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Abstract   The severe coral bleaching event in 2010 led to coral mortality in many dive sites of 

Thailand. This study focused on management strategies for degraded recreational dive sites 

following the 2010 coral bleaching event in a marine national park in the Andaman Sea. Popular 

dive sites in marine national parks such as East of Eden and Ao Faiwab in Mu Ko Similan National 

Park have been temporarily closed since 2010 in order to build resilience and to enhance coral 

recovery. The long-term coral reef monitoring program showed that live coral covers at both dive 

sites increased slightly over the last five years. Coral recruitment rates were also relatively low. As 

numbers of recreational divers in the Andaman Sea are increasing, the Mu Ko Similan National Park 

management are considering establishing new dive sites in the park. However we recommend that 

active coral restoration in small controlled areas for recreational diving should be carried out instead 

of creating new dive sites. Raising public awareness is also urgently required intensely for coral reef 

conservation in Thailand in the period of increasing human and climate change impacts. 
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Introduction 

Mass coral bleaching events are recognized as a major threat to coral reef ecosystems worldwide and 

have resulted in economic losses for coastal communities and industries that rely on them (Hughes et 

al. 2003; Hoegh-Guldberg et al. 2007; Maynard et al. 2009; Sutthacheep et al. 2013). Because of 

these ecological and socio-economic impacts, and the relationship to climate change issues, coral 

bleaching events are important aspects in the public and mass media groups.  
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Coral reef managers have to carefully consider the sustainability of ecosystem function and 

services and securing the economic and social values of coral reef resources (Anderson 2007; Cinner 

et al. 2012; Klinthong and Yeemin 2012; Samsuwan and Yeemin 2012). Therefore appropriate 

management plans and their effective implementation are required to cope with the coral bleaching 

impacts (Goreau et al. 2000; West and Salm 2003; Marshall and Schuttenberg 2006; Hoegh-

Guldberg 2011; Sutthacheep et al. 2012). 

 Marine protected areas (MPAs) are an important tool for conservation of marine and coastal 

resources including coral reef ecosystem (Roberts et al. 2003; Cho 2005; Cicin-Sain  and Belfiore 

2005; McLeod et al. 2009). This has resulted in establishing a large number MPAs and MPA 

networks at regional and global scale for managing various type of marine ecosystem (Mora 2011; 

Venegas-Li et al. 2016).  As coral reef ecosystems are especially susceptible to impacts from climate 

change, particularly mass coral bleaching events during the last three decades, MPAs and MPA 

networks are widely recommended tool to prevent or mitigate multiple threats to the coral reefs. 

Although MPA networks are considered as an effective management approach for marine 

conservation, they should be complemented by other management strategies, including regulations 

for fisheries and reduction of land-based pollution (Marshall and Schuttenberg 2006; Brian et al. 

2009; Yeemin et al. 2012a).  

 The severe mass coral bleaching event that happened in 2010 affected most coral reefs in 

Thai waters with more severe and extensive impacts in the Andaman Sea than in the Gulf of 

Thailand (Yeemin et al. 2010, 2012b). Thailand had served as a case study for managing MPAs 

following the mass coral bleaching events, and had contributed several recommendations based on 

the lessons learned from meetings, seminars and conferences among government agencies, non-

government organizations, and universities that investigated coral bleaching recovery trends and 

management issues (Yeemin et al. 2012a). Suggested management interventions included preventing 

coral damage from snorkeling in the shallow reefs by zoning, reduction of sediment load from 

coastal development and wastewater discharge from boats and land-based activities into coral reefs, 

temporary closure of selected dive sites, establishing new diving sites, and conducting research and 

monitoring for coral conservation and restoration (Yeemin et al. 2012a).  

The main objective of this study was to examine various management strategies for degraded 

recreational dive sites following the 2010 coral bleaching event in Mu Ko Similan, one of popular 

dive sites in the Andaman Sea. The long-term coral reef monitoring surveys have been conducted to 

investigate coral community changes in temporary closures and to propose appropriate management 

strategies for Mu Ko Similan National Park.  
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Materials and methods 

Study site 

The Mu Ko Similan is a group of islands (8°39′09″N, 97°38′27″E) in the Andaman Sea, about 70 km 

off the coast of Phang Nga Province, southern Thailand (Fig. 1). It was established as a national park 

in 1982. The park consists of nine islands, Ko Bangu, Ko Similan, Ko Payu, Ko Hok, Ko Ha, Ko 

Miang, Ko Payan, Ko Payang, and Ko Huyong. Recently, two remote islands, Ko Bon and Ko 

Tachai have been included in the park. Following the 2010 coral bleaching event, two popular dive 

sites Ao Faiwab (Ko Similan) and East of Eden (Ko Payu) have been temporary closed since 2010 

for building resilience and enhancing coral recovery. 

                                 

Fig. 1 Map of the study sites at Ao Faiwab and East of Eden, Mu Ko Similan National Park   

 

Long-term coral reef monitoring  

At each study site, three 50m permanent belt-transects were set up on the reef slope at about 18 m 

depth, to examine changes in live coral cover and coral recruitment.  This study presents the data 
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collected during from 2009 (before the mass coral bleaching event) to 2015. The data for the year 

2010 were collected in November, about six months after the peak of coral bleaching event. Live 

coral cover was recorded in each belt transect and hard coral (>5 cm diameter) were identified to 

species level. The number of visible coral recruits (<5 cm diameter) on natural substrates in each 

belt-transect were also recorded. All coral recruits were identified to genus level. A one-way 

ANOVA was used to test the influence of time on the live coral cover and the number of coral 

recruits for each study site. LSD Method was used as a posthoc analysis.  

 

Results 

The surveys before the bleaching event in 2009 showed that averages of live coral cover at East of 

Eden and Ao Faiwab were 65.1% and 33.4% respectively. However, in 2010 the live coral cover at 

both study sites dropped to 25.2% and 3.7% (Figs. 2, 3), six months after the bleaching event). The 

severe coral bleaching event in 2010 caused significant mortality of several hard corals including, 

Montipora spp., Acropora spp., Pocillopora spp., Seriatopora hystrix, and Porites spp. The surveys 

during the year 2011 to 2015 revealed that live coral cover at both study sites slightly increased.  

 

A   

B  

Fig 2. Live coral cover of large colonies (SE) at A) East of Eden and B) Ao Faiwab during 2009 to 

2015 (one-way ANOVA, LSD test, p<0.05) 
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A     

B   

Fig 3. Coral communities at A) East of Eden and B) Ao Faiwab before and after the 2010 mass coral 

bleaching event 

 

 Density of coral recruits at both study sites differed significantly between year (one-way 

ANOVA, p<0.05) (Figs. 4, 5). The dominant coral recruits were Pavona spp., Pocillopora spp., 

Porites spp. and Acropora spp. The density of coral recruits at both study sites was relatively low. 

 

Discussion 

The coral communities at East of Eden and Ao Faiwab were dominated by corals that are susceptible 

to bleaching, therefore the severe bleaching event in 2010 resulted to coral degradation (Yeemin et 

al. 2012a). This study showed that the live coral cover at both reef sites slightly increased after the 

bleaching event. However, despite the increase in live coral cover the density of coral recruits was 

low. The Department of National Parks, Wildlife and Plant Conservation (DNP) realized the impacts 

of coral bleaching and decided to temporarily close several popular dive sites, including East of 

Eden and Ao Faiwab in order to build resilience and to enhance coral recovery. 
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A   

B  

Fig. 4 Density of coral recruits (SE) at A) East of Eden and B) Ao Faiwab during 2009 to 2015 

(one-way ANOVA, LSD test, p<0.05) 

 

The DNP has also implemented several measures for managing coral reefs and marine 

resources for tourism development, such as repair and maintenance of existing buoys and 

installation of new buoys, promoting better knowledge and understanding of responsible tourism, 

increasing awareness and promoting a better understanding of the coral bleaching event, etc. 

(Klinthong and Yeemin 2012; Yeemin et al. 2012a).  
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A  B  

C  D  

Fig. 5 Coral recruits on natural substrates at East of Eden and Ao Faiwab A) Acropora spp. B) 

Pavona sp. C) Pocillopora sp. D) Porites sp. 

 

 
Fig. 6 Number of tourists at Mu Ko Similan National Park during 2009 – 2015  

(Source: www.dnp.go.th) 



471 

 

 

A  B  
Fig. 7 A) Snorkelers and B) scuba divers at Mu Ko Similan National Park 

 

 Various types of tourism business, including diving and other marine tourism, are very 

important sources of income for communities along the coastline of Thailand and the country 

economy (Samsuvan et al. 2012). The DNP statistics revealed that number of tourists, including 

snorkelers and scuba divers, entering Mu Ko Similan remarkably increased during the past few years 

(Figs. 6, 7). This is consistent with the national policy to increase tourist numbers and to enhance 

tourism growth of Thailand. The DNP needs proper management strategies to cope with the 

increased numbers of tourists. One of the management strategies for recreational diving is 

establishing new dive sites in the park or rotational dive site use. We suggest that the DNP should 

not establish a new dive site in Mu Ko Similan National Park and should reserve reef sites in the 

park as possible. Whenever a new diving site is established, it can still be degraded if enforcement of 

regulations in the park is weak. However, active coral restoration in small controlled areas may be 

carried out to cater for snorkelers and scuba divers at some temporary closures. Recently, 

achievements of selected coral reef restoration projects and guidelines for restoration techniques 

have been widely published (Yeemin et al. 2006; Chou et al. 2009; Edwards 2010; Cabaitan et al. 

2015; Rinkevich 2015). A case study on managing bleached coral reefs in Thailand showed the 

achievement of using artificial substrates for coral recruitment and ecotourism at tourist hotspots 

with the participation of local communities in managing natural resources and environment 

(Sutthacheep et al. 2012). Raising public awareness is also required for coral reef conservation in 

Thai waters in the face of increasing anthropogenic and climate change impacts. This study 

highlights the importance of selected appropriate management strategies for conserving the coral 

reef ecosystem. 
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