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INTRODUCTION

It is widely accepted that the numbers and preva-
lence of infectious coral diseases are increasing and
that they have become widespread in recent decades,
and the Caribbean Sea is now considered a ‘hot spot’
of coral disease (Harvell et al. 1999, Green & Bruckner
2000, Daszak et al. 2001, Porter et al. 2001). The major
concern about the increased prevalence of these dis-
eases is that many are multispecific, able to spread
rapidly, and lethal. Reef building corals of the genus
Acropora have already been decimated by diseases in
the Caribbean (Gladfelter 1982, Aronson & Precht
2001). Other key framework corals such as the Monta-
straea annularis species complex, also appear to be
threatened, as a drastic reduction in the relative abun-

dance of these species has already been documented
for some Caribbean reefs (Dustan 1999, Woodley et al.
2000, Cervino et al. 2001). More importantly, the M.
annularis species complex appears to be affected by a
high number of diseases and syndromes, among them,
black-band, white-plague diseases and the yellow-
blotch (yellow-band) syndrome (Dustan 1977, Anto-
nius 1981, Rützler & Santavy 1983, Richardson et al.
1998, Santavy et al. 1999), making it highly vulnerable.
Several reports also indicate a population decrease in
these species due to bleaching and unusual cold-water
episodes (Cervino et al. 2001, Ginsburg et al. 2001,
Porter et al. 2001). 

Deterioration of environmental quality is now con-
sidered one of the main causes for the increased preva-
lence and virulence of diseases, and that local,
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regional and global anthropogenic impacts are a likely
cause of this deterioration (Harvell et al. 1999, Daszak
et al. 2001). Of particular concern is that local and
point-source factors which degrade environmental
quality (i.e. sewage contamination, nutrient enrich-
ment, toxic substances, siltation) may have an acute
effect on coral disease prevalence and virulence
(Harvell et al. 1999, Porter et al. 2001, Kuta & Richard-
son 2002), either by lowering host resistance to infec-
tion by pathogens (Alker et al. 2001) and/or by reduc-
ing the ability of the host to contain the infection (Kim
& Harvell 2002). Considering that urban and tourist
developments are now rapidly spreading in the coastal
zone of reef-fringed areas (Erdmann 1997), local
threats to coral health will become increasingly impor-
tant. These local threats are also linked to global cli-
mate change and global warming, which are of great
concern in respect to coral health, because they are
stressors of coral symbioses (Brown 1997), and also are
stimulators of growth and activity for several coral
pathogens (Kushmaro et al. 1996, Alker et al. 2001). 

This study quantified the prevalence of diseases,
syndromes and partial mortality in colonies of the
Montastraea annularis species complex that occur in
reefs distant from, and close to, population and indus-
trial centers. Our objective was to test the assumption
that colonies of this species complex suffer higher
prevalence of disease and higher partial mortality
when reefs are closer to human activities. We also com-
pared the prevalence of diseases and syndromes over a
3 to 5 yr period to determine if there was an increase in
their prevalence related to the proximity of sources of
environmental impact. 

MATERIALS AND METHODS

Study sites. The study was conducted on 2 reefs at
the Campeche Bank in the SE Gulf of México — Trián-
gulos Este (TE) and Cayos Arcas (CA); and 1 reef on
the NE coast of the Yucatan Peninsula — Puerto More-
los (PM) (Fig. 1). All 3 reefs are at approximately lati-
tude 20°N (Fig. 1), and thus have a similar oceanic
climate, mostly determined by trade winds and occa-
sionally hurricanes in summer, and northern cold polar
fronts in winter. 

The Gulf of México reefs, TE and CA, are small
(±10 km2) but well developed reefs with clearly
defined zonation and a rich coral community; as in
Caribbean reefs, Acroporids and massive corals of the
Montastraea species complex are the dominant reef
builders (Jordán-Dahlgren & Rodríguez-Martínez,
2003). These reefs are located on the western edge of
the Campeche Bank, more than 150 km off the coast,
far from any population center and direct terrestrial

influence. These reefs are outside the main surface cir-
culation patterns of the Gulf of México (Vukovich &
Crissman 1986, Jordán-Dahlgren 2002). Surface water
circulation in the reef’s area is induced by local wind-
forcing over the Campeche Bank (Sturges 1993), and
flows mostly south and westward, occasionally cou-
pling in the shelf’s edge (nearby to the reefs position)
with a westbound jet-current originated by surface
anomalies induced by detached rings of the loop-
current (Vidal et al. 1999). Both reefs were severely
affected by hurricanes ‘Roxanne’ and ‘Opal’ in 1995,
and Acroporid populations have been decimated in
these reefs, probably due to white-band disease (see
Table 1).

Local anthropogenic activities in TE are restricted to
fishing from visiting boats, as no human settlements of
any kind are possible in the small sand cays. To our
knowledge, no water quality data series are available
for the TE area. In contrast, CA is located approxi-
mately 4 km upstream of a oil-distribution platform
where large crude-tankers are filled. Support vessels,
for the filling rig operation and maintenance of oil-
pipes, anchor on the reef’s lagoon using mooring
buoys. In the past, these vessels threw all sorts of trash
into the lagoon, but this practice has now been
stopped. We have witnessed oil spills when filling lines
are connected/disconnected from the tankers; but in
those occasions the oil drifted away from the reef.
However, the extent and frequency of these or other
spills are unknown to us as the information is classi-
fied, as are water quality and pollutants data. Access to
CA is restricted, because of the oil producing facility,
so the reef is indirectly protected from other anthro-
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Fig. 1. Location of the 3 coral reefs surveyed in this study:
Cayos Arcas and Triángulos Este reefs on Campeche Bank
and Puerto Morelos reef in Mexican Caribbean. Reefs are not 

drawn to scale
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pogenic potential impacts. At present PEMEX (Petro-
leos Mexicanos) is implementing specific protection
measures to reduce the potential impact of its own
activities on the reef. On the main island a small mili-
tary outpost (10 people) exists and small boat fisher-
men are allowed to spend the night during the fishing
season (in summer mostly), but they are not allowed to
fish on the reef. No waste treatment facilities exist. 

In contrast to the oceanic Campeche Bank reefs, PM
is a barrier-like reef running parallel to the shore at a
distance of 0.6 to 2km, fringing the small village of
Puerto Morelos, on the NE Yucatán coast. The Yucatán
current, a major branch of the western Caribbean Sea
surface circulation, flows northward along the short
shelf, and during the trade-wind season superficial
waters from that currents are transported into the reef
area. Occasionally friction-induced upwelling brings
cooler waters in to the shelf and the reef area (Merino,
1997). Potentially the Yucatán current is able to trans-
port pollutants into PM from the nearby southern large
cities of Cozumel and Playa del Carmen, as well as
from other large settlements along the coast, where
water-treatment is insufficient or absent, because only
hotels tend to have functional and modern water-treat-
ment facilities. Locally, direct transport of land-derived
pollutants is not apparently important because the
Yucatan peninsula is a karstic platform (Ward 1985),
rivers are absent and terrestrial run-off is low. How-
ever, the village of PM has a population of about 3000
and there is no water-treatment facility (except in some
hotels), and there is an estimated annual number of
35 000 visitors. Additionally, pig-farms operate inland.
Therefore, aside from seepage through coastal sedi-
ments, during the rainy season accumulated pollutants
may be carried to offshore waters by underwater
springs. On the other hand, trade wind induced water-
pilling, waves and tides induce an active water circula-
tion in the lagoon, as well as exchange with open
waters. Fishing in PM is allowed on the fore-reef and
tourism is controlled. 

PM was severely affected in 1988 by hurricane
‘Gilbert’, but recovery is well underway at present,
and Acropora palmata stands are once again an impor-
tant component of the coral biota of this reef (Jordán-
Dahlgren & Rodríguez-Martínez 1998). The 1998
global bleaching event had little or no impact on mor-
tality of Montastraea annularis complex colonies in
PM, whereas it is not known to what extent TE and CA
colonies were affected. Other Caribbean-wide natural
catastrophes such as the Diadema antillarum die-off
affected all surveyed reefs intensely (E. Jordán-
Dahlgren pers. obs.). 

Methods. We surveyed benthic community structure
on TE and CA in 1996 and again in 2001, and on PM in
1998 and again in 2001. The surveys used high-

resolution video transects (except in PM 1998 where
measurements were made directly by SCUBA divers),
which enabled clear detection of diseases, syndromes
and partial mortality. These surveys were not designed
to address the change in fixed sampling sites, but the
video footage did allow us to analyze coral colony con-
dition at the time of the surveys. For this study, we
determined the prevalence of diseases and syndromes
affecting species of the Montastraea annularis complex
as well as the degree of partial mortality of the colony.
To compare the same habitat types we used data from
sampling sites in shallow and protected areas (depth
range between 1.5 and 5.0 m) where species of the M.
annularis complex are common. No attempt was made
to differentiate between the species within the M.
annularis complex (mostly M. annularis and M. faveo-
lata) because in most cases positive identification of the
abundant small-sized colonies (less than 25 cm2),
cannot be reliably made from video-shots.

The areas surveyed in 2001 corresponded to 3 sepa-
rate sites on TE and CA that were chosen from
UNAM’S (Universidad Nacional Autonoma de México)
Reef System Laboratory video library for the 1996 sur-
veys. In 1996, each site was surveyed using 2 parallel
20 m long video transects (0.6 m wide). In 2001, 6 ran-
domly dispersed sites were sampled in TE and 17 in
CA. Each site consisted of 5 to 10 randomly parallel
(1 to 10 m apart), 10 m long video-transect (0.4 m
wide); 39 transects in TE and 42 in CA contained
colonies of the Montastraea annularis species complex.
The 1998 survey of the PM reef consisted of 3 sites,
each comprising a single 50 × 2 m quadrat, and dis-
eases were identified directly. In 2001, the survey of
PM also included three 10 m diameter circles on sites
randomly placed along the protected area of the reef.
Each colony within the circle was completely filmed
with appropriate scale marks and its relative position
was entered on a geo-reference map. All samplings
were carried out in the summer, when diseases flourish
(Bruckner & Bruckner 1997, Bruckner et al. 1997, Kuta
& Richardson 2002).

In all video surveys, the camera-to-surface distance
was controlled by means of a projecting aluminum rod,
ending in a horizontal scale; image resolution with
wide-angle lenses at this distance was about 1mm.
Video recordings were digitized and the still images
were analyzed using SigmaScan Pro Version 4.0
(SPSS, Chicago) for measuring areas of live tissue and
recent necrosis (exposed skeleton not covered by turf
or sediment and where corallites are not eroded).
Because we were interested in estimating the degree
of partial mortality relative to the original colony, all
patches of tissue belonging to the same species on a
given corallum were counted as 1 colony, even when
there was no live tissue continuity. Colonies without
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evident signs of diseases/syndromes, but which
showed recent mortality were classified as necrotic
colonies. 

To detect basic trends in the relationship between
local environmental quality and disease prevalence,
we made a simple relative impact matrix of local and
external (global/regional) impacts (Table 1). The pur-
pose of the impact matrix was to rank the surveyed
reefs in terms of environmental quality and to compare
this ranking with the quantitative results on preva-
lence of diseases and syndromes. It was considered
that if the prevalence of diseases or syndromes is posi-
tively correlated with decreasing local environmental
quality, then external factors would make a relatively
low contribution to the prevalence of diseases and
syndromes. Rating of the relative impact matrix were
assigned subjectively and due to the lack of reliable
environmental quality data series, we utilized a crude
approach based upon reef proximity to point-sources
of potential anthropogenic impact (the PM reef <2 km
from shore; the CA reef is ~5 km upstream from the oil
platform, and the TE reef is >90 km away from any pol-
lution source). The proximity criteria to estimate rela-
tive local environmental deterioration by pollutants

were based on the fact that, due to horizontal and ver-
tical advection, dilution of suspended particles and
solutes increases with increasing distance and/or
transport interval between the source and the receiv-
ing area (i.e. see Cowen et al. 2000). The ‘external fac-
tors’ category was divided into 2 sub-categories,
allochthonous pollutants and ‘natural’ events. The rat-
ings of the ‘natural’ events such as hurricanes, key-
species die-offs and bleaching events were based on
the effects of these events on the reefs, and therefore in
the case of hurricanes the assigned values reflect the
recovery interval, as well as the intensity of the storm
(Table 1). The ‘natural impacts’ category was included
to provide a context for and comparison with local
effects. 

RESULTS

Although the sampling effort differed between sur-
veys, the sampling sites were randomly spread over
the reefs and the number of colonies sampled per reef
at each survey was relatively high (Table 2), allowing
us to make some basic comparisons. The prevalence of
diseases or syndromes affecting colonies of the Mon-
tastraea annularis species complex, increased consid-
erably over the 3 and 5 yr monitoring periods on all
reefs: from 2 to 37% on TE, from 4 to 34% on CA, and
from 0 to 26% in PM (Table 2). This increase was due
to the proliferation of the yellow-band syndrome rather
than to significant changes in other coral diseases. 

In the 1996 survey, the yellow-band syndrome was
not recorded on TE and only 5 colonies were affected
by this syndrome at a single site on CA, while no
colonies appeared to be affected at PM in 1998. While
it cannot be excluded that the syndrome was present at
PM in 1998 (it could have been masked by a bleaching
episode), tissue necrosis was found in only 9.4% of the
colonies sampled. In contrast, in the 2001 surveys, the
syndrome was recorded at 5 out of 6 sites in TE, 9 out
of 17 sites in CA, and at all 3 sites sampled on PM.
Therefore, the overall prevalence of the yellow-band
syndrome in colonies of the Montastraea annularis
species complex increased during the 3 and 5 yr peri-
ods from 0 to 35% on TE, from 3 to 33% on CA, and
from 0 to 22% on PM (Table 2, Fig. 2). However, vari-
ability in the prevalence of this syndrome among tran-
sects was high for all surveyed reefs (Fig. 2), and no
significant difference was found in mean syndrome
prevalence on the 3 reefs sampled in 2001 (1-way
ANOVA on arcsine-transformed data: df = 25; F =
0.085; p = 0.92). 

In 2001 at TE and CA, the number of colonies with
yellow-band syndrome was significantly correlated
with colony density (TE: r = 0.999, N = 6, p <0.001; CA:
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Factors Reefs Relative impact 
TE CA PM rank

Local
Fishing 3 1 2
Tourism 0 1 2
Urban pollutants 0 1 2
Industrial pollutants 0 2 0
Total 3 5 6 TE < CA < PM

External
Allochthonous
Oceanic pollutants 1 1 1
Land pollutants 0 0 1
Total 1 1 2 TE = CA < PM

Natural
Acroporid demise 3 3 1
Diadema demise 3 3 3
Macroalgae overgrowth 1 1 1
Hurricanes 3 3 2
Bleaching nd nd 1
Total 100 100 8 TE = CA > PM

Table 1. Relative impact matrix of local and external factors
on reefs studied. Values from 0 (no effect) to 3 (maximum
effect) were assigned subjectively to allow comparison
between reefs. TE: Triángulos Este; CA: Cayos Arcas; PM:
Puerto Morelos. nd: no data. Fishing: mostly high value carni-
vores targeted in these reefs; Oceanic pollutants: trash and
substances transported into these reefs by western Caribbean
superficial currents; Land pollutants: trash and substances
carried by runoff and underwater springs; Hurricanes: pre-
sent condition of reefs after recovery from hurricane impacts;
Bleaching: not known if bleaching has occurred on CA 

and TE
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r = 0.98, N = 17, p <0.001), and the syndrome was not
registered at sites with fewer than 5 colonies. In PM, no
significant correlation was found between colony den-
sity and the number of colonies affected by the syn-
drome. These results, together with the apparent
absence of the syndrome from sites of low colony den-
sity, suggests that at some stage the prevalence of the
syndrome may be density-dependent. 

In contrast to the yellow-band syndrome patterns, the
prevalence of other diseases and syndromes was low.
Black-band disease was registered in less than 1% of
the colonies on all reefs at any sampling period, while
white-plague disease was not registered in CA at all,
and in TE and PM its prevalence was not higher than
3% during either sampling period (Table 2). In addi-
tion, to the above known diseases syndrome, uncharac-
terized signs (unknown if they cause mortality and
what the causative agent is) were relatively important
on all surveyed reefs during both sampling periods
(Table 2). One such sign was a thin dark line (1 to 5 mm)
at the boundary of living tissue (Fig. 3A). This sign was
observed in almost one-third of the colonies of the Mon-
tastraea annularis species complex in TE and CA (and
in other scleractinian species as well), whereas in PM
more than 60% of the colonies had it. In all 3 reefs,
>10% of colonies with the yellow-band syndrome also
displayed the thin dark line sign. Preliminary additional
observations in late summer at PM indicated that in
some, but not all, instances the thin dark line was asso-
ciated with mortality but unlike the black-band dis-
ease, seemed stationary or progressed at a very slow

rate (<1 cm yr–1). Microscopic observations of the thin
dark line-affected tissue revealed the presence of
cyanobacteria, therefore it is possible that this sign may
correspond to an undescribed stage of the black-band
disease and if that where the case, then black-band dis-
ease would also be an important disease in the sur-
veyed reefs. Another possibility is that of a new unde-
scribed disease, that because of the thinness of the
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Reef n Diseases/syndromes Uncharacterized signs
YBS BBD WPD Total TDL IPS Nec Total

Triángulos Este
TE96 86 0 0 2 2 25 0 3 28

(2%) (2%) (29%) (4%) (33%)

TE01 533 186 5 8 199 154 1 14 169
(35%) (1%) (2%) (37%) (29%) (0.2%) (3%) (32%)

Cayos Arcas
CA96 153 5 1 0 6 44 0 2 46

(3%) (1%) (4%) (29%) (1%) (30%)

CA01 253 84 2 0 86 64 0 2 66
(33%) (1%) (34%) (25%) (0.8%) (26%)

Puerto Morelos
PM98 212 0 0 0 0 ? ? 19 ?

(9%)

PM01 68 15 0 3 18 42 17 2 61
(22%) (4%) (26%) (62%) (25%) (3%) (90%)

Table 2. Montastraea annularis species complex number of colonies affected by diseases, syndromes and uncharacterized signs
in Cayos Arcas (CA) and Triángulos Este (TE) reefs in 1996 and 2001 and in Puerto Morelos (PM) reef in 1998 and 2001. YBS: yel-
low-band syndrome; BBD: black-band disease; WPD: white-plague disease; TDL: thin dark line sign; IPS: inter-polyp sediment
bundles; Nec: tissue necrosis observed but not related to any of the aforementioned. Relative percentage = % of number of

colonies examined (n) on each reef. ?: not investigated

Fig. 2. Montastraea annularis species complex. Relative mean
(+SD) percentage of colonies affected by yellow-band syn-
drome (% of number of colonies examined, n) in Cayos Arcas
(CA) and Triángulos Este (TE) reefs in 1996 and 2001 and in 
Puerto Morelos (PM) reef in 1998 and 2001. ND: no data
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affected area reminds of the pink-line syndrome in
Porites lutea (Ravindran & Raghukumar 2002). 

Another sign, found in the 2001 surveys, was charac-
terized by the presence of small white bundles of sedi-
ment and mucus over live tissue bordering a recently
necrotic area. This sign was relatively common in PM
during 2001 (25%) and was also present at TE, but only
in a single colony (IPS in Table 2, Fig. 3B). No colonies
showed this sign at CA. Microscopic observations of the
affected tissue showed mesenterial filaments protruding
through the polyp wall (where the bundles occurred)
with sediment particles adhering to them; we therefore
named them ‘inter-polyp sediment’ bundles (IPS).
Although the tissue affected by inter-polyp sediment
bundles surrounded dead areas in the colony, a causal
relationship between mortality in those areas and the
presence of this sign has not been demonstrated.

The number of colonies of the Montastraea annularis
species complex displaying partial mortality increased
considerably between 1996 and 2001 from 20.2 to
34.8% in CA and from 34.9 to 52.3% in TE. The mean

colony partial mortality (old and recent) of the colonies,
also increased from 5.6 to 12.3% in CA and from 8.5 to
19.1% in TE between 1996 and 2001 (Fig. 4). No rela-
tionship was found between colonies with partial mor-
tality and location on any reef. Tissue loss in these
colonies appeared to be related to diseases and syn-
dromes, because colonies with no signs of infection
had very low percentages of partial mortality (<3%) on
all reefs. In the PM 2001 survey, all colonies exhibited
partial mortality; however, it was found that ‘recent’
colony mortality accounted for only 1.7% (±5.8%) of
total dead area, while ‘old’ mortality accounted for
68% (±24.5%). The ‘old’ mortality areas may have
been the cumulative effect of many years, as they
exhibited secondary colonization by fleshy macroalgae
(species of Dictyota, Halimeda, Lobophora), turf algae,
encrusting sponges, gorgonians, and other scleractin-
ian species.

According to the relative impact matrix (Table 1), TE
appears to be isolated from the impact of local factors
other than fishing, CA is potentially influenced by local
industrial pollutants, while PM is potentially influ-
enced by local and regional urban pollution. Non-local
pollutants were apparently of minor relative impor-
tance and similar for all reefs. ‘Natural’ impacts did not
appear to have a major effect on the prevalence of dis-
eases and syndromes in colonies of the Montastraea
annularis species complex on any of the 3 reefs during
the observation period. On this basis we would expect
higher values of disease prevalence in colonies of the
M. annularis species complex in PM, lower values in
CA and minimum values in TE. The same pattern
would pertain when local and regional or global effects
are additive, and also when partial colony mortality
arises mainly from diseases and syndromes. We com-
pared these expected trends with the 2001 survey data
only, as these had higher replications per sampling site
and a widespread distribution of sites at the reefs. 
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Fig. 3. Montastraea annularis species complex. Colonies in Puerto Morelos reef, Mexico, summer 2001. (A) Thin dark line at 
boundary of living tissue; (B) inter-polyp sediment (IPS) bundles

Fig. 4. Montastraea annularis species complex. Percentage
(mean + SD) dead area in colonies in Cayos Arcas (CA), Trián-
gulos Este (TE) and Puerto Morelos (PM) reefs. Sample sizes 

in Table 2. ND: no data
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There was poor agreement between the expected
trends in disease prevalence and the observed values.
No significant difference was found among the 3 reefs
in the prevalence of any of the diseases or yellow-band
syndrome (Table 2). Although the prevalence of the
yellow-band syndrome was 10 to 15% higher in CA
and TE than in PM, variability at each surveyed reef
was large (Fig. 2), and no significant difference was
found among the 3 reefs surveyed. 

In terms of partial mortality, however, PM showed
much higher values than both CA and TE (Fig. 4), but
a very high percent of this mortality corresponded to
‘old’ mortality (i.e. exhibiting secondary colonization of
the exposed areas). Therefore, it is not possible to
relate this mortality exclusively to the relatively recent
increase in prevalence of diseases or syndromes on
PM. Also in contrast to the expected trends, partial
mortality of colonies on TE was at least as high as that
on CA (Fig. 4), even though TE was the only reef
surveyed that was isolated from local anthropogenic
effects (except for fishing). A better agreement was
obtained when comparing the expected trends and the
thin dark line and inter-polyp sediment bundles signs.
The inter-polyp sediment bundles affected colonies
mostly on PM (1 colony had IPS in TE), while the thin
dark line sign had a similar prevalence on TE and CA
and a higher prevalence on PM (Table 2). 

DISCUSSION AND CONCLUSIONS

The main results of our surveys showed a relatively
high prevalence of the yellow-band syndrome and of
recent partial mortality in colonies of the Montastraea
annularis species complex in 2001 that seemed inde-
pendent of local environmental quality. Black-band
and white-plague diseases had a similar low preva-
lence in all 3 reefs surveyed, and showed no relation-
ship with local conditions. There was an increase in the
prevalence of yellow-band syndrome on the reefs
surveyed during the 3 and 5 yr obser-
vation periods. While this increase
could not be clearly demonstrated be-
cause of differences in sampling effort
between the survey periods, this trend
is not unlike that observed on other
Caribbean reefs (Table 3). Only the
thin dark line and inter-polyp sediment
bundles signs showed higher values on
PM, where major disease or syndrome
effects had been expected. However,
at present it is unclear if these signs are
originated by a pathogen and if they
directly cause mortality or are only
indirectly associated with it. 

Our results cannot resolve if some of the patterns
observed pertain more to one of the 2 species involved,
Montastraea annularis or M. faveolata. While the thin
dark line seems to affect both species equally, prelimi-
nary observations (Santavy et al. 1999) indicate that
the yellow-band syndrome is apparently more preva-
lent in large colonies of M. faveolata than on M. annu-
laris; however, this trend is not clear in small colonies
(<25 cm2) which were abundant on reefs surveyed.
Also, our observations are basically static and given
the longevity of Montastraea colonies, the potential
population effect of the diseases and syndromes would
have to be addressed in terms of the turnover rate of
the species. Even if a disease would take longer to kill
one colony of M. faveolata than one of M. annularis (or
vice versa), the population effect would be similar if
the mortality rate is faster than recruitment. This is
probably the case of the white-band disease, as appar-
ently Acropora cervicornis has been more severely
affected (or more quickly affected) by it than A.
palmata in the Caribbean basin. 

The absence of significant differences in the preva-
lence of coral diseases or syndromes in reefs in differ-
ent geographical settings and with different environ-
mental stressors contradicts the hypothesis that local
environmental degradation may mostly explain the
prevalence of coral diseases or syndromes. Rather, it
suggests a complex cause-and-effect situation that
may mask local effects arising from external factors; a
situation which may be further complicated by our
crude approach to assessing the environmental quality
of each reef. 

It is a common practice to deduce reef environmental
quality from the proximity of reefs to point-sources of
pollution and disturbance, when environmental qual-
ity data is absent. Nevertheless, our results suggest
that this approach alone may be a poor indicator of the
environmental quality of a reef, at least when the reef
flushing rate is high. Roberts (1974) and Wolanski &
Pickard (1983) among others, have shown that open-
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Site Year n Affected (%) Source

Panamá 1996 nd 0–50 Santavy et al. (1999)
Curacao 1997 nd 22 Green & Bruckner (2000)
Grenada 1997 2607 18 Cervino et al. (2001)
St. John 1997 2899 40 Cervino et al. (2001)
Turks + Caicos 1997 1318 56 Cervino et al. (2001)
Bonaire 1997 6298 91 Cervino et al. (2001)
Venezuela 2000 122 <2 García et al. (2002)
Gulf of México 2001 786 34 This study
Mexican Caribbean 2001 68 22 This study

Table 3. Montastraea annularis species complex. Prevalence of yellow-band 
syndrome on several Atlantic reefs. n: sample size; nd: no data
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water reefs tend to have high flushing rates as the
result of wave action and tides. In this situation, the
distribution and relative concentration of water-borne
pollutants on a reef depend on its flushing rates. Flush-
ing rates will vary from reef to reef, as well as season-
ally within a reef, further contributing to non-linear
relationships between environmental degradation and
the potential effects of pollutants (Bythell & Sheppard
1993, Lewis 1997, Ginsburg et al. 2001, Porter et al.
2001). Therefore, estimating the dynamics of a pollu-
tant’s residence time, either directly or through its
accumulation in sediment and organisms (Smith et al.
1981, Erftemeijer & Middelburg 1993), may be a neces-
sary prerequisite to addressing the potential effects of
pollutants on coral biota. As TE and CA are oceanic
reefs and PM faces windward, we may presume rela-
tively large flushing rates on these reefs.

Other authors also found no clear correlation be-
tween poor environmental quality and partial/total
mortality of coral colonies (Lewis 1997, Ginsburg et al.
2001), since different species may react differently to
the same set of stressors. Ginsburg et al. (2001) found
that large colonies of the Montastraea annularis spe-
cies complex had more dead surface than large
colonies of Diploria species in the Florida Keys. Lewis
(1997) found a positive correlation between colony size
and dead surface area for Siderastrea siderea. Bythell
& Sheppard (1993) have shown that coral species are
differentially sensitive to damage from different
sources, and indicated that M. annularis suffers little
damage from hurricanes, but is more sensitive to
chronic (disease?) agents. Meesters (1995: in Ginsburg
et al. 2001), suggested that larger colonies of the M.
annularis species complex will tend to have propor-
tionally more partial mortality than similarly sized
colonies of Diploria species due to a slower capacity to
overgrow dead surfaces. 

The results of this study also indicate that local influ-
ences are minor in comparison with other external fac-
tors. For instance, it may be misleading to assume that
offshore Caribbean waters are of high environmental
quality and that a comparison of local versus open-
waters could determine local effects. At present, it is
uncertain to what extent open waters in the Caribbean
may be polluted, and what sort of variability such pol-
lution levels may have. Jackson (1997) claims that, due
to modern anthropogenic activities including pollu-
tants, siltation, fishing and coastal zone transforma-
tions, the Caribbean Sea no longer fulfils the condi-
tions that allowed reefs to flourish in Holocene times.
Indirect evidence of a regional deterioration may be
the Caribbean-wide prevalence of diseases or syn-
dromes (Harvell et al. 1999, Green & Bruckner 2000).
The ability of pathogens to cause epizootics in the
Caribbean region may also be enhanced by the rela-

tively high ecological connectivity of populations in the
Caribbean Sea, as was demonstrated by the extremely
rapid spread of the killing agent of Diadema antillarum
(Lessios et al. 1984). The demise of Acroporids in the
inner Gulf of Mexico reefs, presumably by the white-
band disease (Jordán 1992), also shows that the is a
high connectivity potential for pathogens.

Linked to regional and local deterioration of
Caribbean Sea waters, and the resultant potential
effect on the spread and prevalence of diseases or syn-
dromes, are the effects of global climate change.
Global warming alone (with its concomitant increases
in temperature of the sea surface) may increase the
prevalence of coral diseases by lowering resistance to
infections through direct heat-stress (Harvell et at.
1999), lower metabolic rates in corals affected by non-
lethal bleaching (Harvell et al. 2001), and/or enhance
the activity of pathogens (Kushmaro et al. 1996, Alker
et al. 2001). 

In this scenario, whereby several regional and global
stressors may play an important role in degrading
environment quality, the lack of definite patterns in
our data on the prevalence of diseases or syndromes is
not surprising. Nevertheless, our ability to successfully
evaluate the potential effect of external factors on coral
diseases is much restricted by our limited understand-
ing of the pathogen host interactions for different spe-
cies and coral-reef environmental conditions (Harvell
et al. 1999, Alker et al. 2001). For instance, diseases
such as black-band, dark spot and yellow-band, have
complex etiologies that include pulse-spreading, dis-
continued proliferation and even healing of formerly
diseased corals. Therefore, a much better understand-
ing of the mechanistic processes of infection and
mortality caused by pathogens, as well as properly
designed surveys able to address the population and
meta-population effects of diseases/syndromes are
required to formally address the extent of disease
threat to coral species. 

No direct linkage was found between environmental
quality and disease/syndrome prevalence in the reefs
surveyed. Despite differences in geographical location
and environmental stressors, each coral disease or syn-
drome had a similar prevalence on all 3 reefs. Our re-
sults suggest that the lack of correlation between local
environmental quality and coral disease prevalence,
and/or partial mortality of colonies may be partially ex-
plained by high flushing rates and low residence times
of pollutants, and that regional (degraded water qual-
ity) and global (warming of superficial waters) envi-
ronmental degradation in the Caribbean may already
be sufficiently advanced to partially explain the pre-
valence of some coral diseases/syndromes.

The relatively strong prevalence of the yellow-band
syndrome in colonies of the Montastraea annularis
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species complex in geographically separated reefs,
subject to a different set of apparent local stressors is of
great concern. Further spreading of this potentially
lethal infection may result in a population decline of
these key species, as has already occurred for
Caribbean acroporid corals, putatively due to white-
band disease. 
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