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Abstract 
 

The island of Koh Tao in the Gulf of Thailand represents an oasis of corals, making the 

island one of the best diving locations in the world. The fast development on the island along 

with global stressors in the ocean has resulted in the increment of benthic macroalgae, 

especially those of the genera Lobophora, Padina, Sargassum, and Turbinaria. However, the 

exact species composition of these algae has not been well documented, and neither the 

interactions occur between these macroalgae and corals, which is the topic of the present study. 

We surveyed 13 reef sites and observed 12 genera of macroalgae interacting with corals, which 

showed a high dominance of the red algal genus Lobophora (90.6%), whereas most corals 

belonged to the genera Acropora, Platygyra, Porites, and Favites. Likewise, most of these 

corals showed damage while in contact with Lobophora spp., except those of Acropora. Our 

results suggest that the macroalgal species composition around Koh Tao is mainly 

homogenous, and the dominance of Lobophora herein might be the main contributor to the 

incidence of tissue necrosis, discoloration, bleaching, and diseases such as Brown Band 

Disease, Yellow Band Disease, White Syndrome, and thereby coral mortality. Moreover, we 

showed that not everywhere in the island, coral-algal interactions are the same, and thereby we 

reassured the fact that the presence of human activity near to coral reefs, results in high 

nutrients input into the coastal waters, resulting in local stressors for corals. Given the rapid 

shifts occurring in reefs around the world, efforts should be focused on the local stressors that 

are enhancing the algal growth, such as eutrophication and decreased herbivory. As well as on 

determining whether is the presence of macro-algae genera as Lobophora causing coral 

biomass loss or is the loss of coral biomass causing the growing and overgrowing of algae on 

corals.  
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Introduction 
 

1.1. Coral reef disturbance 

In the past decades, coral coverage around the world has decreased such that corals are 

now generally not able to restore themselves without human interference (Young et al. 2012). 

This increase in coral mortality is caused by several local and global stressors that coral reef 

ecosystems have undergone recently, such as ocean acidification, overfishing, sedimentation, 

coastal development, and increases in both water temperature and nutrient levels (Smith et al. 

2016). These stressors have resulted in changes in the ecological dynamics that the different 

species in the reef have with each other; for example, the interactions between corals and algae 

(McManus and Polsenberg 2004). As a consequence of higher numbers of macro-algae 

densities, dramatic coral-algal shifts have been more commonly recorded worldwide 

(McManus and Polsenberg 2004).  

Macroalgae are normally found in epibiosis on coral reefs, yet herbivory and 

oligotrophic conditions maintain their growth in a controlled fashion (Littler and Littler 2013). 

In other words, when there is a decrease in herbivory and an increment in the nutrient levels 

on the reef, competitive interactions between corals and macroalgae occur (Vieira et al. 2016b). 

This is particularly important, because high abundances of macroalgae have shown to reduce 

coral settlement and have a negative effect on the survivorship of recruits of corals, a key 

component in the recovery of reef ecosystems and their ability to adapt to changing climate 

(McCook 1999, Birrell et al. 2005, Vermeij and Sandin 2008).  

In recent years, an increasing abundance of benthic macroalgae of the genera Padina, 

Lobophora, Sargassum, and Turbinaria has been observed in the Gulf of Thailand (Coppejans 

et al. 2010, Prathep et al. 2011), however the dominance of these species and their interactions 

with different corals and other reef species remains largely unknown, and while algal 

overgrowth has been studied (Barott et al 2011), our understanding about how benthic algae 

such as macroalgae interact with corals, is insufficient (Vega Thurber et al 2012). Given the 

current state of the reefs, it is crucial to define the nature of these interactions in order to 

understand the mechanisms behind coral-algal shifts (Eich et al. 2019). 

The island of Koh Tao in the Gulf of Thailand relies heavily on coral reefs for tourism 

and has rapidly become one of the most important diving destinations on the planet since the 

mid-1980s. While increasing abundances of different macroalgae species have been observed 

by local dive operators and conservation organizations, no scientific study has been conducted 
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to examine the distribution of these algae and their effects on the reef health around the island 

(Scott et al. 2017). 

1.2. Coral-algal interactions  

Scleractinian corals are commonly known as reef engineers (Littler and Littler 1994), 

however, macroalgae are also essential for reef construction. They are responsible for primary 

production and play a crucial role in the energy flow, bioaccumulation, and food chains on 

coral reefs (Littler and Littler 2013, Putri et al. 2017). Nevertheless, fleshy macroalgae are 

known to grow fast and benefit from changes in the ecosystem, resulting in the shading and 

overgrowing of coral colonies and coral recruits (Littler and Littler 2013). Furthermore, studies 

have shown that macroalgae may excrete chemical compounds that have toxic effects on corals 

and interfere with coral settlement (McCook 1999, Coppejans et al. 2010). Therefore, they are 

linked to the decrease of healthy coral reefs and to eutrophication of coastal waters (Littler and 

Littler 2013). 

The impact that macroalgae have on the reef, is thus highly dependent on the physical, 

biological, and chemical traits of each type of macroalgae (Jompa and McCook 2003, Smith et 

al. 2006). However, it is critical to understand that algae growth and the competition between 

them and corals play an important role in reef degradation, either as a result of eutrophication 

(bottom-up model) or by the reduction of herbivore consumption (top-down model) (Jompa 

and McCook 2003).  
 

1.3. Herbivory and corallivory 

In a healthy reef, benthic macroalgae and corals coexist and share a competitive 

equilibrium, which is mainly maintained by herbivores (Vieira et al. 2016b). Herbivores 

enhance coral recruitment while grazing on macroalgal communities (Green and Bellwood 

2009). They comprise various groups, and each one of them has a different role in the 

ecosystem. Some of these herbivores are used as indicator species to determine the health of 

the reef (Shertzer and Williams 2008). The major functional groups are small excavators, also 

known as scrapers; large excavators, or bioeroders; grazers, also known as detritivores; and 

browsers (Green and Bellwood 2009). The small excavators are composed of snails, sea 

urchins, and small species of parrotfishes, which are involved in processes such as bio-erosion, 

where they remove algae and sediment while feeding (Green and Bellwood 2009). Large 

excavators include large species of parrotfishes, that feed on dead coral and are crucial elements 

for bio-erosion, however, they also create new places for colonization of coral recruits (Green 
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and Bellwood 2009). Rabbitfishes and small angelfishes constitute the group of grazers that 

usually feeds on algal turfs (Green and Bellwood 2009). Furthermore, browsers, composed of 

batfishes, some parrotfishes, and rabbitfishes, feed exclusively on macroalgal species, which 

play an important role in reversing coral-algal phase shifts in reefs (Green and Bellwood 2009). 

Despite the fact that herbivory is a crucial element for coral-reef communities, 

protecting corals from the negative impacts that algae might impose, some herbivores may also 

damage coral tissue while feeding (Rotjan and Lewis 2006). This not only has repercussions 

on the coral’s fitness and survival, but it may facilitate the settlement of algae caused by the 

loss of coral tissue (Rotjan and Lewis 2008).  

 

1.4. Coral-algal phase shift 

The reduction in the abundance of herbivorous indicator species leads to a reduction of 

grazing (McManus and Polsenberg 2004). This, in combination with an increment of the 

nutrients levels, leads to a phenomenon called “coral-algal phase shift”, which involves the 

reduction of coral cover and the increment of fleshy macroalgae (McManus and Polsenberg 

2004). Therefore, the monitoring of these species is not only crucial to assess the overall health 

of the reef but to prevent coral reef degradation as well (Crosby and Reese 1996). In the past 

decades, it is more common to observe coral-algal shifts around the world, as a result of 

overfishing, changes in the water conditions and the decline of coral cover (McManus and 

Polsenberg 2004). Usually, these shifts lead to changes in the composition of macroalgal 

communities, however, light, water temperature, seasonality, and high nutrient levels have a 

major influence in the presence or absence of certain algae species (McCook 1999). 

 

1.5. Water quality and nutrient input 
Salinity, suspended sediment load, temperature, and light play a crucial role in the 

health and survival of the corals (Kuanui et al. 2015). A balance and consistency among these 

factors are therefore essential for the maintenance of the reef; because anomalies in  these, can 

trigger coral bleaching (Hoeksema 1991), decreasing of photosynthetic efficiency of 

zooxanthella in corals and enhance algal growth (Kuanui et al. 2015).  

The island of Koh Tao is small but economically important (Scott et al. 2017). With 

500,000 visitors per year, its diving industry remains one of the largest worldwide (Wongthong 

and Harvey 2014). However, the tourist industry here is growing at a pace that the reefs cannot 

stand (Scott et al. 2017). Between 1975 and 2005, human activities on the island had increased 

by 42.8% (Weterings 2011), leading to inadequate and unregulated development, which has 
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contributed to the degradation of the reef. The island produces daily ~8 tons of waste, while 

the incinerator of the island only has the capacity for 5 tons per day (Scott et al. 2017). This 

results in the disposal of untreated waste into the sea, which has a major impact on the water 

quality of the reefs (Romeo 2014). Furthermore, every year increments in nutrient levels and 

sediment conditions enhance the growth of algae (McCook 1999), which, as already 

mentioned, results in coral-algal phase shifts. 

 

1.6. Aim of this study 

In this observational study, we focused on the species of macroalgae present around the 

island of Koh Tao and how they interact with corals. We determined the spatial distribution 

and species composition of benthic macroalgae, in order to gain insight into the relationship 

between coral and macroalgae and to determine the degree to which coral reefs have been 

affected. Thirteen dive sites distributed around the island were examined, where we 

investigated not only the relationships among macroalgae, corals, and herbivores on the reef 

but we also determined whether there was a correlation between environmental variables and 

species distributions. 
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Methodology 

 

2.1. Study area 
The fieldwork of this study was conducted between May and July 2018 around the 

island of Koh Tao, in the Western Gulf of Thailand (10.6° N, 99.8° E). The topography of the 

island is composed of a mountainous relief, with an area of 19 km2. The area is surrounded by 

formations of granite rocks and fringing reefs and hosts a high biodiversity and coral coverage 

(Scott et al. 2017). The annual temperatures oscillate between 26 ˚C and 29 ˚C (Wongthong, 

2013). To study the interactions and distribution of macroalgae around Koh Tao, 13 dive sites 

were visited. The sites were chosen based on the location, the frequency of recreational divers 

in the area, and the weather conditions. Figure 1 illustrates the geographic location of the sites 

where the surveys were conducted. Due to the weather conditions during the survey, the west 

and north coasts were not studied.  

 
 
Figure 1. Geographic location of the dive sites studied. The yellow markers around the island indicate the 13 
dive sites where the surveys where performed, and where data were collected. Modified from Hoeksema (2012). 
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2.2. Surveys and sample collection 
At each dive site, a belt transect of 30x1 m2 was employed at 5 and at 10 m depth. This 

method was chosen based on the reef formation around Koh Tao, which is shallow and spread 

along the coast. The quantitative surveys were performed using SCUBA equipment, where 

benthic data were collected making use of photography and video. In total, 1970 photographs 

and 168 videos shots were analyzed from 13 dive sites.  

The interactions between fleshy or calcareous macroalgae and healthy coral and 

damaged coral were recorded during the quantitative surveys. For each detected coral-algal 

contact, the genera of both the coral and alga were documented, as well as the interaction 

between them. Three variables were recorded: 1) Interactions that involved macroalgae with 

corals suffering tissue necrosis, disease, discoloration or suffering from bleaching were 

regarded as “damaged coral”; 2) Corals without any signs of damage were regarded as “healthy 

coral”; and 3) Macroalgae growing on skeletons or remains of dead coral, named “Dead Coral”. 

The contact between macroalgae and dead coral was recorded in order to understand whether 

the growth of macroalgae is causing shifts in the composition of the reef or it is the result. The 

coral and macroalgae cover were measured in situ by taking a photograph of the interaction 

along each transect, which then was analyzed to identify the coral and the macro-algae species. 

From each new algal species recorded, a sample was collected in 50-ml Falcon tubes for 

taxonomic identification. After collection, each sample was dried and compressed with a press 

for further description and identification. 

 

2.3. Herbivory survey 
The herbivorous fish community and nutrients levels in the water were measured as 

explanatory variables. During the survey, videos of the entire transect were recorded to assess 

the indicator herbivorous fish composition of the different sites. The surveys were conducted 

at a constant speed, taking ~10 min to cover each transect. Snails and sea urchins were not 

recorded due to the lack of time during each dive, however, it may be a key element for further 

research.  

 

2.4. Water quality  
To assess the water quality of the reef, the INNOCEANA’s Water Quality Element Kit 

was used. A water sample was collected at each site to measure later in the lab, salinity, pH, 

nitrates, phosphates, and dissolved oxygen. At the moment of the sample collection, the name 

of the dive site, date, depth, water temperature, time, and the description of the area were noted. 
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The samples were collected around 12:00 pm, to avoid temperature fluctuations along the day. 

The water temperature of each dive site was recorded using the Suunto d4i novo dive computer. 

 

2.4.1. Salinity and pH 
To measure the pH and the salinity of the water, the pH-meter (pH Tester model PH60, 

Apera Instruments) and salinity meter (Salt meter model AZ8371, AZ Instruments) were used. 

The pH-meter and then the salinity meter were immersed in the sample tube, making sure there 

was no bubble formation and the meter was completely covered with the sample. The results 

were noted for further analysis. 

 

2.4.2. Nitrates 
To assess the nitrate levels in the water at the different locations on the island, the Tetra 

NO3 test set (Model tet-0046579, Tetra Germany) was used. A 15-ml vial was rinsed with 

0.25% volume of the sample. Ca. 5 ml of the sample was added to the vial followed by 14 

drops of reagent 1, the vial was closed and gently shaken. After shaking, 7 drops of reagent 2 

were added to the vial and shaken again. 1 spoon of the Tetra NO3 powder was added to the 

vial, closed and stirred vigorously for 20 sec. Finally, 7 drops of reagent 3 were added. After 

10 min, the sample was compared to the color chart and the results were noted for further 

analysis.  

 

2.4.3. Phosphates 
To assess the phosphate levels in the water at the different locations on the island, the 

Salifert Phosphate test set (Model Salifer-popt, Salifert the Netherlands) was used. A 15-ml 

vial was rinsed with 0.25% volume of the sample. 10 ml of the sample was added to the vial 

followed by 4 drops of reagent 1, the vial was closed and gently shaken for 10 sec. After 

shaking, 1 spoon of reagent 2 was added to the vial, closed and stirred for 30 sec. Finally, the 

sample was compared to the color chart and the results were noted for further analysis. 

 

2.4.4. Dissolved Oxygen 
To assess the dissolved oxygen levels in the water at the different locations on the 

island, the Tetra O2 test set (Model tet-070991, Tetra Germany) was used. A 15-ml vial was 

rinsed with 0.25% volume of the sample. 15 ml of the sample was added to the vial followed 

by 5 drops of reagent 1 and 5 drops of reagent 2, the vial was closed immediately and turned 

upside down and back once. After 30 sec., 5 drops of reagent 3 were added to the vial, closing 
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it immediately. The vial was turned upside down and back twice, to allow the deposit to 

dissolve. After the deposit was dissolved, the solution was compared to the color chart and the 

results were noted for further analysis.  

 

2.5. Species accumulation curve and biodiversity estimators 
A species accumulation curve of the macroalgal species around the island was plotted, 

which gives an indication of how effective the sampling was. The number of transects (n=42) 

was used as sample unit, and they were plotted against the number of genera found (n=12). 

Moreover, the abundance-based coverage estimator (ACE) and Chao1 were calculated (Gotelli 

and Colwell 2011). The first one is calculated in order to reduce the bias that undersampling 

could originate; while Chao2 is an estimator based on the incidence (Gotelli and Colwell 2011). 

The Shannon and Menhinick’s Indices were calculated as well. Shannon index 

measures the species diversity of an area (Gotelli and Colwell 2011). It takes into account not 

only the number of genera present in the survey but also the uniformity of the survey, while 

Menhinick’s index represents the number of species or genera species recorded in a survey 

(Gotelli and Colwell 2011). 

The indices mentioned above were calculated applying the following equation using 

the EstimateS 9.1.0 software (Colwell 2013): 

 

Shannon index (s):  

 

Menhinick’s index:  

 

In order to calculate the Menhinick’s index of each site, each survey employed was 

considered as a sample, where s represents the number of different genera recorded during each 

survey, and N equals the total amount of individual macroalgae organisms recorded on the 

survey. Due to the low percentage of the abundance of the rest of the macroalgal species around 

the island, only Lobophora sp. was taken into consideration for further analysis. 

 

2.6. Statistical analysis  
In order to determine whether or not there was a significant difference in the abundance 

of Lobophora sp. in the different sites, a One-way ANOVA test was performed. Another One-
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way ANOVA test followed up with the post hoc test Tukey HSD was performed to establish if 

there was a significant difference in the kind of interactions of and Lobophora sp. with corals 

between the sites surveyed. 

Additionally, a Student T-test was performed to compare the differences between the 

relative abundance of Lobophora sp. at 5 m and at 10 m. As well to compare the different 

interactions between Lobophora sp. at one site. All the statistical analyses mentioned were done 

using IBM SPSS Statistical 25.  
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Results 
 

3.1. Macroalgal species composition and distribution 

In the Gulf of Thailand, five groups of macroalgae have been distinguished: 

Chlorophyta (Figure 2), Phaeophyta (Figure 3), Rhodophyta, Charophyta, and Tracheophyta. 

However, the exact macroalgal species composition in Koh Tao has been highly understudied.  

 
Figure 2. Chlorophyta. Examples of green algae in Koh Tao. A) Halimeda sp., B) Parvocaulis sp. (left), 

Rhipidosiphon sp. (right). 

 

Figure 3. Phaeophyta. Example of brown algae in Koh Tao. A) Padina sp. interacting with the coral Pocillopora 
sp., B) Sargassum sp. interacting with a recruit of the coral Diploria sp., C) Lobophora sp. interacting with the 
coral Fungia fungites, D) Turbinaria sp. 
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Figure 4. Species composition of macroalgae around Koh Tao, Thailand. Proportions of the macroalgal species 
found interacting with corals around Koh Tao. 

The surveys around the island revealed 12 different genera of macroalgae that had 

somehow interaction with corals (Figure 4). However, two genera -Rhodophyta and 

Turbinaria- were not plotted due to their low incidence (0.04%). The macroalgal species 

composition was mainly homogenous, predominantly consisting of the genus Lobophora 

(Figure 4). The low species diversity index (Shannon index) of all macroalgae genera around 

the island confirms this, showing only 0.48 (Table 1). The dominance of Lobophora sp. 

(90.6%) was observed in every site surveyed (Figure 5). Padina sp. was primarily found at 

Tanote, and Amphiroa sp. showed a high incidence rate (2.5%) at Taa Chaa, where Amphiroa 

sp. was observed interacting with corals, beside Lobophora sp. Tanote and Taa Chaa showed 

the highest species diversity (Shannon index) of macroalgae, 0.80 and 1.42 respectively (Table 

2). 
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Table 1. Macroalgal species diversity. The species diversity of the entire island was measured calculating the 
Shannon Index, for which the relative abundance of each species was taken into account. Typical values are 
between 1.5 and 3.5 (Gotelli and Colwell 2011). 

Species 
No. of 
individuals 

Relative Abundance 
(pi) 

Shannon 
Index 

Lobophora sp. 2195 0.91 0.09 
Caulerpa sp. 23 0.01 0.04 
Amphiroa sp. 61 0.02 0.09 
Rhipidosiphon sp. 39 0.02 0.07 
Padina sp. 69 0.03 0.10 
Gelidium sp. 7 0.00 0.02 
Dictyota sp. 7 0.00 0.02 
Sargassum sp. 6 0.00 0.01 
Turbinaria sp. 1 0.00 0.00 
Laurencia sp. 10 0.00 0.02 
Peyssonnelia sp. 5 0.00 0.01 
Rhodophyta sp. 1 0.00 0.00 
12 2424 1 0.48 

 

Interestingly, at Tao Thong, Caulerpa sp. was found in higher incidence levels than 

Lobophora sp., however, due to the weather conditions, it was not possible to perform more 

than two surveys in this area. Six out of the thirteen dive sites monitored, showed a larger 

species composition of macroalgae, however, in twelve sites Lobophora sp. was highly 

dominant (Figure 5).  

 
Figure 5. Spatial distribution. The different bars show the total area (m2) covered by the different macroalgal 
species. 
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The site with the highest cover of macroalgae was Hin Fai, where Lobophora sp. 

covered 2.6 m2 (Figure 5). Whereas Chalok was the smallest area covered by macroalgae, 

showing a total area of 0.05 m2. However, due to the weather conditions, it was not possible 

to perform more than one survey in this area, which could explain the lack of data. 

 
Table 2. Macroalgal species diversity and richness. The species diversity is measured by the Shannon Index, 
while the number of species detected in a survey is represented by the Menhinick’s Index. 

Site Macroalgal Species 
Diversity Index 

Macroalgal Species 
Richness Index  

Japanese Garden 0.00 0.09 
Hin Fai 0.00 0.11 

King Kong Rock 0.00 0.06 
Gul Juebay 0.00 0.16 
Aow Mao 0.00 0.08 

Laem Thian 0.02 0.12 
Lighthouse 0.04 0.12 
Aow Leuk 0.27 0.28 
Hin Wong 0.37 0.32 

Chalok 0.64 0.82 
Tao Thong 0.69 0.71 

Tanote 0.79 0.31 
Taa Chaa 1.42 0.47 

 

 

Figure 6. Accumulation curve of macroalgal species around Koh Tao. Transect-based rarefaction curve; the blue 
curve indicates the S-mean estimator of expected richness, while the green curves indicate the upper and lower 

95% confidence intervals.  

To assess the sampling efficiency, an accumulation curve for the species of macroalgae 

recorded was made (Figure 6). This curve did not show a pronounced asymptote. Therefore, 
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the species richness estimators Chao1 and the Abundance-based Coverage Estimator (ACE) 

were calculated (Table 3), which suggest that the expected species richness is 13.0 species with 

a 95% confidence interval of 12.1 and 26.1. 

 
Table 3. Chao1 and ACE estimator with standard deviation (SD) (Sobs= 12) and 95% confidence interval. 

 

  

 

 

3.2. Coral-specific interactions 

 
Figure 7. Coral specific interactions. The staked bars show the total area (m2) covered by the interactions of the 
macroalgae Lobophora sp. with dead coral, damaged coral, and healthy coral, at the different sites surveyed.  

 
King Kong Rock showed the largest area of algal-coral interactions, where Lobophora 

sp. interacts with healthy coral in 1.21 m2 (mean 0.45, SD ± 0.39), while Chalok showed only 

0.03 m2 (mean 0.45, SD ± 0.39) (Figure 7). 

At King Kong Rock, 1.29 m2 (mean 0.77, SD ± 0.43) constitute the largest area where 

Lobophora sp. is competitively interacting with damaged coral -bleached, discolored, tissue 

necrosis-, while Chalok (0.02 m2 (mean 0.77, SD ± 0.43)) represented the site with the smallest 

area of Lobophora sp. competitive interacting with damaged coral. Hin Fai showed the largest 

Estimator Mean± SD 95% Lower Bound 95% Upper Bound 

Chao1 
ACE 

13.0 ± 2.3 
12.9 ± 0.0 

12.1 26.1 
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area covered by Lobophora sp. growing on top of dead coral, which compromised 1.73 m2 

(mean 0.61, SD ± 0.48) while the smallest area corresponded to 0.03 m2 (mean 0.61, SD ± 0.48) 

in Tao Thong. On the east coast of the island, macroalgae were actively interacting with healthy 

and damaged corals, while on the north-west side of the island, the interactions of macroalgal 

species recorded were mainly on dead corals (Figure 7, 8).  

In order to examine if the site or the depth would have an effect on the Lobophora sp. 

abundance, a One-way ANOVA test was performed. It was determined that the site would 

statistically have an effect on the Lobophora sp. (p= 0.014, df=2), however, the depth would 

not have a significant effect on the algae abundance (p= 0.273, df= 2). Moreover, to assess the 

differences between the sites and the kind of interaction between corals and algae, a Kruskal-

Wallis test was conducted. This test shows that there are statistically significant differences 

between the sites and the group of healthy corals interacting with Lobophora sp.: healthy coral 

and Lobophora sp. (p= 0.028, df= 12), damaged coral and Lobophora sp. (p= 0.005, df= 12), 

dead coral and Lobophora sp. (p=0.008, df= 12). 
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Figure 8. Maps indicating cover (m2) of algal-coral specific interactions involving three categories of coral. A) 
Healthy coral B) Dead coral, and C) Damaged coral.  
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Figure 9. Variation in the coverage (m2) of Lobophora sp. at two different depths. 

 

To assess the differences in abundance of Lobophora sp. between two depths at the 

different sites (n=13), the coverage in m2 and the SD were calculated (Figure 9). The maximum 

coverage of Lobophora sp. at 5 m was 2.3 m2 ± 1.0 m2 at Japanese Garden, while the minimum 

was 0.0 m2 ± 1.0 m2 at Hin Fai, where no Lobophora sp. was recorded. At 10 m, the total 

coverage was overall higher than at 5 m. The maximum was found at King Kong Rock, where 

the coverage was 3.2 m2 ± 1.1 m2, and the minimum was recorded at Chalok and Tao Thong, 

where no Lobophora sp. was recorded, and therefore the coverage was in both places 0 m2 ± 

1.1 m2. The different depths were statistically compared through a Student T-test (t(40)=1.354, 

p=0.725), which concludes that there is statistically no significant difference between the two 

depths. 
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Figure 10. Coral genera most affected by Lobophora sp. in Koh Tao. The inner circle mentions the 13 different 
sites surveyed, while the outer circle indicates the various coral genera that were recorded to be interacting with 

Lobophora sp., either as damaged or healthy coral colonies. The differences in size per section reflects the 
number of coral genera recorded per site. Only the names of the most frequently affected genera were plotted in 
the chart.  
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Corals of genera most frequently recorded interacting with Lobophora sp. were Porites 

sp., Platygyra sp., and Favites sp. These genera were recorded interacting with Lobophora sp. 

in 7, 6 and 4 out of 13 sites, respectively (Figure 10). Note that the sites Tao Thong and Chalok 

are not visible in Figure 10, due to the low incidence of coral-macroalgae interactions.  

 

 
Figure 11. Interactions between Lobophora sp. and corals at King Kong Rock. On the X-axis, the different coral 
genera are shown, and on the Y-axis the number of interactions is plotted. 

As the most interactions of Lobophora sp. with healthy and damaged coral were 

recorded at King Kong Rock, while Hin Fai showed the highest number of incidences of 

Lobophora sp. growing on dead coral. Therefore, an assessment was performed which coral 

genera were the most affected. 

At King Kong Rock, Lobophora sp. was documented interacting with Platygyra sp. the 

most, both healthy and damaged. Porites sp., Diploastrea sp, and Favites sp. showed often 

discoloration, disease or bleaching, while interacting with Lobophora sp. Furthermore, 

Lobophyllia sp. and soft corals were recorded interacting with Lobophora sp. as well, but 

usually without any sign of discoloration, disease or bleaching (Figure 11). 

At Hin Fai, the highest incidence of Lobophora sp. was recorded growing on dead coral, 

however, it was recorded interacting with damaged Porites sp. and healthy Acropora sp. as 

well (fFigure 12). Interestingly, healthy Lobophyllia sp. -without any sign of discoloration, 

disease or bleaching- was documented once again interacting with Lobophora sp. (Figure 12), 
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this suggests that corals of the genus Lobophyllia could be resistant to the negative impact by 

macroalgae. 

 

A Mann- Whitney test was conducted in order to determine whether or not there would 

be an association between the kind of interaction and the coral genera affected, in both sites, 

King Kong Rock and Hin Fai. This test shows that there is statistically no significant 

association between the interaction and the coral genera affected (p= 0.157). 

 

3.3. Herbivorous fish species around Koh Tao 

In six indicative species of herbivorous fish were recorded around the island, however, the 

density and abundance varied per site: Scarus psittacus (parrotfish), Siganids spp. (rabbitfish), 

Chaetodontidae spp. (butterflyfish), Heniochus acuminatus (Longfin bannerfish), 

Paracanthurus hepatus (surgeonfish), Psenopsis anomala (rudderfish). 

Aow Leuk showed the highest mean abundance of herbivores, followed by Gul 

Jueabay, and Tao Thong (Figure 13). The species most recorded at these sites were parrotfish 

and rabbitfish followed by rabbitfish. Interestingly, only rudderfish was recorded at Hin Fai, 

however, the lack of transects employed at this site could explain the low diversity assessment 

of herbivorous. A One-way ANOVA was conducted in order to determine whether or not there 

Figure 12. Interactions between Lobophora sp. and corals at Hin Fai. On the X-axis, the different coral genera 

are shown, and on the Y-axis the number of interactions is plotted. 
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was a significant difference between the sites and the mean abundance of herbivores. This test 

showed that there were no statistically significant differences between group means 

(f(23)=1.632, p=0.071). 

 
Figure 13. Herbivorous fish. The mean of the abundance of six different genera in each site is plotted. On the X-
axis, the different sites are shown, and on the Y-axis the mean abundance is plotted. 

 

3.4. Water Quality Assessment 

The highest temperature of the water was recorded at Hin Fai, where the water temperature 

was 32 ˚C, the lowest temperature was at King Kong Rock, where there was an average of 28 

˚C (Table 4). Moreover, the lowest pH and salinity were recorded at Chalok, with a water pH 

of 8.0 and 31 psu of salinity. Chalok is a bay situated in the south of the island. It is home to 

several hotels and restaurants, which might be the reason for the high levels of PO4 and NO3 

(Table 4).  Interestingly, Japanese Garden showed the lowest dO2 but the highest NO3 levels, 

3.8 and 0.4 respectively. Japanese Garden is located on the west coast of the island. It is a 

shallow reef, well known for snorkel and diving activities, but most importantly, it is situated 

in front of a touristic resort, which might explain the high NO3 levels. 
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Table 4.  Characteristics of the sites surveyed. The temperature (˚C), pH, salinity (psu), dissolved oxygen (dO2) 
(ppm), phosphates (PO4) (ppm), and nitrates (NO3) (ppm), and the level of exposure of waves.  

 

 

 

 

 

 

 

 

 

 

 

Site Temperature 

(˚C) 

pH Salinity 

(psu) 

O2 

(ppm) 

PO4 

(ppm) 

NO3 

(ppm) 

Level of 

exposure  

Aow Leuk 29 8.1 31 4.8 4.8 0.2 Low 

Tao Thong 32 8.1 31 4.0 4.5 0.0 High 

Taa Chaa 29 8.2 32 3.9 4.3 0.0 Medium 

Japanese Garden 30 8.2 32 3.8 3.1 0.4 Medium 

Chalok 29 8.0 31 4.4 6.7 0.3 High 

Hin Fai 32 8.2 32 5.0 6.0 0.0 Medium 

Lighthouse 30 8.2 32 5.0 5.0 0.0 Low 

King Kong Rock 28 8.1 33 5.0 3.0 0.0 Medium 

Tanote 29 8.2 32 5.0 6.0 0.0 Medium 

Gul Juebay 30 8.0 32 5.0 0.0 0.0 High 

Laem Thian 28 8.1 32 5.0 4.5 0.0 Low 

Hin Wong 30 8.2 32 4.5 5.0 0.00 Low 

Aow Mao 29 8.2 32 5.0 10.0 0.00 Low 
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Discussion and conclusion 
 

The results of the present study show that the species composition of macroalgae around Koh 

Tao differs from the rest of the islands of the Gulf of Thailand (Mayakun and Prathep 2005, 

Prathep et al 2011). It was observed that, on the east coast of the island, there is a higher 

abundance of macroalgae interacting with healthy and damaged corals, while on the north-west 

side of Koh Tao, the coral where macroalgae were recorded growing on, was mainly dead 

(Figure 8). Interestingly, Hin Fai and Japanese Garden were the sites showing the highest 

degrees of coral mortality and the only species of macroalgae found at those sites was 

Lobophora sp., which suggest that the abundance of Lobophora sp. might have an impact on 

coral mortality. 

Given the fact that Lobophora sp. has shown to be particularly able to take advantage 

of local and environmental stressors to colonize, as well as to be able to damage most coral 

genera by for example causing shifts in coral mucus communities, the study focused on this 

genus (Morrow et al 2017). Additionally, since there was much homogeneity in the species 

composition of algae, but variation in the interactions among sites, the study focused on how 

Lobophora sp. was interacting with the corals, and whether or not there was a relationship 

between depth and Lobophora sp. abundance. The results showed that the largest area of 

healthy and damaged coral interacting with Lobophora sp. was at the site King Kong Rock. 

Moreover, they show that there is a tendency of higher abundances of Lobophora sp. at 10 m 

than at 5 m depth, however, a Student T-test rejected this (t(40)= 1.354, p= 0.725). The variance 

between both depths might be the result of the wave action at lower depths, and the wave 

exposure at some locations. For example, Lighthouse has a low wave exposure (Table 4) and 

has a high cover of Lobophora sp. at 5 m depth.  

Since King Kong Rock showed the most interactions of Lobophora sp. with healthy 

and damaged coral, an inventory of the affected coral fauna affected was performed. The results 

show that Platygyra sp., Porites sp., and Favites sp. are the genera that are more affected by 

Lobophora sp. Moreover, there was a high level of the white syndrome and bleaching among 

the interactions recorded, especially with Favites sp., where there were more damaged colonies 

next to Lobophora sp. than healthy colonies. This suggests that this macroalga could be causing 

white syndrome, bleaching, and overall stress (Nugues et al 2004). Interestingly, soft coral did 

not show any sign of bleaching when interacting with Lobophora sp. 

At Hin Fai, the most affected coral genus was Porites as well, which when documented 

interacting with Lobophora sp., the colonies were more often damaged with tissue necrosis and 
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discoloration. Interestingly, Acropora sp. was the genus with the healthiest colonies recorded, 

while interacting with Lobophora sp. Which is controversial, because studies (Rasher and Hay 

2014, Vieira et al. 2016) have shown that Acropora spp. and other branching corals are more 

likely to be affected by contact with Lobophora species than Porites spp. A possible 

explanation for this discrepancy might be the fact that Acropora branches are much longer, and 

the interaction was mainly at their base. This might be also the case of Lobophyllia spp., whose 

colonies did not show apparent damage.  Moreover, small and large colonies might be stronger 

while competing with algae than medium-sized colonies, and the reason lays in the fact that 

large colonies can ‘escape in height’ to avoid contact with algae (Barott et al. 2012). Likewise, 

juveniles and small-sized colonies are able to save their energy because they do not need to 

invest it in reproduction, while medium-sized colonies do need to invest energy in reproduction 

(Barott et al. 2012, Swierts and Vermeij 2016). Another factor that could play a crucial role is 

the wave action and wave exposure at this site, which is higher than at places such as Hin 

Wong, where more damaged Acropora colonies were seen. This supports the conclusions by 

Jonsson et al (2006), who suggested that wave exposure maintains algae growth controlled and 

reduces reproduction and spreading out. Further research should be performed, to determine if 

this could be an essential role in the spreading of macroalgae along coral reefs.   

Reduction of herbivory has also shown to have highly negative impacts on coral reefs, 

such as a fast increment of benthic algae and therefore overgrow of macroalgae species on 

corals, causing discoloration, damage, and spreading pathogens (Mcclanahan 1994, Rasher and 

Hay 2014, Vieira et al. 2016). On account of the fact that herbivorous fish are usually superior 

and better competitors than invertebrates (Dumas et al. 2007, Mcclanahan 1994) only herbivory 

by fish was taken into account for this study, however sea urchins and snails might be a crucial 

element for further research, since recent studies have suggested that invertebrate recovery may 

be associated with coral recruitment, and thus herbivory by invertebrates as sea urchins may 

be a key in the recovery of the reef (Davies et al. 2013). A study conducted by Edmunds and 

Carpenter (2001) showed that an increment in the sea urchin population of Caribbean reefs had 

led to a reduction in macroalgae cover as well as an increment in juvenile corals densities; 

which is of utmost importance nowadays, particularly with the reduced herbivorous fish 

abundance. Although invertebrates may play an important role in the maintenance of the coral-

algal interactions on the current state of the reefs, macroalgal biomass seems to be mainly 

regulated by herbivorous fish (Mcclanahan 1994). 

The present results support this aspect, showing that while the most interactions of coral 

with Lobophora spp. were at King Kong Rock, herbivory was not considerably high here. On 

the other hand, at Tao Thong and Gul Juebay, the number of interactions of coral with 
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macroalgae was very low; however, the herbivory here was considerably high, especially on 

parrotfish abundance, which is one of the main herbivorous species in the Indo-Pacific reefs 

(Kuempel and Altieri 2017).   

Additionally, although understudied, there has been evidence that corals are more 

susceptible to suffer damage by macro-algae species, especially Lobophora spp., when 

combined with environmental stressors such as changes in the pH and temperatures of the 

water, and/or oxygen depletion (Vieira et al. 2016). Our results support this aspect in Hin Fai, 

where the highest temperature was recorded (Table 4), however, they are contradictory at King 

Kong Rock, where the lowest temperature was recorded (Table 4). This could be a result of the 

plasticity and adaptation that Lobophora spp. have to different conditions (Coen and Tanner 

1989). Another possible reason of this discrepancy might be the hypothesis that nutrients and 

temperature are indeed essential for algal growth, but this does not necessarily lead to the direct 

damage and killing of the coral (McCook et al. 2001). Elevated nutrients input, nevertheless, 

does generally lead to rapid colonization by algae, followed by algae outbreaks and thus stress 

in corals (Szmant 2002). Likewise, it contributes to the weakening of corals immune system, 

the spreading of coral diseases, and the increment of phytoplankton in the reef, which might 

serve as a food supply for larvae of corallivorous species, such as the crown-of-thorns starfish 

(Acanthaster planci) (D’Angelo and Wiedenmann 2014). 

This study was performed for two months to create a baseline of what is the species 

composition of the macroalgae community around the island of Koh Tao, and although further 

studies should be performed to produce a more refined understanding, we now know that 

Lobophora spp. interact the most with corals in this area. However, it is crucial to define 

whether or not this is the permanent state and not just temporary. The next step following this 

study would be to monitor at different times of the year, in order to assess the macroalgal 

composition all year long. It is also critical to evaluate other dive sites, such as Sairee Beach 

or Twin Rocks, both at the west side of the island. Furthermore, in-situ experiments should be 

performed, in order to determine the specific damage that Lobophora spp. have on corals, such 

as Brown Band Disease, Yellow Band Disease, the White Syndrome, and Bleaching; as well 

as to assess what causes what, whether is the presence of Lobophora spp. causing diseases; or 

is the presence of diseases causing the growing and overgrowing of Lobophora sp. on corals 

(Vieira et al 2016b), moreover, it is essential to add invertebrates, such as snails and sea urchins 

to the study, in order to examine the herbivory in a more meaningful way. Additionally, it is 

important to determine if all Lobophora spp. are causing damage, or if there is one species 

more dominant than other.  
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Nevertheless, we now have promising results that show that the macroalgal community 

around Koh Tao is mainly composed by Lobophora spp., and that this genus is indeed actively 

interacting and is involved with the coral mortality around the island.  
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