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Summary   

A long-term coral reef monitoring program at Khang Khao Island, Chonburi 

Province in the inner Gulf of Thailand, has been carried out since 2007. The 

survey in March 2009 showed that the average of population density of the 

sea urchin Diadema setosum was 14.0±1.1 individuals.m-2. The elevated   

seawater temperatures in 2010 caused the mass coral bleaching in the Gulf 

of Thailand but the population density of D. setosum (surveyed in July 2010) 

was still maintained at 16.0±1.0 individuals.m-2. Densities of D. setosum in 

September 2010 and August 2011 were significantly decreased, 9.5±0.8      

individuals.m-2 for the former and 5.2±1.4 individuals.m-2 for the latter. 

The survey in August 2011, the exceptional rainfall year, showed that salinity 

of the upper water layer dropped to 10.1 psu while salinity of the lower water 

layer was 23.1 psu. The low salinity also caused mass coral bleaching around 

Khang Khao Island, especially the corals Pocillopora damicornis and 

Acropora spp., as well as impacts on bivalves, such as Spondylus cf. versicolor 

and sea cucumbers. This study suggests that the long-term population 

maintenance of D. setosum and other reef associated fauna depends on 

frequency and severity of multiple disturbances. The impacts of low salinity 

on coral communities in the Gulf of Thailand should be studied in details for 

improving our understanding on coral reef ecosystem. 

Introduction   

Diadema setosum is the most dominant marine benthic invertebrate on coral 

communities in the Gulf of Thailand (Sakai et al. 1986; Tsuchiya et al. 1986; 

Yeemin et al. 2009). A long-term coral reef monitoring program at Khang 

Khao Island, Chonburi Province in the inner Gulf of Thailand has been 

carried out since 2007 so it provides an opportunity to investigate population 

dynamics of D. setosum on the coral communities. In this paper we addressed 

mass mortality of the sea urchin in the inner Gulf of Thailand following an 

anomalous low salinity event in 2011.  

Material and Methods   

The study site was established at Khang Khao Island, (latitude 13◦06'24"N to 

13◦07'0"N and longitude 100◦8'45"E to 100◦49'0"E) in the inner Gulf of   

Thailand (Fig. 1). The island is approximately 60 km from the Chao Phraya 

river-mount, so it is affected by freshwater run-off during the rainy season in 

May-October. Coral communities around Khang Khao Island  develop in 

shallow water areas, about 4-6 m in depth. The dominant corals are Porites 

spp., Platygyra spp. and Favia spp. We surveyed macrobenthic invertebrates 

along the three belt-transects, 30 m long and 1 m wide in March 2009, July 

2010, September 2010 and August 2011. The severe coral bleaching         

phenomenon occurred in 2010 because of anomaly high sea surface          

temperature (Yeemin et al. 2010). An exceptional rainfall event and        

subsequent heavy flooding occurred in July - December 2011. The  annual  

rainfall  was  about  24  %  above  normal (1,947.9 mm versus 375.4 mm) 

(Thai Meteorological Department, 2012).  The environmental factors were 

measured at the study sites during the study periods. Macrobenthic              

invertebrates within the belt-transects were identified and counted for         

calculating population density. In this paper, we reported only the data on 

population density of D. setosum.  

Results  

The survey in August 2011 showed that salinity of the upper water layer 

dropped to 10.1 psu while salinity of the lower water layer was 23.1 psu The 

normal salinity at the study site was about 31-32 psu (Fig. 2). The survey in 

March 2009 showed that the average of population density of the sea urchin 

D. setosum was 14.0±1.1 individuals.m-2. The elevated seawater temperatures 

in 2010 caused the mass coral bleaching in the Gulf of Thailand but the    

population density of D. setosum, re-surveyed in July 2010, was still      

maintained at 16.0±1.0 individuals.m-2. However its densities were            

statistically different between study periods (Table 1). The population       

densities in September 2010 and August 2011 were dramatically decreased, 

9.5±0.8 individuals.m-2 for the former and 5.2±1.4 individuals.m-2 for the   

latter (Fig. 3). The low salinity event also caused high mortality of corals,   

especially Acropora spp. and Pocillopora damicornis which died over 

60%. The low salinity slightly affected a thorny oyster Spondylus cf.   

versicolor and a sea cucumber Holothuria leucospilota, with mortality rates 

less than 5% (Fig. 4). 

Discussion   

The results show that the 2010 coral bleaching and the 2011 heavy flooding 

events induced  the decline in the sea urchin population. We did not find dead 

bodies of  D. setosum in 2010 but mass mortality of sea urchins was obviously 

observed in 2011. The decline of D. setosum population in 2010 may be due 

to their migration to the deeper sandy bottom.  However we observed high 

density of juvenile sea urchins at our study sites during the re-survey in early 

2012. It is probably due to a high recruitment episode of this sea urchin. 

Sea urchins usually have mechanisms to maintain the population in highly 

environmental variable habitat, especially their high population dynamics, 

high recruitment rate and migration. A previous study emphasizes the    

importance of substrate characteristics in shaping the density distribution with 

related to species characteristics and environmental gradients (Dumas et al. 

2007). It should be noted that there is a high potential of sediment and nutrient 

loads to the marine ecosystems during floods and their subsequent impacts 

(Wallace et al. 2011).  Populations of D. setosum on coral communities in the 

inner Gulf of Thailand can achieve high population density so they can play a 

major role in coral ecosystems through ecosystem processes, especially       

bio-erosion and grazing pressure. Understanding the key mechanisms 

that regulate D. setosum populations is a challenging aspect for coral reef 

management, in particular in the face of increasing climate changes. In    

conclusion, we suggest that the long-term population maintenance of       

D. setosum and other reef associated fauna depends on frequency and severity 

of multiple disturbances. The impacts of low salinity on coral   communities 

in the Gulf of Thailand should be studied in details for improving our              

understanding on coral reef ecosystem. 

Acknowledgement 

We are most grateful to the staff of Marine Biodiversity Research Group, Faculty of Science, 

Ramkhamhaeng University for their assistance in the field. This study was funded by a budget 

for research promotion from the Thai Government awarded to Ramkhamhaeng University in 

the fiscal years B.E. 2552 – 2555. 

References 

Dumas P, Kulbicki M, Chifflet S, Fichez R, Ferraris J (2007) Environmental factors influencing urchin spatial distributions  

      on disturbed coral reefs (New Caledonia, South Pacific). J Exp Mar Biol Ecol 344:88-100 

Sakai K, Snidvong A, Yeemin T, Nishihira M, Yamazato K (1986) Distribution and community structure of hermatypic  

      corals in the Sichang Islands, inner part of the Gulf of Thailand. Galaxea 5: 27-74 

Thai Meteorological Department (2012) Retrieved February 6, 2012 from http://www.tmd.go.th/en/climate.php 

Tsuchiya M, Lirdwitayaprasit T (1986) Distribution of intertidal animals on rocky shores of the Sichang Islands, the Gulf of  

      Thailand. Galaxea 5:15-25 

Wallace J, Karim F, Wilkison S (2011) Assessing the potential  underestimation of sediment and nutrient loads to the Great  

      Barrier Reef lagoon during floods. Mar Poll Bull doi:10.1016/ j.marpolbul.2011.10.019 

Yeemin T, Saenghaisuk C, Sutthacheep M, Pengsakun S, Klinthong W, Saengmanee K, (2009) Conditions of coral communi 

      ties in the Gulf of Thailand: a decade after the 1998 severe bleaching event. Galaxea 11:207-217 

Yeemin T,  Saenghaisuk  C, Sittiporn  P, Klinthong W, Sangmanee K, Yucharoen M, Donsomjit W,  Saengsawang L,   

      Nuclear P, Sutthacheep M (2010) Status  of  coral reefs in Thailand  following  the 2010 coral bleaching event. In:  

      Kimura T, Tun K (eds) Status of Coral Reefs in East Asian Seas Region: 2010. Ministry of the Environment, Japan, pp    

      29-49 

0.0

5.0

10.0

15.0

20.0

25.0

30.0

35.0

March

2009

July

2010

September

2010

August

2011

S
a
li

n
it

y
 (

p
su

)

Figure 2: Salinity at Khang Khao Island during the 

study periods. 

Figure 1: Map of the study site at Khang Khao  

Island, inner Gulf of Thailand. 

Figure 3: Population densities (Mean ± SD) of  

Diadema setosum at Khang Khao Island. Different 

letters are significantly different (Tukey HSD test, 

p<0.05). 
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Figure 4: Mortality of corals and some              

macrobenthic invertebrates caused by the low      

salinity event at Khang Khao Island. 

Table 1: Population densities of the sea urchin Diadema setosum were surveyed in March 2009, July 

2010, September 2010 and August 2011. Results of one-way ANOVA examining the influence of time 

on density of the sea urchin.  

Mortality of Diadema setosum at Khang Khao Island, in the inner Gulf of Thailand  (August 2011) 


