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Abstract: Juvenile corals are the one influencing factor 

in the coral reefs. Those juvenile corals are potentials for 

coral recovery. In this research, we quantified how the 

population of juvenile corals (<50 mm) was influenced by 

coral community structure in shallow reef flat and reef 

slope areas. This research examined the composition and 

abundance of juvenile corals on natural substrates in 

shallow reef flats and reef slopes at Mu Ko Angthong, the 

Western Gulf of Thailand, in 2019. Quadrats 16x16 cm2 

each were applied randomly to observe juvenile corals 

on available substrates through SCUBA diving. The 

visible juvenile corals were counted and identified at the 

genus level. The density of juvenile corals on the shallow 

reef flats (9.09-26.05 individuals m-2) was higher than those 

on reef slopes (3.59-18.63 individuals m-2) in all study 

sites, except for Ko Sam Sao (E). Twelve genera of juvenile 

corals were founded. The highest densities of juvenile 

corals were recorded at Ko Sam Sao (E) and Ko Sam Sao 

(N), both on the shallow reef flats and reef slopes. The 

findings indicate that the shallow reef flats might play a 

potential resource for active coral restoration projects in 

Thailand. 

 

Keywords: juvenile coral, reef flat, reef slope, Gulf of 

Thailand 

 

1. Introduction 

 

Coral reefs are the ecosystems recognized as 

the forest of the sea, with high biological 

diversity. They show a high gross primary 

production rate because of the nutrient cycling 

processes among reef organisms (Crossland et 

al., 1991). Nowadays, the percentage of live 

coral covers decreased due to environmental 

stresses, i.e., elevated seawater temperature and 

increased solar irradiance (Lesser and Farrell, 

2004; Heron et al., 2016; Eakin et al., 2019). 

Moreover, a lot of sediments and nutrients, 

pollutants (Fabricius, 2005; Møller et al., 2015), 

plastic debris (Moore, 2008), heavy metals have 

been discharged into the oceans (Prouty et al., 

2013). These pressures cause coral deterioration 

fostering global society to take action. Hence, 

coral restoration projects have been increasingly 

implemented using different techniques, 

aiming to minimize accelerating coral reef 

degradation (Hein et al., 2019).  

 

Also, the natural recovery of corals plays a 

significant role in the health of the coral reef 

ecosystem. One of the mechanisms of coral 

recovery is the settlement of coral larvae on 

available substrates (the size of coral recruits 

are often ≤1 mm in diameter) (Babcock et al., 

2003) and successful recruitment and growth of 

juvenile corals, which their sizes are smaller than 

5 mm in diameter (Miller et a., 2000). Coral 

recruitment is an essential process for the recovery 

of coral populations after experiencing natural 

and anthropogenic disturbances (Roth and 

Knowlton, 2009; Doropoulos et al., 2015; 

Edmunds et al., 2015). Several papers focus on 

juvenile corals at different aspects such as the 

composition and density of juvenile corals (Bak 

and Engel,1979; Yeemin et al., 1992; 

Chiappone and Sullivan, 1996; Edmunds, 

2000; Ruiz-Zarate and Arias-Gonzalez, 2004; 

Vidal et al., 2005;  Sutthacheep et al., 2011; 

Yeemin et al., 2012, 2013; Putthayakool et al., 

2014; Chamchoy et al., 2015, 2016), the 

mortality of juvenile corals (Smith, 1997; 
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Miller et al., 2000; Webster and Smith, 2000; 

Glassom and Chadwick, 2006), effects of other 

benthic or environmental stress on growth and 

survival of juvenile corals (Wittenberg and 

Hunte, 1992; Edmunds and Carpenter, 2001; 

Edmunds et al., 2004; Box and Mumby, 2007).  

 

However, available information on juvenile 

corals for some aspects is still insufficient, 

making it difficult to determine correct size-

frequency distributions and to construct correct 

coral population models (Roth and Knowlton, 

2009). Therefore, this research aims to 

determine the composition and abundance of 

juvenile corals on available substrates on 

shallow reef flats and reef slopes at Mu Ko Ang 

Thong National Park, the Western Gulf of 

Thailand. We hypothesized that the differences 

influence the abundance of juvenile corals in 

depth (shallow reef flats and reef slopes).  

 

2. Materials and Methods  

 

2.1 Study sites 

 

Mu Ko Ang Thong National Park is located in 

Suratthani Province, the western Gulf of 

Thailand (9°37'57.13" N, 99°40'20.30"E). This 

archipelago is approximately 750 km south of 

Bangkok and about 56 km away from the Tapee 

River. The islands are surrounded by shallow 

and turbid waters, with an average depth of 

about 10 meters, greatly affected by the 

freshwater flow out from the mainland Tapi 

River. Four study sites were examined, i.e., Ko 

Sam Sao (W), Ko Sam Sao (N), Ko Sam Sao 

(E), Ko Wua Kantang, Ko Hindap, and Ko 

Thaiphlao (Figureure 1) 

 

 

.

 
Figure 1. Map of the study sites at Mu Ko Ang Thong National Park
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2.2 Coral community surveys 

 

The study was conducted on coral communities 

in shallow reef flats and reef slopes in April  

2019, which have depths of about 1-3 m and 3-

7 m, respectively. At each study site, live coral 

cover and benthic components were recorded in 

three permanent belt-transects of 30×1 m2, and 

scleractinian corals (>5 cm diameter) were 

identified to genus level using the identification 

guides by Veron (2000). The average percent 

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

other benthic components were calculated. For 

the juvenile coral (1-5 cm diameter), quadrats 

(16x16 cm2 each) were randomly placed on 

available substrates (dead coral, rubble, and 

rock), and visible coral recruits were counted 

and identified at the genus level. The average 

density of juvenile corals was expressed as the 

number of juvenile corals per square meter. 

2.3 Data Analysis 

 

The data of available substrate and juvenile 

corals density were tested for normality and 

were transformed by square root to meet the 

assumptions of the parametric test to conducting 

the analyses. The one-way ANOVA was used 

to detect a significant difference in available 

substrate and density of juvenile coral among 

coral reef zone and study sites. Where significant 

differences were found, the Tukey HSD (honestly 

significant difference) test was employed to 

determine which reef sites statistically differed. 

Pearson’s correlation was also analyzed to 

investigate the relationship between the juvenile 

densities and available substrates. All analyses 

were performed using R Software. 

 

3. Results 

 

The benthic components (including live corals 

and dead corals) are shown in Figure 2. The 

percentages of live coral cover in shallow reef 

flats ranged from 33.10±4.02 to 68.33 ±8.04 at 

Ko Taiphlao and the west of Ko Samsao, 

respectively, and in reef slopes ranged from 

52.86± 6.22 to 61.82± 7.28 at the east of Ko 

Samsao and the north of Ko Samsao, 

respectively.  

 

The percentages of available substrate cover 

in shallow reef flats were in the range from 

26.67±3.20 to 47.01±5.56. The highest percentage 

of available substrate cover was found at Ko 

Taiphlao (47.01%), while the lowest one was 

recorded at the west of Ko Samsao. 

 

 
Figure 2. Average percentage cover of live corals, dead corals, and other benthic components on 

shallow reef flats and reef slopes at each study site. Error bars indicate standard deviation..
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In reef slopes, the percentages of available 

substrate cover ranged from 33.83±3.98 to 

35.90 ±4.22. The highest percentage of 

available substrate cover was found at the west 

of Ko Samsao, whereas the lowest one was 

recorded at the east of Ko Samsao (26.67%) 

(Figure 3). 

 

The results from two-way ANOVA showed the 

significance of differences in available 

substrate among study sites (F(4,20)=5. 074; 

p=0.005) (Table 1). The multiple comparisons 

using Tukey HSD illustrated that the available 

substrate in Ko Wua Kantang was significantly 

different from that found in Ko Taiphlao 

(p=0.017). The available substrate at Ko 

Taiphlao was significantly different from that 

found at the west of Ko Samsao (p=0.006). 

There was a statistically significant interaction 

between the effects of zone and study site on 

available substate (F (4, 20) =5.957, p = .0003), 

indicating that the available substrate varied 

depending on the type of reef zone and study 

sites. The averages of available substrate cover 

in shallow reef flats at Ko Taiphlao, Ko Samsao 

(E), and Ko Samsao (N) were higher than those 

in reef slopes. On the other hand, averages of 

available substrate cover in shallow reef flats at 

Ko Wua Kantang and Ko Samsao (W) were 

lower than in reef slopes (Figure 4).  

 
Figure 3. Percentage cover of an available substrate on shallow reef flats and reef slopes at each 

study site. Error bars indicate standard deviation 

Table 1. Two-way analyses of variance (ANOVA) and the multiple comparisons illustrate the 

significance of differences in available substrate among coral reef zone and study sites.  

Source of variation df Mean Square F P 

Two-way ANOVA test     

Coral reef zone 1 11.584 .632 .436 

Study site 4 93.055 5.074 .005** 

Coral reef zone * Study site 4 109.254 5.957 .003** 

Error 20 18.339   

Total 30    

Tukey HSD     

Ko Wua Kantang vs Ko Taiphlao    0.017* 

Ko Taiphlao vs Ko Samsao (W)  
  0.006** 

df: degree of freedom.  

* Significant difference (p<0.05) 

** Significant difference (p<0.01)
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Figure 4. Estimated marginal means of 

available substrate 

The densities of juvenile corals on the shallow 

reef flats (9.09-26.05 juveniles/m2) were 

significantly higher than those on reef slopes 

(3.59-18.63 juveniles/m2) except for the east of 

Ko Sam Sao and Ko Taiphao (p<0.05) (Figure 5). 

A total of 12 genera of juvenile corals were 

commonly observed in shallow reef flats, while 11 

genera in reef slopes. The genera of juvenile corals 

found in shallow reef flats and reef slopes were 

Pocillopora, Lobophyllon, Favites, Goniastrea, 

Leptastrea, Porites, Platygyra, Pavona, Turbinaria, 

Pseudosiderastrea tayamai, Goniopora, Favia, 

Oulastrea crispata, and Diploastrea heliopora 

(Figures 6 and 7). Results of two-way ANOVA 

revealed that the significant differences in 

densities of juvenile corals between coral reef 

zones (F(4,20) =10.394; p=0.004) and among 

study sites (F(4,20) =7.124; p=0.001) were 

detected (Table 2). The multiple comparisons 

using Tukey HSD illustrated that the available 

substrate in Ko Wua Kantang was significantly 

different from that found in the east of Ko 

Samsao (p=0.043) and the north of Ko Samsao 

(p=0.03). The available substrate at Ko 

Taiphlao was significantly different from those 

found at the east of Ko Samsao (p=0.027) and 

the north of Ko Samsao (p=0.020). The 

juvenile coral density at the west of Ko Samsao 

was significantly different from those found at 

the east of Ko Samsao (p=0.011) and the north 

of Ko Samsao (p=0.008). 

 
Figure 5. The density of juvenile corals at each study site. Error bars indicate standard deviation. 
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Figure 6. Dominant juvenile corals on available substrate at the study sites 
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Figure 7. Species composition of juvenile corals at each study site 

Table 2. Two-way analyses of variance (ANOVA) and multiple comparisons were illustrating 

the significance of differences in density of juvenile corals among coral reef zone and study sites  

Source of variation df Mean Square F P 

Two-way ANOVA test     

Coral reef zone 1 304.072 10.394 .004** 

Study site 4 208.395 7.124 .001** 

Zone * Station 4 62.822 2.147 .112 

Error 20 29.254   

Total 30    

Tukey HSD     

Ko Wua Kantang vs Ko Samsao (E)    0.043* 

Ko Wua Kantang vs Ko Samsao (N)    0.033* 

Ko Taiphlao vs Ko Samsao (E)    0.027* 

Ko Taiphlao vs Ko Samsao (N)    0.020* 

Ko Samsao (W) vs Ko Samsao (E)    0.011* 

Ko Samsao (W) vs Ko Samsao (N)    0.008** 

df: degree of freedom. 

* Significant difference (p<0.05) 

** Significant difference (p<0.01) 
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The densities of juvenile corals increased with 

an increase of available substrate in both 

shallow reef flats and reef slopes. However, the 

positive correlations were not statistically 

significant in both reef flats (r=0.294, p=0.288) 

and reef slopes (r=0.364, p=0.182) because of 

the high variation of juvenile coral densities 

(Figure 8). 

 

 

 
Figure 8. Relationships between the available 

substrate and density of juvenile corals in shallow 

reef  flats (A) and reef slopes  (B) 

4. Discussion 

 

Juvenile coral densities have been proposed as 

a crucial predictor of coral reef recovery from 

mass bleaching events (Hughes et al., 2010; 

Gilmour et al., 2013; Graham et al., 2015; 

Dajka et al., 2019). The present study shows 

that the highest survival of juvenile corals 

(shallow reef flat and reef slope) were recorded 

37.32 individuals m-2, at the north of Ko Samsao, 

in the Mu Ko Ang Thong National Park, 

dominated by juvenile corals Favites spp. 

following by Pocillopora spp. and Goniastrea 

spp., respectively. This result agrees with 

previous observation conducted by 

Putthayakool et al. (2017) in Mu Ko Ang Thong 

National Park in 2015, reporting that the 

density of juvenile corals ranged from 8.22 

±1.66 individuals m-2 at the east of Wau Talap 

Island to 37.38 ± 2.98 individuals m-2 at the 

north of Sam Sao Island, and the dominant 

species include Faviidae was dominant at all 

study sites. 

 

In this study, juvenile coral colonies were 

observed using naked eyes; it might cause 

errors leading to underestimation. Applying 

modern survey techniques like fluorescence 

census techniques may increase the accuracy of 

juvenile coral observation (Piniak et al., 2005; 

Baird and Selih, 2006; Schmidt-Roach et al., 

2008; Roth and Knowlton, 2009). The juvenile 

coral density at shallow reef flats was relatively 

high compared with reef slopes at all stations 

except for the east of Ko Samsao. This indicates 

that coral recruitments seem to be more 

successful on available substrates in shallow 

reef flats than reef slops due to environmental 

factors such as water currents, wave action 

(Graham et al., 2014; Doropoulos et al., 2015). 

 

Although no significant association was 

detected due to the high variation of data, there 

would be possible associations between 

juvenile densities and available substrates in 

shallow reef flats (r = 0.2939) or reef slope (r = 

0.36). ur results suggest that the available 

substrate is one of the crucial parameters that 

can induce coral recruits to settle down and 

increase juvenile corals density. Several factors 

affecting the abundance of coral recruitment, 

growth, and the survival of juvenile corals 

include grazer effects such as fishes in the 

family Pomacentridae (Casey et al., 2015) or 

sea urchins, illumination condition, and the 

available substrate, which are covered by select 

few species of crustose coralline algae 

(Babcock and Mundy, 1996; Harrington et al., 

2004; Price, 2010; Ritson-Williams et al., 

2010). Unstable substrates such as rubble are 

likely to make major coral recruits die-offs 

(Fox et al., 2003; Chong-Seng et al., 2014).  

The coral recruits experiencing disturbances 

showing mortality rates after settlement of  67-

R² = 0.0864
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99 % in their first year (Smith, 1992; Babcock 

and Mundy, 1996; Dunstan and Johnson, 1998; 

Wilson and Harrison, 2005; Graham et al., 

2013). Mortality rates of juvenile coral 

gradually reduce with coral growth, and the 

mortality rate of many corals reduces once they 

have reached their sizes of more than 5 cm 

(Doropoulos et al., 2015), and those surviving 

juvenile corals can grow to reach reproductive 

sizes and contribute to the adult population 

(Hughes et al., 2010; Gilmour et al., 2013). 

These findings are necessary for understanding 

the critical role of juvenile corals in managing 

coral recovery after overcoming environmental 

stresses in the future. 
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