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Abstract. Coral recruitment is a key ecological process 
underpinning reef recovery, structural complexity, 
and long-term ecosystem functionality. Shallow reef 
flats, despite their harsh physical conditions, can provide 
diverse microhabitats that support coral settlement and early 
survival. This study aimed to quantify the density and 
composition of coral recruitment on shallow reef flats in 
Mu Ko Surin National Park, Phang Nga Province. Field 
surveys were conducted in 2024 at five reef sites, where live 
coral cover was quantified using 30 × 1 m belt transects, 
and coral recruitment was assessed with 16 × 16 cm 
quadrats at 1–2 m depth. Coral recruits (≤ 5 cm in 
diameter) were identified to the genus level. Live coral 
cover ranged from 11.8% to 34.5%, with the highest cover 
observed at Ao Jaak (34.5%), followed by Ao Suthep 
(25.9%) and Ao Mai Ngam (24.6%). In contrast, Ao 
Mae Yai (14.2%) and Ao Pak Kaad (11.8%) exhibited 
degraded reef conditions. Coral recruitment density 
varied significantly among sites (F = 48.17, p < 0.05). Ao Mai 
Ngam functioned as a recruitment hotspot (15.79 ± 1.94 
recruits/ m2 ), supporting higher recruit densities and 
broader taxonomic representation, while Ao Suthep 
exhibited intermediate recruitment. Other sites, including 
Ao Jaak, Ao Mae Yai, and Ao Pak Kaad, showed consistently 
low recruit densities and limited taxonomic diversity. 
Our findings reveal pronounced spatial heterogeneity in 
coral cover and recruitment across Mu Ko Surin reef flats. 
Recruitment hotspots play a critical role in sustaining 
connectivity and resilience, whereas degraded sites 
remain recruitment-limited. Site-specific management 
that integrates conservation, restoration, and long-term 
monitoring is essential to enhance recovery and ensure 
the sustainability of coral reef ecosystems under intensifying 
climate and anthropogenic pressures. 
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1. Introduction 
 
Coral recruitment, the process by which coral 
larvae settle onto benthic substrates and develop 

into juvenile colonies, is a fundamental ecological 
process underpinning reef recovery, structural 
complexity, and long-term ecosystem functionality. 
Successful recruitment maintains population 
connectivity, genetic diversity, and ecosystem 
resilience following disturbances such as bleaching 
events, storms, or anthropogenic degradation 
(Hughes et al., 2010; Doropoulos et al., 2015; 
Yeemin et al., 2020; Carlson et al., 2024). 
Consequently, understanding the environmental 
conditions and biological interactions that govern 
coral recruitment is critical for conservation 
and restoration efforts. 
 
Among the mosaic of reef habitats, shallow reef 
flats represent uniquely dynamic and ecologically 
significant environments. These low-gradient 
platforms, typically located on the landward 
margins of reef structures, are characterized 
by periodic aerial exposure, high irradiance, 
and pronounced fluctuations in temperature 
and salinity (Price et al., 2020; Dela Cruz et al., 
2020; Radford et al., 2024). Despite these harsh 
physical conditions, reef flats provide diverse 
microhabitats, including consolidated reef 
frameworks, coral rubble, algal turfs, and crustose 
coralline algae (CCA) mats, that support larval 
settlement and early coral survival (Wakwella 
et al., 2020; Tebbett et al., 2022). Their proximity 
to spawning adult colonies further enhances 
larval delivery and retention following mass 
spawning events (Doropoulos et al., 2016; 
Price et al., 2019; Cresswell et al., 2024).  
 
Hydrodynamic conditions in reef flats can 
enhance larval retention and settlement, while 
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elevated light availability may facilitate the rapid 
establishment of endosymbiotic dinoflagellates 
(Symbiodiniaceae), crucial for energy acquisition 
in early life stages (Abrego et al., 2012; Dela 
Cruz et al., 2020; Cook et al., 2024). Substrate 
availability and chemical cues from CCA or 
microbial biofilms are also strong determinants 
of settlement success (Brandt et al., 2011; 
Miranda et al., 2018; Leonard et al., 2022; 
Pascoe et al., 2024). However, recruitment in 
reef flats is highly variable and context-dependent, 
often inhibited by sedimentation, nutrient loading, 
and algal overgrowth (Gouezo et al., 2021; 
Marcelino et al., 2024), as well as episodic 
thermal stress during spring tides and aerial 
exposure that drive high post-settlement mortality 
(van Woesik et al., 2011; Fordyce et al., 2019; 
Fordyce et al., 2020). 
 
Despite their ecological importance, shallow reef 
flats have received comparatively less scientific 
attention than reef slopes, crests, or lagoons in 
coral recruitment studies. Previous research has 
highlighted factors such as substrate stability, 
early post-settlement mortality, and fine-scale 
heterogeneity as key regulators of recruitment 
success (Bellwood et al., 2018; Reid et al., 2020; 
Tebbett et al., 2022; Matthews et al., 2024; 
Rich et al., 2 0 2 2 ) .  Importantly, recruitment 
dynamics are often decoupled from adult coral 
cover, underscoring the need to examine local 
ecological drivers rather than using adult abundance 
as a proxy (Gouezo et al., 2021; Cresswell et al., 
2024 ) .  These gaps highlight the necessity of 
targeted research on reef flats to improve our 
understanding of recruitment processes in these 
vulnerable habitats. 
 
Coral communities around Mu Ko Surin National 
Park in the Andaman Sea have experienced 
multiple catastrophic disturbances over the 
past two decades, including mass bleaching 
events, outbreaks of crown-of-thorns starfish 
(Acanthaster planci), and storm damage (Yeemin 
et al., 2006; Phongsuwan & Chansang, 2012; 
Helgoe et al., 2024). The 2010 and 2016 bleaching 
episodes caused extensive mortality in shallow 
reef habitats, reducing coral cover and altering 
community structure (Phongsuwan et al., 2013; 
Sutthacheep et al., 2013; Lesser et al., 2024). 
Long-term monitoring indicates variable recovery 

trajectories, with some sites showing coral 
recruitment and regrowth, while others remain 
dominated by macroalgae or degraded substrates 
(Yeemin et al., 2013; Sutthacheep et al., 2015; 
Pozas-Schacre et al., 2024). 
 
This spatial heterogeneity in recovery underscores 
the importance of site-specific management 
and conservation strategies, including no-take 
zones, regulation of tourism, and restoration 
interventions (Boström-Einarsson et al., 2020; 
Hein et al., 2021; Gudka et al., 2024). Strengthening 
conditions that promote coral recruitment, 
particularly on degraded reef flats, is therefore 
central to sustaining reef resilience. To address 
this knowledge gap, the present study aims to 
quantify the density and composition of coral 
recruits on shallow reef flats in Mu Ko Surin 
National Park, Phang Nga Province. Specifically, it 
examines spatial variability in recruitment and 
provides insights to inform reef conservation and 
restoration strategies in the Andaman Sea. 
 
2. Materials and Methods 
 
2.1 Location of study sites 
 
The study was conducted on shallow reef flats 
within Mu Ko Surin National Park, located in 
the Andaman Sea approximately 60 kilometers 
off the coast of Phang Nga Province, Thailand. 
The coral reefs around Mu Ko Surin are primarily 
fringing reefs that develop along sandy bottoms 
and rocky coastlines. This area is characterized 
by extensive and well-developed coral reef 
systems, particularly dominated by branching 
Acropora species, which create high habitat 
complexity and provide essential shelter and 
resources that support a diverse community of 
reef-associated organisms. 
 
2.2 Data collection 
 
Coral community surveys were conducted in 
2024 within shallow reef habitats at depths of 
approximately 1–2 m. To assess coral recruitment, 
SCUBA divers haphazardly placed 16 × 16 cm 
quadrats on the benthic substrate at each site. 
All visible coral recruits (≤ 5 cm in diameter) 
within each quadrat were enumerated and 
identified to the genus level. To quantify 
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benthic cover and community composition, 
three replicate belt transects (30 × 1 m) were 
surveyed at each site. Along each transect, 
all coral colonies ≥ 5 cm in diameter were 
recorded, and their percent cover was calculated. 
Live coral cover was used as an indicator of 
benthic condition and adult coral abundance. 
 
2.3 Data analysis 
 
Prior to statistical analysis, the data were 
examined for compliance with the assumptions 
of analysis of variance (ANOVA), including 
normality of residuals and homogeneity of 
variances. Normality was assessed using the 
Shapiro–Wilk test, while homogeneity of variances 
was evaluated with Levene’s test.  
 
Once these assumptions were confirmed, live 
coral cover and juvenile coral density were 
analyzed using one-way ANOVA to detect 

differences among study sites. When significant 
effects were detected, post hoc pairwise 
comparisons were conducted using Tukey’s 
Honest Significant Difference (HSD) test in 
order to identify which sites differed 
significantly from one another. 
 
3. Results 
 
3.1 Live Coral Cover and Community Composition 
 
The live coral cover on shallow reef flats across 
the five study sites in Mu Ko Surin National 
Park exhibited marked spatial variability, 
ranging from 11.8% to 34.5% (Figure 2). 
Ao Jaak supported the highest live coral cover 
(34.5%), followed by Ao Suthep (25.9%) and 
Ao Mai Ngam (24.6%). In contrast, Ao Mae Yai 
(14.2%) and Ao Pak Kaad (11.8%) showed 
substantially lower values. These results indicate 
considerable heterogeneity in live coral cover 
among the surveyed sites. 
 

 
 

Figure 1. The location of study sites at Mu Ko Surin National Park 
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3. Results 
 
3.1 Live Coral Cover and Community Composition 
 
The live coral cover on shallow reef flats across 
the five study sites in Mu Ko Surin National Park 
exhibited marked spatial variability, ranging 
from 11.8% to 34.5% (Figure 2). Ao Jaak supported 
the highest live coral cover (34.5%), followed by 
Ao Suthep (25.9%) and Ao Mai Ngam (24.6%). 
In contrast, Ao Mae Yai (14.2%) and Ao Pak 
Kaad (11.8%) showed substantially lower values. 
These results indicate considerable heterogeneity in 
live coral cover among the surveyed sites. 
 
3.2 Density of coral recruitment 
 
The analysis revealed pronounced spatial variability 
in coral recruitment among the study sites 
(Figure 3). The highest density of coral recruits 
was recorded at Ao Mai Ngam (15.79 ± SD 
colonies m⁻²), whereas the lowest density occurred 
at Ao Jaak (8.68 ± SD colonies m⁻²). Coral recruit 
density differed significantly among sites 
(one-way ANOVA, F = 48.17, p < 0.001). 

Tukey’s HSD post hoc comparisons showed that 
densities at Ao Mai Ngam were significantly 
higher than those at the other sites (p < 0.05). 
Ao Suthep exhibited an intermediate density, 
greater than Ao Jaak and Ao Pak Kaad but lower 
than Ao Mai Ngam. In contrast, Ao Jaak, 
Ao Mae Yai, and Ao Pak Kaad consistently 
showed lower recruit densities (8–10 colonies m⁻²). 
 
3.3 Composition of coral recruitment 
 
The composition and density of coral recruits 
varied considerably among sites (Figure 4). 
Ao Mai Ngam exhibited the highest density 
(15.79 ± 1.94 recruits m⁻²), with recruits representing 
a broad range of genera. Ao Suthep supported 
a moderately high density (15.79 ± 1.66 recruits 
m⁻²), dominated by Porites, Pocillopora, and 
Favites spp. In contrast, Ao Mae Yai, Ao Pak 
Kaad, and Ao Jaak recorded comparatively 
lower densities (8–10 recruits m⁻²), with recruits 
belonging to fewer genera. These results indicate 
pronounced spatial heterogeneity in recruitment 
density and taxonomic composition across the 
study sites. 
 

 
 

Figure 2. Live coral cover at each site. 
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Figure 3. Density of coral recruitment at each site. 
 

 
 

Figure 3. dominant of coral species at each site. 
 

 
4. Discussion 
 
This study revealed pronounced spatial heterogeneity 
in both live coral cover and coral recruitment 
across shallow reef flats in Mu Ko Surin National 
Park. Coral cover ranged from relatively healthy 
conditions at Ao Jaak, Ao Suthep, and Ao Mai 
Ngam to substantially degraded states at Ao Mae 
Yai and Ao Pak Kaad. Recruitment patterns also 
varied, with Ao Mai Ngam emerging as a 
recruitment hotspot, while other sites exhibited 
consistently low densities. These findings highlight 
the spatially variable nature of reef resilience 
within the park. 

The elevated recruitment density at Ao Mai Ngam 
may be linked to the availability of suitable 
settlement substrates, favorable hydrodynamic 
flow, and proximity to spawning coral populations, 
which together enhance larval supply and 
settlement success. In contrast, the reduced 
recruitment observed at Ao Jaak, Ao Mae Yai, 
and Ao Pak Kaad likely reflects a combination 
of degraded reef structure, limited microhabitat 
availability, sedimentation, algal overgrowth, and 
elevated post-settlement mortality. Such site-
specific constraints suggest that recruitment 
processes are strongly governed by localized 
ecological conditions rather than simply reflecting 
adult coral abundance. 
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Similar patterns of coral decline and variable 
recruitment success have been reported from 
shallow reef flats in the Andaman Sea and the 
Gulf of Thailand, where sedimentation, nutrient 
enrichment, and overfishing intensify coral 
mortality (Yeemin et al., 2018; Streit Heery et al., 
2024). At broader scales, global drivers such as 
ocean warming and recurrent bleaching events 
have accelerated coral loss across Southeast Asia 

(Hughes et al., 2018; Ulfah et al., 2021; Cetina-
Heredia et al., 2023; Sutthacheep et al., 2024). 
Importantly, the decoupling between adult cover 
and recruit density observed here aligns with 
Indo-Pacific studies that emphasize the influence 
of fine-scale processes, including substrate stability, 
settlement cues, and hydrodynamics, on recruitment 
dynamics (Sakai et al., 2018; Brandt et al., 2019; 
Nozawa et al., 2020; Edmunds et al., 2024). 

 

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

 
The higher recruit density at Ao Mai Ngam 
indicates that some reef flats may function as 
larval sources, contributing to metapopulation 
connectivity and potentially enhancing reef 
resilience at larger spatial scales. Conversely, 
degraded sites with limited recruitment may act 
as demographic sinks, with low natural recovery 
capacity under current disturbance regimes. 
These contrasting trajectories underscore the 
importance of maintaining recruitment hotspots 
while addressing the constraints that limit 
recovery in other areas. From a management 

perspective, three priorities emerge from this 
study. First, spatially explicit conservation 
strategies should prioritize the protection of 
recruitment hotspots such as Ao Mai Ngam to 
safeguard natural recovery processes. Second, 
degraded reef flats with low recruitment potential, 
including Ao Mae Yai and Ao Pak Kaad, 
require targeted restoration interventions such as 
structural enhancement or substrate stabilization 
to facilitate coral settlement. Third, effective reef 
governance must integrate local-scale stressor 
mitigation (e.g., controlling anchor damage, 
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pollution, and fishing pressure) with strategies 
to address climate-driven disturbances that 
undermine coral resilience (Lamb et al., 2014; 
Dixon et al., 2022; Donovan et al., 2023; 
Matthews et al., 2024). 
 
Overall, this study demonstrates that coral reef 
recovery in the Surin Islands is strongly mediated 
by site-specific recruitment processes and habitat 
conditions. Protecting and enhancing these 
processes through integrated conservation and 
restoration strategies is critical for sustaining reef 
resilience under ongoing environmental change. 
By linking ecological understanding with site-
specific management, the findings provide an 
evidence-based foundation for adaptive reef 
governance and reinforce the ecological 
importance of shallow reef flats in supporting 
biodiversity and long-term reef recovery. 
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