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Abstract. Mundil SP, Jogee SY, Kaullysing D, Bhagooli R. 2023. Prevalence and thermal photo-physiological responses of Skeletal 
Eroding Band (SEB)-affected Acropora muricata from Mauritius Island. Indo Pac J Ocean Life 7: 48-53. The threat to coral reefs due to 
coral diseases has been on the rise since the late 1990s, and the effects of climate change-driven global warming and coral diseases have 
yet to be thoroughly investigated. This study aimed to investigate the prevalence of Skeletal Eroding Band (SEB), a coral disease 
resulting from the ciliate Halofolliculina corallasia, in Acropora muricata, at two sites, namely Flic en Flac and Belle Mare around 
Mauritius Island and the thermal photo-physiological responses, in terms of effective quantum yield at photosystem II (ФPSII), of SEB-

affected and non-affected A. muricata, measured with a Diving-Pulse Amplitude Modulated (D-PAM) fluorometer. Affected colonies 
were identified using underwater field guides, and their prevalence was estimated using a random swim method. The prevalence of SEB 
was highest at Belle Mare during late summer with a prevalence of 24.44 ± 1.93%. The thermal stress experiment consisting of 6 
aquaria with 3 at 27℃ and 3 at 32℃ was set up with both SEB-affected and non-affected A. muricata for 19 hours. Both SEB-affected 
and non-affected A. muricata were influenced by high temperatures. However, the SEB-affected samples exhibited a higher 
susceptibility to 32℃ treatment as the ФPSII declined to almost zero after 6 hours of exposure. These findings suggest that the region of 
Belle Mare may be potentially at risk if exposed to high temperatures for extended periods and may lose up to 25% or so of its A. 
muricata cover during future thermal severe bleaching events. 
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INTRODUCTION 

Coral reefs are the most biologically diverse ecosystems 

worldwide and host over 25% of all marine organisms 

(Mulhall 2009), while covering <0.1% of the world`s ocean 

(Moberg and Folke 1999). They have high productivity and 

are very important as they provide various services and 

goods such as coastal protection with up to 97% reduction 

in wave energy (Ferrario et al. 2014), food, and tourist 

attractions (Wild et al. 2011). Coral reefs exist in various 

forms, and their estimated income is about USD1 billion 

per year (Costanza et al. 2014). Coral reefs are very 

important assets for Mauritius, accounting for around MUR 
5 billion of the GDP (Mauritius Tourism Revenues 2020). 

Fringing reefs surround Mauritius with dominant species 

such as Acropora muricata (Bhagooli et al. 2019). 

However, coral reefs have been in considerable decline 

since the 1990s and are now considered a threatened 

ecosystem (Coral Reefs 2015) and their loss is estimated to 

account for $500 billion per year by 2100 (Hoegh-

Guldberg et al. 2015). In addition, they are facing several 

threats impacting their health and the goods and services 

they provide. Amongst these threats, climate change 

(Hoegh-Guldberg et al. 2007) is the worst, as the increasing 

temperatures lead to massive bleaching events that result in 
mass coral mortality (Hoegh-Guldberg et al. 2007). Other 

threats include ocean acidification (Erez et al. 2010; Veron 
2011), anthropogenic activities, and a relatively novel 

threat, diseases (Harvell 1999; Peters 2015; Bhagooli et al. 

2017). Mauritian reefs have not been spared and are 

expected to suffer from these threats (Bhagooli and 

Sheppard 2012; Bhagooli and Kaullysing 2019). 

Coral disease is considered a new and emerging threat 

(Peters et al. 1986). The coral disease causes the 

deterioration of vital body functions. Ever since their first 

documentation, the prevalence of diseases has only been on 

the increase worldwide (Harvell 1999; Séré et al. 2015; 

Sweet and Séré 2016). Coral diseases are causing a 
progressive loss in coral tissue, a reduction in reproductive 

capacity, a decrease in the diversity of organisms 

associated with reefs. They also contribute to coral 

mortality and reduced recruitment (Harvell et al. 2007). 

There are now over 40 identified and described coral 

diseases, such as White Plague (WP), White Band (WB), 

Black Band (BB), Skeletal Eroding Band (SEB), and 

Growth Anomalies (GA), affecting over 200 reef-building 

species (Bruckner 2015). Studies carried out in Mauritian 

waters have shown the presence of GA, SEB, brown band, 

WP, and WB (Bhagooli et al. 2017) and white syndrome 

disease in Acropora from Saya de Malha on the Mascarene 
Plateau (Bhagooli et al. 2021). So far, coral diseases have 

only been briefly described, and most coral diseases' 
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etiology remains unknown (Sutherland et al. 2004; Séré et 

al. 2015).  

SEB is a eukaryotic disease caused by a ciliate 

protozoan, namely, Halofolliculina corallasia. SEB affects 

the coral skeleton together with the soft tissues and is 

consequently named Skeletal Eroding Band. SEB was first 

identified in the Indo-Pacific region, including Mauritius, 

in 1998 (Antonius and Lipscomb 2000). A similar disease 

occurring in the Caribbean has also been identified. The 

causative agent was found to be from folliculinid ciliates 
(Halafollunica sp.), and due to its close resemblance in the 

way it affects the coral, it has been termed Caribbean 

Ciliate infection (CCI) (Cróquer et al. 2006). The typical 

physical trait of an infected coral is the black speckled 

spots that remain in the skeleton caused by their black 

lorica that is found in the skeleton itself (Page and Willis 

2007) and algae often take over the denuded skeleton. 

SEB is one of the most infectious diseases with a 

minimum of 82 hard coral species affected (Page and 

Willis 2007). Being extremely virulent and infectious, 

infecting nearby corals in direct and indirect contact 
(Antonius and Lipscomb 2000; Rodríguez et al. 2008), 

SEB is a disease that needs further research, especially on 

its effect on the health of corals and their response to 

external stressors such as high temperatures in the wake of 

a climate change-driven ocean warming phenomenon. 

Hence, this study aimed to assess the prevalence of and 

variations in photo-physiology, an established proactive 

indicator of coral health (Hédouin and Berteaux-Lecellier 

2014), in SEB-affected and non-affected A. muricata to 

determine the effects of SEB on the health of corals when 

subjected to thermal stress. 

MATERIALS AND METHODS 

SEB Prevalence assessment 

SEB field observations were carried out at three stations 

at each of the two study sites, namely Belle Mare and Flic 

en Flac, around Mauritius Island, Flic en Flac is a highly 

touristic site with the reef occurring some 400 m or so from 

the shore while Belle Mare has a long stretch of the beach 

and the reefs occur some 1 km from the shore. Belle Mare 

has some hotels and small-scale agricultural practices along 

its coasts, while Flic en Flac is packed with hotels and 
bungalows along its coast. Additionally, Belle Mare is 

found on the windward side and Flic en Flac on the 

leeward side of Mauritius (Figure 1). 

Corals were identified using the “Field guides to the 

corals of Mauritius” (Pillay et al. 2002) and “Corals of the 

World” (Veron 2000). Using underwater cards for disease 

identification (Weil et al. 2015; Bhagooli et al. 2017) any 

A. muricata colony showing presence of SEB were 

identified. Since this study focused on diseases that have 

been studied only once, prevalence of disease was 

preferred to occurrence (Sutherland et al. 2004) whereby; 
 

Prevalence = (number of diseased coral colonies÷30) x100 

 

The survey consisted of a free swim in a randomly 

selected direction and observing the first 30 colonies of A. 

muricata encountered. In addition, prevalence studies were 

carried out in triplicate in 3 distinct regions of each site, 

namely near the coast, lagoon, and reef, which were 

selected relative to the distance between the coast and the 

reef crest. The same observers carried out these surveys in 

October and November 2019 and January and February 
2020.

 

 
 

 
 
Figure 1. A map of Indian Ocean showing Mauritius (left), B Map of study area (right), Blue. Flic en Flac, Red. Belle Mare 
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Collection of samples and thermal experimental trials 

In January 2020, 6 nubbins, each 3cm in length, from 3 

different colonies of SEB-affected and non-affected corals 

were collected by snorkeling and identifying corals and 

then using pliers, nubbins were cut off and placed in 

ziplock bags. The collected nubbins were transported 

within 2 hours of the collection, under shaded conditions, 

in containers filled with seawater to laboratory facilities for 

thermal experimental trials. 

The collected coral samples were put in aquaria fed 
with a constant air supply at room temperature for 3 hours 

to acclimatize. The coral samples were distributed in six 

aquaria with constant air supply and thermostats set for 

adjusting to the target temperatures. Coral fragments were 

put in the aquaria, and the thermostat was switched on to 

reach the desired temperatures of 27℃ and 32℃ in 3 

aquaria for each temperature and, this marked the initial 

time prior to stress, i.e., marking T0. The corals were then 

continually observed for the 19 hrs duration of the 

experiment. 

Chlorophyll a fluorescence measurement 

A Diving Pulse-Amplitude-Modulated fluorometer (D-

PAM, Waltz) was used to measure each coral fragment's 
effective quantum yield of photosystem II (ΦPSII). A 

saturation pulse (4000 μmol quanta m-2s-1) was applied by 

placing the probe flat to the surface of the coral sample, a 

few cm away from visible SEB lesions, while a probe was 

placed 3cm from the base for healthy corals while noting 

the physical appearance of the corals. The D-PAM sent a 

weak flash of light of <1 μmol quanta m-2s-1 at first and 

determined the fluorescence yield, Ft, and then determined 

the light adapted maximum fluorescence Fm’. The ΦPSⅡ 

was then calculated as follows (Genty et al. 1989):  

 
ΦPSⅡ = (Fm’ - Ft)/ Fm’ 

 

Readings and observations were carried out at initial 

(t=0), after 3 hours (t=3), 6 hours (t=6) and 19 hours 

(t=19). The experiment was set up to minimize all 

fluctuations due to light variation by maintaining shaded 

conditions. 

Statistical analyses  

Normality of all variables was tested using Shapiro-

Wilk test. The response in the ΦPSⅡ of the SEB-affected 

and non-affected A. muricata, when exposed to 27℃ and 

32℃ were compared using two-way ANOVA and Tukey 

HSD test. The SEB disease prevalence throughout summer 

was compared using Wilcoxonn-Mann-Whitney as data 

were non-parametric. All tests were performed in R-studio 

V3.6.2. 

RESULTS AND DISCUSSION 

Prevalence of SEB in Acropora muricata 

SEB was observed with varying prevalence across the 

different stations at both studied sites. Both BM and FEF 

had no recorded prevalence of SEB at the reef stations. 

FEF had lower prevalence of SEB with a maximum 

prevalence of 4.44±1.92%, whereas BM had a maximum 

prevalence of 24.44±1.93% in February 2020 at its lagoon 

stations (Figure 2). An increase of 83.33% in SEB 

prevalence in the lagoon was observed in February 2020 

when compared to October 2019 (13.33±3.33%). Overall, 

the lagoon stations of each studied site had the highest 
average SEB prevalence when compared to the near coast 

and reef stations. 

Photo physiological response to thermal stress  

Significant variations between ΦPSII of corals exposed 

to 27℃ and 32℃ (p < 0.05) were observed as from 3 

hours, with corals exposed to 32℃ showing decrease in 

their ΦPSII. This decrease continued until the corals 

exposed to 32℃ were all bleached. Comparatively, the 

corals exposed to 27℃ had no significant variations (p > 

0.05) in their ΦPSII (Figure 3). SEB affected and non-

affected A. muricata all maintained a relatively similar 
effective quantum yield (ΦPSII) at 27oC throughout the 

whole experiment. Overall, there was no significant 

difference (p> 0.05) in the ΦPSII of any coral exposed to 

27℃ during the 19 hours of exposure (Figure 4). 

 
 

 
 
Figure 2. Mean Skeletal Eroding Band (SEB) prevalence across studied stations, Near-Coast (NC), Lagoon (LA) and Reef (RF) at the 
studied sites, Belle Mare (BM) and Flic en Flac (FEF). Bars represent mean±SD (n=3) 
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Table 1. The observed conditions of samples exposed to temperatures of 27 and 32℃ at 0, 3, 6 and 19 hours 

 

Temperature (oC) Condition 
Exposure Time (hrs) 

0 3 6 19 

27 Healthy Normal Normal Normal Normal 
SEB Normal Normal Normal Normal 

32 Healthy Normal Paled Bleached Dead 

SEB Normal Bleached Dead Dead 

 
 
 

 
 
Figure 3. Effective quantum yield at PSII for healthy and SEB 
affected Acropora muricata when exposed to thermal stress. Bars 
represent mean±SD (n=3) 
 
 

 
 
Figure 4. Relative change to initial in effective quantum yield at 
PSII of healthy and SEB affected Acropora muricata under 
exposure to 32℃. Bars represent mean±SD (n=3) 
 
 

 
 
Figure 5. Relative change to initial in effective quantum yield at 
PSII of healthy and SEB affected Acropora muricata under 

exposure to 27℃. Bars represent mean±SD (n=3) 

At 32℃, there was an overall significant decrease in the 

ФPSII of both SEB-affected and non-affected corals 

compared to their initial, with >99% decrease after 19 

hours (Figures 3 and 5). After 3 hours, a significant 

decrease (p< 0.05) in ΦPSII of the SEB-affected coral was 

recorded with a drop of 48.48±12.65%, while in the non-

affected corals, the value dropped insignificantly (p > 
0.05), i.e., by only 4.49±3.12%. However, the ΦPSII of 

SEB-affected A. muricata fell completely with >99% 

decrease after only 6 hours, while the non-affected coral 

decreased by 66.8%. The SEB-affected and non-affected 

corals following 19 hours of treatment had their ФPSII 

dropping by >99% (Figures 3 and 5). An overall relative 

change of <0.01 was observed for both studied samples 

after 19 hours when exposed to 32℃ (Figure 5). 

Visual observations during thermal stress experiment 

There was no physical change in any samples exposed 

to 27℃ throughout the experiment, with nearly similar 

color even after 19 hours. SEB-affected A. muricata were 
also pale in color compared to non-affected ones. After 6 

hours, partial bleaching and paling occurred in SEB- 

nonaffected A. muricata, while SEB- affected A. muricata 

was completely bleached, accompanied by complete tissue 

detachment from the skeleton, making the samples turn 

whitish and the water in the aquaria murky. After 19 hours, 

the SEB-nonaffected samples suffered from complete 

bleaching accompanied with tissue sloughing. The physical 

state of both samples during the experiment is summarized 

in Table 1. 

Discussion 
Previous studies found a prevalence of 8.9±1.2% of 

SEB at Belle Mare (Bhagooli et al. 2017) while this study 

found the lowest prevalence of 13.33±3.33%. This increase 

in SEB infection may indicate worsening conditions in the 

lagoon of BM. There was a nearly 2-fold significant 

increase (p < 0.05) in SEB prevalence in the lagoon of BM 

from early summer to mid-summer, accompanied by an 

increase in temperature. In this case, a rise of 3℃ from 

October 2019 to February 2020 was noted. Furthermore, a 

general observation of disease outbreaks and high thermal 

anomalies has been noted regardless of the geographic 
location of these anomalies (Howells et al. 2020). This 

observation goes hand in hand with other observations, 

namely at the Great Barrier Reef, where a 2-fold increase 

in SEB was also observed in summer compared to winter 

(Harvell et al. 2007) and a similar observation of a 2-fold 

increase in the Arabian sea (Riegl 2002). A 10% increase 
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in infectivity of ciliates was recorded when the temperature 

was raised from 26℃ to 30℃ in a controlled environment 

(Rodriguez et al. 2009), which could explain the higher 

increase (83.33% in this study) in situ conditions where 

temperatures can rise above 30℃ and is coupled with the 

presence of additional stressors.  

Higher temperatures in mid-summer, combined with 

degraded water quality due to nutrient inputs, caused a 

decrease in defense of the corals and made them more 

prone to disease (Page and Willis 2007). Because of the 
lowered defense, an increase in microbial beta diversity, 

thus resulting in a reduced ability of the coral to regulate its 

microbiome (McDevitt-Irwin et al. 2017; Thurber et al. 

2020). This high number of bacteria is a suitable food 

source for H. corallasia and may cause increased SEB 

prevalence (Antonius and Lipscomb 2000). Another reason 

for this rise in prevalence in the BM lagoon could be due to 

an increase in nautical activities owing to the higher 

number of visitors due to incoming tourists’ arrival from 

December 2019 (Mauritius Tourism Revenues 2020). The 

corals sustain more damage than in early summer with 
increased activities such as snorkeling and glass-bottom 

trips (personal observations). Studies have shown that high 

touristic zones with nautical activities and diving can create 

up to a 3-fold increase in the occurrence of SEB (Lamb et 

al. 2014). This damage sustained to the corals directly 

exposes them to H. corallasia, and it has been shown that 

damaged corals are easily infected by SEB (Page and 

Willis 2007).  

Compared to other coral samples, which only 

underwent paling after 6 hours of exposure to 32℃, SEB-

affected A. muricata bleached completely after only 6 
hours. Even though a clear demarcation between infected 

and non-infected parts exists in SEB-affected A. muricata, 

the ciliate H. corallasia could be stressful to the non-

affected part of the coral. Some internal stress, not visible 

and undetected via photo-physiological responses of 

zooxanthellae, may be present because of H. corallasia. 

This could be because the coral may be using part of its 

energy to defend itself against the progression of the 

disease or other stressors and, in doing so, cannot have a 

fully functional defense against ROS/RNS, produced due to 

higher metabolic activities both in the host and the 

zooxanthellae (Traylor-Knowles and Connelly 2017). The 
communication between the host and zooxanthellae (Baird 

et al. 2009) could also be affected by the disease and hence 

cause a cascading effect of increased ROS/RNS production 

by the zooxanthellae resulting in their release because the 

host may be unable to cope with the oxidative stress and 

damage (Buddemeier and Fautin 1993). 

This study has shown that SEB is a very virulent 

disease and in the presence of favorable conditions, there 

can be as much as a 2-fold increased incidence within only 

4 months. Causes may be a temperature rise but also a high 

level of activities that have the potential to damage corals, 
such as snorkeling. This implies that well-frequented areas 

might see a consequent increase in the prevalence of 

diseases if some of the corals are already infected with 

SEB. It is noteworthy that SEB-affected corals are more 

susceptible than non-affected ones. As demonstrated by 

this study, corals affected by diseases, especially SEB, are 

more likely to bleach during a high-temperature event. This 

implies that BM is severely at risk, with 24.4% of SEB 

infection in its lagoon. In high temperatures, BM may lose 

about 24% of its lagoonal A. muricata in 6 hours, followed 

by higher numbers if the high temperatures persist for 

longer. 

Future studies need to focus on the extent of the spread 

of the disease at more sites around the Island, along with 

other environmental factors such as microbial and nutrient 
levels of the seawater. The spread of SEB can be stopped 

with appropriate measures (Lamb et al. 2014). For 

example, a closure period in areas with intense underwater 

activities can be implemented to prevent the spread of the 

disease, or activities should be distributed in such a way 

that pressure on corals is equally distributed to minimize 

the impacts as much as possible (Page et al. 2009). Coral 

diseases are a serious issue. Coupled with the ever-

increasing global temperatures, it can become one of the 

worst problems for coral reefs and the services they 

provide (Coker et al. 2013). Coral diseases are now 
distributed worldwide and need immediate action from 

marine scientists and conservationists (Morais et al. 2022). 

To prevent further degradation of corals due to coral 

diseases in the foreseeable future, further studies focusing 

on the nomenclature, description, characterization, and 

most importantly methods of transmission (Thurber et al. 

2020) and combined effects with other factors such as 

lowered pH, nutrient input and high temperatures need to 

be carried out to come out with management solutions for 

coral diseases eventually. 
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