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CHAPTER III 

MICROBIAL COMMUNITIES ASSOCIATED WITH THE SURFACE 

MUCOPOLYSACCHARIDE LAYER OF HEALTHY AND BLACK BAND 

DISEASED COLONIES OF DIPLORIA IN BERMUDA 

ABSTRACT 

 Black band disease (BBD) is a polymicrobial disease contributing to the global 

decline of coral reefs. On the reefs of Bermuda BBD-infected Diploria strigosa colonies 

are common whereas the coral species D. labyrinthiformis is rarely infected.  Little is 

known regarding the ability of coral to resist disease but microbes present in the surface 

mucopolysaccharide layer (SML) may provide protection against invading pathogens.  

In this study the bacterial communities present in the SML of healthy corals and healthy 

areas of BBD-infected colonies of D. labyrinthiformis and D. strigosa were examined. 

Samples were collected from Hog Breaker Reef, an outer rim reef with minimal human 

impact, and Whalebone Bay, an inshore patch reef close to potential anthropogenic 

stressors. The BBD-infected D. strigosa colonies were found at both reef locations but 

BBD-infected D. labyrinthiformis was only present at the inshore location.  The SML 

communities were characterized by amplicon length heterogeneity polymerase chain 

reaction (LH-PCR). LH-PCR profiles were compared between species and locations by 

one-way analysis of similarity (ANOSIM). While all SML samples collected from 

healthy corals on the same reef, regardless of coral species, were similar, the SML of 

colonies of D. labyrinthiformis and D. strigosa sampled at Hog Breaker Reef were 
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significantly different from the SML community patterns of the same host species 

sampled at Whalebone Bay. Profiles from the SML of healthy colonies of D. 

labyrinthiformis and D. strigosa were different than SML profiles from healthy areas of 

BBD-infected colonies.  Nonmetric multidimensional scaling (NMDS) revealed that 

SML amplicons from healthy colonies at Whalebone Bay grouped with SML profiles of 

BBD-infected colonies. Our results suggest a shift in the microbial community either 

prior to the onset of disease or as a result of the infection. 

INTRODUCTION 

 Disease of coral reef organisms is now recognized as a leading factor in the 

decline of reef ecosystems, particularly in the wider Caribbean [33].  Increases in coral 

disease incidence, geographic distribution and host species range have occurred within 

the last four decades [28, 32]. At present there are 18 described diseases affecting one or 

more of 150 coral species worldwide [28]. Few attempts at identifying the causative 

agents of coral diseases have been successful [1, 15, 20, 17, 27], and pathogen 

identification is complicated by an abundance of microbes in the water column and in 

association with the coral host [5, 22].  Recent efforts have focused on characterizing 

the bacterial communities associated with non-diseased corals in order to better 

understand the role of microbes in coral health and disease [2, 6, 8, 9, 10, 22, 23, 30]. 

 Healthy corals are associated with diverse and abundant microbial communities 

[22, 23].   Comparisons between water column bacteria and coral associated bacteria 

have revealed little overlap suggesting that the microbes are harbored by the coral rather 

than passively associated [5, 6, 22].  Further, bacterial communities associated with 
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corals have been shown, using culture dependent and independent techniques, to be 

distinct for different coral species [5, 18, 22, 23].  Ritchie and Smith demonstrated that 

microbes cultured from the surface mucopolysaccharide layer (SML) of different coral 

species have distinct carbon source utilization patterns [19]. 

  Research has shown that the microbial communities associated with diseased 

and healthy corals are different [4, 14, 18].  Ritchie and Smith reported a decrease in the 

diversity of microbes associated with colonies of Acropora cervicornis showing signs of 

white band disease compared with healthy colonies of the same species [18].  Similarly, 

the bacterial community associated with colonies infected with black band disease 

(BBD) was less diverse than communities associated with healthy colonies [4]. In 

contrast, Pantos and colleagues reported an increase in microbial diversity in colonies of 

Montastraea annularis with tissue lesions consistent with white plague-like disease 

when compared to colonies lacking signs of disease [14].  These findings suggest that 

there may be a dynamic interaction between coral associated bacteria and disease.  

 Determining which bacteria may be involved in disease resistance is of 

particular interest.  It has been proposed that corals may obtain a health benefit by 

associating with certain bacteria (the Coral Probiotic Hypothesis) [16]. Non-pathogenic 

microbes may provide protection against coral disease through interspecific competition 

and/or by secreting compounds that inhibit potential pathogens [8, 14]. Ritchie detected 

antimicrobial activity in 20% of microbes isolated from the SML of A. palmata [21]. 

Castillo and colleagues similarly reported antibiotic capabilities in 30% of coral 

associated bacteria [3].   
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 Abiotic stressors, including degraded water quality, temperature extremes, and 

elevated irradiance, have been shown to alter the composition of microbes associated 

with corals [6, 9, 10, 30]. Shifts in the microbial community composition may affect 

coral health and influence susceptibility to disease.  

  The aim of the present study was to analyze and compare the microbial 

communities associated with BBD-susceptible and BBD-resistant coral species.  On the 

reefs of Bermuda, colonies of Diploria labyrinthiformis are rarely infected with BBD, a 

polymicrobial disease dominated by filamentous cyanobacteria, whereas BBD-infected 

colonies of D. strigosa are common [7, 24]. The bacterial communities present in the 

SML of healthy colonies, and in the SML of healthy areas of BBD infected colonies of 

D. strigosa and D. labyrinthiformis were characterized by amplicon length 

heterogeneity polymerase chain reaction (LH-PCR).  Length heterogeneity PCR is a 

molecular profiling technique that distinguishes bacteria by intrinsic variation in the 

sequence length of hypervariable domains of the 16S rRNA gene [29].  This technique 

was chosen as it has been shown to be a highly reproducible method for quantitatively 

examining differences between microbial communities [13, 25, 29, 31]. Length 

heterogeneity PCR has successfully been used to profile communities associated with 

BBD and SML [25, 31]. 

METHODS 

Sampling location and collection  

 In July of 2007 SML samples from ten healthy colonies each of D. 

labyrinthiformis and D. strigosa, and from apparently healthy tissue of eight BBD-
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infected D. strigosa colonies, were collected at a depth of approximately seven meters 

from Hog Breaker reef (32o 27.55 N’ and 64o 49.89’W), a northern rim reef of Bermuda 

(Figure 1).  In August of 2007 and 2008 SML samples were also collected from healthy 

colonies of D. labyrinthiformis (N = 10), D. strigosa (N = 7), and from the apparently 

healthy region of BBD-infected colonies of D. labyrinthiformis (N = 3) and D. strigosa 

(N = 2) on the shallow (< 5 m deep) patch reefs 100 m north of Whalebone Bay (32o 

21.58 N’ and 64o 42.53’W). Colonies were considered healthy if they lacked signs of 

disease and/or bleaching.  The SML was sampled approximately 10 cm distant from the 

band on BBD-infected colonies. 

 The SML was aspirated into individual sterile, 10 ml needless syringes by gently 

scouring the surface of the coral with the tip of the syringe. After collection, SML 

samples were floated in ambient temperature water under low light until return to the 

Bermuda Institute of Ocean Sciences (BIOS) field station (ca. 2 hours).  At BIOS, the 

syringes were oriented vertically on ice to allow the SML to settle to the tip of the 

syringes (ca. 10 min). SML was then carefully transferred into sterile 2 ml cryovials for 

immediate DNA extraction.  

DNA extraction  

 Whole community genomic DNA was extracted from the SML samples using 

the FastDNA SPIN kit for soil (Q-Biogene, Vista, CA) with a slight modification as 

previously described by Mills and colleagues [12].  Refer to Appendix A for protocol 

details.  
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Amplicon-length heterogeneity (LH) PCR  

 The V1+V2  hypervariable domains of the bacterial 16S rRNA gene were 

amplified using the fluorescently labeled forward primer 27F-6-FAM (5’-6-FAM-AGA 

GTT TGA TCM TGG CTC AG-3’) and the unlabelled reverse primer 355R (5’-GGT 

GCC TCC CGT AGG AGT-3’) as previously described by Sekar et al. (2006) and Voss 

et al. (2007).  The PCR products were processed at the International Forensic Research 

Institute’s DNA Profiling Facility at Florida International University, Miami, FL. In 

depth protocol details can be found in Appendix A. 

Statistical analysis  

 Primer v5 software (Primer-E, Plymouth, UK) was used for all statistical 

analyses.  Prior to statistical analyses, the abundance data were square root transformed 

to minimize the effects of dominant amplicons, and Bray-Curtis similarity matrices 

were calculated. Analysis of similarity (ANOSIM) was used to test for variations among 

profiles from healthy and BBD-infected colonies of D. labyrinthiformis and D. strigosa 

and between colonies collected at Hog Breaker reef vs. colonies collected at Whalebone 

Bay. The contribution of each amplicon to the dissimilarity between groups was 

determined by similarity percentage (SIMPER) analyses. Differences between 

community assemblages were visualized using nonmetric multidimensional scaling 

(NMDS) with 20 random starting configurations.  

RESULTS 

Variability of LH-PCR profiles by host coral species and reef location  
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 Comparisons of the LH-PCR profiles produced from the SML of healthy 

colonies of D. strigosa (N = 7, Whalebone Bay; N = 10, Hog Breaker Reef) and D. 

labyrinthiformis (N = 10 at both Whalebone Bay and Hog Breaker Reef) revealed that 

the SML microbial community composition of the two coral species at either Hog 

Breaker Reef (ANOSIM Global R = 0.047, p = 0.2) or Whalebone Bay (ANOSIM 

Global R = 0.129, p = 0.07) were not statistically discriminate and that the average 

similarity among and between groups was much the same.  

 Profiles for D. labyrinthiformis and D. strigosa at each location are shown in 

Figure 2. Nineteen amplicons ranging in length from 311-380 bp were present in the 

SML of healthy colonies of both species of Diploria from Hog Breaker Reef (Figure 

2A). Fourteen and 13 amplicons were present in the SML of D. labyrinthiformis and D. 

strigosa, respectively. Three amplicons of lengths 314, 342 and 349 bp dominated the 

community profiles of both D. strigosa and D. labyrinthiformis colonies at Hog Breaker 

Reef, with amplicon 342 the most abundant at nearly 60% (relative abundance). While 

the SML community profiles were similar between the host species, several amplicons 

were present that were unique to each species with six amplicons specific to D. 

labyrinthiformis and five to D. strigosa (Table 1).  

 The microbial communities in the SML of healthy colonies of D. 

labyrinthiformis and D. strigosa at Whalebone Bay were more diverse and evenly 

distributed in abundance than at Hog Breaker, with a total of 28 amplicons that also 

ranged from 311 and 380 bp (Figure 2B). The community profiles of both species at 

Whalebone were dominated by amplicons of 314, 316, 342 and 346 bp in length.  
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Several amplicons specific to this location were common to both D. strigosa and D. 

labyrinthiformis (Table 1). Seven out of 24 amplicons present in SML collected from D. 

labyrinthiformis colonies were unique (Table 1).  The unique amplicon of length 327 bp 

represented approximately 15% of the total amplicon abundance in the SML of D. 

labyrinthiformis, while two amplicons (342 and 346 bp) represented 13% and 16% of 

the total, respectively (Figure 2B). Twenty-one amplicons, four of which were unique, 

were associated with the SML of D. strigosa colonies (Table 1).  

 The 342 bp amplicon was the dominant amplicon (56%) in the Hog Breaker 

profiles of both Diploria species; however there was an approximate 4-fold reduction in 

abundance of this amplicon in the SML of both D. labyrinthiformis (13%) and D. 

strigosa (15%) colonies collected at Whalebone Bay.  Similarly, there was a reduction, 

in the SML of both species, in the abundance of amplicon 349 (from 12 to 2%) between 

Hog Breaker and Whalebone Bay. Amplicon 346 increased in abundance in the SML of 

D. strigosa (4 to 17%) and D. labyrinthiformis (2 to 16%) sampled at Hog Breaker and 

Whalebone Bay, respectively.  

 While the community compositions of bacteria in the SML of colonies of D. 

labyrinthiformis and D. strigosa sampled at Hog Breaker Reef were similar when 

compared to each other, they varied greatly from the SML community patterns of the 

same host species sampled at Whalebone Bay (ANOSIM; D. labyrinthiformis: Global R 

= 0.601, p = 0.001; D. strigosa: Global R = 0.626, p = 0.001).  There were more 

amplicons that were specific to location, as compared to host species (Table 1).  This 

pattern was true, for the most part, for both species.  For example, at Whalebone bay 16 
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amplicons were location-specific to D. strigosa whereas only four amplicons were 

species-specific. In one case (D. labyrinthiformis at Hog Breaker) there were only two 

location-specific amplicons.  Table 2 presents the amplicons that contributed to the 

dissimilarity between species at both sampling locations. 

Variability between bacterial communities in the SML of healthy areas of BBD diseased 

colonies and the SML of healthy corals  

 Figure 3 shows bacterial community profiles present in the SML of healthy areas 

of BBD diseased colonies, and SML of healthy corals, of both coral species at 

Whalebone Bay.  The microbial community in the SML differed between healthy (N = 

10) and BBD-infected (N = 3) colonies of D. labyrinthiformis (ANOSIM Global R = 

0.572, p < 0.007).  For this coral species the bacterial community profile associated with 

the SML of BBD-infected colonies was less diverse, with 10 amplicons as compared to 

24 amplicons associated with the SML of healthy D. labyrinthiformis colonies (Figure 

3A). Fifteen and two amplicons were specific to healthy and BBD-infected D. 

labyrinthiformis colonies, respectively (Table 3). The reduction in amplicon richness 

was accompanied by an increase in abundance of amplicon 342 bp from 13% in healthy 

colonies to 65% in BBD-infected colonies.  Amplicons contributing to the dissimilarity 

in the microbial community composition in the SML between healthy and diseased 

colonies of D. labyrinthiformis are shown in Table 4. 

 For D. strigosa sampled at Whalebone Bay (Figure 3B) there were differences in 

the microbial community profiles of SML from healthy (N = 7 colonies) and BBD-

infected colonies (N = 2); ANOSIM Global R = 0.049, p = 0.44).  For this species there 
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was, again, a reduction in amplicon richness in diseased colonies (Figure 3B).  Twenty-

one amplicons were present in the SML of healthy colonies compared to seven 

amplicons present in BBD-infected colonies.  At Whalebone Bay fifteen amplicons 

associated with the SML of healthy colonies were not found in the SML of BBD-

infected colonies and one amplicon was specific to BBD-infected colonies (Table 3). 

Amplicon 342 bp again dominated the SML of BBD-infected D. strigosa colonies, as 

was the case for BBD-infected D. labyrinthiformis, but at a lower abundance (34%).    

 Figure 4 shows the community profiles of the SML of healthy areas of BBD-

infected   colonies and the SML of healthy corals of D. strigosa at Hog Breaker Reef 

(there were no BBD-infected D. labyrinthiformis at this site). Significant variation in 

SML microbial community composition was documented between healthy (N = 10) and 

BBD-infected (N = 8 colonies) colonies (ANOSIM global R = 0.477, p < 0.005; Table 

5) at this site.  In contrast to the large difference in SML amplicon diversity for BBD vs. 

healthy corals at Whalebone Bay (10 vs. 24 for D. labyrinthiformis and 7 vs. 21 for D. 

strigosa, respectively), there was a small increase in the number of amplicons present in 

the SML of BBD-infected D. strigosa at Hog Breaker Reef. For this species at this 

location there were 15 amplicons in the SML of BBD and 13 in the SML of healthy 

colonies.  The SML of BBD-infected D. strigosa colonies had six amplicons that were 

absent in the SML of healthy colonies and four amplicons were specific to the SML of 

healthy colonies (Table 3).  In contrast to Whalebone Bay, the abundance of the 342 bp 

amplicon decreased from 57% in the SML of healthy colonies to 37% in the SML of 

healthy areas of BBD-infected colonies (Figure 4). 


