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Abstract. The recovery potential of corals after 

the bleaching events is controlled by coral larval supply, 

proper substrate, settlement, and survival rates of juvenile 

corals. Larval connectivity among coral populations is 

an essential aspect of understanding the recovery potential 

of corals after severe disturbances. Reef connectivity 

depends on oceanographic conditions and sources of coral 

larval supply. This study investigated the coral recruitment 

patterns and their relationships with adult coral  

communities at seven study sites in Mu Ko Chang, Trat 

Province, the Eastern Gulf of Thailand. Live coral 

covers were in a range of 25.9-71.2 % while dead coral 

covers varied between 10.8 and 50.6 %. The live coral 

covers at Hin Gurk Maa and Ko Thong Lang were 

significantly higher than those of other reef sites.  

Low coral recruitment was found at Ko Wai, Ko Thong 

Lang, and Ko Yak Lek. The brooding coral Pocillopora spp. 

at Ko Thian and, Ko Yak Lek showed evidence of 

self-seeding. The broadcast spawning coral Poritidae 

exhibited indications of a high degree of self-seeding. 

Recruits of Leptastrea, Lithophyllon, and Psammocora 

were frequently found without their parent colonies. 

The inter reef connectivity and local coral recruitment 

are required for further studies to provide proper 

management strategies of coral reefs in the Gulf of 

Thailand. 
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1. Introduction 

 

Coral reefs are recognized as an important 

ecosystem that shelters thousands of species 

worldwide, providing food and livelihoods 

for millions of people who live in tropical 

countries besides serving as coastal protection 

from disturbances of climate variability as 

well (Mora et al. 2016). However, most coral 

reefs have been degraded by natural stressors 

such as temperature fluctuations, diseases, and 

heavy storms. In addition, coral reefs ecosystems 

were also threatened by anthropogenic 

disturbances, especially coastal development, 

chemical pollution, overfishing, sedimentation, 

and global warming. At the same time increasing 

interest in coral reefs tourism is leading to 

increased pressure on these ecosystems (Yeemin 

et al. 2012; Baker et al. 2008; Guillemot et al. 

2010; Valentine and Heck 2005; Yeemin et al. 

2013; Heery et al. 2018; Kleypas and Yates 

2009). 

 

Coral recovery after bleaching events is 

determined by the availability of coral larvae, 

proper substrate, settlement, and survival rates 

of juvenile corals (Edwards and Gomez 2007). 

Previous coral bleaching events already caused 

a reduction in fecundity and growth of surviving 

adult corals in addition to decreased reproductive 

outputs and recruitment rates (Anthony et al. 

2015; Bramanti and Edmund 2016). Thereby, 

the coral recruitment rate is frequently used as 

a bioindicator of coral reef health, recovery, 

and resilience potential, since showing high 

numbers of recruits, indicates a high potential 

for quick coral recovery after severe disturbances. 

(Yeemin et al. 2012). 

 

Coral recovery is determined by several factors 

such as grazing herbivores that limit algal 

growth, coral larval supply, recruitment rate, 

the survival rate of juvenile corals, and their 

tolerance to environmental stresses (Shlesinger 
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and Loya 2016; Manikandan et al. 2017; Perez 

et al. 2014; Rotha et al. 2018). On the other 

hand, coral recruitment rates are influenced by 

several environmental factors such as water 

pollution, overfishing, and coastal development 

that can affect negatively the ability of coral 

competition, fecundity, successful fertilization, 

settlement, and survival of juvenile corals 

(Graham et al. 2011; Kuffner et al. 2006; 

Richmond 1997). Connectivity of coral 

populations is a very important aspect of 

understanding the recovery potential of corals 

after severe disturbances. 

 

Mass coral bleaching events were reported 

worldwide in 1998, 2010, and 2016, including 

some sites in the Gulf of Thailand (Sutthacheep 

et al. 2013; Yeemin et al. 2012; Yeemin 2018). 
Studies following the last phenomenon indicated 

that the severity of coral bleaching varied 

 

significantly among reef sites (Sutthacheep et 

al. 2012), and coral mortality was higher than 

in 2010 because the seawater temperature was 

rapidly dropped by southwest monsoon started 

earlier (Yeemin 2018). Therefore, this study 

examined the coral recruitment patterns and 

their relationships with adult coral communities 

at seven study sites in Mu Ko Chang, Trat 

Province, the Eastern Gulf of Thailand. 

 

2. Materials and Methods  

2.1 study sites  

Seven study sites in Mu Ko Chang, eastern 

Gulf of Thailand were investigated: Ko Wai 
(11°54′02″N 102°24′16″E), Ko Baidang (11° 

53′55″N 102°27′01″E), Ko Thian (11°4 8 ′5 8 ″N 

102°23′43″E), Ko Tong Lang (11°49′07″N 102° 

24′06″E), Hin Gurk Maa (11°47′28″N 102°23 ′ 
57″E), Ko Yak Yai (11°47′14″N 102°23′42″E) 

and Ko Yak Lek (11°47′03″N 102°23′37″E) 

(Figure 1.) 

 

Figure 1. The location of seven study sites in Mu Ko Chang, Trat 
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2.2 Data collections  

This study was conducted from January to 

October 2018. Coral communities of seven 

study sites extend at approximately 3-7 m in 

depth. At each study site, the substrate cover 

of live coral, dead coral, rubble, sand, and rock 

was assessed within 50cm to each side of a 30 m 

line (30x1m), comprising three replicates, in which 

all coral colonies above 5 cm in diameter were 

counted and identified to genus level, following 

Veron, 2000. The number of visible juvenile 

coral colonies, below 5 cm in diameter, was also 

measured as a colony/unit area, along these 

three-permanent belt-transects. All juvenile 

corals were also identified to genus level 

according to identification guides (Veron 

2000; English et al. 1997; Babcock et al. 

2003). 

 

2.3 statistical analysis  

R program for statistical analysis version 3.5.0 

with package “vegan” was used to perform 

a One-way ANOVA analysis of live coral cover  

 

among reef sites. The Tukey HSD test was used 

to determine the difference between the study 

sites by using the R program. 

 

3. Results  

Live coral covers varied from 25.9 to71.2 %, 

while dead coral covers were in a range of 

10.8-50.6 % (Figure 2.). Live coral cover at 

Hin Gurk Maa and Ko Thong Lang were 

significantly higher than those of other reef sites 

(Figure 3.). In addition, Ko Wai had significantly 

lower live coral cover.  

 

The percent coverage of each coral species 

and the recruitment of juvenile corals are 

shown in Figures 4-10. The total densities of 

juvenile corals (<5 cm in diameter) at the study 

sites ranged around 0.35–0.71 colonies/m2. 

The highest rate of coral recruitment was 

found at Ko Bai Dang (0.71 colonies/m2) and 

Ko Yak Yai (0.70 colonies/m2) whereas low 

coral recruitment was recorded at Ko Thong 

Lang, Ko Wai, and Ko Yak Lek (0.42, 0.35 

and 0.35 colonies/m2, respectively). Nine genera 

of juvenile coral were commonly found, namely,  

 

 
Figure 2. The percentage of live coral cover, dead coral, rubble, sand, and others  

at each study site. 
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Figure 3. The percentage of live coral cover at each study site. The different letters above bars 

represent the significant difference (p < 0.05) by using Tukey’s HSD test this experiment 

 

Favia, Favites, Fungia, Goniastrea, Lithophyllon, 

Pavona, Pocillopora, Porites, and Psammocora. 

The brooding coral Pocillopora spp. at Ko Thien 

and, Ko Yak Lek showed evidence of self-

seeding. On the other hand, the broadcast  

 

spawning coral Porites showed signs of 

significantly high degrees of coral self-seeding 

at Ko Bai Dang, Ko Thien, Ko Yak Yai, and 

Ko Wai. Recruits of Leptastrea, Lithophyllon, 

and Psammocora were frequently found without 

adult colonies.  

 

 
Figure 4. Percentage of coral cover and abundance of juvenile coral at Ko Thong Lang 
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Figure 5. Percentage of coral cover and abundance of juvenile coral at Ko Bai Dang 

 

 

 
Figure 6. Percentage of coral cover and abundance of juvenile coral at Ko Thien 
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Figure 7. Percentage of coral cover and abundance of juvenile coral at Ko Yak Lek 

 
 

 
Figure 8. Percentage of coral cover and abundance of juvenile coral at Ko Yak Yai 
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Figure 9. Percentage of coral cover and abundance of juvenile coral at Ko Wai 

 
 

 
Figure 10. Percentage of coral cover and abundance of juvenile coral at Hin Gurk Maa 

4. Discussion 

The coral reefs in the Gulf of Thailand have 

experienced severe coral bleaching events during 

the last two decades. Moreover, the coral reefs 

have been degraded by the impacts of coastal 

development, sedimentation, destructive fishing, 

and the expansion of tourism on coral reefs. 

(Sutthacheep et al. 2013; Yeemin et al. 2013). 

The coral cover of coral communities at Mu Ko 

Chang was higher than those in Ko Samui 

due to that over two decades, the coastal 
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development of Ko Samui for hotels and resorts 

to accommodate intensive tourism (Yeemin et 

al. 2009). Moreover, the coral cover of tolerant 

coral species, Porites are significantly high in 

Mu Ko Chang even they have been through 

the severity of coral bleaching events in the 

years 1998 and 2010 (Yeemin et al. 2009; 

Sutthacheep et al. 2012; Sutthacheep et al. 2013; 

Printrakoon et al. 2016). 

 

The densities of juvenile corals in the Gulf of 

Thailand are usually low when compared with 

the other reef sites in the Indo-Pacific region, 

in which the juvenile coral density at some reef 

sites was over 50 colonies/m2 (Sheppard et al. 

2008; Roth and Knowlton 2009; Yeemin et al. 

2009). Therefore, the coral community structures 

in the Gulf of Thailand could be maintained by 

the survival of resistant and/or tolerant coral 

species. The results of this study suggest that 

highly resistant and tolerant coral species at 

Ko Bai Dang, Ko Thong Lang, Ko Thien, and 

Hin Gurk Maa play a major role in the high 

resilience potential of coral communities after 

coral bleaching events. The Porites communities 

among study sites at Mu Ko Chang National 

Park are extremely important to the high 

resilience potential of nearshore reef sites (Fitt 

et al. 2009; Buerger et al. 2015). These coral 

communities may contribute larval supply to 

nearshore reefs along the Eastern Gulf of 

Thailand through the connecting sea surface 

current in the Gulf of Thailand (Sojisuporn et 

al. 2010). Connectivity among reef sites and 

local coral recruitment are important factors 

for consideration when aiming to provide 

appropriate management strategies, especially 

for the designation of marine protected areas 

and establishing coral reef restoration projects 

in the Gulf of Thailand. 
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