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Abstract. Underwater pinnacles serve as critical 

habitats, support coastal protection, and contribute to 

human livelihoods through tourism and fishing. Coral 

communities on underwater pinnacles in the Upper Gulf 

of Thailand are important marine ecosystems that 

provide similar ecosystem services as coral reefs. This 

study aimed to examine community structure of 

underwater pinnacles in the vicinity of Mu Ko Si Chang, 

Chonburi Province in the Upper Gulf of Thailand. Four 

coral communities on underwater pinnacles, namely Hin 

Sampayu, Hin Kong Nok, Hin Kong Nai and Hin Ta Sin 

were studied in 2023-2024. The highest percentage of 

live coral cover was found at Hin Tasin (28.2%) while 

the lowest one was found at Hin Kong Nai (12.1%). The 

most dominant coral species were Porites lutea and 

followed by Plattygyra sinensis. The highest species 

diversity index was observed at Hin Kong Nai. The most 

dominant macrobenthic invertebrates were Diadema 

setosum and followed by Bequina semiorbiculata. The 

most abundant reef fish were Neopomacentrus cyanomos 

and followed by Chromis cinerascens. The two-

dimensional non-metric multidimensional scaling 

(NMDS) plots of study sites based on the species 

compositions of corals, macrobenthic invertebrates, and 

reef fish exhibited two different groups. The present 

study underscores the ecological importance of the 

underwater pinnacles in the Mu Ko Si Chang, and 

emphasizes the necessity of conservation efforts to 

safeguard and maintain these valuable ecosystems, 

which face threats from climate change and other factors. 
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invertebrate, reef fish, underwater pinnacle  

 

1. Introduction 

 

Coral reef ecosystems comprise a variety of 

diverse and complex habitat configurations, 

such as fringing reefs that line coastlines, 

barrier reefs that form offshore, atolls that 

encircle lagoons, and isolated patch reefs 

scattered throughout the ocean (Stoddart 1969; 

Hopley 2011; Tanaka et al. 2013; Yeemin et al. 

2013; Zampa et al. 2023). Different environmental 

conditions, such as depth, distance from shore, 

and exposure, contribute to forming distinct 

reef types.  Moreover, the ecological patterns 

and processes along these environmental 

gradients exhibit predictable variations 

(Malcolm et al. 2010; Samoilys et al. 2019). 

The resilience of diverse reef structures also 

varies, and predicting how these patterns and 

processes may respond to environmental 

change is now central to much coral reef science 

(Harvey et al. 2018; Williams et al. 2019). 

 

Underwater pinnacles are vital components of 

marine environments, providing numerous 

ecological, economic, and environmental 

benefits. These marine features exhibit a 

diverse array of morphologies, ranging from 

fully submerged to partially emergent above 

the water line. Numerous underwater pinnacles 

situated in the Gulf of Thailand off the coast of 

Thailand have the potential to evolve into 

alluring SCUBA diving destinations (Yeemin 

et al. 2020; Rangseethampanya et al. 2021; 

Sutthacheep et al. 2022; Yeemin et al. 2022). 

Additionally, underwater pinnacles help 

stabilize the seabed, and contribute to 

sustainable fisheries by offering breeding and 

feeding grounds for many commercial species 

(Galbraith et al. 2022). 
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Coral reefs as well as underwater pinnacles are 

incredibly valuable ecosystems that provide 

numerous benefits, often called ecosystem 

services (Hughes et al. 2012; Abunge et al. 

2013). These vibrant ecosystems serve as 

critical habitats for countless marine species, 

supporting coastal protection and contributing 

to the livelihoods of millions through tourism 

and fishing, which is essential for sustaining 

reef fisheries and the tourism industry (Holstein 

et al. 2016; Turner et al. 2017; Gouezo et al. 

2019). Additionally, these ecosystems play a 

significant role in carbon sequestration and 

offer potential for medical discoveries (Graham 

et al 2014; Hoegh-Guldberg et al. 2018). 

 

Macrobenthic invertebrates are valuable 

bioindicators that offer a more comprehensive 

understanding of aquatic conditions compared 

to chemical and microbiological data, as they 

are sensitive indicators of short-term 

environmental changes (Idowu et al. 2005; 

Abdel-Gawad et al. 2014; Wang et al. 2021; 

Merz et al. 2023). The structure, abundance, 

and distribution of macrobenthic invertebrate 

communities are frequently influenced by a 

variety of water quality parameters, such as 

dissolved oxygen concentrations, temperature, 

pH, and the presence of contaminants or 

nutrients in the aquatic environment 

(Asadujjaman et al. 2012; Mieszkowska et al. 

2021). The interactions between macrobenthic 

species and their surrounding environment are 

vital for maintaining the biodiversity and 

resilience of subtidal ecosystems. As such, 

understanding the distribution, diversity, and 

ecological roles of macrobenthic communities 

is essential for effective conservation and 

management of these fragile marine ecosystems 

(Glynn et al. 2010; Shepherd et al. 2013). 

 

Reef fishes serve as fundamental components 

of coral reef and underwater pinnacle 

ecosystems, playing a critical role in the 

cycling of materials and the flow of energy 

within these marine environments (Munday et 

al. 2008; Parravicini et al. 2013; Ault et al. 

2022.) Reef fish are a diverse group of fish 

species that inhabit reef ecosystems (Nañola et 

al. 2013; McClanahan et al. 2019; Parravicini 

et al. 2023). These fish are integral to the health 

and functioning of reef ecosystems, playing 

various roles such as herbivores, predators, and 

symbionts. They contribute to the biodiversity 

of coral reefs and underwater pinnacles, and are 

involved in processes like nutrient cycling, 

maintaining the balance of reef ecosystems, 

and supporting the food web (Fenner et al. 

2012; Pinheiro et al. Sartori et al. 2021; Mattos 

et al. 2023; Hernández-Andreu et al. 2024). 

Reef fish communities are influenced by 

environmental conditions, habitat availability, 

and interactions with other species, making 

them complex and dynamic components of 

marine ecosystems (Pinheiro et al. 2015; 

Nugraha et al. 2020; Hadj-Hammou et al. 2021; 

Pinheiro et al. 2023). 

 

The objective of this study was to examine 

community structure of underwater pinnacles 

in the vicinity of Mu Ko Si Chang, Chonburi 

Province, the Upper Gulf of Thailand to 

enhance understanding of their conditions, 

tourism potential, and management approaches. 

 

2. Materials and Methods  

 

2.1 Location of study sites 

 

This study was undertaken across coral 

communities on underwater pinnacles at Mu 

Ko Si Chang, the Upper Gulf of Thailand, 

which is an island located in the Gulf of 

Thailand, about 12 kilometers off the coast of 

Sri Racha, Chonburi Province. The location, 

environmental conditions, and anthropogenic 

disturbances at each study site are summarized 

in Table 1. Four coral communities including 

Hin Sampayu, Hin Kong Nok, Hin Kong Nai 

and Hin Ta Sin were investigated in 2023-2024 

(Figure 1). 

 

2.2 Data collection 

 

Coral communities were surveyed using 

SCUBA diving along permanent belt transects 

that included scleractinian corals, macrobenthic 

invertebrates, and reef fish. The scleractinian 

corals and macrobenthic invertebrates were 
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observed and quantified within three belt 

transects measuring 50 x 1 m2 (English et al.  

1997). The substrate cover, including live 

coral, dead coral, rubble, sand, and other 

benthic components, was recorded. Coral 

species were identified to the species level 

whenever possible, following the guidelines of 

Veron (2000). Additionally, photographs were 

taken with an underwater camera for further 

verification in the laboratory. All macrobenthic 

invertebrates were counted and identified to the 

species level where possible. Reef fish were 

observed and counted within a 2 m wide 

transect and identified to the species level on 

site, using underwater photographs and 

guidebooks to help with any uncertain species 

(Allen et al. 2015). 

 

 

 

2.3 Data analysis 

 

Shannon's diversity index (H') was calculated 

for each study site. A one-way ANOVA was 

used to examine differences in the species 

diversity index and density for corals, 

macrobenthic invertebrates, and reef fish across 

the study sites. When significant differences 

were identified, the Tukey HSD (Honestly 

Significant Difference) test was applied to 

determine which study sites varied. 

Additionally, cluster analysis and the non-

multidimensional scaling method were 

performed to categorize study sites based on 

the Bray–Curtis similarity of benthic 

components, using PRIMER version 7.0. 

 

 

 
Figure 1. The location of study sites at Mu Ko Si Chang 
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Table 1. Location and information of the study sites at Mu Ko Si Chang 

Study Sites 
Latitude (N), 

Longitude (E) 

Distance from 

the shore 

(km) 

Depth 

(m) 

Water 

transparency 

Anthropogenic 

disturbances 

Hin Sampayu 
13°11'21.04" 

100°47'54.47" 
14.1 5-30 Clear 

Tourism (Medium), 

Fishery (High) 

Hin Kong Nok 
13°11'28.00" 

100°48'49.05" 
12.4 4-10 Turbid (High) Fishery (High) 

Hin Kong Nai 
13°10'39.59" 

100°49'6.91" 
11.2 3-9 Turbid (High) Fishery (High) 

Hin Ta Sin  
13° 7'53.47" 

100°49'3.03" 
8.7 0-8 Turbid (Medium) Fishery (High) 

3. Results 

 

3.1 Coral communities 

 

The results indicated that the highest percentage 

of live coral cover was found at Hin Ta Sin 

(28.19±3.47), while the lowest one was found at 

Hin Kong Nai (12.09±1.49) (Figures 2). A total 

of 21 coral species were found at all study sites. 

The most dominant coral species were Porites 

lutea and followed by Platygyra sinensis. Other 

dominant coral species were Turbinaria mesenterina, 

Dipsastraea favus, Pavona decussata,  Acropora 

grandis and Pocillopora acuta  (Figure 3). The 

highest species diversity index was observed at 

Hin Kong Nai. The statistical analysis revealed 

that the species diversity index was significantly 

different among the study sites (One-way 

ANOVA, F = 13.52, p<0.05) (Figures 4 and 5). 

 

 

 
 

Figure 2. Average percentage cover of live corals, dead corals and other benthic components  

at the study sites. Error bars indicate standard error of the mean 
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Figure 3. Species composition of live corals at the study sites 

 

 

 

Figure 4. Shannon-Wiener index of diversity (mean ± SE) of coral species for each study site. Different letters 

above indicate statistical differences (one-way ANOVA, p < 0.05), as determined by Tukey's HSD 
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Porites lutea Pavona decussata 

  

Turbinaria mesenterina Platygyra sinensis 

 

Figure 5. Underwater photographs showing dominant coral species at the study sites 

 

3.2 Macrobenthic invertebrates 

 

The results showed that the highest density of 

macrobenthic invertebrates was observed at Hin 

Sampayu (7.01±0.82 ind.m-2) while the lowest 

one was found at Hin Tae Nok (3.30±0.54 ind.m-

2) (Figure 6). The most dominant macrobenthic 

invertebrates were Diadema setosum and 

followed by Bequina semiorbiculata. Other 

dominant macrobenthic invertebrates were 

Atrina vexillum, Junceella sp., Sabellastarte sp. 

and Pedum spondyloideum (Figure 7). The 

highest species diversity index was observed at 

Hin Kong Nok. The statistical analysis showed 

that the species diversity index was significantly 

different among the study sites (One-way 

ANOVA, F = 56.77, p < 0.05) (Figures 8 and 9). 
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Figure 6. Densities of macrobenthic invertebrates at each study site (mean ± SE). Different letters above indicate 

statistical differences (one-way ANOVA, p < 0.05), as determined by Tukey's HSD 

 

 
 

Figure 7. Species composition of macrobenthic invertebrates at each study site 
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Figure 8. Shannon-Wiener index of diversity (mean ± SE) of macrobenthic invertebrates for each study site. 

Different letters above indicate statistical differences (one-way ANOVA, p < 0.05), as determined by Tukey's HSD. 
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Figure 9. Underwater photographs showing dominant macrobenthic invertebrates at the study sites 
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3.3 Reef fish 

 

The results revealed that the highest density of reef 

fish was observed at Hin Ta Sin (2697.47±230.36 

ind/100m2) while the lowest one was found at Hin 

Kong Nai (677.38±66.40 ind/100m2) (Figure 10). 

A total of 32 reef fish species were found at the 

study site. The most abundant reef fish were 

Neopomacentrus anabatoides and followed by 

Neopomacentrus cyanomos. Other dominant reef 

fish species were Chromis cinerascens, Siganus 

javus and Sargocentron rubrum (Figures 11, 12 

and 13). 

 

The two-dimensional non-metric multidimensional 

scaling (NMDS) plots of the study sites are based 

on the species compositions of coral species, 

macrobenthic invertebrates, and reef fish. Hin Ta 

Sin is isolated from the other sites, indicating that 

its corals, macrobenthic invertebrates, and reef fish 

are significantly different. Hin Kong Nok, Hin 

Sampayu, and Hin Kong Nai are grouped closely 

together, suggesting that these sites have similar 

marine communities in terms of corals, 

macrobenthic invertebrates, and reef fish. Hin Ta 

Sin has high population density and species 

diversity of the underwater pinnacles, with the 

complex reef structures. On the other hand, Hin 

Sampayu, Hin Kong Nok, and Hin Kong Nai are 

located close to each other and exhibit similar 

population density and species diversity of the 

underwater pinnacles. These underwater pinnacle 

formations are patchy and spread out. (Figure 14.) 

 

 

 

Figure 10. Densities of reef fish at each study site (mean ± SE). Different letters above indicate 

statistical differences (one-way ANOVA, p < 0.05), as determined by Tukey's HSD 
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Figure 11. Species composition of reef fish at each study site 

 
 

Figure 12. Shannon-Wiener index of diversity (mean ± SE) of reef fish for each study site 
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Neopomacentrus anabatoides Siganus javus 

  

Chromis cinerascens Sargocentron rubrum 
 

Figure 13. Underwater photographs showing dominant reef fish at the study sites 

 

Figure 14. Two-dimensional non-metric multidimensional scaling plots depicting the species composition of corals, 

macrobenthic invertebrates, and reef fish across the study sites. 
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4. Discussion 

 

The results revealed the highest percentage of 

live coral cover at Hin Ta Sin and the lowest at 

Hin Kong Nai. In total, 21 coral species were 

Porites lutea and Platygyra sinensis being the 

most dominant. Other prominent species 

included Turbinaria mesenterina, Dipsastraea 

favus, Pavona decussata, Acropora grandis, 

and Pocillopora acuta. The study sites are 

dominated by the coral P. lutea, which is 

renowned for its resilience to environmental 

challenges. The presence of other coral species, 

such as P. sinensis and T. mesenterina, suggest 

the adaptability of these corals to varying 

environmental conditions (Hughes et al. 2003; 

Sutthacheep et al. 2019; Yeemin et al. 2023). A 

total of thirty scleractinian coral species were 

identified at the underwater pinnacles located 

in Surat Thani Province. The most abundant 

coral species were P. lutea, followed by P. 

acuta. The community composition of coral 

communities found on these underwater 

pinnacles resembles that of coral reef 

ecosystems in the Gulf of Thailand. (Yeemin et 

al. 2009; Sutthacheep et al. 2018; Yeemin et al. 

2023). Several underwater pinnacle ecosystems 

exhibited high resilience owing to favorable 

environmental conditions and reduced 

susceptibility to elevated seawater temperature 

anomalies, intense storms, and land-based 

pollution. The predominant coral species 

observed on underwater pinnacles, such as 

Porites lutea, Diploastrea heliopora, and P. 

sinensis, are the primary reef-building 

organisms that also provide critical shelter for 

benthic invertebrates and reef fish communities 

(Sutthacheep et al. 2018; Yeemin et al. 2023). 

 

The primary macrobenthic invertebrates 

identified at the study sites include the sea 

urchin Diadema setosum, Feather Duster 

Junceella sp., the Christmas tree worm 

Spirobranchus giganteus, and the sea slug 

Jorunna funebris, are visually appealing and 

attract tourists, making them valuable resources 

for promoting marine ecotourism in the Gulf of 

Thailand (Piló et al. 2016; Niyomthai et al. 

2019). Our findings indicate that the sea urchin 

Diadema setosum is a predominant macrobenthic 

invertebrate on the underwater pinnacles, likely 

because sea urchins can evade predators, 

particularly certain reef fish species. 

Additionally, human activities like overfishing 

and global environmental changes can influence 

sea urchin populations (Aunkhongthong et al. 2020; 

Pengsakun et al. 2020; Zirler et al. 2023). 

Therefore, management strategies, such as 

regulating sea urchin exploitation and 

establishing marine protected areas, are 

necessary. 

 

The high density of reef fish, 4,337±587.60 

ind/100m2, was found at Hin Bai, the Western 

Gulf of Thailand and have a high density of reef 

fish, reiterating the ecological function of 

underwater pinnacles as a shelter for these 

marine organisms. In this study the abundant 

reef fish observed on the underwater pinnacles 

were Neopomacentrus anabatoides, 

Neopomacentrus cyanomos, and Siganus 

virgatus, similar to those found on the 

underwater pinnacles in the Western Gulf of 

Thailand (Sutthacheep et al. 2022). These reef-

associated fish populations can serve as 

valuable resources for both the tourism 

industry and local fisheries (Rangseethampanya   

et al. 2021). A previous study indicate that the 

underwater pinnacles harbor a high abundance 

of reef fish species (Yeemin et al. 2020). Some 

underwater pinnacles, such as Hin Khao in Mu 

Ko Tao, the Western Gulf of Thailand 

exhibited a high density and diversity of reef 

fish species. These underwater pinnacles have 

significant potential for marine-based 

ecotourism activities (Sutthacheep et al. 2022). 

 

Water circulation in the Gulf of Thailand varies 

seasonally.  Coral reefs in the Gulf of Thailand 

are found in shallow, turbid waters 

(Phongsuwan et al. 2013; Yeemin et al. 2013; 
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Ballesteros et al. 2018). The underwater 

pinnacle Hin Ang Wang in deeper waters (0– 

10 m.) can provide a suitable habitat for reef 

organisms, especially compared to shallow 

coral reefs in the Western Gulf of Thailand 

(Pengsakun et al. 2022). Underwater pinnacle 

ecosystems have the potential to serve as 

refugia for reef organisms due to their more 

stable environmental conditions and reduced 

susceptibility to disturbances (Holstein et al. 

2016; Quimpo et al. 2018; Cusack et al. 2021). 

The underwater pinnacles in Mu Ko Si Chang, 

particularly Hin Sampayu and Hin Ta Sin, have 

high potential to be developed as marine 

ecotourism sites and toward to carbon neutral 

tourism.   

 

Marine ecotourism tourism encourages visitors 

to experience diverse marine environments 

through sustainable (Moreno et al. 2009; Rees 

et al. 2010; Hernández et al. 2023). Reef-based 

tourism has emerged as a prominent segment of 

the global tourism industry (Dimmock 2007; 

Burke et al. 2011). SCUBA diving is a 

prominent form of marine tourism (Lucrezi et 

al. 2017). Thailand has established itself as a 

prominent destination for SCUBA diving 

education and certification within the Southeast 

Asian region (Asafu-Adjaye et al. 2008; 

Wongthong et al 2014; Sangthong et al. 2023). 

High volumes of tourists can overwhelm reef 

ecosystems, increasing stress (McLeod et al. 

2021; Nama et al. 2023). Overcrowding can 

lead to an imbalance in the reef ecosystem, as 

some species may be disturbed more than 

others, altering the natural balance of marine 

life (Mcleod et al. 2018; Brandl et al. 2019; 

Schiettekatte et al. 2022). Mu Ko Si Chang has 

been extensively utilized for a variety of human 

activities, such as the establishment of 

residential communities and shipping ports. 

 

These diverse uses have had significant impacts 

on the marine ecosystems, particularly the reef 

ecosystem (Pengsakun et al. 2019). Effective 

management of underwater pinnacles requires 

proper plans, policies, guidelines, enforcement, 

monitoring, and environmental education 

programs. Recreational diving strategies 

should prioritize responsible resource use, 

address stakeholder socio-economic needs, and 

provide a satisfying diving experience (Mcleod 

et al 2019; Schoepf et al 2023). The findings of 

this study suggest that marine ecotourism could 

be leveraged as a means to protect the coral reef 

ecosystems around Mu Ko Si Chang while also 

promoting sustainable tourism practices in the 

region. 

 

The investigation revealed that the underwater 

pinnacles at Mu Ko Si Chang, in the Upper 

Gulf of Thailand, supported a diverse array of 

scleractinian corals, macrobenthic invertebrates, 

and reef fishes, particularly at the Hin Ta Sin. 

The underwater pinnacles in this study must be 

properly managed through appropriate types of 

management interventions. This entails 

establishing marine protected areas under the 

Marine and Coastal Resources Management 

Promotion Act -B.E. 2558 (2015), navigating the 

development process of the Locally Managed 

Marine Area (LMMA) approach to addressing 

the challenges of its local implementation and 

maintenance. Additionally, implementing 

resilience-based management (RBM) and other 

effective area-based conservation measures 

(OECMs), e.g. monitoring coral health, 

regulating tourism and fishing activities, and 

promoting community engagement, is crucial 

to ensuring the protection and preservation of 

these fragile coral ecosystems. These strategies 

are important for strengthening a policy on 

protecting 30% of global oceans by 2030 under 

the Kunming-Montreal Global Biodiversity 

Framework. Effective management of these 

unique coral reef ecosystems is crucial to 

conserve their biodiversity and ecological 

functions for the long-term (Sutthacheep et al. 
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2022b; Whomersley et al. 2022; Brown et al. 

2023; Li et al. 2023). 
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