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Abstract. Shallow reef flats serve as ecologically 

significant habitats within coral reef ecosystems, 

supporting a high diversity of scleractinian corals that 

contribute to reef accretion, structural complexity, and 

the provision of habitats for associated marine organisms. 

These areas are typically characterized by dynamic 

environmental conditions, including fluctuations in 

temperature, salinity, light penetration, and sedimentation. 

Such variability makes reef flats important indicators for 

assessing coral reef health and resilience, particularly in the 

face of climate change and local anthropogenic stressors. 
This study examines the community structure of 

scleractinian corals on shallow reef flats within Mu Ko 

Surin National Park, Phang Nga Province. The coral 

communities were examined using permanent belt transects 

to ensure consistency and accuracy in data collection. 
The highest percentage of live coral cover was found at 

Ao Mai Ngam (24.6%), while the lowest was observed 

at Ao Pak Kaad (17.8%). The most dominant coral 

species were Porites lutea, followed by Porites rus, 

Diploastrea heliopora, Montipora aquituberculata, 

Ctenactis echinata, Cyphastrea microphthalma, Leptoria 

phrygia, and Coelastrea aspera. The dominance of Porites 

lutea across all sites reflects its remarkable resilience to 

elevated temperatures, sedimentation, and reduced light 

conditions, making it a key species for reef stability in 

disturbed environments. These findings provide important 

ecological baselines for reef flat habitats in Mu Ko Surin 

and contribute to broader regional efforts to monitor coral 

reef health under changing environmental conditions. 

The findings emphasize the importance of shallow reef 

flats for monitoring reef health and guiding management. 

Using resilient coral species in restoration can enhance 

reef adaptability, supporting long-term conservation 

goals. These ecosystems are vital for biodiversity and 

local communities. Further research on their ecological 

processes and resilience will inform future conservation 

strategies. 

 

Keywords: Shallow reef flats, coral bleaching, stress-

tolerant species, Mu Ko Surin National Park. 

1. Introduction 

 

Coral reefs are among the most biologically 

diverse and ecologically significant ecosystems 

on Earth, offering a range of crucial ecosystem 

services including coastal protection, fisheries 

support, and tourism opportunities (Hoegh-

Guldberg et al., 2007; Tranter et al., 2022; 

Bartelet et al., 2024;). Scleractinian corals, 

commonly referred to as stony corals, are the 

primary reef-builders, depositing calcium carbonate 

to form complex three-dimensional habitats 

that support a myriad of marine species 

(Hughes et al., 2017). 

 

Shallow reef flats, typically located within 

intertidal and subtidal zones, are critical 

components of coral reef ecosystems. These areas 

are characterized by dynamic environmental 

conditions, including fluctuations in temperature, 

light intensity, sedimentation, and salinity, 

making them unique and challenging habitats 

for coral communities (Brown & Warwick, 2002; 

Rangseethampanya et al., 2021). However, 

their proximity to coastal areas also makes shallow 

reef flats particularly vulnerable to anthropogenic 

stressors such as coastal development, overfishing, 

pollution, and climate change (Hughes et al., 

2003; McDonald et al., 2020). 

 

One of the most profound threats to coral reefs 

worldwide is coral bleaching, a phenomenon 

primarily triggered by elevated sea surface 

temperatures. Coral bleaching occurs when stressed 

corals expel their symbiotic zooxanthellae, 
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leading to a loss of pigmentation and disruption of 

essential metabolic processes (Curran et al., 

2021; Ghallab et al., 2024). Repeated or prolonged 

bleaching events can result in significant coral 

mortality, altering community structures and reducing 

reef resilience (Hughes et al., 2018; Sully et al., 

2019; Walker et al., 2023). In recent decades, the 

frequency and severity of mass bleaching events 

have increased dramatically, driven largely by 

climate-induced ocean warming (Hughes et al., 

2017; Licuanan et al., 2021; Souza et al., 2023). 

Shallow reef flats, with their exposure to extreme 

environmental variability, are particularly susceptible 

to bleaching impacts, and monitoring their 

community dynamics provides critical insights 

into reef ecosystem health. 

 

Thailand’s Andaman Sea coastline hosts 

several important coral reef systems, including 

Mu Ko Surin National Park, which is renowned 

for its high marine biodiversity and relatively 

well-preserved reef habitats (Yeemin et al., 

2021). Long-term monitoring has indicated that 

shallow reef flats in Thailand, including those 

at Mu Ko Surin, play a crucial role in 

maintaining coral diversity and resilience under 

environmental pressures (Yeemin et al., 2006; 

Aunkhongthong et al., 2019). 

 

Recent research has shown that certain coral 

taxa, particularly those inhabiting shallow reef 

flats, possess remarkable tolerance to extreme 

and fluctuating environmental conditions such 

as high temperatures, elevated turbidity, and 

sedimentation. Species such as Porites lutea, 

Porites cylindrica, Goniastrea spp., and Favites 

spp. are recognized for their high stress tolerance 

and ability to survive in marginal reef environments 

(Palumbi et al., 2014; Schoepf et al., 2015; 

Camp et al., 2018; Quigley et al., 2022). These 

stress-tolerant corals have demonstrated greater 

resistance to bleaching events compared to more 

sensitive species, making them critical targets 

for reef restoration and resilience-building 

initiatives (Grottoli et al., 2021; Helgoe, et al., 

2024). Restoration programs increasingly focus 

on utilizing such resilient coral species to 

rehabilitate degraded reef areas, particularly in 

shallow, high-stress environments where 

traditional coral species may fail to thrive (Hein 

et al., 2020; Lange et al., 2024). 

Understanding the distribution and dominance 

of stress-tolerant coral species within shallow 

reef flats not only provides insights into current 

reef health but also informs future conservation 

planning, including the selection of candidate 

species for active restoration efforts. Therefore, 

documenting the presence and abundance of 

these resilient species at Mu Ko Surin is vital 

for enhancing the adaptive capacity of local 

reef ecosystems under future climate scenarios. 

 

Given the increasing environmental pressures, 

this study aims to examines the community structure 

of scleractinian corals on shallow reef flats 

within Mu Ko Surin National Park, Phang Nga 

Province. Specifically, we focus on assessing 

live coral cover, identifying dominant coral species, 

and evaluating substrate composition to infer 

habitat conditions and potential environmental 

drivers affecting these reefs. 

 

2. Materials and Methods  

 

2.1 Location of study sites 

 

The study was conducted on shallow reef flats 

at Mu Ko Surin National Park, located in the 

Andaman Sea, approximately 60 kilometers off 

the coast of Phang Nga Province, Thailand. The 

area is characterized by extensive coral reefs, 

particularly fringing reefs with shallow reef flats 

that are exposed during low tide. (Figure 1). 

 

2.2 Data collection 

 

Coral communities were surveyed along permanent 

belt transects measuring 30 meters in length and 1 

meter in width, with three replicates established at 

each study site. Along each transect, photographs 

were systematically taken using a 50 × 50 cm² 

quadrat positioned at regular intervals. A high-

resolution digital camera was used to capture 

images for subsequent validation and detailed 

analysis in the laboratory. During field 

observations, live coral cover was assessed in 

situ, and all coral colonies within the quadrats 

were identified to the species level following 

the classification system described by Veron 

(2000). In addition to live coral, the covers of 

dead coral, rubble, sand, algae, and other 
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benthic components were also recorded as 

percentage cover for each quadrat. 

 

2.3 Data analysis 

 

Scleractinian corals were identified to the genus 

or species level based on field guides and photo 

documentation. The percent cover of each coral 

taxon was calculated and subsequently used to 

estimate species diversity (Shannon-Wiener 

index, H'), dominance, and evenness (Pielou’s 

evenness index, J'). Differences in coral 

community structure among study sites were 

analyzed using one-way analysis of variance 

(ANOVA), followed by Tukey’s Honest 

Significant Difference (HSD) post hoc tests 

where significant differences were detected. 

 

 

 
Figure 1. The location of study sites at Mu Ko Surin 

 

 

3. Results 

 

3.1 Live Coral Cover 

 

The results indicated that the highest percentage 

of live coral cover was found at Ao Mai Ngam 

(24.62±3.10), while the lowest one was found 

at Ao Pak Kaad (11.79±1.48). The statistical 

analysis revealed that the species diversity 

index was significantly different among the 

study sites (One-way ANOVA, F = 48.85, p< 

0.00). (Figures 2 and 3). The elevated dead 

coral cover at Ko Stork may be linked to recent 

bleaching or physical damage. Meanwhile, the 

higher live coral cover at Ao Mai Ngam suggests 

more favorable environmental conditions and 

lower anthropogenic stress 
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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. 

 

 

Figure 3. Live coral cover on shallow reef flats at the study sites. Different letters above indicate statistical 

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

 

3.2 Coral Species Composition and Distribution 

 

A total of 47 coral species were recorded across the 

three study sites. The most dominant species was 

Porites lutea, followed by Porites rus. Other 

commonly encountered species included 

Diploastrea heliopora, Montipora aquituberculata, 

Ctenactis echinata, Cyphastrea microphthalma, 

Leptoria phrygia, and Coelastrea aspera. The 

heatmap analysis clearly illustrated differences in 

species composition among sites. Ko Stork 

demonstrated the highest species richness, with a 
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broad range of coral taxa observed at low to 

moderate abundance levels. In contrast, Ao Mai 

Ngam was dominated by a single taxon, Porites 

lutea, which exhibited the highest relative 

abundance of all recorded species. Porites rus was 

also consistently present across all sites, particularly 

abundant at Ko Stork and Ao Pak Kaad, suggesting 

its broad environmental tolerance and potential as 

a stress-resilient species. 

 

Ao Pak Kaad exhibited the lowest overall species 

richness and relative abundance, yet Porites lutea 

and Porites rus remained detectable, reinforcing 

their ecological role as potential foundation species 

under stress-prone conditions. These patterns 

underscore the ecological heterogeneity among 

shallow reef flats in Mu Ko Surin and highlight the 

importance of resilient coral species in sustaining 

community structure and function in disturbed reef 

environments. (Figures 4 and 6). 

 

 

3.3 Coral Diversity Index 

    

The diversity and evenness of coral communities 

varied markedly among the three surveyed sites. 

Ko Stork exhibited the highest species diversity 

with a Shannon–Wiener index (H′) of approximately 

2.77, indicating a relatively rich coral assemblage. 

However, the corresponding Pielou’s evenness 

index (J′) was the lowest at 0.05, suggesting that 

the community was dominated by a few coral 

taxa. In contrast, Ao Pak Kaad had the lowest 

species diversity (H′ ≈ 1.47) but showed the 

highest evenness (J′ ≈ 0.13), reflecting a more 

equitable distribution of coral species within 

the community. Ao Mai Ngam exhibited 

intermediate values for both indices (H′ ≈ 1.76, 

J′ ≈ 0.06), indicating moderate diversity and 

low evenness. These patterns suggest 

differences in community structure and 

ecological balance across sites, which may 

reflect varying degrees of disturbance, habitat 

stability, or recovery stages. (Figure 5). 

 
 

Figure 4. Species composition of live corals at the study sites. 
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Figure 5. Shannon’s diversity index (H’) and Pielou’s evenness index (J’) at each study site 

 

 

  
Montipora aquituberculata Porites lutea 

  
Diploastrea heliopora Ctenactis echinata 

Figure 6. Shallow reef flat photographs showing dominant coral species at the study sites  

 

4. Discussion 

 

The community structure of scleractinian corals on 

shallow reef flats at Mu Ko Surin demonstrates 

distinct spatial variation in coral cover, species 

dominance, and biodiversity across different bays. 

The live coral cover ranged from 11.79% at Ao Phakkat 

to 24.62% at Ao Mai Ngam, indicating a gradient in 

habitat condition likely influenced by environmental 

and anthropogenic factors. Dominance of Porites 
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lutea across all sites reflects its ecological resilience 

and adaptability. This species was the most abundant 

at every surveyed site, with the highest cover recorded 

at Ao Mai Ngam (7.69%). Porites lutea is known to 

tolerate sedimentation, turbidity, and thermal stress, 

allowing it to dominate shallow reef flat 

environments that are subject to fluctuating 

conditions (Huang et al., 2022; Yeemin et al., 2023; 

Sadhukhan et al., 2024). Its prevalence supports 

previous findings from other regions in Thailand, 

such as Ko Chumphon and Ko Phuket, where 

Porites spp. was also dominant (Aunkhongthong 

et al., 2019) 

 

Shallow reef flats, which form the interface 

between intertidal and subtidal zones, are known 

for their exposure to dynamic environmental 

conditions, including temperature fluctuations, 

sedimentation, and light variability (Reid et al., 2020; 

Roelvink et al., 2021; Li et al., 2023). These ecosystems 

serve as early indicators of environmental stress and 

are particularly vulnerable to coral bleaching and 

other anthropogenic disturbances (Hughes et al., 

2003; Richardson et al., 2020). 

 

The current study reveals marked spatial 

heterogeneity in coral community structure among 

shallow reef flats at Mu Ko Surin, reinforcing 

findings from previous surveys in Thailand 

(Yeemin et al., 2006; Aunkhongthong et al., 

2019). Among the three sites, Ao Mai Ngam 

demonstrated the highest live coral cover and a 

relatively stable substrate composition, likely 

reflecting more favorable environmental 

conditions and lower anthropogenic impacts. In 

contrast, Ko Stork exhibited the highest dead coral 

cover and the lowest evenness, suggesting 

historical disturbance events such as bleaching or 

physical damage that have resulted in the 

dominance of a few resilient species. Ao Pak 

Kaad, while showing lower overall coral cover 

and richness, still maintained the presence of 

stress-tolerant species such as Porites lutea and 

Porites rus, indicating a potential role of these taxa 

in maintaining reef structure under disturbed 

conditions. 

 

Coral bleaching, primarily driven by elevated sea 

surface temperatures, remains a major threat to 

reef ecosystems, particularly in shallow reef flat 

habitats (Hoegh-Guldberg et al., 2007; Hughes et 

al., 2018). These habitats often exhibit pronounced 

bleaching responses due to their shallow depth and 

limited water exchange (Suggett et al., 2020; Rich 

et al., 2022; Van et al., 2022). However, certain 

coral taxa have shown remarkable tolerance to 

such stress. Notably, Porites lutea and Porites rus, 

which dominated across all study sites, are known 

to persist under elevated turbidity, sedimentation, 

and thermal stress (Palumbi et al., 2014; Schoepf 

et al., 2015). The consistent presence of these 

species across all sites highlights their ecological 

importance and potential as foundation species in 

reef resilience. 

 

Given the ongoing impacts of climate change and 

the increasing frequency of mass bleaching events 

(Sully et al., 2019), resilience-based restoration 

approaches have gained momentum. These 

strategies prioritize the use of stress-tolerant corals 

in active restoration, particularly in marginal 

environments such as shallow reef flats (Guest et 

al., 2018; Mahzarnia et al., 2020; Alkhaleel et al., 

2022; Wei et al., 2024). In Thailand, shallow reef flats 

in areas like Mu Ko Surin have been identified as 

critical zones for coral survival and long-term 

monitoring (Yeemin et al., 2021). Incorporating 

locally adapted, stress-resilient taxa into restoration 

frameworks may enhance recovery outcomes and 

sustain ecosystem functions under future climate 

scenarios. 

 

The ecological importance of reef flats as 

recruitment grounds, nursery habitats, and buffers 

against wave energy, their protection is critical. 

Conservation efforts should prioritize sites with 

relatively high diversity and coral cover while also 

implementing restoration and management 

strategies in degraded areas. These may include 

sediment control, visitor management, reef 

zoning, and periodic ecological monitoring to 

track changes and resilience potential (Hughes et 

al., 2017; Sutthacheep et al., 2019; Kusumoto et 

al., 2020; Edmunds et al., 2023;). 
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Shallow reef flats in Thailand, particularly in Mu 

Ko Surin, are highly vulnerable to the combined 

effects of global warming and local disturbances, 

as highlighted by studies that have emphasized 

their role in supporting diverse marine life 

(Yeemin et al., 2006; Chamchoy et al., 2021). 

These ecosystems provide critical ecosystem 

services, including coastal protection, fisheries 

support, and tourism opportunities. As such, 

integrating long-term ecological monitoring with 

proactive restoration strategies is essential for 

preserving these valuable habitats in the face of 

climate change. (Westoby et al., 2020; Howlett et 

al., 2022) 

 

This study highlights significant spatial variability in 

coral community composition and substrate 

conditions across shallow reef flats in Mu Ko Surin 

National Park. The observed patterns reflect varying 

degrees of environmental stability and disturbance 

history among the sites. The dominance of stress-

tolerant species such as Porites lutea and Porites 

rus suggests their ecological role as foundation 

species, particularly in environments exposed to 

bleaching and sedimentation stress. 

 

These findings emphasize the importance of shallow 

reef flats as sentinel habitats for monitoring reef health 

and guiding adaptive management. Promoting the 

use of resilient coral taxa in restoration programs 

may strengthen the adaptive capacity of reef systems, 

contributing to long-term conservation goals 

under increasing environmental pressures. The 

resilience of these ecosystems is critical not only 
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