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Abstract 
 

The widespread of coral disease may threatened Bali`s marine tourism which is the main asset for the nation 

prosperity. However, the disease prevalence is still unknown, in particular inshore coral reefs near to tourist spot 

areas. Therefore, the research aims to investigate the contribution of terrestrial runoff to coral disease prevalence 

and to examine the relationships between disease prevalence and environmental parameters (nitrate, phosphate, 

organic carbon and total suspended solids (TSS)) within the population of massive Porites on shallow north Bali 

reefs. Syndrome, diseases and healthy colonies of massive Porites coral were counted and noted within a 2 x 10 m 

belt transect at 3 sampling sites. The dominant disease observed was ulcerative white spots (UWS), while the 

syndromes were pigmentation response and aggressive overgrowth by macroalgae. The highest mean UWS 

prevalence was at site 3 which was the closest site to runoff (prevalence = 91%).This disease only affected one 

colony at site 1 and 2, respectively. Disease prevalence had strong relationship with TSS and nitrate, yet it showed 

weak relationship with phosphate and organic carbon. These results suggest that terrestrial runoff could contribute 

to the disease prevalence by increasing the TSS, nutrients and organic carbon loading to the inshore ecosystems. 

High level of organic carbon could severe the disease, particularly when combined with elevated TSS and nutrient, 

by reducing the coral`s immunity system. 

 

Keywords:  coral disease, prevalence, terrestrial runoff, massive Porites, ulcerative white spots, environmental 

parameter, North Bali. 

 
 

Introduction 
  

There was approximately 24% of coral reef 

population worldwide is in vulnerable condition due to 

the combination of human disturbances (Wilkinson, 

2004) and climate change (Gardener et al., 2003; 

Bruno and Selig 2007; Veron et al., 2009). Among 

these factors, disease has emerged as one of the most 

substantial causes for coral reef declining (Rosenberg 

et al., 2007; Bourne et al., 2009). This pandemic was 

early documented in Caribbean reefs which affected 

more than 95% of its population (Aronson and Precht, 

2001; Weil et al., 2006). However, studies lately 

reported that the outbreak has spread over other part 

of world reefs, including Indo-Pacific reefs (Raymundo 

et al., 2005; Haapkylä et al., 2007) in which may not 

be well documented.  
 

 Despite the massive outbreak, the mechanism of 

disease virulence is still unknown. Field and 

experimental studies showed that the disease was 

strongly associated with nutrient enhancement (Kuta 

and Richardson, 2002; Bruno et al., 2003; Voss and 

Richardson, 2006), organic carbon (Kuntz et al., 

2005; Kline et al., 2006; Baker et al., 2007), and 

sedimentation (Hodgson, 1990; Pollock et al., 2014). 

The high level of nutrient is assumed to decrease the 

coral immune system, causing reduced defense 

mechanism against the overgrowth of opportunistic 

microorganisms (Voss and Richardson, 2006). An 

experiment with different concentration regimes of 

organic carbon and nutrients indicated that organic 

carbon had more adverse impact than nutrient to coral 

mortality by accelerating the disruption of coral and its 

microflora mutual partnership (Kline et al., 2006). 

Meanwhile, increased in suspended solids (TSS) 

associated with terrestrial runoff reduces the light 

quality and quantity for coral’s photosynthetic 

microalgae endosymbiont (Symbiodinium sp.), thus 

lowering the energy production in coral (Falkowski et 

al., 1990; Richmond, 1993). Coral produces mucus 

and moves the cilia in order to wipe away the excessive 

suspended solids which deposited on the coral surface 

(Furnas, 2003; Devlin and Schaffelke, 2009).  As this 

mechanism costs a lot of energy, coral likely shifts its 

energy allocation (from grow to defense) making it 

more vulnerable against infectious microorganisms 

(Furnas, 2003; Devlin and Schaffelke, 2009). 

Compared to the effects of nutrients, the relationships 

between organic carbon and TSS with disease 

prevalence is not clearly defined yet.  
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 This study provides preliminary information 

regarding the distribution, environmental stressors and 

prevalence of coral disease in north Bali island. As a 

world tourist destination, Bali is facing pressures from 

rapid economy growth, overfishing, climate change 

(Knight et al., 1997). Pemuteran village in north Bali 

was chosen regarding its location as one of few tourist 

spots in the north Bali (Figure 1.). Despite its beautiful 

underwater world, this village suffers from flood in 

almost every rainy season which hit the highway, 

villages and affects the surrounding coastal areas 

through terrestrial runoff and rivers (Gerogak district). 

In addition to flood, overfishing and coastal 

development for tourist facilities also threatened this 

area. The aim of this research is to investigates the 

contribution of terrestrial runoff to coral disease 

prevalence and to examine the relationships between 

coral disease prevalence, nutrients, organic carbon 

and TSS within population of Indo-Pasific reef main 

builder species (massive Porites) on shallow north Bali 

reef.  

 

 

Materials and Methods  

 
Sampling sites and environmental parameters  

 

Prior to investigation, reefs were selected based 

on its proximity to terrestrial runoff, river, human 

population and tourist facilities (hotel). The study sites 

were located in Selini beach, Pemuteran village, 

Gerogak district, Buleleng regency, north Bali island 

(Figure 1.). The sampling sites have similar 

geomorphology and ecology with fringing reefs along 

the beach. Sampling was conducted using SCUBA in 

the dry season (September 2016). Site 3 was the only 

site which has populated area, hotel and river. 

Moreover, there were three terrestrial runoff in this site 

which 2 of them were still actively flow into the sea  

even in dry season. Each site was separated at 1 km 

away three 2m x 10 m belt transects which placed 

randomly at 3-6 m depth. Diseased, syndrome and 

healthy colonies of massive Porites coral were counted 

and noted following the description of Coral Disease 

Handbook (Raymundo et al., 2008) and Underwater 

Cards for Assessing Coral Health on Indo-Pacific Reefs 

(Beeden et al., 2008). Identification of massive Porites 

was based on Veron (2008) and Suharsono (2008). 

Disease and syndrome prevalence were calculated by : 

 
                                          

                                     
      

 
Each 1500 ml of water samples (two replicates) 

were collected at ±1 m above the coral colonies and 

out of the belt transects for nutrient analysis (nitrate, 

phosphate), organic carbon and TSS. All samples were 

taken simultaneously with disease observations. 

Nitrate was determined by the brucine method and 

phosphate by the ammonium molybdate method, while 

organic carbon (total organic carbon/TOC) level was 

measured by titrimetric method (Strickland and 

Parsons, 1972). TSS concentration was measured 

gravimetrically from the weight difference between 

loaded and unloaded filter paper after drying overnight 

at 60°C.A 1000 ml of TSS samples were filtered to the 

pre-weighed 0.45 μm (125 mm diameter, Whatman).  

 

Statistical analyses 

 

One-way ANOVA was used to statistically assess 

the differences in disease prevalence between 

sampling sites. Furthermore, the relationships 

between disease prevalence and environmental 

parameters (nutrients, organic carbon and TSS level) 

were analysed by using simple linear regression. All the 

statistical analyses were conducted by using Statsoft. 

 

 
 

Figure 1. Map of the sampling sites at North of Bali island
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Results and Discussion 

 
Dynamics of coral disease and syndromes  

Survey observations indicated that some 

syndromes and disease occurred on massive Porites 

colonies at the sampling sites (Figure 2). The only 

dominant disease occurred on massive Porites was 

ulcerative white spot (UWS), while the syndromes were 

consisted of aggressive overgrowth of macroalgae, 

sediment damage, predation by snail, bleaching and 

pigmentation response. Among these syndromes, 

pigmentation response and aggressive overgrowth by 

macroalgae were classified as the most common 

syndrome particularly in massive Porites colonies. UWS 

has regular round shape, small white spots (diameter 

±1 cm) that spread over the surface of coral colony. 

Pigmentation response was documented with the 

distinctive pink spot which bordered the dead coral 

skeleton. Another dominant syndromes observed was 

the aggressive overgrowth of macroalgae on the 

surface of massive Porites colonies. The outgrowth 

likely started from the bottom of the coral, and up to 

the coral surface. Silt accumulation on the coral 

surface was reported on some colonies mainly at Site 

1. The affected tissue was lost and there was mucus 

secretion over the coral surface. Some colonies of 

massive Porites suffered from Drupella sp. snail 

predation. They left significant wide white patch as of 

tissue lost which commonly seen at the base of the 

colony. Additionally, few colonies of massive Porites 

showed stripe or patch of bleached tissue.These 

bleached tissue were still alive and demonstrated 

distinct border between healthy and bleaching tissue.  

 

The prevalence of disease and syndrome among 

sampling sites is presented in Figure 3. The highest 

disease prevalence of UWS was found at site 3 that 

reached 91% of the massive Porites colonies. In 

contrast, this disease had very low prevalence at site 1 

and 2 with only  3% infection of one colony in each 

site. The pigmentation response was the most 

predominant syndrome found at all sites. The lowest 

prevalence of pigmentation response was indicated at 

site 1 (13%). The aggressive overgrowth of macroalgae 

was observed as the second largest syndrome at these 

sampling sites. Similar to UWS and pigmentation 

response, site 3 indicated as the highest prevalenceof 

this syndrome that was 46%. The total average number 

of massive Porites colonies is almost similar across the 

sites, with 40 colonies for each site 1 and 2, and 44 

colonies for site 3. 

 

Relationship between coral disease and syndromes 

prevalence and environmental parameters  

 

The summary of environmental parameters 

which assumed as the stressors of coral disease and 

syndromes at the sampling sites is shown in Table 1. 

According to the local diving operators, these sampling 

sites were no longer operated as diving spots and 

fishing areas since the underwater scenery was not 

appealing to tourists and suffered from overfishing 

(pers. comm. 2016). The level of phosphate at site 2 

and 3 were as high as 11.6 µM, and lower at site 1. The 

organic carbon (total organic carbon/TOC) was similar 

at all sampling sites that reached 51 mg.L-1 in average. 

Similar level of nitrate was observed at site 1 and 2, 

but 5-fold higher at site 3. The same trend was found in 

TSS which showed approximately 17 mg.L-1 at both site 

1 and 2, but 3 - times higher at site 3. 

 

The statistical results of regression analyses 

between these environmental parameters and UWS 

disease prevalence is shown in Figure 4. It showed that 

there was a significant strong relationship between 

disease prevalence (UWS) and TSS concentration (R2 = 

0.99, P<0.05) and nitrate level (R2= 0.99, P<0.05). 

However, the relationship between UWS prevalence 

and phosphate (R2= 0.3, P>0.05) and organic carbon 

(TOC) (R2= 0.3, P>0.05) were weak. On the contrary, 

the disease prevalence between-sites showed that the 

prevalence of UWS were significantly different among 

sampling sites (P<0.05). 

 

The present study reveals that UWS was the only 

disease affecting massive Porites colonies at Selini 

beach, Pemuteran village, north Bali island. This 

disease had also been documented within massive 

Porites colonies in the Wakatobi Marine Park, 

south-east Sulawesi, Indonesia (Raymundo et al., 

2005) and on Phillipine reefs (Haapkylä et al., 2007). 

The positively relationship between UWS prevalence 

and TSS suggests that high level of TSS could intensify 

the virulence of this disease. Previous study by Pollock 

et al. (2014) and Miller et al. (2016) also 

demonstrated that increased turbidity due to high 

level of TSS significantly elevated the coral disease 

and compromised health prevalences. The high 

amount of TSS in the seawater column reduces the 

light intensity which is needed for coral`s 

photosynthetic endosymbiont. Consequently, it may 

diminish the supply energy from the photosynthetic 

algae for coral as the host. Also, the accumulated TSS 

on coral surface, may provide suitable media for the 

opportunistic microorganisms to grow (Hodgson, 

1990). In order to remove the deposited TSS, coral 

secretes mucus on its surface. This mucus secretion 

consumes significant amount of energy that could be 

invested for growth, defense, and reproduction. Leads 

coral to be more susceptible to disease virulence. 

Although samplings were taken during dry season 

where the rainfall was only 2 mm (Indonesian Agency 

for Meteorological, Climatological and Geophysics), the 

level of TSS at site 3 was still relatively 3-fold higher 

than at site 1 and 2. The high level of TSS at site 3 was 

likely due to the two of three runoff and small river that
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(a) 

 
(b) 

 

 
(c) 

 
(d) 

 

 
(e) 

 

 
(f) 

Figure 2. Diseases and syndromes affecting massive Porites colonies at sampling sites. (a) Pigmentation response; 

arrows pointing at affected tissue. (b) Unusual bleaching pattern (c) Silt deposition on the surface of massive 
Porites. (d) Predation by Drupella sp. snail. (e) UWS disease (f) Aggressive overgrowth by macroalgae. 

 

 

were still actively loading particulate materials and 

sediments from the land to the surrounding coastal 

areas. In addition, low resuspension during dry season 

causes the high amount of TSS in water column. 

 

The amount of nutrient (nitrate) in this study 

was significantly related to the disease prevalence. 

Although phosphate showed statistically no 

relationship with the disease prevalence, the 

concentration in all the sampling sites was significantly 

high. The concentration of nitrate measured at all the 

sampling sites was much higher than those in Kline et 

al. (2006) which the maximum concentration (6.5 μM) 

was the minimum concentration detected at site 1. 

 

Likewise for nitrate, the maximum level of 

phosphate tested at experimental study by Kline et al. 

(2006) was 2-fold higher at nearly all the sampling 

sites. The high nutrients amount at all sampling sites 

were likely the contributor of disease and syndromes 

appeared at these sampling sites. The finding in the 

present study is in agreement with Haapkylä et al. 

(2011) and Kaczmarsky and Richardson (2010) that 

argued nutrient enhancement promotes the coral 

disease prevalence, since nutrient is the limited 

growth factor for microorganisms. However, in relation 

to the high UWS prevalence at site 3, it is assumed 

that nutrient has to couple with other stressors in 

order to accelerate the disease severity. Kline et al. 

(2006) showed the effect of nutrients (nitrate, 

phosphate, ammonia) to coral disease were less 

harmful than organic carbon. 

 

Despite no strong relationship between disease 

prevalence and organic carbon at the sampling sites, 

the level of water column organic carbon in this study 

was 2-times higher than those in Kuntz et al. (2005). 

Therefore, organic carbon alone could enhance the
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Table 1. Environmental parameters along the sampling sites  

 

Station Km1 % UWS Nitrate (µM) Phosphate (µM) TOC (mg.L-1) TSS (mg.L-1) 

1 0 3 11.3 8.4 50.6 17.2 

2 1 3 6.5 11.6 51.8 17.8 

3 2 91 48.4 11.6 50.6 53.9 

Note.
1
Km is distance from runoff 

 

 
Figure 3. Mean prevalence of the most common disease and syndromes observed on surveyed sampling sites. 
         Note.  = Macroalgae overgrowth;  = Pigmentation response;  = UWS 
 

 

 
Relationship between UWS prevalence and TSS 

 
Relationship between UWS prevalence and TOC 

 
Relationship between UWS prevalence and P  

   
 

Relationship between UWS prevalence and N  
 . 

 

Figure 4. Analyses of linear regression of relationship between UWS disease prevalence and environmental parameters. 
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disease prevalence. The village and hotel may be the 

source of elevated nutrients and organic carbon to the 

sampling sites as their sewage effluents and 

wastewater flow into terrestrial runoff and river. 

Furthermore, the presence of organic carbon in the 

water column is indirect effect of elevated level of 

nutrients. As nutrient increased, the macroalgae 

population on the coral reefs overgrow and release 

organic carbon as the photosynthetic product (Smith et 

al., 2006) or even from dead tissue (Khailov and 

Burlakova, 1989).  

 

This hypothesis was supported by the large 

number of overgrowth macroalgae found at the 

sampling sites, in particular site 3. The overgrowth of 

macroalgae might be the result of overfishing of 

herbivore fish in this area since there were very few 

coral fish detected during surveys. Nonetheless, this 

study only tested for the level of total organic carbon, 

investigation on the effect of high concentration of 

particulated organic carbon (POC) and dissolved 

organic carbon (DOC) caused massive prevalence of 

atramentous necrosis disease (Haapkylä et al., 2011). 

High level of organic carbon could severe the disease, 

particularly when combined with elevated TSS and 

nutrient, by reducing the coral`s immunity system. 

 

This preliminary study with limited dataset 

presented initial report regarding the status of UWS 

disease in Indonesia which has not been fully 

investigated before, except the report by Haapkylä et 

al. (2007) in Wakatobi Marine Park, South-East 

Sulawesi. On the contrary, this infectious disease has 

been widely observed in the Phillipines reefs which 

share the same geographic region with Indonesia 

(Raymundo et al., 2005; Kaczmarsky, 2006). Studies 

by Arboleda and Reichardt (Arboleda and Reichardt, 

2010) in infected UWS Porites cylindrica collected 

from the Phillipines showed that the agent of the 

disease was Vibrio sp. which is widespread where 

organic matter is abundant (Colwell, 1996; Reichardt 

and Jacinto, 2007). Additionally, the seawater 

temperature when the sampling conducted was 31°C, 

an ideal temperature for the Vibrio sp. to proliferate 

(Colwell 1996; Reichardt and Jacinto, 2007). 

Therefore, it is suggested that together with the poor 

water quality densed human population and seawater 

temperature would allow the disease agent to grow 

rapidly at site 3.  

As UWS is an infectious disease, wider 

investigations on adjacent reefs should be conducted 

in order to understand the variability of species 

prevalence and environmental stressors. Indonesia, 

particularly north Bali island, has distinct geography 

and environment, thus the disease agent and the 

reefs capability to recover from this disease should be 

monitored. Since Porites is the most preeminent coral 

builder species in Indo-Pasific coral reefs (Veron, 

2008), UWS disease pandemic can significantly 

degrade the reef ecosystem. The finding of this study 

was supported by previous studies that disease 

prevalence, particularly UWS, is strongly related to 

anthropogenic activities (Raymundo et al., 2005; Voss 

and Richardson 2006; Bruno and Selig, 2007; 

Kaczmarsky and Richardson, 2010). 
 

 

Conclusion 
  

This study provides preliminary information 

regarding the distribution, environmental stressors 

and prevalence of coral disease in north Bali island 

(study case: Selini beach, Pemuteran village). 

Ulcerative white spot (UWS) was the only disease 

affecting massive Porites colonies at the study sites. 

The present study reveals that terrestrial runoff could 

contribute to the disease prevalence by increasing the 

TSS, nutrients and organic carbon loading to the 

inshore ecosystems. This finding suggests that 

important consideration of water quality of terrestrial 

runoff and river which could deliver significant amount 

of disease drivers to the inshore areas could prevent 

the collapse of coral reef ecosystems and its social 

economic impacts, especially in Bali’s marine tourism.   
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