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ABSTRACT 

HISTOLOGICAL ANALYSIS OF THREESPOT DAMSELFISH (STEGASTES 

PLANIFRONS) GASTROINTESTINAL TRACT AND IMPLICATIONS FOR 

STAGHORN CORAL (ACROPORA CERVICORNIS) HEALTH 

William Anderson Norfolk, M.S. 

George Mason University, 2015 

Thesis Director: Dr. Esther C. Peters 

 

During the past three decades, Caribbean coral reefs have experienced a 98% 

decline in historic population levels of the primary reef-building corals, staghorn coral 

(Acropora cervicornis) and elkhorn coral (Acropora palmata). The threespot damselfish 

(Stegastes planifrons) is a Caribbean reef fish species that preferentially inhabits staghorn 

and elkhorn coral thickets. Threespot damselfish maintain algal lawns on local coral 

thickets by biting coral tissue to expose the calcium carbonate skeleton to promote the 

growth of macroalgae, which is then used as a major food source. This study examined 

the health impacts of damselfish habitation of staghorn coral thickets and investigated the 

potential of the threespot damselfish to serve as a vector for the coral pathogen identified 

as a Rickettsia-like organism (RLO). Gross observations coupled with histological 

analyses were used to assess the health of damselfish-colonized corals gathered from the 

Florida Keys and Broward County, Florida. Threespot damselfish samples were collected 
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from their associated Florida Keys thickets and the gastrointestinal tract was examined 

histologically for the presence of potential pathogens. Fluorescent in situ hybridization 

(FISH) was used to specifically identify the presence of RLOs within the damselfish 

gastrointestinal tract. The results of this study indicated that damselfish occupation of 

staghorn coral thickets had no effect on the overall health of the coral colony. Damselfish 

predation of resident coral thickets showed a minor decrease in overall coral health 

associated with the growth of algae through skeletal spaces. RLO infection levels of 

damselfish-occupied corals were similar to those seen in coral thickets outside of 

damselfish territories. RLO presence was not detected in any sample of damselfish 

gastrointestinal tract with either basic histology or FISH. The minor amount of 

detrimental effects associated with damselfish occupation should not deter the planting of 

restoration-raised corals at a particular reef site due to the presence of the species. 

Specific coral planting strategies should be employed to reduce the potential for 

damselfish-associated damage at all coral plantings.  
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CHAPTER 1 INTRODUCTION 

1.1 Coral Reef Decline 

During the past four decades Caribbean coral reefs have undergone a large-scale 

phase shift from reefs dominated by stony coral coverage to reefs dominated by soft 

corals and macroalgae (Aronson and Precht, 2001). This phase shift is attributed to the 

substantial decline of the long-spined black sea urchin (Diadema antillarum), as well as 

the loss of other herbivores and reduced populations of corals, particularly the acroporid 

corals (staghorn coral, Acropora cervicornis, and elkhorn coral, Acropora palmata). 

Acroporid corals historically dominated Caribbean coral reefs as the primary reef-

building coral, and the black sea urchin served as a keystone herbivore in the coral reef 

ecosystem (Gladfelter, 1982; Peters et al., 1983; Aronson and Precht, 2001; Gardner et 

al., 2003). Both staghorn and elkhorn corals have experienced a 98% decline in historic 

population levels since the early 1980s. The loss of these key reef-building corals has 

degraded the overall complexity of the coral reef by reducing the amount of three-

dimensional structure normally associated with the growth of acroporid corals. The loss 

of this reef structure changed the physical habitat of the reef ecosystem and reduced the 

biodiversity of marine life (Aronson and Precht, 2001). 

 Although both acroporid species and their hybrid, A. prolifera, contribute to the 

principal components of the three-dimensional reef structure, initial efforts to restore reef 
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complexity focused on A. cervicornis due to its relative ease of growing in a nursery 

setting and rapid growth compared to other stony corals (Shinn, 1966; Lirman et al., 

2010). Staghorn coral is a critically endangered (IUCN Red List) scleractinian coral 

found throughout the Caribbean. It is commonly found at depths from 5–25 meters, and is 

limited in its distribution by wave action and sunlight availability (Aronson et al., 2008). 

This species is named aptly for the characteristic branching tips of the coral which 

resemble stag horns. Staghorn branches diffuse outwards and fuse with other branches of 

the same genotype forming a bush-like structure on the reef known as a thicket 

(Highsmith, 1982). The intertwining branch structure of staghorn thickets increases the 

complexity of the coral reef and provides habitat for many fish and invertebrate species. 

Before the large-scale die-off of acroporid corals, massive single-genotype thickets of 

staghorn provided ample habitat space needed to support the biodiversity of the coral 

reef, particularly for fishes. With the loss of stony corals, soft corals have become the 

dominant corals on Caribbean reefs, reducing the habitat complexity of the reef 

ecosystem (Aronson and Precht, 2001). 

 

1.2 Tissue Loss Disease 

Many factors have contributed to the decline in acroporid corals with disease as 

the principal cause of the large-scale regional die-offs. White-band disease (WBD) has 

been one of the major diseases first reported in the early 1970s contributing to the loss of 

acroporid corals in the Caribbean (Gladfelter, 1982; Peters et al., 1983; Aronson and 

Precht, 2001; Gardner et al., 2003). WBD was first described by Gladfelter (1982) as “a 
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sharp line of advance where the distally located, brown zooxanthella-bearing coral tissue 

is cleanly and completely removed from the skeleton, leaving a sharp white zone about 1-

cm wide that grades proximally into algal successional stages.” The characteristic white 

band, for which the disease is named, is the result of the death of coral tissue, revealing 

the white calcium carbonate skeleton beneath (Gladfelter, 1982; Peters et al., 1983).  

Following the initial identification of WBD, a second type of the disease, known 

as white band disease type II (WBD-II), was discovered in the 1990s in the Bahamas 

(Ritchie and Smith, 1995; Ritchie and Smith, 1998). WBD-II presents similarly to WBD-

I, however, the characteristic tissue-loss margin of a WBD-II-affected coral is preceded 

by a thin margin of bleaching coral tissue (Ritchie and Smith, 1995; Ritchie and Smith, 

1998). Bleaching is a condition of coral in which, on induction by an internal or external 

stressor, the coral will lose the brown pigmentation due to the exocytosis of the symbiotic 

algae (zooxanthellae) from coral gastrodermal cells, the loss of algal pigmentation, or the 

death of the zooxanthellae (Lasker et al., 1984; Glynn et al., 1985; Upton and Peters, 

1986; Brown, 1997). The translucent coral tissue will appear white with the loss of the 

algal pigments; however, the tissue will remain alive in this condition if the bleaching 

event is short-lived (Brown, 1997). In WBD-II the bleaching margin can vary in speed of 

advancement causing the two margins to occur distinctly at times, and temporarily align 

at other times (Ritchie and Smith, 1998). For these reasons, WBD-II closely resembled 

WBD-I in the field and it was thought that confirmation would require using laboratory 

observations or procedures (Ritchie and Smith, 1998; Sutherland et al., 2004).  
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Since discovery of the disease, the epizootics of the early 1970s to late 1980s 

have been attributed to WBD (both types I and II) and reports of continuing outbreaks 

occur annually with variations in severity from year to year likely due to associated 

abiotic conditions (Aronson and Precht, 2001; Sutherland et al., 2004). Following the loss 

of A. cervicornis, the thin leaf lettuce coral Agaricia tenuifolia replaced staghorn coral as 

the dominant coral on Belize reefs. Investigation into the fossil record showed that the 

Agaricia shift was a novel occurrence, which suggested that WBD was an emergent 

disease and not associated with a natural reef cycle (Aronson and Precht 1997; Aronson 

and Precht, 2001). Similar phase-shifts of acroporid-dominated reefs to ahermatypic-

dominated reefs have been seen on reefs throughout the Caribbean; however, regional 

studies are needed to determine the dominant species of specific reefs. To date, the 

epizootiology of WBD is still poorly understood in terms of gross manifestation and 

causative agents. Published studies are often contradictory in disease definition or lack a 

degree of interdisciplinarity needed to support the overall findings of the research (Work 

and Aeby, 2006; Rogers, 2010).  

Characterization of WBD-associated lesions has been highly variable among 

studies and often too inconsistent or incomplete to generalize for the disease as a whole. 

For example, WBD was originally described to progress from the base of the coral 

moving upward toward the apical tips of A. palmata branches (Gladfelter, 1982). 

However, further investigation of the disease has shown that it is capable of beginning 

anywhere within a coral thicket and progressing in either direction along a coral branch in 

either of the two species or their hybrid (Williams and Miller, 2005; Miller et al., 2014). 
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Additionally, observations suggest that WBD does not always present as a smooth 

margin of tissue loss, and the margin can often be serrated or undulating across a coral 

thicket (Williams and Miller, 2005; Work and Aeby, 2006; Miller et al., 2014). The 

inconsistency of tissue loss patterns among WBD-affected colonies and the appearance in 

2003 of a much faster and irregular sloughing of tissue from staghorn branches in the 

Florida Keys caused some researchers to adopt a new term for tissue loss known as rapid 

tissue loss (RTL); however, it was suggested that RTL lesions may be disparate from 

WBD lesions and that there should be a distinction between the two (Williams and 

Miller, 2005). Figure 1 shows an example of WBD tissue loss lesions and figure 2 shows 

RTL tissue loss lesions. 

Disease identification is further confounded by the actions of corallivorous 

predators whose lesions can resemble or modify existing WBD lesions (Sutherland et al., 

2004; Williams and Miller, 2005; Miller et al., 2014). The corallivorous snail 

Coralliophila abbreviata will feed on coral colonies leaving a characteristic “snail trail,” 

a lesion that can resemble an irregularly shaped disease lesion (Williams and Miller, 

2005). Snail lesions are almost always found along the margin of a colony adjacent to a 

past mortality event (Williams et al., 2006). In addition, the fireworm Hermodice 

carunculata will invert itself over an apical tip of a coral colony and remove the coral 

tissue leaving a sharp predation margin, which can closely resemble a characteristic 

tissue loss-disease margin (Williams and Miller, 2005).  
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Figure 1 WBD tissue loss lesions in a staghorn coral colony. 

Lower Florida Keys coral showing characteristic WBD tissue loss lesions. Note the 

continuous tissue loss lesion separating the white denuded skeleton and apparently 

healthy pigmented tissue. Photo taken by Esther Peters.   
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Figure 2. Staghorn coral showing RTL tissue loss lesions. 

Broward county staghorn coral showing RTL tissue loss lesions. Note the mottled 

edges of the lesions creating a region of patchy coral pigmentation between 

apparently healthy tissues and denuded skeleton. Photo taken by Kristen Hoss.  

 

 

 

 

 

 

RTL 
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Benthic damselfish (Stegastes spp.) and butterflyfish (in the family 

Chaetodontidae) will nip coral colonies, removing the zooxanthellae-bearing layer of 

living coral tissue and leaving a small bite-sized lesion in the coral (Kaufman, 1977). 

Although the individual bites do not closely resemble WBD lesions, a large group of 

localized bites can blend together and resemble a disease lesion when the predation level 

is great enough. Parrotfish (Scaridae) are known to form multifocal bite lesions 

associated with feeding aggregations (Williams et al., 2006). Bites remove the pigmented 

coral tissue as well as damage the calcium carbonate skeleton below (Williams et al., 

2006). Bite aggregations can resemble damselfish predation; however, evidence of 

skeletal damage can distinguish between the two types of lesions.  

Ciliate band lesions are green-black bands of recent mortality, identified as 

infestation by Halofolliculina spp. (Williams et al., 2006). Although it is unknown if the 

ciliates are primary pathogens of the mortality or opportunistic colonizers, they present a 

distinct form of predation lesion (Williams et al., 2006). Cliona lesions are attributed to 

the boring sponge Cliona laticavicola. The sponge will create openings (ostia) onto the 

surface of corals, as well as into newly fragmented pieces, damaging both the living coral 

tissue and underlying skeleton (Williams et al., 2006). Cliona lesions are readily 

identified by the presence of the orange sponge in association with the lesion.  

 Variation in the appearance of tissue loss lesions in the field requires a 

standardization of the nomenclature used to describe different diseases and lesions (Work 

and Aeby, 2006; Rogers, 2010). Diseases should be named in a manner that describes the 
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host, pathogen (if known), and lesion morphology. Lesion descriptions should use 

standardized terms to describe the lesion distribution, location, edge patterns, margin 

shape, lesion shape, and relief within a coral colony (Work and Aeby, 2006). In an 

example of standardization of nomenclature by Work and Aeby (2006),  WBD-I was 

described as “diffuse, basally situated, large, distinct areas of tissue loss, revealing a wide 

band of intact, bare skeleton that is well differentiated from more distal skeleton and 

discolored tan to brown.” The use of standardized nomenclature is needed to eliminate 

disparity in the description of coral tissue loss lesions. In this study, the nomenclature of 

Work and Aeby (2006) was used to describe pertinent coral lesions. 

To date, the putative pathogen(s) for acroporid tissue loss has(have) not been 

identified. Peters et al. (1983) was the first report that identified a potential pathogen of 

WBD. The study examined apparently healthy and diseased samples of A. palmata and A. 

cervicornis collected from St. Croix and Bonaire in 1981. Histological examination of 

diseased coral samples revealed the presence of ovoid basophilic bodies associated with 

the edge of sloughing coral tissue, as well as in the tips of diseased branches (Peters et al., 

1983). The ovoid bodies showed a Gram-negative characteristic and electron microscopy 

showed the bodies consisted of aggregates of rod-shaped bacteria (Peters et al., 1983). 

Although bacterial aggregates were found in association with WBD lesions, it was 

unclear from the research if they were the putative pathogen of the disease or a non-

pathogenic infection associated with tissue sloughing (Peters et al., 1983). Continued 

research showed the presence of bacterial aggregates in both healthy and diseased 

samples with increasing prevalence in those that were diseased; however, in other 
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diseased samples they were not present (Peters et al., 1983; Peters 1984; Santavy and 

Peters, 1997). Aggregates were found in the mesoglea/calicodermis of the tissue lining 

the gastrovascular canals in both healthy and diseased corals, as well as in association 

with tissue sloughing in diseased samples (Peters et al., 1983; Peters 1984).  

Following the discovery of WBD-II, Ritchie and Smith (1998) isolated the 

bacterium Vibrio charchariae as a putative pathogen of WBD-II in the Bahamas. Ritchie 

and Smith (1998) used culture-dependent techniques to consistently grow and isolate 

colonies of V. charchariae from WBD-II diseased corals. However, the study failed to 

successfully result in WBD-II after infection of an apparently healthy coral with V. 

charchariae and was thus unable to fulfill Koch’s postulates.  

Casas et al. (2004) compared the bacterial communities of both healthy and 

WBD-I-affected corals using 16S rDNA. The bacterial community analysis revealed 

acroporid corals were dominated by a single ribotype of bacteria likely in the order 

Rickettsiales (named coral-associated Rickettsiales or CAR1). CAR 1 was found to be 

widespread in both healthy and diseased corals; however, it was not found in preserved 

staghorn coral samples collected before the large-scale outbreak of WBD in the 

Caribbean (Casas et al., 2004). These results suggested that CAR 1 was a bacterium that 

was new to acroporids and could potentially have been the pathogen that caused the 

WBD epizootic of the 1980s (Casas et al., 2004). However, it should be noted that the 

researchers indicated that only a small number of historic coral samples were run to 

search for the presence of CAR 1 and it was also possible that the DNA of the bacterium 
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was unable to survive ethanol preservation (Casas et al., 2004). Due to the similar levels 

of CAR 1 found in both apparently healthy and diseased corals from the study, the 

researchers concluded that the bacterium was not the pathogen of WBD and that the 

occurrence of CAR 1 was likely a component of the coral microbiota (Casas et al., 2004). 

Culture-dependent and molecular research conducted by Gil-Agudelo et al. (2006) 

supported the results of Ritchie and Smith (1998), identifying Vibrio harveyi (a synonym 

for V. charchariae) as the putative pathogen for WBD-II. Gil-Agudelo et al. (2006) 

successfully extracted and cultured bacteria from diseased corals. Subsequently, 

molecular analysis of the initial bacterial extract showed an elevated presence of V. 

harveyi collected from diseased samples (Gil-Agudelo et al., 2006). Following the culture 

experiment, WBD-II was successfully reproduced on apparently healthy corals in situ by 

inoculating the coral with the cultured bacterial extract (Gil-Agudelo et al., 2006). The 

results of this study suggested that V. harveyi is the putative pathogen of WBD-II; 

however, the researchers had not yet re-isolated the suspect bacterium from inoculated 

corals (Gil-Agudelo et al., 2006).  

Polson (2007) investigated the microbial associates of acroporid corals found on 

the Florida reef tract during a tissue loss disease outbreak in 2003 to determine the 

differences between diseased and apparently healthy corals. The study compared the 

microbial communities associated with coral mucus samples and coral tissue slurries 

using a combination of culture-dependent and culture-independent techniques. Both 

mucus and tissue slurry samples showed a shift in the dominant microbes (Polson, 2007). 
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Apparently healthy corals’ mucus samples were elevated in Stenotrophomonas and 

Pseudomonas, whereas diseased samples were elevated in Flavobacteriaceae. Diseased 

slurry samples contained elevated levels of both Photobacterium and Vibrionales 

(Polson, 2007). Additionally, laser-capture microdissection was used to retrieve samples 

of the bacterial aggregates first described by Peters et al., (1983) and 16S rDNA 

sequencing was used to identify the components of the aggregate community (Polson, 

2007). Results indicated that Pseudomonas spp. comprised the majority of the aggregate 

community, with Corynebacterineae, Enterobacteriales, Lactobacilliales and 

Flavobacteriales present as well (Polson, 2007). The inconsistency of the occurrence of 

bacterial aggregates in both apparently healthy and diseased corals suggested that they 

were not the pathogen of WBD (Polson, 2007). He thought it plausible that the 

aggregates were a secondary infection associated with an existing coral disease or 

alternately an undescribed defense mechanism for the sequestration of coral pathogens 

(Polson, 2007).  

Recent research by Sweet et al. (2014) used experimental antibiotic treatments 

and culture-independent analysis to identify the potential pathogen(s) of WBD-I.  Sweet 

et al. (2014) first used 16sRNA sequencing to identify coral-associated bacterial 

communities. Following the bacterial community analysis, the researchers used four 

antibiotic treatments to narrow the field of potential pathogens (Sweet et al., 2014). 

Ampicillin and paromomycin sulfate successfully arrested the progression of WBD, 

whereas gentamicin and metronidazole were unable to halt the advance and therefore 

were disregarded in terms of bacterial treatment (Sweet et al., 2014). By selectively 
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isolating microbes that were susceptible to both ampicillin and paromomycin sulfate, the 

researchers were able to identify a field of putative pathogens of WBD (Sweet et al., 

2014). The results identified three primary potential bacterial pathogens of WBD: Vibrio 

charchariae, Lactobacillus suebicus, and Bacillus spp. (Sweet et al., 2014). A 

histophagous ciliate, Philaster lucinda, was found to be consistently associated with 

WBD and absent in healthy corals as well; however, antibiotic treatment with 

metronidazole suggested that the ciliate is a secondary predator of WBD-affected coral 

tissue (Sweet et al., 2014).  

 

1.3 Rickettsia-like Organisms   

 The initial study that first identified the presence of coral-associated Rickettsiales 

(CAR 1) (Casas et al., 2004) discredited the bacterium as a potential pathogen for WBD 

due to the presence of CAR 1 in both apparently heathy and diseased samples. Peters 

(2014) was the first to examine RLOs in tissue samples of infected corals using 

histopathology. The study examined historically collected coral samples from the Florida 

Keys, Puerto Rico, Belize, Cuba, the US Virgin Islands, and St. Croix for RLO presence 

from the 1970s–2012. The study found that RLOs infected 100% of coral slides collected 

historically, as well as in all geographic regions of study. This historic and widespread 

distribution suggested that the RLO bacterium could be a chronic infection and should be 

reconsidered as a pathogen of all tissue loss diseases (Peters, 2014).  
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 RLOs are obligate intracellular parasites known to infect a variety of marine 

organisms. Coral RLOs infect and kill mucocytes associated with the surface body wall 

of the oral disk, tentacles, cnidoglandular bands, and gastrovascular canals (Miller et al., 

2014). The mucus layer of corals forms a protective barrier shielding the epithelium of 

the coral tissue from the ambient seawater (Brown and Bythell, 2005; Ritchie, 2006; 

Shnit-Orland and Kushmaro, 2009). Corals secrete multiple layers of mucus, each 

containing different chemical properties that are thought to provide specific protective 

benefits based on the needs of the colony (Brown and Bythell, 2005). Additionally, 

mucus and mucus-associated bacteria exhibit antimicrobial properties that may serve to 

inactivate the mechanisms used by harmful bacteria (Ritchie, 2006). The loss of coral 

mucocytes also places the colony in a state of healing to replace the damaged cells. 

Healing uses available nutrition that would otherwise be used for other purposes, such as 

the production of protective mucus (Miller et al., 2014). The combination of the direct 

loss of defensive mucocytes and the reduced nutrition places corals in an energy deficient 

state where they can become susceptible to other biotic and abiotic secondary pathogens 

(Sweet et al., 2012; Miller et al., 2014).  

The level of primary RLO infection and subsequent secondary pathogen(s) may 

explain why tissue loss lesions present in a number of different ways grossly (Miller et 

al., 2014). In some RLOs, small coccoid infective stage cells known as elementary bodies 

are formed, seen in Figure 3 (Tamura et al., 1971; Matsumoto, 1982). Elementary bodies 

later develop into larger reticulate bodies that appear in grape-like clusters, seen in Figure 

4 (Tamura et al., 1971; Matsumoto, 1982; Peters, 2014). The two forms of the cells  
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Figure 3. RLO elementary bodies in lobe of mesenterial filaments  

RLO elementary bodies shown in mucocytes. Elementary bodies present as small 

coccoid dark purple cells inside of the purple staining ovoid mucocyte. Image above 

from collected Florida Keys coral sample and stained with Giemsa.  
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Figure 4. RLO reticulate bodies in coral surface body wall. 

Visualized by Giemsa stain. Reticulate bodies (RB) form dark blue to purple grape-

like clusters in mucocytes; associated mucus stains blue-purple and appears 

elongate and string-like. 
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expressed by the bacterium suggested they might be members of the Chlamydiales as 

opposed to the Rickettsiales; however, further research is needed to fully confirm their 

identity (Peters, 2014). For the purposes of this study the infective bacterium will be 

referred to as RLOs. 

 

1.4 White-Band Disease Transmission 

Williams and Miller (2005) were the first researchers to investigate the 

transmission ability of WBD. Using an in situ experiment, the researchers successfully 

transmitted WBD pathogen(s) from diseased corals to apparently healthy corals by means 

of direct contact, and through an invertebrate vector, the corallivorus snail Coralliophila 

abbreviata (Williams and Miller, 2005). Transmission of disease was not observed in 

samples exposed to indirect contact designed to simulate diver manipulation (Williams 

and Miller, 2005). These results suggested that WBD is a communicable biotic disease 

that has the ability to be transmitted by a vector species (Williams and Miller, 2005).  

Kline and Vollmer (2011) investigated transmission ability and antibiotic 

treatment. The researchers conducted an in situ experiment where disease transmission 

was accomplished using a slurry of homogenized diseased coral tissue, which was 

applied directly to the base of apparently healthy corals (Kline and Vollmer, 2011). 

Disease homogenate was created by air brushing tissue off diseased corals, and filtered at 

0.45 µm and 0.22 µm to retain and remove bacteria, respectively (Kline and Vollmer, 

2011). The resulting experiment showed that development of WBD decreased after the 
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disease homogenate was filtered to remove bacterial species, suggesting that WBD was 

caused by pathogenic bacteria (Kline and Vollmer, 2011). Additionally, the study 

identified ampicillin as an antibiotic treatment capable of arresting WBD type I (Kline 

and Vollmer, 2011). This finding was later supported by the work of Sweet et al. (2014). 

The antibiotic results suggested that the putative pathogen of WBD was a Gram-positive 

bacterium (Kline and Vollmer, 2011).  

Gignoux-Wolfsohn et al. (2012) continued transmission and vector research with 

an ex situ transmission study to further examine the vector potential of the corallivorus 

snails C. abbreviata and C. caribaea, as well as investigate the indirect transmission of 

WBD. Isolating collected coral samples in aquaria, the researchers exposed apparently 

healthy fragments to C. abbreviata and C. caribaea, which had been previously fed with 

diseased corals or starved for three days (Gignoux-Wolfsohn et al., 2012). The results 

showed that C. abbreviata has the ability to transmit pathogen(s) causing WBD to 

apparently healthy corals both after immediate feeding and starvation, suggesting that the 

snail is not only a vector but is also a reservoir of the WBD pathogen(s) (Gignoux-

Wolfsohn et al., 2012). Additionally, the researchers investigated the potential for 

indirect transmission using lesioned and unlesioned corals exposed to diseased or healthy 

tissue homogenates added to water in aquaria containing the coral fragments (Gignoux-

Wolfsohn et al., 2012).  Corals were artificially lesioned using an airbrush to remove a 

portion of the apparently healthy coral tissue (Gignoux-Wolfsohn et al., 2012).  Tissue 

loss signs appeared on lesioned apparently healthy corals after exposure to the tissue 

homogenate from diseased corals; however, tissue loss did not develop in unlesioned 
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apparently healthy corals (Gignoux-Wolfsohn et al., 2012). This finding suggested that 

tissue loss can be induced onto corals that were previously in apparently healthy 

condition if those corals were lesioned (Gignoux-Wolfsohn et al., 2012). The researchers 

suggested that transmission of tissue loss occurred indirectly through the water column 

associated with exposure to disease homogenate; however, it is unknown if the act of 

creating a lesion placed the coral colony into a weakened immune state causing a collapse 

of the coral.  

In addition to C. abbreviata, the corallivorus fireworm, Hermodice carunculata, 

has been studied as a potential disease vector (Williams and Miller, 2005; Pollock et al., 

2011; Miller et al., 2014). It is unknown if fireworms are capable of transmitting WBD, 

however, a number of studies have suggested their potential as a disease vector due to the 

common association of fireworm predation and subsequent tissue loss disease (Williams 

and Miller, 2005; Lewis, 2009; Pollock et al., 2011; Miller et al., 2014). It is known that 

the fireworm can serve as a winter reservoir for the bleaching pathogen V. shioli and it is 

possible the same is true for the WBD pathogen(s) (Sussman et al., 2003). Regardless of 

vector potential, lesions created by H. carunculata, C. abbreviata, or other corallivorous 

predation can cause an apparently heathy coral colony to begin to lose tissue either 

through the indirect transmission of pathogen(s) or through increased stress associated 

with lesion healing. (Williams and Miller, 2005; Gignoux-Wolfsohn et al., 2012). Little 

research has been done to investigate the role of benthic damselfishes, as well as 

corallivorous butterflyfishes (Chaetodontidae), as potential WBD vectors despite their 

close relationship to the endangered coral species.  
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1.5 The Threespot Damselfish 

The threespot damselfish (Stegastes planifrons) is a species of demersal 

damselfish commonly found in the Caribbean from Florida to the Bahamas.  Threespot 

damselfish preferentially occupy thickets of staghorn coral and elkhorn coral as a primary 

habitat (Kaufman, 1977; Hinds and Ballantine, 1987; Cleveland and Montgomery, 2001; 

Casey et al., 2014). Threespots vigorously defend the occupied coral thickets, which 

serve as a habitat and provide a principal food source. Resident threespots will create an 

“algal farm” on occupied coral thickets to promote the growth of algae that the 

damselfish eats. Threespots create and maintain these algal farms by biting at coral tissue 

to expose the underlying calcium carbonate skeleton (Kaufman, 1977; Hinds and 

Ballantine, 1987; Cleveland and Montgomery, 2001; Casey et al. 2014). Exposed 

portions of the coral skeleton will create a favorable environment for the settlement of 

macroalgae on the newly created lesion in the coral (Hinds and Ballantine, 1987). The 

threespot will maintain the algal farm by removing any unfavorable algae growth to 

promote the growth of specific algae favored as a food source.  

Algal farms may develop as a lawn, where algae growth is continuous and 

concentrated to a specific location where the damselfish bites the coral, or as chimneys. 

Algal chimneys are similar to algal lawns in structure; however, the coral polyps 

surrounding the bite lesion will produce skeleton and tissue forming protruding columnar 

chimneys surrounding and separating tufts of algae from the rest of the coral colony 

(Kaufman, 1977; Peters, 1984; Peters et al., 1986). This extension of the coral skeleton 

creates a situation in which algal growth is discontinuous and associated with the  
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uppermost part of the coral chimney. Figure 5 shows a threespot damselfish guarding an 

occupied thicket of staghorn coral. Figure 6 shows an example of the gross appearance of 

a staghorn coral colony with a damselfish algal lawn and algal chimneys. 

Little is known about the effects of the creation and maintenance of algal lawns 

on the overall health of the occupied coral thicket. It is known that damselfish algal 

farming can cause coral thickets to collapse due to overexploitation (Potts, 1977; Hinds 

and Ballantine, 1987). Additionally, research has shown that damselfish occupation of 

coral thickets reduces the amount of non-damselfish herbivory on macroalgae found 

within the territory (Vine, 1974; Belk, 1975). This reduction in herbivory can cause a 

cascade of detrimental effects due to increased sedimentation and reduced light 

availability as local algal growth increases (Vine, 1974; Belk, 1975). Schopmeyer and  

Lirman, (2015) have suggested that damselfish occupation of staghorn coral thickets has 

an overall detrimental effect on coral health, and can reduce the presence of corallivorous 

predators inside the territory. However, it is unknown if the observed effects of 

damselfish occupation have any impact on the microscopic condition of associated corals. 

It is also unknown if the threespot damselfish could act as a potential vector for coral 

disease pathogens, primarily the suspected etiological agent(s) of WBD such as RLOs. 

 

1.6 Fluorescence In Situ Hybridization 

Fluorescence in situ hybridization (FISH) is a cytogenetic technique developed to 

identify the presence or absence of a particular DNA sequence on chromosomes (Trask, 

1991; Price, 1993). The technique uses fluorescent-tagged probes that bind to the DNA at 
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Figure 5. Adult threespot damselfish guarding a thicket of staghorn coral.  

Coral thicket demonstrates damselfish occupation, no evidence of damselfish-

associated bite lesions are present in this image. Coral thicket photographed from 

Snapper Ledge reef in Key Largo, Florida 
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Figure 6. Threespot damselfish algal farm lesions.  

Top shows algal lawn, bottom shows algal chimneys. Lawn lesions show as diffuse, 

smooth, with distinct edges, and a circular to oblong shape. Multiple lawn lesions 

may be present on a coral colony in different locations. Algal chimneys show as 

multifocal, smooth, with distinct edges, and a circular shape. The two lesions can 

easily be identified in the field by the skeletal extension seen in algal chimneys. 
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complementary regions. Under a fluorescent microscope, the tagged probes will fluoresce 

when excited with the correct wavelength of light, and the DNA sequence(s) of interest 

can be seen if they are present in a sample (Trask, 1991; Price, 1993). The visualization 

of particular genetic sequences within a sample has been used in many different studies 

examining genetics, mutation, diagnosis, and species identification.  

Recently, FISH techniques have been used to identify the presence of a particular 

pathogen or group of pathogens found within tissue samples (Thompson et al., 1994; 

Peterson et al., 2004). Complementary RNA probes for the putative pathogen of study are 

created and applied to a tissue sample from a diseased individual. The fluorescent probes 

will tag and illuminate the pathogenic bacteria within the tissue sample. This 

visualization of target bacteria species within an organism not only confirms the presence 

of a particular pathogen within an individual, but also provides a snapshot of how the 

pathogen occupies and infects the cells of a particular host species. These data can 

provide insights into how the bacterial species operates and survives within the host 

species, and can be used to help create curative and therapeutic measures.  

The utilization of FISH on coral tissues is a difficult procedure due to the nature 

of the components of coral. Under fluorescent microscopy, coral tissue will autofluoresce 

or glow under certain fluorescent excitation conditions (Dove et al., 1995; Salih et al., 

2000; Dove et al., 2001).  Coral tissues contain high concentrations of pocilloporins 

(green fluorescent protein-like structures), as well as endosymbiotic dinoflagellates or 

zooxanthellae that contain chlorophyll and are capable of producing autofluorescence 

(Dove et al., 1995; Salih et al., 2000; Dove et al., 2001; Ainsworth et al., 2006). 
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Additionally, many coral-associated microbes of interest (particularly pathogens) are 

poorly classified phylogenetically, which makes producing specifically binding FISH 

probes difficult without a particular genetic sequence (Ainsworth et al., 2006). Without 

targeted FISH probes for the bacterium of interest, non-specific probe binding to other 

resident bacteria can occur, distorting the image quality.  

The first application of FISH on coral tissue samples was accomplished by 

Bythell et al. (2002), who attempted to use FISH to investigate the microbial 

communities associated with disease lesions for black-band disease (BBD), white plague 

(WP), and WBD. The results of the study showed dense microbial communities 

associated with necrotic tissues of diseased coral samples using FISH (Bythell et al., 

2002). Difficulties associated with coral autofluorescence and nonspecific probe binding 

confounded the fluorescence of the target bacteria, skewing the pathogen identification 

(Bythell et al., 2002). Despite difficulties, the research showed that the application of 

FISH can be a useful diagnostic tool when assessing coral health (Bythell et al., 2002).  

Wegley et al. (2004) used FISH to examine Archaea associated with coral tissue 

slurries. The study used tissue slurry samples from airbrushed corals to attempt to 

enumerate any coral-associated Archaea (Wegley et al., 2004). Results successfully 

enumerated microbes from the slurry samples; however, nonspecific probe binding, as 

well as autofluorescence from macerated coral fragments, distorted the image quality of 

the FISH (Wegley et al., 2004).  

Further research by Ainsworth et al. (2006) successfully coupled FISH with 

spectral imaging to solve the issue of coral autofluorescence. The study examined coral-
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associated microbial communities with specific probes targeting Proteobacteria (α, β, and 

γ), Cytophaga-flavobacterium, Actinobacteria, and Firmicutes. Spectral imaging of FISH 

images successfully separated wavelengths of coral autofluorescence from those 

produced by FISH, allowing the researchers to correctly identify coral-associated 

microbial communities.  

 

1.7 Goals and Hypotheses 

A better understanding of all the factors that play a role in staghorn coral heath is 

needed to properly protect and restore the species. Research concerning the community 

interactions of staghorn coral and other resident reef species is needed to investigate the 

effect that these interactions may have on overall coral health. Research regarding the 

etiology and transmission of tissue loss diseases in this species is needed to properly 

mitigate disease spread through Caribbean coral reefs. Additionally, the role of RLOs in 

the disease etiology should be further studied before ruled out as a potential pathogen. 

The use of FISH is a novel tool, which could be highly useful in the continuing research 

and future identification of the tissue loss pathogens.  

This study investigated the impacts of damselfish colonization of staghorn coral 

colonies both grossly and microscopically. Field observations and collections coupled 

with histological examination were used to collect data on overall coral health and 

damselfish territorial behaviors. Additionally, the study investigated the threespot 

damselfish as a potential vector of disease transmission for RLOs to occupied coral 

thickets. Light microscopy and fluorescence in situ hybridization were used to investigate 
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both coral samples and damselfish gastrointestinal tracts for the presence of RLOs. The 

following hypotheses were tested: 

H10 Threespot damselfish create and defend algal farms on staghorn coral 

thickets found within their respective territories in the Florida Keys. 

 Objectives  

 Record the presence and extent of habitation of coral thickets 

through the use of field observations and photography. 

 Confirm the extent of damselfish damage using microscopic 

examination. 

 

H20 Damselfish habitation has no effect on the overall health of the resident 

coral thicket that is colonized. 

Objectives 

 Assess coral thicket health with preliminary observations and gross 

photography. 

 Use histological techniques to assess coral health with light 

microscopy. 

 Compare any notable differences in health parameters of corals found 

within damselfish territories. 

 

H30 The gastrointestinal tract of the threespot damselfish does not contain 

suspect RLOs . 
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Objectives 

 Investigate the threespot damselfish gastrointestinal tract histologically 

using both hematoxylin and eosin (H&E) for general staining and 

Giemsa for RLO-targeted staining. 

 Analyze damselfish gastrointestinal tract samples using FISH with a 

Planctomycetales probe to identify RLOs and a general (or other, 

most) bacterial probe to visualize other bacteria. 
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CHAPTER 2 METHODS 

2.1 Collection 

Samples were collected during the summer of 2014 from the Upper Florida Keys 

and the Lower Florida Keys under Florida Keys National Marine Sanctuary (FKNMS) 

Permit FKNMS-2014-101. Samples were collected from restoration-outplanted staghorn 

coral thickets found within the territory of a threespot damselfish. Thickets were initially 

observed and grossly photographed to confirm the presence of the damselfish territory. 

Two 6-cm long branch tips were collected from each damselfish territory. Branch tips 

were clipped using stainless steel cutters and placed in 50-mL sterile plastic centrifuge 

tubes filled with ambient sea water. On surfacing, coral samples were immediately fixed 

in a formaldehyde-based fixative solution (Z-Fix Concentrate, Anatech, Ltd., 1 part 

diluted with 4 parts ambient seawater) and stored for histological processing. Damselfish 

samples were collected from their respective territories using one or a combination of two 

to three methods: small-mesh fish collection nets, homemade fish traps (Figure 7), and a 

spear gun. Individual damselfish collection was site-specific based on FKNMS 

regulations, the availability of methods, ability of the collector, and geography of the 

collection site. After capture, damselfish were placed in sealed plastic containers filled 

with ambient seawater. On surfacing, damselfish samples were euthanized using a scalpel  
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Figure 7. Homemade damselfish trap in use at Mote Site B. 

The trap is seen above adjacent to a coral thicket containing a threespot damselfish. 

The trap is created from a plastic two-liter soda bottle. The uppermost portion of 

the bottle was cut and inverted back into itself to create a funnel shape, and the cap 

portion was removed to create a hole wide enough for the damselfish to swim 

through. Traps were baited with bright colored zip ties to attract attention. Rocks 

were used as weights to keep the trap submerged. 
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with an incision to the head made just above the operculum. Damselfish were then cut 

ventrally using a scalpel with a 1-2 cm deep incision made from the end of the operculum 

to the beginning of the caudal peduncle to open the internal body cavity containing the 

major organs. All specimens were immersed in 10% neutral buffered formalin in large 

glass jars. GPS coordinates of all reef collection sites were recorded and all collected 

coral and damselfish samples were cataloged in a spreadsheet.  

 In addition to the Florida Keys samples, coral samples from threespot damselfish 

territories in A. cervicornis thickets offshore in Broward County, Florida, were collected 

using the same protocols as the Florida Keys samples. Samples collected represented a 

range of damselfish predation and territory development from algal lawns to algal 

chimneys and tissue loss disease. Broward County samples were compared with Florida 

Keys samples to observe differences between damselfish predation and damselfish 

occupation of coral thickets. All Broward County samples were processed in the same 

manner as Florida Keys coral samples, but no damselfish were collected from sample 

sites. 

 

2.2 Histology 

All samples collected were processed and analyzed in the Histology Laboratory at 

George Mason University in Fairfax, Virginia. Collected samples of both damselfish and 

coral were initially logged and given identification numbers to track progression through 

the laboratory processes. Gross photos of samples were taken using a Nikon P7000 using 

macro close-up photography; camera was mounted onto a ring stand and light shields 



32 

 

were used to reduce ambient light wash to produce a representative picture of all samples. 

Gross images served as a visual reference for the anatomy of the samples prior to and 

throughout histological processing. Trim sheets were created from gross images of 

samples to track the trimming of gross samples to appropriate sizes for histological 

processing (2 x 3 cm or smaller). Spreadsheets were created to track the progression of 

processing and data for all samples from the study. 

On completion of photography, damselfish samples were dissected to obtain the 

gastrointestinal tract. Damselfish were cut ventrally, using dissection scissors, extending 

the initial incision to the gill juncture and the end of the caudal peduncle to further open 

the body cavity. The intestine and stomach were carefully separated from other organs 

within the body using a blunt probe. Gastrointestinal tract samples above the stomach 

cavity were not collected due to difficulty of removal. Damselfish gut samples were 

trimmed into 1–3 cm pieces and placed into tissue cassettes. Trimmed gut samples 

consisted of anterior and posterior intestinal tract, as well as stomach. Samples were then 

rinsed in running tap water for at least 30 min to remove any remaining fixative and 

stored in 70% ethanol for further processing. Coral samples were trimmed using a 

Dremel® tool, equipped with a diamond blade, to 1–3 cm pieces and placed into 

megacassettes. All coral samples were washed in running tap water and stored in 70% 

ethanol.  

Any coral sample containing a tissue loss or predation lesion was then enrobed in 

agarose, whereas apparently healthy coral samples were decalcified without enrobing. 

This procedure prevented the loss of sloughing or necrotic tissue and organisms on the 
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skeletal surface through histological processing. Molten agarose was used to trap lose 

pieces of tissue or other organisms on the denuded skeleton in place before embedding 

the samples into paraffin blocks to ensure no tissue was lost. After trimming samples 

with a Dremel® tool using a diamond-coated tile saw blade, samples were rinsed and air 

dried. Dry samples were then placed into molds and surrounded with molten agarose. A 

vacuum oven set at 60 °C was used to pull any air bubbles out of the agarose solution and 

coral skeleton and the samples were allowed to solidify at room temperature. Once 

hardened, samples were trimmed to a 5–6 cm size and placed into megacassettes. 

Samples were placed in a 1-L glass jar filled with 10% ethylenediaminetetraacetic acid 

(EDTA) pH 7 solution and put on a shaker table at 100 rpm for decalcification. On 

completion, decalcified coral samples were trimmed to fit into processing cassettes and 

processed and embedded in Paraplast X-tra®. All histological procedures run for enrobed 

samples were identical to those for non-enrobed samples; however, adjustments in the 

length of time for dehydration, clearing, and infiltration were made appropriate to 

agarose-enrobed coral tissues. Apparently healthy coral samples were decalcified in 

ImmunocalTM (5% formic acid solution) and trimmed to produce both longitudinal and 

cross sections. Trimmed tissues were placed in cassettes and processed using a 

VENTENA Renaissance Tissue Processor® under a coral tissue processing protocol. 

Coral tissues were dehydrated in a graded series of ethanols, cleared using Clear Rite 3®, 

and infiltrated with paraffin. Samples were then embedded into paraffin blocks, sectioned 

into 5-µm sections and mounted onto Superfrost® slides. All slides were stained with 

Harris’s hematoxylin and eosin (H&E) procedure to view the microscopic anatomy and 
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with a Giemsa procedure to visualize the presence of RLOs within tissue samples. 

Damselfish samples were prepared using the same histological methods as apparently 

healthy corals, with the removal of a decalcification step (as no skeleton was present 

within gastrointestinal samples) and with modifications of the processing time for 

dehydration, clearing, and infiltration appropriate for the preparation of fish intestinal 

tissues.  

All slides were read using a Leica DM200 LED®, and photographed using the 

Leica Application Suite© (version 4.5) photography system. Coral slides were given a 

microscopic condition score of severity ranging from 1–5 (good health to poor health), as 

well as an RLO infection score ranging from 1–5 (low infection to high infection) for the 

surface body wall, cnidoglandular bands, and basal body wall lining the gastrovascular 

canals. Damselfish slides were examined for the presence of RLOs or other suspect 

bacteria of interest and given a severity score of 1–5 (low infection to high infection). All 

slide data were recorded in a spreadsheet and compared to other collected samples by 

location and condition. Mean scores for microscopic condition and RLO scores were 

calculated and a two sample t-test was run between each health parameter to determine if 

there were any significant differences between Florida Keys samples and Broward 

County samples.  

 

2.3 Fluorescence In Situ Hybridization 

FISH samples were prepared in tandem with the histological samples to 

specifically investigate for the presence of RLOs and other potential bacterial pathogens 
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within the damselfish gastrointestinal tract samples and a few of the coral samples. All 

FISH samples were processed using the same protocols as basic histological samples to 

produce paraffin blocks ready for sectioning. Variations in processing time and 

decalcification steps were used as described above to optimize tissue processing 

protocols for the type of tissue to be sectioned. FISH protocols were designed to 

eliminate slide bacterial contamination to reduce the appearance of nonspecific probe 

binding.  

 FISH blocks were sectioned using a rotary microtome to 5-µm thick sections. All 

sections were floated onto the surface of a warm DEPC water bath (petri dish filled with 

DEPC water on top of slide warmer set to 45 °C) and mounted on plus-charged slides. 

Once mounted, slides were permitted to air dry and were stored in a bleach-cleaned slide 

box for FISH processing. Slides were then deparaffinized in a series of xylene and 

rehydrated using an ethanol series, ending in a DEPC water bath. Hydrated slides were 

completely dried using a slide warmer and transferred to a hybridization (humidity) 

chamber. All materials were then transferred to a biosafety cabinet for probe addition. 

Creative Bioarray FISH detection kits® were used with a probe concentration of 20 µl. A 

(1:50) mixture of 45 % hybridization buffer and the respective FISH probe was added to 

each slide. Slides were coverslipped and sealed with rubber cement. All slides were 

sealed into the hybridization (humidity) chamber and incubated at 55 °C for at least two 

hours.  

 After hybridization all slides were removed from the humidity chamber and 

placed into a series of two room temperature wash solutions containing saline-sodium 
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citrate buffer (pH 7). Coverslips were removed from slides between the first and second 

wash solutions. Following washing, slides were washed in DEPC water and dehydrated 

using a graded series of ethanols before air drying. Dry slides were coverslipped in a dark 

room using Vectashield with DAPI and sealed with nail polish. Dry sealed slides were 

examined using fluorescence microscopy. Samples were excited using 488nm and 

viewed using a Leica DM2000 LED® at 1000x, 800x and 400x. All images were 

captured using the Leica Application Suite© photography system and stored in sample 

files. All slides were stored at 4 °C or lower to preserve fluorescence capabilities.  

 FISH probes used in this study were EUB-I for most bacteria and EUB-II for 

Planctomycetales The most bacteria probe was marked with a Cy3 fluor with an 

excitation wavelength of 488nm and an emission wavelength of 568 nm for the 

visualization of general bacteria. The Planctomycetales probe was marked with an Alexa 

fluor® 488 fluor with an excitation wavelength of 488 nm and an emission wavelength of 

526 nm for the visualization of suspect RLOs. The specific fluors were chosen to ensure 

that all slides could be excited at the appropriate wavelength and could be distinguished 

via emission wavelength under fluorescence microscopy.  
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CHAPTER 3 RESULTS 

3.1 Coral Health Assessment 

Examination of damselfish-occupied staghorn coral thickets revealed that they 

were, on average, in good to fair health showing a relatively moderate microscopic 

condition and a range of gross conditions from apparently healthy to pale. Gross coral 

condition, was measured as the appearance of the living coral found within a sample 

thicket. Apparently healthy corals were brown-orange in color, with white apical tips, and 

a consistent color throughout the entire thicket. Pale corals were lighter with a tan-orange 

color, with white apical tips, and can present through the entire thicket or in patchy 

localized places. Dead corals lacked any appropriate pigmentation associated with 

staghorn coral and were entirely white (recent mortality) or covered with macroalgae 

(past mortality). Percent apparently healthy was measured as the percentage of the total 

coral thicket that appeared apparently healthy in condition as opposed to portions that 

appeared pale or dead.  

Gross observations of Florida Keys coral thickets showed a gross coral condition 

of apparently healthy for 100% of samples taken. Percent apparently healthy varied from 

100% apparently healthy to 10% apparently healthy. Individual thickets showed a variety 

of past mortality from WBD, RTL, and predator damage. No Florida Keys samples 

showed any evidence of paling. Of the thickets sampled, 25% of them showed signs of 
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recent mortality. Two thickets (from which samples 14-074, 14-075, 14-076, and 14-077 

were taken) showed signs of recent WBD mortality and one thicket (samples 14-068 and 

14-069) showed recent RTL mortality; however, no consistent mortality pattern was seen 

across all damselfish-occupied staghorn colonies. All sample sites lacked corallivorous 

snails and fireworms actively feeding on the coral thickets. One thicket (samples 14-082 

and 14-083) showed past evidence of moderate to light fireworm damage, but no 

fireworms were actively found at the site. Additionally, all damselfish territories lacked 

the presence of any formal algal structure in the form of an algal lawn or as algal 

chimneys. Gross observations of Florida Keys sampling sites are presented in Table 1.  

Microscopic examination of Florida Keys damselfish territory samples showed 

health parameter scores consistent with those based on observations of apparently healthy 

corals.  The microscopic condition scores ranged from 2.0–3.5 with a mean score of 2.8 

(standard deviation 0.4) consistent with gross observations. RLO infection scores for the 

surface body wall, cnidoglandular bands, and gastrovascular canals were moderate for 

each of the three locations within the coral samples. RLO infection was consistently 

greatest in the tentacle and oral disk mucocytes. No RLO-infected mucocytes were 

detected in any samples on the surface body wall associated with the coenenchyme. Light 

to moderate RLO infections were found in the cnidoglandular bands with increasing 

levels of mucocyte hypertrophy in relation to the level of RLO infection. Gastrovascular 

canal basal body wall mucocytes consistently showed a low-level RLO infection, with 

the least variation between samples of all three areas of RLO interest. Surface body wall 

RLO scores ranged from 2.7-3.7 with a mean score of 3.1 (standard deviation 0.2). 
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Table 1: Gross Health Observations of Florida Keys Threespot Damselfish-

Occupied Coral Thickets.  

GH = Gross Health. AH = Apparently healthy. CS = Collection Site. DM = 

Damselfish Maturity. %AH= Percent Apparently Healthy. RM = Recent Mortality. 

PML = Past Mortality Location. B = Base. MB = Mid-Branch. T = Tips. PP = 

Predator Presence. FW = Fireworm damage. DP = Disease Presence. WBD = White 

Band Disease RTL= Rapid Tissue Loss. DFP = Damselfish Presence. *Samples were 

taken in duplicate from each collection thicket, grouped samples were both taken 

from the same coral thicket. 

 

 

 

 

 

Sample

* 
GH CS DM %AH RM PML PP DP DFP 

14-064 

14-065 
AH 

Mote 

Site C 
Adult 95% No B None None None 

14-066 

14-067 
AH 

Mote 

Site B 
Adult 100% No N/A None None None 

14-068 

14-069 
AH 

Molasses 

Reef 
Adult 90% Yes MB None RTL None 

14-070 

14-071 
AH 

Molasses 

Reef 
Juvenile 20% No B None None None 

14-072 

14-073 
AH 

Molasses 

Reef 
Adult 90% No B None None None 

14-074 

14-075 
AH 

Molasses 

Reef 
Adult 50% Yes B & MB None WDB None 

14-076 

14-077 
AH 

Molasses 

Reef 
Adult 80% Yes B & MB None WBD None 

14-078 

14-079 
AH 

Molasses 

Reef 
Juvenile 10% No 

B, MB, 

&T 
None None None 

14-080 

14-081 
AH 

Conch 

Reef 
Adult 100% No N/A None None None 

14-082 

14-083 
AH 

Conch 

Reef 
Juvenile 20% No 

B, MB, 

&T 
FW None None 

14-084 

14-085 
AH 

Pickles 

Reef 
Adult 100% No N/A None None None 

14-086 

14-087 
Dead 

Pickles 

Reef 
Adult 10% No 

B, MB, 

&T 
None None None 
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Cnidoglandular band RLO scores ranged from 2.7–1.5 with an average score of 2.2 

(standard deviation 0.3). Gastrovascular canal RLO scores ranged from 1.3–1.0 with an 

average score of 1.1 (standard deviation 0.1). Table 2 shows the histopathological 

examination results of the Florida Keys coral samples. Figures 8–10, respectively, show 

the three areas of RLO interest for Florida Keys-collected coral samples. Figure 8 shows 

the surface body wall, Figure 9 shows cnidoglandular bands, and Figure 10 shows the 

basal body wall of a gastrovascular canal. 

Broward County samples showed a wider range of gross coral condition by 

thicket compared to Florida Keys samples. 65% of all sampled coral thickets presented as 

pale in gross condition and 35% presented as apparently heathy. All thickets sampled 

showed some degree of tissue loss, associated with damselfish damage (presence of 

lawns or chimneys), RTL, WBD or TLCAP. Damselfish-associated damage (both lawns 

and chimneys) was the most common lesion seen in Broward County samples, 

accounting for 76% of samples taken. The microscopic condition scores for Broward 

County samples showed a range of 2.0–3.5 with an average of 3.0 (standard deviation 

0.4). The slight shift towards reduced health of Broward samples is consistent with the 

gross observations of the coral thickets of selected sample sites. The collection 

parameters: damselfish maturity, percent apparently healthy, sign of recent mortality, past 

mortality location, predator presence, and disease presence were not noted for Broward 

County samples.  

RLO infection scores were similar to Florida Keys samples, with heavy to 

moderate infections in the surface body walls, moderate to light infections in the 
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Table 2. Microscopic Health Observations of Florida Keys Threespot Damselfish-

Occupied Coral Thickets.  

RLO = Rickettsia-like organism. GVC = Gastrovascular canal. AH = Apparently 

healthy. Microscopic condition and RLO infection was scored by severity of 

condition from 1-5, 1 = excellent, 2 = good, 3 = fair, 4 = poor, and 5 = very poor.  

 

Sample 

Number 

Gross 

Condition  

Microscopic 

Condition 

Score 

Surface 

Body Wall 

RLO Score 

Cnidoglandular 

Band RLO 

Score 

GVC 

RLO 

Score 

14-064 AH 2.5 3.7 2.5 1.2 

14-065 AH 2.0 3.5 2.0 1.0 

14-066 AH 2.0 3.3 2.7 1.3 

14-067 AH 2.3 3.3 2.7 1.3 

14-068 AH 3.0 3.0 2.2 1.0 

14-069 AH 2.5 3.1 2.2 1.0 

14-070 AH 2.7 2.8 2.2 1.0 

14-071 AH 3.0 3.2 2.5 1.0 

14-072 AH 3.1 2.8 2.3 1.0 

14-073 AH 2.8 3.1 2.2 1.0 

14-074 AH 2.8 3.0 2.0 1.0 

14-075 AH 3.0 3.0 2.1 1.0 

14-076 AH 3.0 3.0 2.0 1.0 

14-077 AH 3.0 3.0 1.8 1.0 

14-078 AH 3.2 3.0 1.5 1.0 

14-079 AH 3.0 3.0 2.2 1.0 

14-080 AH 3.0 3.0 2.0 1.0 

14-081 AH 3.0 3.0 1.8 1.2 

14-082 AH 3.5 2.7 2.0 1.0 

14-083 AH 3.0 3.0 2.0 1.0 

14-084 AH 2.7 3.0 2.5 1.2 

14-085 AH 3.0 2.8 2.0 1.0 
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Figure 8. Surface body wall of Florida Keys threespot damselfish-occupied coral 

thicket.  

Image included shows a 4x view of coral tentacles and associated mucocytes.  

Mucocytes (M) stain purple (H&E) and blue in Giemsa. Spirocysts (S), stain pink.  

RLOs show as blue-purple in areas with mucocytes. Top stained with Harris’s 

hematoxylin and eosin. Bottom stained with Giemsa.  
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S 

M 
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Figure 9. Cnidoglandular bands of Florida Keys threespot damselfish-occupied 

coral thicket.  

Image shows a 100x view of coral cnidoglandular bands. Mucocytes (M) stain 

purple (H&E) and blue in Giemsa. Spirocysts (S), stain pink.  RLOs show as blue-

purple in areas with mucocytes. Top stained with Harris’s hematoxylin and eosin. 

Bottom stained with Giemsa.  
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Figure 10. Gastrovascular canal of Florida Keys threespot damselfish-occupied 

coral thicket.  

Note gastrovascular canals are lined by basal body wall containing zooxanthellae 

(Z) in gastrodermal cells (G), and calicodermis (C); RLOs infect mucocytes (M) in 

the gastrodermis.  Top stained with Harris’s hematoxylin and eosin. Bottom stained 

with Giemsa.  
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cnidoglandualr bands, and light to minimal infections in the gastrovascular canals. 

Surface body wall RLO scores ranged from 2.5–4.0 with an average score of 3.1 

(standard deviation 0.5). Cnidoglandular band RLO scores ranged from 1.0–2.7 with an 

average score of 2.0 (standard deviation 0.5). Gastrovascular canal RLO scores ranged 

from 0.8–2.0 with an average score of 1.1 (standard deviation 0.3). Table 3 presents the 

Broward County health data.  

 Histological examination offered a novel view of the microscopic structure of 

damselfish algal lawns. Figures 11 and 12 below show the microscopic structure of a 

damselfish algal chimney and algal lawn, respectively. Histoslides of algal lawn samples 

showed that algae was anchored into the coral skeleton at the point of the initial bite 

lesion. The algal growth remains continuous through the coral skeletal spaces 

surrounding the bite lesion, and is lined by calicodermis. Algae were seen penetrating 

into nearby skeletal spaces not associated with the initial bite lesion, and could extend 

across the entire coral colony in some cases. Highly degraded tissue was consistently 

associated with algal growth on coral samples, particularly in the calicodermis.  

Algal lawns were usually diffuse lesions, in variable locations on a colony, with 

distinct edges, smooth to undulating margins, and a variable shape. Algal growth 

continued across the surface of the coral colony and down into the skeletal spaces. 

Calicodermis surrounding algal lawn on coral samples was often highly degraded and had 

multifocal areas of necrosis. Additionally, lawn-associated coral tissues showed increased 

signs of mucocyte hypertrophy in the cnidoglandular bands, as well as localized necrosis 
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Table 3. Broward County Threespot Damselfish-Occupied Coral Thicket Health 

Parameters.  

AH=Apparently Healthy. MC=Microscopic Condition. SBW=Surface Body Wall. 

CB=Cnidoglandular Bands. GVC=Gastrovascular Canal. H=Hypersecretion of 

Skeletal Matrix Proteins. Microscopic condition and RLO infection was scored by 

severity of condition from 1–5, 1 = excellent, 2 = good, 3 = fair, 4 = poor, and 5 = 

very poor. 

 

Sample 

Number 

Gross 

Condition 
MC 

SBW 

Score 

CB 

Score 

GVC 

Score 

Colony 

Damage 

Evidence 

of H? 

14-038A Pale 2.0 3.5 2.0 1.0 Lawn No 

14-038B Pale 3.0 4.0 2.0 1.0 RTL No 

14-039 AH 2.5 2.7 1.3 0.8 WBD No 

14-041 Pale 3.5 3.2 2.5 1.2 WBD Yes 

14-042A AH 3.0 4.0 3.0 1.5 Lawn No 

14-042B Pale 3.5 3.3 2.2 1.0 Lawn No 

14-044A AH 3.4 2.7 1.9 0.9 Chimney Yes 

14-044B Pale 3.1 2.7 2.1 1.1 Chimney Yes 

14-045 AH 3.3 3.7 2.0 1.0 Lawn No 

14-046 AH 3.5 3.2 1.7 1.2 TLCAP No 

14-047 Pale 3.0 2.5 2.7 2.0 Chimney No 

14-048 AH 3.0 3.5 1.0 1.0 Lawn No 

14-049 Pale 3.0 2.7 1.5 1.0 Chimney Yes 

14-050 Pale 2.8 3.2 2.0 1.0 Lawn Yes 

14-051 Pale 3.0 3.0 2.0 1.0 Lawn No 

14-053A Pale 3.0 2.5 1.9 1.1 Chimney Yes 

14-053B Pale 2.9 2.7 2.5 1.5 Chimney Yes 
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Figure 11. Threespot damselfish algal chimney tip. 

 Top stained with Hematoxylin and Eosin, bottom stained with Giemsa. Note algae 

(A) stains with a range of pink to purple on H&E stained slides, and appears blue to 

purple on Giemsa stained slides. Algal growth in chimneys is confined to the tube of 

the chimney. 

 

A 
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Figure 12. Threespot damselfish algal lawn. 

Top stained with Hematoxylin and Eosin, bottom stained with Giemsa. Note algae 

(A) stains with a range of pink to purple on H&E stained slides, and appears blue to 

purple on Giemsa stained slides. Algal growth in lawn samples spreads to nearby 

skeletal spaces. 
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throughout the colony, although these patterns were not consistent across all lawn 

samples. 

Chimney samples were multifocal lesions, in variable locations on a colony, with distinct 

edges, a circular to oblong shape, and an umbonate relief. Chimneys were distinct 

microscopically as the width of the algal growth did not increase, instead the coral colony 

extended the skeleton around the bite lesion and grew upwards. What remained was an 

algal lesion where the living coral colony housed a hollow tube of skeleton around where 

the algae grows from the initial bite. Microscopically, chimney samples were similar to 

lawns, often showing increased hypertrophy cnidoglandular mucocytes, as well as 

intermittent necrosis. Algal growth in chimney samples was typically concentrated within 

the algal chimney showing little signs to spread throughout other skeletal spaces within 

the colony. Calicodermis surrounding algal chimneys appeared to be in healthier 

condition compared to that of calicodermis surrounding lawn patches. Both algal lawn 

and algal chimney samples showed evidence of hypersecretion of skeletal matrix proteins 

in association with the algae-coral interface seen in Figure 13. Overall, with light 

microscopy, the health condition of the staghorn corals sampled in this study appeared to 

be consistent with the gross health condition of the sample rather than the type of algal 

structure associated with that branch fragment. Microscopic health condition for both 

chimney and lawn-associated coral samples was relatively uniform, with a mean 

condition score of 2.9 (standard deviation 0.5) for algal lawns, and 3.1 (standard 

deviation 0.2) for algal chimneys.  
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Figure 13. Damselfish chimney sample showing hypersecretion of skeletal matrix 

proteins (SMP).  

Elongate eosinophilic strands in close association with algal chimney-coral interface 

represent matrix proteins. Algae stained purple and coral tissue stained pink-

purple. Sample above taken from Broward county sample 
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3.2 Damselfish Gastrointestinal Tract Examination 

 The results of the histological examinations of damselfish gastrointestinal lumens 

were the same as previously published observations of known feeding behavior. H&E-

stained gastrointestinal samples were consistent with that of an herbivorous fish species 

in terms of structure and content. Partially digested food material was present in the 

majority of samples consisting of what appeared to be macerated plant and detritus 

material. The complete composition of the undigested food material was unable to be 

determined by histological methods. Giemsa staining did not show the presence of any 

suspect RLO bacteria in all damselfish samples collected. An example of damselfish 

gastrointestinal tract can be seen in Figure 14. 

 

3.3 Fluorescence in situ Hybridization of Coral-Associated RLOs 

FISH showed the presence and location of probe-specific target bacteria in both 

coral samples and damselfish samples. The EUB-I probe for most bacteria revealed the 

presence of bacteria within all samples. General bacteria fluoresced with a red hue and 

location and distribution of bacteria were related to the type and plane of section of the 

specific sample. In coral samples, most bacteria fluoresced strongly in the tentacle 

epidermis mucocytes, as well as cnidoglandular band mucocytes. Areas of the sample 

which contained damaged coral tissue often showed high bacterial fluorescence.  

  



52 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 14. Threespot damselfish gastrointestinal tract and associated partially 

digested food material.  

Image take from sample of lower intestinal tract, top stained with H&E bottom 

stained with Giemsa. 
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Additionally, most bacteria strongly illuminated spirocysts throughout the coral colony. 

Bacterial fluorescence was consistent to what was expected in terms of ideal bacterial 

location within a coral colony. Figure 15 shows a fluorescent image of a coral sample 

hybridized with the EBU-I probe for most bacteria.  

In damselfish samples most bacteria fluoresced throughout the gastrointestinal 

tract. Large amounts of bacteria were associated with partially digested food and the 

walls of the digestive tract. A light consistent dusting of bacteria lined the walls of the 

damselfish gastrointestinal tract uniformly throughout lower and upper intestinal samples. 

Bacterial fluorescence of damselfish samples was consistent with typical gut-associated 

bacterial distributions. Figure 16 shows a damselfish gut slide illuminated with the EUB-I 

probe for most bacteria. Both coral and damselfish slides showed a light background 

level of bacteria illumination all across the slide at a different depth of view than target 

tissue samples.  

The EUB-II Planctomycetales probe showed the presence and location of target 

RLOs or closely related bacteria in tissue samples. Coral slides showed light to minimal 

fluorescence of target bacteria in the surface body walls and in the cnidoglandular bands. 

The observed RLO fluorescence was substantially reduced compared to what was 

expected in terms of previously observed RLO abundance using the Giemsa stain. 

Samples with suspect RLO bacteria showed small isolated pockets of fluorescence 

instead of a widespread distribution. Damselfish samples showed no presence of suspect 

bacteria in any samples collected. Figure 17 shows the presence of suspect RLO bacteria  
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Figure 15. Tissue section of surface body wall hybridized using EUB-I most 

bacteria.  

Note bacteria and spirocysts fluoresce red, zooxanthellae fluoresce yellow, and coral 

tissue appears green. Bacteria are seen in association with tentacle mucocytes and 

fluoresce red. Section taken from Florida Keys coral. 
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Figure 16. Sample of damselfish gut hybridized with EUB-I most bacteria.  

Damselfish gut tissue fluoresces green-yellow whereas bacteria on food particles 

fluoresce red. Image taken from lower intestinal tract. 
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Figure 17. Surface body wall sample hybridized with EUB-II Planctomycetales.  

Suspect RLO bacteria seen in characteristic grape-like cluster infecting mucocytes 

and fluoresces bright green. Coral tissue retains an orange-yellow color with a 

sharper orange color associated with zooxanthellae. 
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in a coral surface body wall sample and Figure 18 shows a damselfish gastrointestinal 

tract illuminated with the Planctomycetales probe, showing no suspect RLO fluorescence. 
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Figure 18. Damselfish gastrointestinal tract hybridized with EUB-II 

Planctomycetales. 

Gut tissue fluoresces yellow-green, and any associated suspect RLOs fluoresce 

bright green if present. No suspect RLOs were seen in any gut samples. Sample 

above taken from anterior intestinal tract. 
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CHAPTER 4 DISCUSSION 

4.1 Coral Health Assessment  

Investigation of the health impacts of threespot damselfish occupation of staghorn 

coral thickets has shown a continuum of damselfish presence and associated damage. 

Field observations revealed that threespot damselfish inhabiting smaller staghorn coral 

thickets will often fail to produce the characteristic algal lawn associated with the species. 

Observations from the Florida Keys field collections showed that restoration-outplanted 

coral thickets lacked any presence of a proper damselfish algal structure. It is probable 

that outplanted coral thickets sampled in this study were too small for it to be 

energetically beneficial for the damselfish to produce an algal structure (Kaufman, 1977; 

Hinds and Ballantine, 1987). The algal grooming required to maintain the characteristic 

farms of this species is a time- and energy-consuming process which likely is only 

beneficial to the individual if the area of potential farming is large enough to supplant the 

energy spent producing the farm. In the absence of adequate farming space the 

damselfish will resort to feeding primarily on other local algae sources and detritus 

(Kaufman, 1977; Hinds and Ballantine, 1987; Cleveland and Montgomery, 2001; Casey 

et al. 2014). Restoration-outplanted coral thickets are often relatively young and 

discontinuous compared to larger natural stands and are likely insufficient for algal 

farming.  
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Samples collected from Broward County were purposefully drawn from natural 

stands, with each sample showing some manifestation of a damselfish algal farm. These 

larger natural stands are the ideal in coral coverage and maturity for the resident 

damselfish to produce a productive algal farm. These data does not support the 

hypothesis “Threespot damselfish will create and defend algal farms on staghorn coral 

thickets found within their respective territories,” and suggests that algal farming is an 

opportunistic behavior only exhibited by individuals when conditions are favorable.   

Further observational research is needed to fully assess the principal cause of damselfish 

farming behavior. Additionally, research is needed to determine whether the farming 

behavior is an innate characteristic, exhibited by the species when conditions are 

favorable, or is a learned trait associated with interspecific interactions.  

Comparison of microscopic conditions showed that damselfish habitation had 

little effect on the overall health of the occupied coral thicket. Florida Keys samples 

showed very little variation in microscopic condition scores between samples with an 

average score of 2.8. Damselfish associated with these collections exhibited casual 

occupation of coral thickets; meaning the thicket sampled was located within the primary 

damselfish territory where the individual lived, fed, and defecated; however, no direct 

modification (predation) of the thicket by the damselfish was present. This suggests that 

damselfish occupation of coral thickets has no effect on the overall health of the coral in 

terms of casual occupation.  

Broward County samples showed full occupation of coral thickets, where the 

resident individual lived in and directly modified the coral thicket to produce an algal 
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farm. Microscopic examination of these samples showed an average health score of 3.0 

with a 0.4 standard deviation. A significant difference (p = 0.04) was found between the 

two sets of samples in their microscopic health scores. It is likely that this was due to the 

direct exploitation of the coral thicket by the damselfish in Broward samples. Broward 

samples consistently presented in reduced condition, especially when taken from a region 

in close proximity to the algal farm. Regions of tissue located further away from the 

damselfish lesion were microscopically healthier than those directly adjacent.  

Microscopic condition of a coral colony was best estimated from the gross 

appearance of the sample. Colonies presenting as grossly pale consistently scored lower 

in microscopic condition compared to colonies that presented as apparently healthy. It 

should be noted, however, that for Broward samples 65% appeared pale in gross 

condition, and 35% appeared apparently healthy, whereas 100% of Florida Keys samples 

were apparently healthy in condition. The difference in gross condition may be attributed 

to the time of sampling for each respective site. Florida Keys corals were gathered during 

July and August, whereas Broward samples were collected in February. It is possible that 

Broward samples appeared in reduced gross condition due to stress brought on by lower 

temperatures. These data suggest that it is damselfish predation (algal farming), not 

occupation, that reduces the overall health condition of the resident coral thicket.  

As the damselfish damages the coral tissue to produce an algal farm, the coral will 

constantly attempt to heal over the newly created lesion to no avail due to constant 

damselfish maintenance and competition of newly growing algae. This healing process is 

energetically costly and can reduce the overall health of the coral colony (Rinkevich, 
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1996; Fong and Lirman, 2008). This process can be seen in Figure 13, which shows an 

example of the coral hypersecreting skeletal matrix proteins in an effort to build skeleton 

over an algal farm lesion. Additionally, lesions created by damselfish leave the coral 

exposed to other opportunistic infections, such as tissue loss disease, which can further 

reduce the health of the coral colony.  

 With regards to the difference between algal chimneys and algal lawns, gross and 

microscopic observations of the two types are inconclusive as to the impact on coral. 

Microscopic examination indicates that coral colonies with algal lawns are in reduced 

condition compared to those with algal chimneys. The continuous nature of the lawn 

lesion as well as the presence of degraded adjacent tissue suggests that the coral is losing 

the fight against the damselfish and is unable to properly heal due to stress or 

overexploitation. Algal chimneys are discontinuous lesions that are elevated above the 

rest of the coral colony due to skeletal extension with healthier adjacent tissues (but still 

reduced condition compared to non-adjacent tissues from elsewhere in the colony), 

suggesting the coral has been able to successfully heal between predation events and is in 

better condition than coral colonies that show algal lawns. Gross observations, however, 

show no consistent pattern between overall colony condition and the presence of 

chimneys or a lawn.  

It is evident that chimneys are the result of a coral colony actively healing 

between predation events, however, overall condition may not be the only factor related 

to the formation of these structures. The size, frequency, and number of damselfish 

actively biting a coral colony may act as confounding factors leading to the formation of 
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a lawn verses a chimney (Kaufman, 1977; Schopmeyer and Lirman, 2015). A healthy 

coral colony that is exposed to a larger, more aggressive damselfish, or increased 

numbers of damselfish may not be able to keep up with the increased amount of bite 

predation and may develop a lawn. Whereas, a colony of reduced health with only minor 

damselfish predation may be able to successfully produce algal chimneys. Further 

research is needed to completely determine the factors contributing to the formation of 

algal lawns verses algal chimneys.    

With regard to the potential tissue loss pathogen RLOs, all samples taken in this 

study showed some presence of RLO infection of mucocytes along the tentacle and oral 

disk epidermis, cnidoglandular bands, and gastrovascular canals. RLO infection scores 

for Florida Keys and Broward County samples were consistent in terms of distribution 

within a coral sample between the two sites. Both Florida Keys and Broward samples 

showed the highest RLO infection in the tentacle and oral disk epidermis, mid-level 

infection of the cnidoglandular bands, and lowest in the gastrovascular canals. High 

infection level of the epidermal mucocytes associated with the oral disk is expected with 

the direct exposure to the water column. RLO abundance decreases in the cnidoglandular 

bands where mucocytes are fewer and is lowest in the gastrodermal mucocytes lining the 

gastrovascular cavities and canals deeper within the coral tissue. These observations are 

consistent with the patterns of RLO abundance found in corals not sampled from 

threespot damselfish colonies (Miller et al., 2014). These data suggest how threespot 

damselfish habitation and predation does not have an effect on the abundance of RLOs 

infecting the occupied coral colony.  
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Gross and microscopic observations of threespot damselfish-occupied corals 

supports the hypothesis “Damselfish habitation has no effect on the overall health of the 

resident coral thicket that is colonized.” Corals sampled from locations of damselfish 

habitation showed little to no change in gross or microscopic health due to damselfish 

presence. However, it should be noted that damselfish habitation should be considered 

distinct from damselfish predation. The results of this study suggest that threespot 

damselfish predation is associated with favorable algal farming conditions, and that all 

damselfish-occupied corals may not experience the same level of predation or biting of 

coral tissue, if any. Additionally, the study suggests that damselfish predation has a 

negative effect on the overall health of the coral thicket due to the direct injury of the 

associated corals, as evidenced by the gross appearance of samples. However, the 

reduction in coral health associated with damselfish predation is negligible when 

compared to large scale coral stressors, such as global climate change, toxicants, 

sedimentation, and ocean acidification. The major concern of damselfish predation 

should be the potential for increased disease prevalence due to the presence of open 

lesions in the coral tissue (Gignoux-Wolfsohn et al., 2012).  

Threespot damselfish are ubiquitous throughout Caribbean coral reefs and are an 

important component of the coral reef ecosystem. It is important for restoration programs 

to understand the complex relationship that exists between an individual damselfish and 

its respective coral thicket. Typically, these restoration organizations have actively 

avoided the presence of, and at times even culled, threespot damselfish when selecting a 

location for planting restored or nursery grown corals. The results of this study suggest 
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that this practice may not be necessary. Although it was found that damselfish predation 

had minor negative effects on the overall health of a coral thicket; these effects are 

negligible compared to the large scale impacts of ocean acidification, climate change, and 

disease. It is unlikely that damselfish predation would be the major factor contributing to 

a thicket collapse. Additionally, in all restoration-outplanted corals sampled, none 

showed any sign of damselfish predation. One of the major goals of restoration managers 

is to grow and restore corals on the reef to a level where they are able to successfully 

reproduce at a rate that sustains the population (Rinkevich, 1995; Kojis et al., 2001). With 

this goal in mind, it would be prudent to ignore the presence of threespot damselfish 

when choosing a planting site focusing on other larger factors that influence coral health 

(e.g., depth, turbidity, substrate) and adjust planting strategies to minimize potential 

damage due to those factors.  

The large-scale decline of acroporid corals is attributed in part to the massive loss 

of herbivores on the reef (Aronson and Precht, 2001; Gardner et al., 2003; Hughes et al., 

2007). Coral planulae need clean substrate to successfully settle onto the live rock of an 

existing reef (Birrell et al., 2005). Herbivores play the important role of removing excess 

algae from the reef substrate and creating room for other species to settle. With the loss 

of the herbivores, the reef algae grows unchecked and creates a situation that favors the 

settlement of ahermatypic corals (Aronson and Precht, 2001; Gardner et al., 2003; 

Hughes et al., 2007). Although the black spiny sea urchin receives the most attention as 

the keystone herbivore for Caribbean coral reefs, herbivorous fish species play an 
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important role in the removal of algae from the reef substrate (Aronson and Precht, 2001; 

Gardner et al., 2003; Hughes et al., 2007).  

Threespot damselfish are important components of the overall reef herbivory, and 

influence the local algal grazing near occupied corals through the selective removal of 

competitive organisms (Williams, 1978; Williams, 1980). The selective removal of 

grazers within a damselfish territory can have cascading detrimental effects if local algal 

growth becomes too great (e.g., reduced light availability, increased sedimentation) 

(Schopmeyer and Lirman, 2015). However, the territoriality of the species causes a 

reduction in the presence of corallivorous predators found within occupied coral thickets 

(Schopmeyer and Lirman, 2015). The complex relationship between threespot damselfish 

and their respective occupied thicket(s) suggests restoration-grown corals should be 

planted in a manner that reduces the detrimental effects of damselfish occupation without 

the removal or selective avoidance of the species. Coral should be planted in an evenly 

dispersed manner to ensure new thickets are not overly crowded on the reef. Spacing of 

corals will deter damselfish from establishing a territory around the new outplants until 

they have grown to a larger, less-vulnerable size (Schopmeyer and Lirman, 2015). 

Additionally, coral should be planted in areas of high relief with minimal existing algal 

growth to reduce the potential algal overgrowth in the event of damselfish colonization. 

Careful planting practices and monitoring of restored corals can reduce the detrimental 

effects of threespot damselfish occupation of corals through the important transitional 

stage of settlement onto the reef (Schopmeyer and Lirman, 2015). 
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4.2 Damselfish Gastrointestinal Tract Examination 

Histological investigation of the threespot damselfish gastrointestinal tract 

showed a digestive tract characteristic of an herbivorous organism. Gastrointestinal 

contents were unable to be identified using histological processing, however contents 

appeared to consist primarily of plant material as expected from the known feeding 

behavior of the species (Kaufman, 1977; Williams, 1980; Hinds and Ballantine, 1987). 

Giemsa staining of the gastrointestinal samples showed no presence of suspect RLOs 

anywhere within the gastrointestinal tract or among undigested food material. These data 

suggest that the threespot damselfish was not a vector of RLOs and had no effect on the 

abundance of RLOs found within a damselfish-occupied coral thicket. This finding was 

consistent with the assessment of RLO infection levels of damselfish-occupied corals and 

damselfish-predated corals.  

FISH examination of damselfish samples with the EUB-I most bacteria probe 

showed extensive bacterial presence in, and associated with, the contents of the 

gastrointestinal tract of the threespot damselfish. FISH using EUB-II Planctomycetales 

did not show the presence of any suspect RLO bacteria within the gastrointestinal tract of 

all damselfish sampled in this study. This finding supports the histological examination 

of damselfish samples and the RLO infection analysis of coral samples, suggesting that 

the threespot damselfish does not serve as a vector of RLOs.  

Further research is needed to completely determine the vector potential of the 

threespot damselfish in relation to tissue loss diseases that may be caused by other 

microorganisms. Analysis of the damselfish gastrointestinal tract revealed a large amount 
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of associated bacteria and it is possible that other coral pathogens may be present. 

Molecular analysis is needed to further investigate the complete assemblage of the 

threespot damselfish gut-associated bacteria. An examination of the oral cavity as well as 

the epidermis (scales) is also needed to investigate for the presence of potential coral 

pathogens. A transmission study using controlled feeding of corals experiencing active 

tissue loss, such as those done with C. abbreviata (Williams and Miller, 2005; Gignoux-

Wolfsohn et al., 2012), is needed to determine if the species has the ability to serve as a 

pathogen vector.  Additionally, the potential of indirect transmission of tissue loss disease 

to a damselfish-lesioned coral is needed to determine if damselfish predation has the 

ability to promote the spread of disease even if not directly acting as a vector.  

 

4.3 Fluorescence in situ Hybridization of Coral Associated RLOs 

FISH examination of coral samples showed inconsistent results with regard to 

histological analysis. EUB-I most bacteria showed extensive fluorescence throughout 

coral samples highly associated with the tentacles, oral disk, and cnidoglandular bands. 

EUB-II Planctomycetales showed the presence of presumptive RLO bacteria within coral 

tentacles, oral disk, and cnidoglandular bands of the mesenterial filaments. However, the 

extent of the RLO presence is inconsistent with the histological findings, which shows 

the presence of suspect RLOs to be quite extensive through epithelia of the tentacles, 

cnidoglandular bands, and gastrovascular cavities and canals. FISH analysis shows 

presumptive RLO presence to be relatively scarce throughout a coral sample and suggests 

that some of the suspect bacteria seen in histological findings may be a different type of 
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bacteria than what was previously thought of that recuts of paraffin blocks samples 

different polyps for FISH.  

However, it should be noted that FISH analysis of coral samples was not the 

primary goal of this study. Only a small number of all coral samples taken were assessed 

using FISH and further research is needed to fully confirm the results of this study. 

Previous studies examining RLO presence have suggested the bacterium to be highly 

abundant through all samples. Bacterial community analysis of corals has suggested that 

the one of the dominant bacterial ribotyes is in the order Rickettsiales (Casas et al., 2004) 

Histological investigations completed in this study and in previous studies have shown 

that the RLO bacterium is highly abundant in mucocytes throughout all samples taken. 

These findings suggest that coral-associated RLO abundance should be substantially 

greater than what was seen and future research should be completed to confirm these 

results. FISH protocols used for this study should be modified in future studies in terms 

of hybridization time and hybridization buffer percentage to determine if the same RLO 

abundance results are produced. Additionally, a larger pool of FISH probes and fluors 

should be used to determine any differences in bacterial binding and visualization. 

Regardless of results, this study shows that the utilization of FISH can be a useful 

diagnostic tool for the assessment of coral diseases, as well as diseases of other 

organisms.  

 



70 

 

4.4 Conclusions 

The results of this study indicate that the colonization of staghorn coral thickets 

by the threespot damselfish has a minimal effect on the overall health of the associated 

corals. Damselfish occupy coral thickets both for habitation and predation. Results of this 

study suggests that predation of coral thickets to form algal farms is the result of an 

opportunistic behavior that only occurs when conditions are favorable for the damselfish 

to successfully cultivate algae in an energetically beneficial manner. Damselfish 

predation of coral thickets showed an overall decrease in general health of the occupied 

corals compared to those that were not predated. Investigation of RLO infection of 

damselfish-occupied coral thickets showed no difference between the RLO abundance of 

damselfish-occupied and damselfish-predated corals. The level of RLO infection of 

tentacle and oral disk epidermis, cnidoglandular bands, and gastrovascular canals was 

consistent with previously reported observations of apparently health corals.  

Investigation of the threespot damselfish gastrointestinal tract showed no presence 

of suspect RLO bacteria. Additionally, histological analysis showed no presence of 

suspect RLO bacteria in any samples from Giemsa staining. FISH analysis was consistent 

with the histological findings and did not show the presence of RLOs in any samples 

processed. Coupled with the average level of RLO infection of damselfish-occupied 

corals, these data suggest that the threespot damselfish does not contain RLO bacteria in 

gastrointestinal tract (from the stomach to anus), and does not have an effect on the RLO 

abundance of occupied corals. 
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FISH of coral samples showed the presence of suspect RLO bacteria in the 

mucocytes of the tentacles, oral disk, and cnidoglandular bands of collected coral 

samples. Suspect bacteria appeared consistent with the histological observations of 

suspect RLO reticulate bodies. FISH –documented abundance of RLO bacteria within 

coral samples was substantially lower than previously expected from histological 

findings. These data suggest that Giemsa-stained bacteria previously referred to as RLOs 

may not be entirely comprised of the RLO bacterium or that other bacteria have similar 

structure. A full FISH analysis of coral samples, as well as continued experimentation 

with FISH protocols and probes derived from the CAR 1 and other bacterial sequences 

obtained by molecular analyses of coral tissues, are needed to support the findings of this 

study. 
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APPENDIX 

Tissue Processor Protocol for Coral Samples (Non-enrobed) 

Reagent Allotted Time Temperature/Pressure 

Ethanol (70%) 15 minutes N/A 

Ethanol (70%) 15 minutes N/A 

Ethanol (80%) 15 minutes N/A 

Ethanol (95%) 15 minutes N/A 

Reagent Alcohol (100%) 15 minutes N/A 

Reagent Alcohol (100%) 15 minutes N/A 

Reagent Alcohol (100%) 15 minutes N/A 

Clear Rite 3® 15 minutes N/A 

Clear Rite 3® 15 minutes N/A 

Clear Rite 3® 30 minutes N/A 

Paraplast® 30 minutes 60°C 

Paraplast Plus® 15 minutes 60°C 

Paraplast Plus® 15 minutes 60°C and 15 mm Hg 
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Tissue Processor Protocol for Coral Samples (Enrobed) 

Reagent Allotted Time Temperature/Pressure 

Ethanol (70%) 15 minutes N/A 

Ethanol (70%) 15 minutes N/A 

Ethanol (80%) 30 minutes N/A 

Ethanol (95%) 45 minutes N/A 

Reagent Alcohol (100%) 30 minutes N/A 

Reagent Alcohol (100%) 45 minutes N/A 

Reagent Alcohol (100%) 45 minutes N/A 

Clear Rite 3® 20 minutes 15 mm Hg 

Clear Rite 3® 45 minutes N/A 

Clear Rite 3® 45 minutes 15 mm Hg 

Paraplast® 30 minutes 60°C 

Paraplast Plus® 45 minutes 60°C 

Paraplast Plus® 45 minutes 60°C and 15 mm Hg 
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Tissue Processor Protocol for Fish Gastrointestinal Tract Samples 

Reagent Allotted Time Temperature/Pressure 

Ethanol (70%) 30 minutes N/A 

Ethanol (70%) 30 minutes N/A 

Ethanol (80%) 15 minutes N/A 

Ethanol (95%) 15 minutes N/A 

Reagent Alcohol (100%) 15 minutes N/A 

Reagent Alcohol (100%) 15 minutes N/A 

Reagent Alcohol (100%) 15 minutes N/A 

Clear Rite 3® 15 minutes N/A 

Clear Rite 3® 15 minutes N/A 

Clear Rite 3® 15 minutes N/A 

Paraplast® 60 minutes 60°C 

Paraplast Plus® 60 minutes 60°C 

Paraplast Plus® 60 minutes 60°C and 15 mm Hg 
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