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ABSTRACT:  While the archipelago of Bocas del Toro, Panama contains expansive coral reef 
ecosystems that provide the region with essential natural and economic resources, minimal 
information exists regarding the health of its coral species. While coral epizootics (disease 
outbreaks) present a rapidly growing concern worldwide and have emerged as a leading cause of 
coral mortality in recent decades, coral disease prevalence has yet to be documented in the 
archipelago’s reefs. This study aimed to perform a baseline assessment of coral health in Bocas del 
Toro with particular focus on disease prevalence by (1) surveying abundance and diversity of coral 
species, (2) identifying and recording incidence of bleaching, physical damage and disease and (3) 
analyzing relationships between coral health, species density, species richness and algal cover. A 
total of 4.1% observed corals were categorized as bleached and 18.3% were physically damaged. 
Five described diseases as well as one unknown disease condition were found to affect 6.8% of all 
coral colonies observed and 17.8% of host species colonies. Coral disease prevalence was found to 
be positively correlated with host species density, species richness and algal cover, while no 
difference was found between coral disease prevalence inside and outside of the region’s marine 
protected area (MPA). These results establish a foundation from which future research can measure 
changes in coral health and the progression of reef degradation in the archipelago. 
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Introduction 

 Corals are some the ocean’s most important keystone species, providing food, habitat 
and shelter to one third of all marine organisms and forming the foundation of some of the planet’s 
most diverse ecosystems (Hughes, 1994; Crosby & Reese, 1996; Weil, Smith & Gil-Agudelo, 
2006). In addition to their immense ecological significance, reefs contribute approximately US$ 30 
billion to global economies each year through fisheries, tourism and protection of coasts (Eastwood, 
López & Drew, 2016; Spurgeon, 1992). Despite their paramount importance, coral reefs are under 
siege as degradation outpaces their growth worldwide (Hughes, 1994). Rising ocean temperatures 
and decreasing pH as a result of anthropogenic CO2 emissions have placed tremendous stress on 
corals, while local human activities such as habitat degradation, overfishing and pollution have 
devastated reef communities (Spalding, Green & Ravilious, 2001; Harvell et al., 2007). An 
estimated 27% of the world’s coral reefs had been permanently lost as of 2003, and almost one third 
of coral species are at risk of extinction (Cesar, Burke & Pet-Soede, 2003). According to the 
Australian Institute of Marine Science, 80% of corals in Caribbean reefs have died over the past 
twenty years (2016). 

In recent decades, disease has emerged as a principle contributor to coral mortality, with 
increasing prevalence and accelerating inter-colony transmission (Walton, 2013; Nugues, Smith, 
van Hooidonk, Seabra, & Bak, 2004). Caribbean reefs in particular have suffered from severe 



epizootics (Coral Disease & Health Consortium, 2015). While only 8% of the world’s reefs are 
located in the Caribbean, this region has yielded more than 70% of all reported coral disease, 
earning it a reputation as a coral disease “hotspot” (Harvell et al., 2007). In particular, coral disease 
has spread throughout populations of Caribbean scleractinia (Goreau, 1996). Known as stony corals, 
scleractinia form the foundation of coral reefs upon which other innumerable other organisms build 
and spend their lives (Humann & Deloach, 2002). As such, in addition to killing individual 
colonies, coral epizootics significantly alter reef community structure and ecosystem processes 
(Bruno, Petes, Harvell & Hettinger, 2003; Walton, 2013).  

White band disease (WBD), which exclusively infects the acroporid corals Acropora 
cervicornis, A. palmata and A. prolifera, is responsible for estimated losses of 80-98% of these 
species throughout the last several decades (Gignoux-Wolfsohn & Vollmer, 2015; Kline & 
Vollmer, 2011). As a result of such extensive mortality, A. palmata and A. cervicornis were added 
to the Endangered Species list in 2006 and the International Union for Conservation of Nature 
(IUCN) Red List in 2008 (Kline & Vollmer, 2011). First reported in 1977 on reefs near St. Croix, 
WBD has since been observed throughout the Caribbean as well as on Indo-Pacific and Indian 
Ocean reefs (Humann & Deloach, 2002). Highly contagious and caused by the bacterial pathogen 
Vibrio coralliilyticus (Weynberg, Voolstra, Neave, Buerger, & van Oppen, 2015), WBD can be 
transmitted between coral colonies by direct contact, through the water column or by vectors such 
as the corallivorous snail Coralliophila abbreviata (Gognoux-Wolfsohn & Vollmer, 2015). The 
infection begins at the base of a colony or branch and progresses at approximately 5 mm per day 
towards the branch tips as a band of peeling tissue that exposes the white skeleton beneath 
(Patterson et al., 2002; Humann & Deloach, 2002). The related syndromes white pox and patchy 
necrosis also infect acroporid corals and appear as irregularly shaped patches of white skeleton 
where living tissue has been eliminated (Patterson et al., 2002). A combination of these three white 
syndromes often affect corals simultaneously so that colonies suffer from numerous lesion types 
and sizes, eventually becoming speckled with blotches of white, dead tissue (Fig. 1) (Humann & 
Deloach, 2002). Since acroporid corals have extremely complex three-dimensional structures, 
declines in these species can alter the composition and shape of the shallow Caribbean reefs where 
they once thrived (Patterson et al., 2002; Humann & Deloach, 2009). 

Similar in appearance to WBD, white plague (WP) affects boulder and plating corals but 
does not affect acroporid species (Humann & Deloach, 2002). Epizootics of WP were reported 
throughout the 1970s, 1980s and 1990s in the Florida Keys (Dustan, 1977; Dustan & Halas, 1987). 
Beginning at the base of a colony or a site of injury, tissue loss spreads throughout the colony at a 
rate of up to 2 cm per day to reveal stark white skeleton underneath with no visible microbial 
accumulation at the boundary between healthy and dead tissue (Fig. 2) (Nugues, 2002; Humann & 
Deloach, 2002; Bythell, Pantos & Richardson, 2004). Several types of WP have been identified and 
attributed to various bacterial pathogens including Thalassotalea loyana (Thompson et al., 2006) 
and Aurantimonas coralicida (Nugues et al., 2004). After infection, the coral’s bare skeleton 
becomes substrate for colonizing algae and encrusting invertebrates, which further hurt the colony’s 
health and prevent recovery (National Ocean Service, 2008). 

Another common disease affecting boulder and plating corals, black band disease (BBD), 
was the first coral disease discovered in the Caribbean by Antonius in 1972 (Coral Disease & 



Health Consortium, 2015). Named for its characteristic dark band formed by the pathogens’ 
photosynthetic pigments, BBD is caused by a combination of infectious cyanobacteria, sulfide-
oxidizing bacteria and sulfur-reducing bacteria (Humann & Deloach, 2002). Similar to WBP and 
WP, BBD originates at a colony’s margin and advances in a distinct line at up to 2 cm per day, 
killing tissue and exposing a coral’s skeleton (Humann & Deloach, 2002). A study by Aeby and 
Santavy found Chaetodon capistratus to serve as a vector of BBD, facilitating the disease’s transfer 
of between colonies of Orbicella faveolata (2006).   

Dark spot disease (DSD) is characterized by numerous discolored or darkened polyps in the 
midst of normal tissue that gradually spread and die on Siderastrea siderea, Stephanocoenia 
intersepta, and Orbicella annularis (Fig. 4) (Humann & Deloach, 2002). While observations of 
DSD have increased throughout the Caribbean since the first reports in the late 1990s, much 
uncertainty remains about its causes, frequency and impact on reefs (Humann & Deloach, 2002). 
Yellow blotch disease (YBD), a pale yellow blotch that advances from the center of a colony at a 
rate of approximately 1 cm per month, mainly affects star corals and brain corals (Fig. 5) (Humann 
& Deloach, 2002). YBD occurs when a suite of Vibrio spp. target and degrade a coral’s 
zooxanthellae (Morgan et al., 2015; Cervino et al., 2004). The condition progresses very slowly in 
comparison to most other coral diseases, and as a result infected colonies rarely exhibit large areas 
of white skeleton (Humann & Deloach, 2002).  

 In addition to diseases, bleaching poses a considerable threat to corals worldwide. Coral 
bleaching occurs when corals lose Symbiodium, the symbiotic unicellular algae living within their 
tissue, or its photosynthetic pigments as a result of elevated sea surface temperatures (Weynberg et 
al., 2015; Smith, Hunter & Smith, 2010). High sedimentation, pollution and bacterial infection have 
also been shown to prompt coral bleaching (Goreau et al., 1998; Williams & Williams, 1990; 
Kushmaro, Loya, Fine & Rosenberg, 1996). While recovery is possible, bleached colonies die if the 
Symbiodium do not return and algae overgrows their skeletons (Goreau et al., 1998; Smith, Hunter 
& Smith, 2010). Bleaching events have been less frequent and less destructive in the Caribbean than 
in Pacific reefs (Weil, Smith & Gil-Agudelo, 2006). Finally, physical damage can result from 
natural forces like storms and waves, but also from anthropogenic sources like boat anchors and 
impacts, dredging, destructive fishing techniques, reef mining and human contact (Goreau, 1998; 
Hughes, 1994). Regardless of the cause, physical damage erodes the structural integrity of reef 
habitats, potentially altering the success of organisms that live there. 

In spite of such a severe threat to corals and the extremely diverse communities they 
support, little is known about how and why corals contract diseases (Humann & Deloach, 2002). 
Although research has identified the pathogenic organisms causing certain infections, the causes of 
numerous prominent diseases remain unknown (Goreau et al., 1998). Studies have suggested rising 
seawater temperature, declining water quality and contact with disease agent vectors like certain 
algae species as potential causes of recent disease increases (Nugues et al., 2004; Aeby & Santavy, 
2006; Harvell et al., 2007). With one kind of stress amplifying others, multiple factors likely 
combine and lead to disease (National Ocean Service, 2008). The Bocas del Toro archipelago is 
known to contain at least 52 species of corals, and its expansive reef ecosystems provide the region 
with essential natural and economic resources (Guerrón-Montero, 2005). In this study, the health of 
the region’s coral reefs was examined using (1) coral species abundance and diversity surveys, (2) 



coral bleaching, damage and disease quantification methods and (2) macroalgae survey data to 
investigate how biotic factors may impact coral health and local reef ecosystems (Sea unpublished). 
It was hypothesized that bleached, damaged and diseased conditions would be found across a 
variety of coral species and that coral disease prevalence would exhibit positive correlations with 
host colony density, coral species richness and algae cover due to increased likelihood of inter-
colony disease transmission.  

Methods 

Survey Sites 

This study investigated coral reef ecosystem health at 20 locations in the Bocas del Toro 
archipelago (Table 1, Fig. 6). A combination of open ocean and sheltered inner bay sites were 
chosen to ensure that a representative sample of the region’s reef environments were surveyed. Of 
the 20 survey sites, 10 were located inside of the Bastimentos Island Marine National Park 
(PNMIB) and 10 were located immediately outside of the protected area. The PNMIB encompasses 
11,730 hectares of the Caribbean Sea, a stretch of land on Bastimentos, and the two Zapatillas Cays 
(Guerrόn-Montero, 2005, p. 363).  

Survey sites ranged from 1 m to 4 m in depth. To collect data, five 50 m transects were laid 
at every site. While most transects were laid parallel to one another in straight lines separated by at 
least 5 meters, some were curved, placed closer together or laid further away to stay along the reef 
and avoid water deeper than 4 m. Data were collected from April 18 to April 28 of 2016, from 
morning to late afternoon during a variety of weather conditions.  

Coral Health Assessment 

To identify coral species present at each location, record prevalence of damage and disease, 
and quantify coral density, the first 25 m of five 50 m transects were surveyed at every site. All 
coral colonies were counted and identified to the lowest taxonomic level within 1.5 m of either side 
of each transect (Page et al., 2009; Walton, 2013). An individual colony was defined as a discreet 
masses of skeleton with living tissue, and tissue separations due to partial mortality were considered 
to be a single colony (Nugues, 2002). Completely dead colonies were not counted. The approximate 
size of each colony was also estimated and recorded. Within the same transect boundaries, each 
coral colony was visually examined for health and categorized as “healthy”, “bleached”, 
“compromised” or “diseased” as described by Page et al. (2009). According to the Coral Disease 
and Health Consortium, coral disease symptoms include color change, skeletal damage and tissue 
loss (2015). As a result, colonies were designated as “diseased” presence of these characteristics. 
For colonies classified as “diseased”, the specific disease was recorded and photographs were taken 
with a SeaLife micro HD underwater digital camera for later analysis and confirmation of disease 
type. For the analytical purposes of this study, it should be noted that cases of white pox and patchy 
necrosis syndromes were classified as “WBD” (Sea unpublished).  

After the surveys were performed, coral damage prevalence was calculated as the percent of 
coral colonies observed with each type of damage (bleaching, compromise, disease) as a proportion 
of all coral colonies observed and of each individual coral species (Walton, 2013). Disease 
prevalence was calculated as the percent of diseased colonies for all coral colonies observed and for 



each individual species. Coral density was calculated for each host scleractinian species at each site, 
and regression analysis and analysis of variance (ANOVA) were used to determine relationships 
between coral disease prevalence and host colony density (Raymundo, Halford, Maypa & Kerr, 
2009). 

Splitting the coral damage data into sites inside and outside of the PNMIB, a one-tailed t-test 
was used to determine if the percentage of diseased coral is higher inside the protected area than 
outside (Sea unpublished). Sites were also split into those with the highest and lowest coral species 
richness, and one-tailed t-tests were performed to determine whether these sites exhibited 
significantly different prevalence for each disease type based on the number of coral species 
present.  

Algae Cover 

At each location, surveys of macroalgae cover were performed to investigate biotic factors 
contributing to coral disease. Using the same five 25 m transect segments data were collected using 
a 50 x 50 cm quadrate on each side of the transect line every 5 m starting at 0 m, yielding 12 
quadrates per transect and 60 quadrates per survey location. Algae species present within each 
quadrate were identified and the percent algae cover was estimated and recorded. Average algae 
cover for each survey location was later calculated. Using regression analysis and ANOVA, 
relationships were assessed between coral disease prevalence and algal cover (Raymundo, Halford, 
Maypa & Kerr, 2009).  

Results 

A total of 17,673 colonies of 23 different coral species were observed within 100 transects at 
20 survey locations in the Bocas del Toro archipelago (Table 2). 1.7% of all coral colonies observed 
had experienced bleaching, and an average of 4.1% of colonies at each site were categorized as 
bleached. Colpophyllia natans (4.5%), Millepora complanata (4.2%) and Eunicia spp. (4.1%) were 
observed to experience the largest percentages of bleaching. 6.9% of all coral colonies surveyed 
were categorized as compromised, and the average 18.3% percent of colonies per survey location 
were deemed to be compromised. 17.9% of M. complanata colonies and 9.7% of S. siderea colonies 
were observed to be crushed, broken, uprooted or overturned, and 52.9% of O. annularis were 
categorized as compromised in several survey sites. No correlations were found between the 
prevalence of individual damage categories (coral bleaching, physical damage, and disease) with 
one another. Similarly, no significant differences between the prevalence of bleaching, compromise, 
or overall disease inside and outside of the PNMIB were found. 

A total of 5 described diseases (WBD, WP, BBD, DSD and YBD) in addition to an 
unknown disease condition were observed among the 20 surveyed locations. WBD and WP were 
observed to be the most abundant diseases, making up 54.8% and 36.7% of all disease observed, 
respectively (Fig. 7). No significant differences between the prevalence of each disease type inside 
and outside the protected area were found. Out of the 23 species observed, 11 scleractinian species 
(47.8%) were found to experience these diseases as hosts. A total of 1,201 colonies were infected 
with disease, representing 17.8% of the 6,753 host species colonies and 6.8% of all coral colonies 
observed (Table 3). Among the 11 scleractinian host species, disease prevalence varied 
considerably (Fig. 8). 95.2% of A. palmata were observed to suffer from WBD, while only 1.1% of 



Porites astreoides colonies surveyed were affected by disease (Table 3). Comparison of the 10 most 
species-rich survey sites with the 10 least species-rich sites revealed significantly higher prevalence 
of WBD (p = 0.0029) and WP (p = 0.0465) in the sites with greater diversity of coral species 
present.  

Three out of four of the most abundant host species (Diploria clivosa, D. strigosa and S. 
siderea) were found to show a positive correlation between host species density and number of 
diseased colonies (p = 3.7820E-11, R2 = 0.9166; p = 0.0046, R2 = 0.3681; and p = 0.0013, R2 = 
0.4440 respectively). However, this correlation does not apply to P. astreoides, which was the most 
abundant host coral species observed but the least affected by disease. Positive correlations were 
also found between algae cover and disease prevalence among all observed coral species (p = 
0.0114, R2 = 0.3063) and between algae cover and the proportion of observed scleractinian species 
that hosted disease (p = 0.0005, R2 = 0.4969).  

Discussion 

The results of this study support the hypothesis; conditions of bleaching, physical damage 
and disease were observed among a variety of coral species, and coral disease prevalence was found 
to show a positive correlation with host species density, coral species richness and algal cover.  

Coral Health and Disease Assessment 

The data indicated that different types of damage can affect individual coral species 
differently. While bleaching and physical damage can affect all coral species, it is important when 
assessing coral disease prevalence to recognize that most coral diseases affect only a few species or 
families (Goreau, 1998). Only scleractinian corals were found to contract the diseases observed, 
demonstrating their status as particularly susceptible and at-risk. As a result, analysis in future 
studies investigating coral disease prevalence should calculate disease prevalence as a function of 
the abundance and diversity of host corals present in a study site rather than all corals observed. 
Since reef-building stony corals appear most threatened, precise and accurate methods for assessing 
their condition will be crucial for understanding the potential habitat alterations and food web 
disruptions that are increasingly likely as a result of coral disease spread (Hughes, 1994).  

Considerable variation between prevalence of disease types and susceptibility of host 
species were also found. For instance, 655 out of 688 observed A. palmata colonies (95.2%) were 
designated as diseased, while only 27 out of 2550 observed P. astreoides colonies (1.1%) were 
categorized as “diseased” (Table 3). Such variation indicates the necessity of research into the 
virulence of different disease types as well as the determinants of disease susceptibility for different 
coral species. Since D. clivosa, D. strigosa and S. siderea demonstrated positive correlations 
between colony density and number of colonies with disease, the results of this study complement 
Walton’s findings that percent cover of a host species strongly predicted disease abundance (2013). 
Walton suggested that higher levels of disease transmission are likely among denser coral 
populations because the distance between colonies decreases (2013). However, because the R2 
values for density-disease regression analysis were relatively low for D. strigosa and S. siderea (R2 
= 0.3681 and R2 = 0.4440 respectively) and since the most abundant host species, P. astreoides, did 
not exhibit this correlation, further research should be conducted to confirm this relationship.  



Increased species diversity yielded higher disease prevalence for WBD and WP. Since WBD 
only affects A. palmata and A. cervicornis, the presence or absence of these species in a survey site 
virtually guaranteed whether the disease would be observed (Humann & Deloach, 2002); without 
these species, no cases of WBD were found. In contrast, WP can infect a variety of stony coral 
species, and therefore increased species diversity at a survey site would increase the number of 
species and colonies available for the disease to affect (Bythell, Pantos & Richardson, 2004; 
Humann & Deloach, 2002). As such, both specialized and generalized coral diseases may 
demonstrate elevated prevalence with increasing coral species diversity.  

Algae Cover and Disease Prevalence 

The results of this study found algae cover to positively correlate with the prevalence of 
overall coral disease as well as the percent of stony coral species affected by disease at a given 
location. These findings are supported and potentially explained by Nugues et al, who found that 
physical contact with certain algae species can trigger disease in corals because the algae serve as 
vectors for disease agents such as bacteria (2004). With increased algae cover on reefs, disease 
pathogens could spread more frequently from algae hosts to infect corals. In coral reefs across 
throughout the tropics, phase shifts have been increasing algae cover, converting coral-dominated 
substrates to algae-dominated substrates (Hughes, 1994). Along a 300 km Jamaican coastline, a 
study measured a decline in coral cover from 52% in 1977 to 3% in 1993, coupled with an increase 
in macroalgae cover from 4% to 92% (Hughes, 1994). With these changes, corals face significant 
threat from both habitat competition and disease spread (Nugues et al, 2004). 

Nutrient enrichment and sedimentation, both of which are environmental concerns in the 
Bocas del Toro archipelago due to the region’s agricultural history and recent, rapid development, 
may partially explain both the increased algae cover and coral disease prevalence at certain survey 
sites (Guerrón-Montero, 2005; Haapkylä et al, 2011; Coral Disease & Health Consortium, 2015). 
Characterized by elevated concentrations of nitrogen and phosphorus that often result from runoff 
of human activities like agriculture, nutrient enrichment tends to increase algal growth while 
potentially increasing the success of infectious pathogens (Spalding et al, 2001; Bruno et al, 2003). 
Bruno et al found nutrient enrichment significantly intensified the severity of aspergillosis in 
Gorgonia ventalina and yellow band disease in O. annularis and O. franksii (2003). As such, 
further research should investigate the role of efforts to decrease anthropogenic nutrient pollution as 
essential mechanisms for preventing reef phase shifts to algal-dominated substrates, thus increasing 
coral recruitment and fitness while potentially curbing coral epizootics (Bruno et al., 2003; 
Haapkylä et al, 2011). 

The PNMIB and Coral Health 

According to this study’s results, the PNMIB fails to protect its reefs from bleaching, 
physical damage or disease. No evidence of significant differences were found between disease 
prevalence of all species, disease prevalence among scleractinian host species, and the percent of 
scleractinian species affected with diseases at each site inside and outside of the PNMIB. 
Furthermore, the prevalence of individual disease types was not found to be significantly different 
inside and outside of the protected area. While the PNMIB aims to protect the rich marine resources 
and biodiversity of the Bocas del Toro archipelago (Spalding, Suman & Mellado, 2015), minimal 



research has been conducted to assess the state of key resources inside the protected area. Previous 
studies have produced mixed results, showing both lower and higher coral disease prevalence inside 
MPAs while others have found no difference in disease prevalence with protected status (Walton, 
2013; Sea unpublished). Page et al’s work supports this study by finding no significant difference in 
disease prevalence between protected and unprotected areas (2009).  With such variation in current 
MPA research, it remains unknown if the protected status of organisms within the protected areas 
influences coral disease prevalence and reef ecosystem health (Page et al, 2009; Sea unpublished). 

Although the goals of most MPAs include conserving a region’s biodiversity, protecting 
ecosystems from degradation and helping replenish living resources, approximately two-thirds of 
protected areas in the Caribbean lack effective management (Wenzel & D’lorio, 2011; Eastwood, 
López & Drew, 2016; Guerrón-Montero, 2005). While they may restrict or prohibit certain 
activities within their boundaries, MPAs often fail to enforce their regulations and struggle to 
protect vulnerable corals from extrinsic factors that deteriorate health such as rising ocean 
temperatures, increased sedimentation and decreased water quality (Richmond et al., 2007; Walton, 
2013, p. 13). In order to address more factors that may contribute to coral disease, researchers 
recommend improved and integrated watershed management of adjacent terrestrial regions adjacent 
in addition to the creation of MPAs (Richmond et al., 2007; Walton, 2013). Future research  

Conclusion 

As climate change and ocean acidification continue to threaten habitats and organisms 
across the globe and the increasing population impacts Bocas del Toro’s natural environment, it will 
be important to understand and predict how these variables impact coral health in the region and 
beyond (Haapkylä et al., 2011). Future research should investigate how environmental and 
anthropogenic stressors contribute to bleaching, physical damage and particularly the contraction 
and transmission of various prominent coral diseases (Morgan et al., 2015). In addition, focus 
should be placed on developing and improving natural resource management strategies in order to 
prevent or at least decelerate these degradation processes (Weil, Smith & Gil-Agudelo, 2006). 

This study presents a preliminary assessment of coral health in the Bocas del Toro 
archipelago as a baseline from which future surveys can measure the progression of coral damage in 
the region over time. Studies that follow should collect coral species, abundance, location and 
health data and compare with data described here to investigate the extent to which these keystone 
species are declining. Although some species like A. palmata have experienced population-wide 
devastation as a result of coral disease, other populations of species still consist of a majority of 
healthy individuals, indicating that it is still possible to prevent further infection and mortality 
(Hughes, 1994). While coral colonies and reefs in Bocas del Toro have already suffered 
considerable damage from bleaching, physical damage and disease, degradation is likely to continue 
unless local, regional and national authorities intervene to take urgent, scientifically-supported 
action.  
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Figures 

 
Figure 1. A. palmata infected with (A) WBD and (B) white pox and patchy necrosis. 

 
Figure 2. (A) S. siderea and (B) D. clivosa infected with WP. 
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Figure 3. (A) D. strigosa and (B) D. clivosa affected with BBD. 

 
Figure 4. (A) S. siderea and (B) S. siderea affected with DSD. 

 

 
Figure 5. (A) O. annularis and (B) O. annularis affected with YBD. 
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Figure 6. (A) Data collection sites (map: E. Forinash) and (B) the PNMIB boundaries (Guerrón-
Montero, 2005).  

Table 1. Names and GPS coordinates of data collection sites.  

Site Name GPS Coordinates 
A  Zapatillas 1 N 9.2469 W 82.0319  
B Zapatillas 2 N 9.2545 W 82.03496666666666 
C Popa 1 N 9.2449667 W 82.11891666666666 
D Cayo Coral 1 N 9.2357667 W 82.14603333333334 
E Cayo Coral 2 N 9.2437333 W 82.14815 
F Cayo de Agua N 9.1747167 W 82.03853333333333 
G Popa 2 N 9.19285 W 82.07278333333333 
H Cayo Coral 3 N 9.2437167 W 82.1438 
I Zapatillas 3 N 9.2559 W 82.0441 
J Zapatillas 4 N 9.26855 W 82.05908333333333 
K Zapatillas 5 N 9.2708667 W 82.06518333333334 
L Bastimentos 1 N 9.2884333 W 82.1671 
M Bastimentos 2 N 9.2797667 W 82.18185 
N Bastimentos 3 N 9.3021333 W 82.2058 
O Punta Vieja 1 N 9.2618 W 82.12105 
P Punta Vieja 2 N 9.2861833 W 82.08378333333333 
Q Long Beach 1 N 9.3396167 W 82.14183333333334 
R Long Beach 2 N 9.32005 W 82.10758333333334 
S Polo Beach 1 N 9.3473667 W 82.15433333333333 
T Polo Beach 2 N 9.3499667 W 82.15798333333333 
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Table 2. Species and abundance of surveyed coral colonies. 

Species Number 
of 
Colonies 

Percent of 
Total Coral 
Observed 

Millepora complanata 3659 20.70% 
Porites porites 2611 14.77% 
Porites astreoides 2550 14.43% 
Millepora alcicornis 1672 9.46% 
Diploria clivosa 1310 7.41% 
Diploria strigosa 1016 5.75% 
Pseuderopterogorgia 
spp. 

881 4.99% 

Siderastrea siderea 864 4.89% 
Agaricia tenuifolia 771 4.36% 
Acropora palmata 688 3.89% 
Eunicia spp. 612 3.46% 
Muriceopsis flavida 569 3.22% 
Orbicella annularis 172 0.97% 
Briareum asbestinum 81 0.46% 
Colpophyllia natans 66 0.37% 
Orbicella cavernosa 59 0.33% 
Manicina areolata 43 0.24% 
Orbicella faveolata 15 0.08% 
Agaricia undata 13 0.07% 
Diploria 
labyrinthiformis 

8 0.05% 

Acropora cervicornis 5 0.03% 
Gorgonia ventalina 4 0.02% 
Meandrina meandrites 4 0.02% 
 



 

Figure 7. Relative abundance of each of 5 observed coral diseases and one unknown disease among 
all diseased colonies. These data represent the mean ± SE. 

 

Table 3. Coral disease prevalence in 11 scleractinian host coral species. Data are presented visually 
in Fig. 8. 

Species Number of 
Colonies 
Observed 

Number of 
Colonies 
Diseased 

Percent 
of 
Colonies 
Diseased 

A. cervicornis 5 2 40.0 
A. palmata 688 655 95.2 
C. natans 66 9 13.6 
D. clivosa 1310 222 17.0 
D. labyrinthiformis 8 2 25.0 
D. strigosa 1016 70 6.9 
O. annularis 172 3 1.7 
O. cavernosa 59 3 5.1 
O. faveolata 15 10 66.7 
P. astreoides 2550 27 1.1 
S. siderea 864 198 22.9 
Total 6753 1201 17.78 
 



 

Figure 8. Coral Disease Prevalence. Percentage of diseased colonies among 11 observed 
scleractinian host coral species. These data represent the mean ± SE. 
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