suggest including
M. complanata, A. palmata and P. astreoides
in research of species population levels in crest
biotopes from these reefs. These species are rec-
ognised as typical of this biotope and are very
resistant to wave action (Sorokin 1993, Lewis
1997). Bellwood et al (2004) suggest that A. pal-
mata is a critical functional group which is miss-
ing in most of the Caribbean region and remains
dominant only in healthy reefs. In other Cuban
reefs near the coast (Baracoa and Rincon de
Guanabo reefs) A. palmata has similar density
as that found in our research, but P. astreoides
has higher densities in Baracoa (Gonzalez-Diaz
et al. 2008, Perera 2008).

Future research in terrace edge and spur
and groove biotopes in our study area should
include S. siderea, S. intersepta, P. astreoides,
A. agaricites and M. cavernosa. It is important
to emphasise that terrace edge biotope exhibits
the highest variability of density for these spe-
cies among sites. We also suggest that it will
be useful to analyze density variability in other
relatively homogeneous and non-impacted ter-
race edges with special focus on the variability
of M. cavernosa. All these species (except A.
agaricites) were identified as having colony
structure with capacity to resist high turbulence
and sedimentation (Martinez-Estallela & Her-
rera 1989, Meesters et. al. 1992).
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Steiner (1999) found (coinciding with our
research) that S. siderea and P. astreoides were
bathymetric generalists (can live in a broad
depth range). Nevertheless, P. astreoides was
more abundant in shallower and more turbulent
waters with less apparent spatial competition.
However, S. siderea, by contrast, abounded
mostly in deeper and denser coral assemblages.
De la Guardia and Gonzalez-Sanson (2000b),
De la Guardia et al. (2001) and Gonzalez-Diaz
et al. (2003) also report these species, along
with S. radians and M. cavernosa, as resistant
species to environmental stress.

With respect to the abundance of 4. aga-
ricites, our results are similar to other research
findings. In reefs located far from signifi-
cant anthropogenic disturbances, Guardia and
Gonzélez-Sanson (1997b), Caballero et al.
(2004) and Guardia et al. (2006) found A. agar-
icites was the most abundant species. Similar
results were obtained by Gonzalez-Diaz et al.
(2003) and Caballero & Guardia (2003) in
reefs under low human impact off Havana and
considered these as strong reference sites for
a local scale study. Sullivan et al. (2004) and
Beltran-Torres et al. (2003) found that A. agar-
icites is vulnerable to sedimentation and appear
in high densities in healthy reefs.

An unexpected result in our research
was the high density of the coral species, S.
intersepta. We found this species as one of the
more abundant (with 4,6 to 15,9% of relative
abundance) in our samples. Other research
carried out in Cuban waters on healthy and
unhealthy reefs do not report this species
among those accounting for 95% of all identi-
fied colonies (Guardia & Gonzalez-Sanson
1997a, Gonzalez 1999, Gonzalez-Ferrer 2000,
Guardia & Gonzalez-Sanson 2000b, Caballero
2002, Alvarez 2006). Several authors report
this species in their studies but always in a
very low percent of numerical representation
(Gonzalez-Diaz et al. 2003, Caballero & de
la Guardia 2003, Caballero et al. 2004 and
Guardia et al. 2006 in Cuba, Beltran-Torres
et al. 2003 in Mexico and Sullivan 2004 in
Central Bahamas). On the other hand, Steiner
(1999) measured relative abundance values
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for this species between 5,5 to 11,4% in South
Caicos in southeastern Bahamian archipelago.
Schmahl et al. (2004) report deep coral assem-
blages at McGrail Bank (39-44 meters) which
are composed primarily of the blushing star
coral (S. intersepta) at densities approaching
30% of benthic surface cover.

In summary, we found that several ecologi-
cal indicators showed differences between sites
and biotopes. Nevertheless, no evidence exists
to associate these differences to human impact.
We hypothesize that differences in these inver-
tebrates” communities are the consequence of
inherent ecological processes typical of reefs
ecosystems (biotic interactions as predation
and competition acting together responding to
natural abiotic gradients of depth, light, turbu-
lence and wave effect). Integrated analysis of
ecological indicators show that environmental
conditions in Los Colorados are better than
in “reference sites” defined for local studies
off Havana and can be compared with healthy
reefs of other sites of Cuba and the Caribbean
region. In a broad spatial context we suggest
using Los Colorados as reference reefs in stud-
ies aiming to detect human impact. Also, the
high abundance of S. intersepta found in our
research deserves a closer examination in future
research. We also recommend continuing this
research to evaluate ecological indicators at the
population level with a special focus in popula-
tion structure, diseases and bleaching.

ACKNOWLEDGMENTS

We thank the Bay and Paul Foundations
who funded this research as well as the Harte
Research Institute for Gulf of Mexico Studies
who support a project to study the NW Cuban
shelf. Special thanks to D. Guggenheim and
F. Bretos for their support and friendship. We
are very grateful for field assistance provided
primarily by two divers who are also excellent
people: Ivan Rodriguez Mauri and Eduardo
Alonso from the Center for Marine Research
of the University of Havana. We appreciate
the time and efforts of Alberto Salazar and
Fernando Bretos for assisting in providing the

English translation of this manuscript. We are
equally grateful for the critical opinions of the
referees.

RESUMEN

El objetivo principal de la investigacion fue obtener
una linea base de la composicion de las comunidades
de esponjas, corales y gorgonias que pueda ser utilizada
como referencia para futuros analisis de impacto antrd-
pico. Nuestra hipotesis es que un arrecife relativamente
homogéneo y bien conservado, presenta una variabilidad
natural notable en la composicion de sus comunidades, lo
cual no esta asociado con cambios en la proximidad a tierra
0 a un gradiente de impacto humano. La investigacion se
llevé a cabo en julio de 2006, en 12 estaciones de muestreo
ubicadas en el arrecife de Los Colorados, en la region
noroccidental de la Provincia de Pinar del Rio, Cuba. Los
biotopos seleccionados fueron cresta, veril y camellones.
Los indicadores ecologicos estimados fueron: diversidad
de corales, composicion por especies, densidad de corales,
hidrocorales, gorgonias y esponjas, y densidad de especies
de corales seleccionadas. Se contaron 2 659 colonias de
corales escleractineos pertenecientes a 36 especies. Las
especies mas abundantes en el biotopo de cresta fueron:
Millepora alcicornis, Acropora palmata y Porites astre-
oides; mientras que en el veril y los camellones fueron
Siderastrea siderea, Stephanocoenia intersepta, Porites
astreoides, Agaricia agaricites y Montastraea cavernosa.
Entre sitios, se encontraron diferencias significativas esta-
disticamente para varios indicadores (densidad de corales,
esponjas y gorgonias y densidad de especies selecciona-
das), pero ello no pudo asociarse con ningtn gradiente de
uso de la tierra o de impacto humano. Por lo tanto, sitios
dentro de un arrecife relativamente homogéneo pueden
presentar diferencias notables en la composicion de sus
comunidades.

Palabras clave: variabilidad natural, indicadores ecolégi-
cos, comunidades de invertebrados bentonicos, biotopos,
Cuba.
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