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Abstract 

. 

Bleaching is a major threat to coral reef ecosystems around the world. This study aimed to determine the 

effect of turbidity on the severity of coral bleaching and mortality in Kalimantan due to thermal stress and 

high solar irradiation caused by the 2015 El Niño. Coral colonies in eighteen permanent bleaching belt 

transects (50 m x 1 m) in six sites were observed from June to November 2015, coinciding with the 2015 

El Niño. Water depth, sea surface temperature (SST), salinity, turbidity, sedimentation and total 

suspended solid (TSS) were measured on the same transect. Three permanent bleaching belt transects 

were applied randomly on each reef. Species and bleaching status of each coral colony (diameter > 5 cm) 

in belt transects were identified. The bleaching status was measured Coral species were identified in the 

field. Results showed that the 2015 El Niño was a major disaster for reefs on the southeast coast of the 

Kalimantan. Of total colonies (N = 12,954), 45.4% of colonies were bleached and 14.7% of colonies 

were died during the period of July to November 2015. Turbidity, TSS, and sedimentation were 

negatively correlated with the bleaching mortality index (BMI). Coral bleaching in clear and deep waters 

occurred earlier and increased rapidly compared to that in turbid waters. However, the severity of coral 

bleaching in turbid zone increased dramatically when the turbidity dropped to <3 NTU. Turbidity >5 

NTU could provide shade, in which the proportion of dead corals was only 3.5%. The severity of coral 

bleaching in turbid zone is not solely due to thermal stress and solar irradiation; it may also be influenced 

by a history of exposure to high turbidity and low salinity. 
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INTRODUCTION 

 

Coral reefs are one of the most diverse 

and economically valuable marine 

ecosystems in the world (Bellwood et al., 

2003; Cesar et al., 2003), but they are the 

most threatened by environmental stress 

(Halpern et al., 2007; Burke, 2011). 

Bleaching is a response to environmental 

stresses and is a major threat to coral reef 

ecosystems around the world (Glynn, 1993; 

Wilkinson et al. 1999; Cesar, 2000; Eakin et 

al., 2009). High turbidity, sedimentation, and 

low salinity may trigger coral bleaching 

(Philipp and Fabricius, 2003); but major 

cause of bleaching is thermal stress (Brown 

1997; Hoegh-Guldberg, 1999; Baird et al., 

2009). Previous studies showed that the 

frequency and intensity of coral bleaching in 
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the world has increased as the sea surface 

temperature (SST) increased in the last 

decade (Donner, 2005; Hoegh-Guldberg et 

al., 2007; Baker et al., 2008). The El Niño-

Southern Oscillation in 1997-1998 was 

suggested to cause the highest increases in 

the SST during this century (Kerr, 1999), 

lead to world mass bleaching coral reefs in 

the world, including to those occurring in the 

East Kalimantan (Wilkinson, 1999). 

The level of coral bleaching is not only 

influenced by the intensity and duration of 

the increase in the SST (Fitt et al., 2001; 

Lasser 2011), but it also related the 

composition of coral communities (Marshall 

& Baird 2000, Loya et al. 2001, McClanahan 

2004; van Woesik, 2011) and exposure to 

irradiance (Coles and Jokiel, 1978; Hoegh-

Guldberg, 2000; Dunne and Brown 2001; 

Lesser and Farrell, 2004). The irradiance of 

the water is influenced by turbidity, the 

optical character of the suspension which 

causes light to be scattered and absorbed by 

the water column  (Davies-Colley and Smith, 

2001). Turbidity in coastal waters is 

associated with terrestrial runoff and 

resuspended sediments by wind, currents and 

tides (Storlazzi et al., 2004, Piniak and 

Storlazzi, 2008). Reduction of the light for 

photosynthesis causes physiological stress or 

even coral death (Fortes, 2000; Phillip and 

Fabricius, 2003; Piniak and Brown, 2008), 

encouraging changes in the percentage of 

coral cover and coral community structure 

(Cooper and Fabricius, 2007). On the other 

hand, high turbidity may also function as a 

shade for corals against solar radiation 

(Rogers, 1990; Goreau et al., 2000; Obura, 

2001; Negri, et al., 2005) and may reduce 

harmful effect of irradiance in shallow water 

(Bracchini et al. 2004). 

The intensity of irradiance is strongly 

influenced by turbidity and sedimentation. 

Turbidity and decrease of light intensity vary 

spatially and temporally depending on the 

proximity of the terrestrial runoff source 

(Fabricius 2005) and changes in local 

weather conditions (Orpin et al. 2004, 

Wolanski et al., 2005). Cooper (2008) 

reported that turbidity of ≥ 5 NTU lead to 

94% reduction the intensity of seabed 

irradiance. Turbidity and light attenuation 

may reduce coral growth rates, survival of 

colonies and recruitment of new corals, and 

coral biodiversity (Rogers, 1979; Babcock 

and Smith, 2002; De'ath and Fabricius, 2010) 

and increase bioerosion (LeGrand and 

Fabricius, 2011). However, decreases in light 

irradiation due to increasing suspended 

particles (Tedetti and Sempere, 2006) are 

reported to reduce the bleaching (Goreau et 

al., 2000; Otis et al., 2004). 

High rainfall (>3,000 mm year
-1

) and 

massive land conversion into mining and 

plantation areas causes an increase in the 

potential for flooding in the Kalimantan.  

Although terrestrial runoff may be reduced, 

nearshore waters tend to be always turbid 

because the sediments experience a cycle of 

sedimentation and resuspension (Fabricius, 

2005). Furthermore, increases in the turbidity 

due to sediment resuspension depend on the 

changes in local weather conditions (Orpin et 

al. 2004, Wolanski et al., 2005). Most of the 

coral reefs on the southeast coast of 

Kalimantan are situated in coastal waters; 

therefore, they exposed annually to flood 

plumes from the rivers which flow into these 

waters. In addition, the coral reefs in these 

areas are generally located at a depth of ≤ 10 

meters. Based on the combination of the 

effect of flood plume and the potential of 

sediment resuspension, the coral reefs in the 
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southeast coast of Kalimantan might be 

segmented in several micro-habitat; which 

the differences in habitat are very likely to 

affect coral susceptibility to the thermal 

stress (Wagner et al., 2010). 

In a recent study in Florida and Palau, the 

lowest coral bleaching was found in the 

warm and turbid nearshore corals (Wagner et 

al., 2010; van Woesik et al., 2012), which 

turbidity function as a shade to reduce high 

irradiation pressure on the reef during 

periods of thermal anomaly. The 2015 El 

Niño provides an opportunity to enhance our 

understanding on environmental factors 

affecting coral resilience against thermal 

stress in turbid waters in the southeast coast 

of Kalimantan. Therefore, our specific 

objective is to determine: (1) the effect of 

turbidity on the severity of coral bleaching 

during the 2015 El Niño, and (2) relationship 

between coral bleaching patterns and 

environmental factors. 

 

RESEARCH METHODS 

 

Study areas 

 

Assessment of the bleaching and mortality 

of coral colonies, and measurement of 

environmental parameters were carried out 

on Ibu (3°46'26.25"S, 115°36'3.67"E), Anak 

Kima (3°47'9.25"S, 115°36'43.73"E), Kima 

(3°47'44.24"S, 115°36'37.44"E), Bajangan 

Atak (3°46'52.50"S, 115°41'34.64"E), Batu 

Anjir (3°48'38.41"S, 115°36'58.65"E) and 

Bajangan reefs (3°49'54.22"S, 

115°37'9.74"E) in the Angsana sub-district, 

South Kalimantan, Indonesia (Figure 1).  

The Ibu, the Anak Kima and the Kima 

Reefs are affected by the flood plume from 

the Angsana River, while the Bajangan Atak 

Reef is influenced by the sediment from the  

 
Figure 1. Location of the Ibu, Anak Kima, 

Kima, Bajangan Atak, Batu Anjir and 

Bajangan Reefs. 

 

Bunati and Sebamban Rivers. The Ibu Rreef 

(0.21 nautical mile (NM) from coastline) is 

exposed to turbidity for 6 - 8 months 

annually, the Anak Kima Rreef (1.24 NM 

from coastline) is exposed to turbidity for 2-

3 months annually were representative of 

coral reef in high and moderate turbidity 

areas, respectively.  In the periods of high 

run off, around 40% of the Kima Reef (1.4 

NM from coastline) and around 60% of the 

Bajangan Atak Reef (2.65 NM from 

coastline) are exposed to flood plume. Both 

experienced high turbidity for 1-2 months 

annually, and were designated as 

representative of low turbidity reefs. Clear 

and deeper water reefs represented by the 

Batu Anjir Reef (2.75 NM from coastline) is 

exposed to turbidity around 1-2 weeks 

annually while the Bajangan Reef (4.21 NM 

from coastline) was not affected by terrestrial 

runoff
1
. 

 

 

 

                                                 
1
 The reach of flood plume is the result of observation 

by the author and information of local fishermen 

(unpublish data). 
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Field observation and sampling 

 

Three permanent bleaching belt transects 

(PBBT), 50 x 1 m (English et al., 1997), 

were applied randomly on each reef. Species 

and bleaching status of each coral colony 

(diameter > 5 cm) in belt transects were 

identified. The bleaching status was 

measured as follows: (c1) healthy = no 

bleaching; (c2) moderately bleached = colony 

pale or less than 50% of surface area 

bleached; (c3), severe = colony greater than 

50% bleached; and (c4) recently dead (Guest, 

2012). Coral species were identified in the 

field based on Allen (1994), Veron (2000) 

and Kelley (2009). To ensure the identity of 

the reef, each type of coral was 

photographed, and then compared with the 

identification books. Environmental factors 

including sea surface temperature (SST), 

salinity, turbidity and total suspended solid 

(TSS) were measured in the field on monthly 

basis from June to November 2015 on each 

transect. SST was measured with HACH 

Pocket Pro + Multi 2 Tester, turbidity was 

measured as a nephelometric turbidity unit 

(NTU) using the HACH 2100Q portable 

turbidimeter, while TSS was measured by 

the photometric method using the HACH 

DR1900 portable spectrophotometer. 

Three PVC sediment traps with a 

diameter of 2 inches and a length of 24 

inches (ratio 1:12, Storlazzi et al., 2011) 

were installed in the middle of each PBBT. 

The sediment traps were moored on a stick 

that stands upright on the bottom of the 

water and were collected at each sampling 

time. After pouring seawater, the sediment 

was carefully moved into the polycarbonate 

sample bottle, and the sediment traps were 

reinstalled. The salt in the samples was 

removed by adding distilled water, and then 

the samples were taken to the laboratory for 

calculation of the sedimentation rate.  

Sediment samples were dried at 60 
o
C for 3 

days before determining their dry weights. 

 

Data analysis 

 

The bleaching and mortality index (BMI) 

was calculated using the formula: BMI = 

(0c1 + 1c2 + 2c3 + 3c4)/3 (McClanahan et al. 

2004). All data were analyzed by software R 

Software Version 3.2.3 (R Core Team, 

2015). The relationship between BMI and 

environmental factors was graphically 

explained using the Multiple Frame Line 

Graph reinforced by Non-Metric Multi-

Dimensional Scaling (NMDS) analysis 

(Vegan Package of R). Analysis of NMDS 

was conducted Bray-Curtis Distance, and 

data was standardized with Wisconsin 

double standardization. To test the variation 

of BMI in a micro-spatial (reefs) and 

temporal (months), factorial variant analysis 

was carried out followed by Multiple 

Comparisons of Means: Tukey Contrasts. 

 

RESULTS  

 

Environmental factors 

 

Sea surface temperature (SST) and 

salinity in all sites increased from June to 

November 2015, while water depth, 

turbidity, TSS and sedimentation decreased 

in the same period. The lowest salinity was 

found on the Ibu Reef and the salinity 

increased for sites farther from shoreline.  On 

the other hand, decreases in turbidity, TSS 

and sedimentation were observed for sites 

farther from shoreline (Table 1). 

During the study period, the SST and 

salinity of all sites increased by 1.5±0.02 
o
C 
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Table 1. Valueas of environmental factors on coral reefs in different sites as observed 

monthly basis 

Parameters Month 
Reefs/Sites 

Ibu Anak Kima Kima Bajangan Atak Batu Anjir Bajangan 

Water depth (m) June 4.2±0 5.8±0.26 4.3±0.07 5.1±0.1 7.2±0.78 9±0.21 

 
July 4.1±0.06 5.7±0.32 4.2±0.04 5±0.15 7.1±0.75 8.9±0.29 

 
August 3.9±0 5.5±0.32 4±0.04 4.8±0.06 6.8±0.76 8.7±0.26 

 
September 3.4±0.1 4.9±0.32 3.5±0.02 4.3±0.06 6.3±0.81 8.2±0.32 

 
October 3±0.1 4.4±0.32 3.3±0.11 4.1±0.1 6.2±0.75 8.1±0.26 

 
November 2.9±0.06 4.1±0.32 3.1±0.13 3.9±0.12 6±0.71 7.9±0.29 

 
Average 3.6±0.04 5.1±0.31 3.7±0.06 4.5±0.09 6.6±0.76 8.5±0.27 

SST (oC) June 28.5±0 28.4±0.03 28.4±0.06 28.4±0.06 28.4±0 28.3±0.06 

 
July 28.6±0.33 28.6±0.15 28.6±0.12 28.5±0.26 28.5±0.1 28.5±0.12 

 
August 28.8±0.1 28.8±0.06 28.8±0.1 28.7±0.21 28.6±0.06 28.6±0.05 

 
September 29.5±0.12 29.5±0.12 29.4±0.15 29.4±0.15 29.4±0.09 29.4±0.06 

 
October 29.7±0.06 29.7±0.06 29.7±0.17 29.6±0.06 29.6±0.13 29.6±0.1 

 
November 30±0 30±0.1 30±0.15 29.9±0.1 29.9±0.06 29.8±0.06 

 
Average 29.2±0.1 29.2±0.07 29.1±0.12 29.1±0.11 29±0.06 29±0 

Salinity (ppt) June 17.5±0.15 18.7±0.21 21±0.15 21.9±0 27.1±0.15 27.7±0.15 

 
July 21.1±0.1 22.8±0.98 23.7±0.32 24.5±0.2 27.8±0.15 28.3±0.58 

 
August 25.6±0.21 27.4±0.12 27.5±0.26 27.8±0.1 28.9±0.2 29.3±0.15 

 
September 31.6±0.15 31.9±0.15 31.9±0.1 32±0.06 32±0.06 32±0.15 

 
October 32.1±0.15 32.1±0.1 32.2±0.06 32.2±0.06 32.2±0.1 32.3±0.06 

 
November 32.4±0.1 32.5±0.06 32.5±0.1 32.6±0.06 32.6±0.06 32.7±0.1 

 
Average 26.7±0.02 27.6±0.24 28.1±0.1 28.5±0.05 30.1±0.07 30.4±0.17 

Turbidity (NTU) June 20.7±0.2 15.1±0.49 9±0.12 9.4±0.06 2.1±0.06 1.4±0.06 

 
July 18.2±0.17 11.6±0.32 7.2±0.22 7.9±0.09 1.6±0.12 1.1±0.12 

 
August 14.4±0.41 8.1±0.47 5.5±0.04 6±0.08 1±0.09 0.7±0.07 

 
September 7.9±0.35 3.7±0.09 3±0.04 3.1±0.04 0.5±0.05 0.3±0.04 

 
October 6.1±0.41 2.1±0.02 2.9±0.08 3±0.02 0.3±0.01 0.04±0.01 

 
November 5.3±0.03 1.6±0.05 2.9±0.08 2.9±0.07 0.2±0.01 0.03±0.01 

 
Average 12.1±0.17 7.1±0.14 5±0.02 5.4±0.05 1±0.02 0.6±0.02 

Sedimentation June 12.1±0.13 8.5±0.13 7.4±0.5 6.7±0.27 0.8±0.01 0.5±0.01 

(mg cm-2 d-1) July 11±0.1 7.2±0.1 6±0.03 5.5±0.23 0.5±0.02 0.5±0.02 

 
August 9.3±0.1 5.6±0.14 4.5±0.27 4.1±0.03 0.4±0.01 0.2±0.01 

 
September 6.7±0.03 2.4±0.05 2.2±0.08 2.2±0.05 0.1±0.06 0.1±0.06 

 
October 6.2±0.45 2.2±0.13 1.6±0.03 1.7±0.07 0.1±0.01 0.04±0.01 

 
November 5.8±0.45 2.1±0.13 1.5±0.03 1.5±0.07 0.1±0.01 0.02±0.01 

 
Average 8.5±0.13 4.7±0.07 3.9±0.13 3.6±0.04 0.3±0.01 0.2±0.01 

TSS (mg L-1) June 27.4±0.16 19.9±0.5 11.9±0.05 12.4±0.05 2.7±0.08 1.9±0.08 

 
July 24±0.12 15.2±0.42 9.5±0.4 10.5±0.12 2±0.16 1.4±0.16 

 
August 18.8±0.54 10.6±0.68 7.3±0.17 7.9±0.21 1.6±0.11 0.9±0.08 

 
September 10.5±0.52 4.9±0.16 3.8±0.05 4.1±0.12 0.7±0.13 0.36±0.05 

 
October 8.1±0.48 3±0.02 3.9±0.08 4±0.13 0.4±0.02 0.06±0.01 

 
November 7±0.09 2.2±0.04 3.8±0.1 3.8±0.08 0.27±0.02 0.04±0.01 

  Average 16±0.26 9.3±0.16 6.7±0.04 7.1±0.07 1.3±0.01 0.8±0.02 

Note: mean followed by standard deviation from three replicates 

 

and 10.2±3.87 ppt, respectively. In contrast 

to the SST and salinity; there were decreases 

in water depth (1.3±0.05 m), turbidity (-

7.5±5.17 NTU), sedimentation (-4.2±2.27 

mg cm
-2

 d
-1

) and TSS (-9.9±6.83 mg L
-1

) 

during study period.  Between August and 

September 2015 environmental parameters in 

all sites changed significantly. The SST and 

salinity increased in all sites by 0.75±0.002 
o
C and 4.1±1.04 ppt, respectively. On the 
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other hand,  water depth, turbidity, 

sedimentation and TSS in all sites during 

August-September 2015 period decreased by 

-0.5±0.01 meters, -2.9±2.18 NTU, -1.7±0.95 

mg cm
-2

 d
-1

 and -3.8±2.75 mg l
-1

. The largest 

increase in SST was observed on the Anak 

Kima Reef (1.57±0.606 
o
C) and, the largest 

increase in salinity was noticed on the Ibu 

Reef (14.9±5.98 ppt) (Table 1). The largest 

decreases in water depth, turbidity, 

sedimentation and TSS were discovered on 

the Anak Kima Reef (-1.7±0.71 m), the Ibu 

Reef (-15.5±6.19 NTU), the Anak Kima 

Reef (-6.46±2.655 mg cm
-2

 d
-1

), and the Ibu 

Reef (-20.5±8.159 mg L
-1

) (Table 1). 

 

Colony bleaching and mortality 

 

The total coral colonies observed from 

June to November 2015 were 12,954 

colonies, consisted of 983 colonies on the 

Ibu, 2,391 colonies on the Anak Kima, 2,495 

colonies on the Kima, 2,416 colonies on the 

Bajangan Atak, 2,355 colonies on the Batu 

Anjir and 2,312 on the Bajangan Reefs. No 

bleached coral colony was observed in the 

first sampling (June 3, 2015). Four weeks 

later (July 7, 2017), 1.4±0.23% moderate 

bleached and 0.5±0.10% severe bleached 

from the total colony were observed for all 

reefs. At 8th week (August 7, 2015), it was 

found that 3.2±0.44% of total reefs was 

moderate bleached, 1.6±0.27% was severe 

bleached and 0.1±0.01% was dead colonies. 

On September 8, 2015, it was observed that 

6.3±0.89% of total reefs was moderate 

bleached, 4.2±50.0.71% was severe bleached 

and 0.2±0.02% was dead colonies. 

Furthermore, the proportion of bleached and 

dead colonies for all reefs increased 

dramatically to 31.3±3.18 % and 

3.5±0.416% in October 8, 2015 and to 

45.4±3.36% and 14.7±2.29% in November 7, 

2015, respectively (Figure 2.) 

 

 
Figure 2. The Percentage of bleached and dead coral colonies at six sites from June to 

November 2015 

 

The lowest proportion of colonies was 

bleached from the total colony of each site 

was observed on the Ibu Reef (34.2±0.71%), 

while the highest was found on the Kima 

Reef (51.7±0.25%). The dead colonies 

during sampling period ranged from 

3.5±0.47% on the Ibu Reef to 30.4±0.04% 

on the Anak Kima Reef (Figure 3). In 

November 2015, coral colonies survived 

from the thermal stress were 62.4% on the 

Ibu, 28.0% on the Anak Kima, 34.6% on the 

Kima, 38.2% on the Bajangan Atak, 42.7%  
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Figure 3. The Percentage of bleached and dead coral colonies at six sites from June to 

November 2015. (Ibu: Ibu, AKm: Anak Kima, BjA: Bajangan Atak, BAn: Batu Anjir, and 

Bjg: Bajangan Reefs) 

 

 

 
Figure 4. Bleaching Mortality Index (BMI) on six sitexs from June to November, 2015 
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on the Batu Anjir, and 47.3% on the 

Bajangan, respectively. 

 

Bleaching response pattern 

 

Bleaching mortality index (BMI) for all 

sites ranged from 0.03±0.1 on the Ibu Reef to 

53.0±0.5 on the Anak Kima Reef during 

study period (Figure 4). The average of BMI 

in July 2015 was 0.75±0.6 and then 

increased significantly to an average of 

36.5±10.2 in November 2015 (Figure 4).   

The BMI on the Batu Anjir and the 

Bajangan Reefs (1.3±0.2) in July 2015 was 

larger than the other four sites, which ranged 

from 0.03±0.0 (Ibu Reef) to 0.99±0.0 

(Bajangan Atak Reef). This pattern 

continued until September 2015, in which 

the BMI for the two sites (Batu Ajir and 

Bajangan Reefs) reached to 8.5±0.6, while 

other four sites ranged from 0.75±0.1 (Ibu 

Reef) to 4.6±0.2 (Kima Reef). The pattern of 

coral bleaching and mortality changed 

significantly in October 2015. The BMI on 

Batu Anjir and Bajangan Reefs (mean 

21.4±0.8) was smaller than the BMI on Kima 

and Bajangan Atak Reefs (mean 23.5±0.8). 

The pattern of coral bleaching and mortality 

showed subsequent changes in Nopember 

2015, in which the Anak Kima Reef 

exhibited the largest BMI (52.5±0.5) 

compared to other five sites (average 

33.6±8.0). The Ibu Reef showed the lowest 

bleaching and mortality compared to other 

sites throughout the observation period. 

Results of two-dimensional, non-metric 

multidimensional scaling (NMDS) analysis 

of environmental factors and the BMI for the 

combination of sites and time revealed that 

the stress value was 0.022. The NMDS biplot 

graph (Figure 5) showed that there was an 

association between one and the other 

environmental factors and with BMI on 

different combinations of sites and times 

(objects). 

Water depth, SST and salinity based on 

the NMDS1 axis were negatively correlated 

with turbidity, total suspended solids and 

sedimentation (Figure 5). Furthermore, 

turbidity, total suspended solids and 

sedimentation based on to both NMDS1 and 

NMDS2 axes were negatively correlated 

with BMI (Spearman's rank correlation = -

1,000), while on the contrary positively 

correlated with water depth, SST and salinity 

(Spearman's correlation rank = 1,000). 

Results of the NMDS analysis also 

showed that environmental factors play an 

important role in influencing the BMI. There 

was a positive correlation between the BMI 

and the SST values. This relation was 

presented in the NMDS1 axis, in which 

bleaching, and mortality were very strong in 

the the Anak Kima, Kima, Bajangan Atak, 

Batu Anjir dan Bajangan Reefs in October 

and November 2015, while the relationship 

in the Ibu Reef remained weak. 

 

Spatial and temporal variation in 

bleaching responses 

 

All environmental factors and the BMI 

were significantly different for both sites and 

months, and the combination of sites and 

months; except for water depth and the SST 

in which the interactions between sites and 

months were not significantly different 

(Table 2). 
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Figure 5. Two-dimensional, non-metric multidimensional scaling (NMDS). Dep: water depth, 

SST: sea surface temperature, Sal: salinity, Tur: turbidity, TSS: total suspended solid and 

Sed: sedimentation. Ibu; Ibu, Akm: Anak Kima, Kim: Kima, BjA: Bajangan Atak, Ban: Batu 

Anjir dan Bjg: Bajangan reefs. 

 

Table 2. Factorial variance analysis for BMI and environmental factors 

 

Parameter 
Site Month Interaction of site and month 

F-value Pr(>F) F-value Pr(>F) F-value Pr(>F) 

BMI 1877.30 <2e-16*** 43375.20 <2e-16*** 848.20 <2e-16*** 

Water depth 494.98 <2e-16*** 39.31 <2e-16*** 0.249 1 

Surface Sea Temperature 5.22 3.81E-04** 513.80 <2e-16*** 0.189 0.999991 

Salinity 674.10 <2e-16*** 6156.20 <2e-16*** 167.80 <2e-16*** 

Turbidity 9380.00 <2e-16*** 5083.10 <2e-16*** 526.70 <2e-16*** 

Sedimentation 6173.60 <2e-16*** 2036.10 <2e-16*** 157.70 <2e-16*** 

Total Suspended Solid 9449.40 <2e-16*** 5110.70 <2e-16*** 525.80 <2e-16*** 
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The BMI of Kima, Bajangan Atak, Batu 

Anjir and Bajangan Reefs increased 

significantly from July to November 2015, 

while the increase in the BMI on Ibu and 

Anak Kima Reefs were observed from 

September and to November 2015. The BMI 

of the Ibu and the Anak Kima Reefs, the 

Kima and the Bajangan Atak Reefs and the 

Batu Anjir and the Bajangan Reefs were not 

different in the period of July to September 

2015 (Table 3). However, the BMI of the Ibu 

and the Anak Kima Reefs were significatnly 

different in the period of October and 

November 2015, while the BMI of the Kima 

and the Bajangan Atak Reefs, and the Batu 

Anjir and the Bajangan remaineds not 

different until the end of the study period. 

During the period of June to September 

2015, the BMI of the Batu Anjir and the 

Bajangan Reefs were significantly greater 

than that of the Ibu and the Anak Kima Reefs 

and the Kima and the Bajangan Atak Reefs. 

On the other hand, the BMI of the Kima and 

the Bajangan Atak was higher than the others 

in October 2015, and the BMI of the Anak 

Kima, Kima and the Bajangan Atak Reefs 

were higher than that of the Batu Anjir and 

the Bajangan Reefs in November 2015. 

 

Table 3. Multiple comparison test with Tukey HSD.  

 
BMI:Sites   Estimate Std. Error t value Pr (>|t|) 

 

BMI:Month   Estimate Std. Error t value Pr (>|t|) 

BAn-Akm = 0 2.9800 0.2430 12.263 <1e-04 *** 

 

Jul-Aug = 0 -0.5567 0.2430 -2.291 0.211 

 BjA-Akm = 0 1.5400 0.2430 6.337 <1e-04 *** 

 

Jun-Aug = 0 -0.6000 0.2430 -2.469 0.147 

 Bjg-Akm = 0 2.7600 0.2430 11.358 <1e-04 *** 

 

Nov-Aug = 0 51.8867 0.2430 213.519 <0.001 *** 

Ibu-Akm = 0 -0.3633 0.2430 -1.495 0.6680 

  

Oct-Aug = 0 16.0167 0.2430 65.910 <0.001 *** 

Kim-Akm = 0 1.4967 0.2430 6.159 <1e-04 *** 

 

Sep-Aug = 0 1.5433 0.2430 6.351 <0.001 *** 

BjA-BAn = 0 -1.4400 0.2430 -5.926 <1e-04 *** 

 

Jun-Jul = 0 -0.0433 0.2430 -0.178 1 

 Bjg-BAn = 0 -0.2200 0.2430 -0.905 0.9440 

  

Nov-Jul = 0 52.4433 0.2430 215.810 <0.001 *** 

Ibu-BAn = 0 -3.3433 0.2430 -13.758 <1e-04 *** 

 

Oct-Jul = 0 16.5733 0.2430 68.201 <0.001 *** 

Kim-BAn = 0 -1.4833 0.2430 -6.104 <1e-04 *** 

 

Sep-Jul = 0 2.1000 0.2430 8.642 <0.001 *** 

Bjg-BjA = 0 1.2200 0.2430 5.020 <1e-04 *** 

 

Nov-Jun = 0 52.4867 0.2430 215.988 <0.001 *** 

Ibu-BjA = 0 -1.9033 0.2430 -7.832 <1e-04 *** 

 

Oct-Jun = 0 16.6167 0.2430 68.379 <0.001 *** 

Kim-BjA = 0 -0.0433 0.2430 -0.178 1.0000 

  

Sep-Jun = 0 2.1433 0.2430 8.820 <0.001 *** 

Ibu-Bjg = 0 -3.1233 0.2430 -12.853 <1e-04 *** 

 

Oct-Nov = 0 -35.8700 0.2430 -147.609 <0.001 *** 

Kim-Bjg = 0 -1.2633 0.2430 -5.199 <1e-04 *** 

 

Sep-Nov = 0 -50.3433 0.2430 -207.168 <0.001 *** 

Kim-Ibu = 0 1.8600 0.2430 7.654 <1e-04 *** 

 

Sep-Oct = 0 -14.4733 0.2430 -59.559 <0.001 *** 

               Dep:Sites   Estimate Std. Error t value Pr (>|t|) 

 

Dep:Month   Estimate Std. Error t value Pr (>|t|) 

BAn-Akm = 0 1.3000 0.2934 4.43 <0.001 *** 

 

Jul-Aug = 0 0.1500 0.2934 0.511 0.99559 

 BjA-Akm = 0 -0.7667 0.2934 -2.613 0.1075 

  

Jun-Aug = 0 0.2667 0.2934 0.909 0.94306 

 Bjg-Akm = 0 3.1667 0.2934 10.792 <0.001 *** 

 

Nov-Aug = 0 -1.4000 0.2934 -4.771 <0.001 *** 

Ibu-Akm = 0 -1.6333 0.2934 -5.566 <0.001 *** 

 

Oct-Aug = 0 -1.1000 0.2934 -3.749 0.00466 ** 

Kim-Akm = 0 -1.5333 0.2934 -5.225 <0.001 *** 

 

Sep-Aug = 0 -0.6000 0.2934 -2.045 0.32784 

 BjA-BAn = 0 -2.0667 0.2934 -7.043 <0.001 *** 

 

Jun-Jul = 0 0.1167 0.2934 0.398 0.99867 

 Bjg-BAn = 0 1.8667 0.2934 6.361 <0.001 *** 

 

Nov-Jul = 0 -1.5500 0.2934 -5.282 <0.001 *** 

Ibu-BAn = 0 -2.9333 0.2934 -9.996 <0.001 *** 

 

Oct-Jul = 0 -1.2500 0.2934 -4.26 <0.001 *** 

Kim-BAn = 0 -2.8333 0.2934 -9.656 <0.001 *** 

 

Sep-Jul = 0 -0.7500 0.2934 -2.556 0.12196 

 Bjg-BjA = 0 3.9333 0.2934 13.404 <0.001 *** 

 

Nov-Jun = 0 -1.6667 0.2934 -5.68 <0.001 *** 

Ibu-BjA = 0 -0.8667 0.2934 -2.953 0.0469 * 

 

Oct-Jun = 0 -1.3667 0.2934 -4.657 <0.001 *** 

Kim-BjA = 0 -0.7667 0.2934 -2.613 0.1075 

  

Sep-Jun = 0 -0.8667 0.2934 -2.953 0.04667 * 

Ibu-Bjg = 0 -4.8000 0.2934 -16.358 <0.001 *** 

 

Oct-Nov = 0 0.3000 0.2934 1.022 0.90894 

 Kim-Bjg = 0 -4.7000 0.2934 -16.017 <0.001 *** 

 

Sep-Nov = 0 0.8000 0.2934 2.726 0.08248 . 

Kim-Ibu = 0 0.1000 0.2934 0.341 0.9994   

 

Sep-Oct = 0 0.5000 0.2934 1.704 0.53375   
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Table 3. (Continued)      

SST:Sites   Estimate Std. Error t value Pr (>|t|) 

 

SST:Month   Estimate Std. Error t value Pr (>|t|) 

BAn-Akm = 0 -2.00E-01 9.85E-02 -2.03 0.336 

  

Jul-Aug = 0 -0.150 0.099 -1.522 0.65108 

 BjA-Akm = 0 -1.00E-01 9.85E-02 -1.015 0.911 

  

Jun-Aug = 0 -0.350 0.099 -3.552 0.00853 ** 

Bjg-Akm = 0 -2.33E-01 9.85E-02 -2.368 0.181 

  

Nov-Aug = 0 1.217 0.099 12.349 <0.001 *** 

Ibu-Akm = 0 -3.33E-02 9.85E-02 -0.338 0.999 

  

Oct-Aug = 0 0.883 0.099 8.966 <0.001 *** 

Kim-Akm = 0 -3.33E-02 9.85E-02 -0.338 0.999 

  

Sep-Aug = 0 0.750 0.099 7.612 <0.001 *** 

BjA-BAn = 0 1.00E-01 9.85E-02 1.015 0.911 

  

Jun-Jul = 0 -0.200 0.099 -2.03 0.3359 

 Bjg-BAn = 0 -3.33E-02 9.85E-02 -0.338 0.999 

  

Nov-Jul = 0 1.367 0.099 13.872 <0.001 *** 

Ibu-BAn = 0 1.67E-01 9.85E-02 1.692 0.542 

  

Oct-Jul = 0 1.033 0.099 10.488 <0.001 *** 

Kim-BAn = 0 1.67E-01 9.85E-02 1.692 0.542 

  

Sep-Jul = 0 0.900 0.099 9.135 <0.001 *** 

Bjg-BjA = 0 -1.33E-01 9.85E-02 -1.353 0.754 

  

Nov-Jun = 0 1.567 0.099 15.902 <0.001 *** 

Ibu-BjA = 0 6.67E-02 9.85E-02 0.677 0.984 

  

Oct-Jun = 0 1.233 0.099 12.518 <0.001 *** 

Kim-BjA = 0 6.67E-02 9.85E-02 0.677 0.984 

  

Sep-Jun = 0 1.100 0.099 11.165 <0.001 *** 

Ibu-Bjg = 0 2.00E-01 9.85E-02 2.03 0.336 

  

Oct-Nov = 0 -0.333 0.099 -3.383 0.01424 * 

Kim-Bjg = 0 2.00E-01 9.85E-02 2.030 0.336 

  

Sep-Nov = 0 -0.467 0.099 -4.737 <0.001 *** 

Kim-Ibu = 0 1.67E-15 9.85E-02 0.000 1.000   

 

Sep-Oct = 0 -0.133 0.099 -1.353 0.75424   

               Sal:Sites   Estimate Std. Error t value Pr (>|t|) 

 

Sal:Month   Estimate Std. Error t value Pr (>|t|) 

BAn-Akm = 0 1.4667 0.1920 7.64 <0.001 *** 

 

Jul-Aug = 0 -4.6000 0.1920 -24.0 <0.001 *** 

BjA-Akm = 0 0.3667 0.1920 1.91 0.405 

  

Jun-Aug = 0 -8.7000 0.1920 -45.3 <0.001 *** 

Bjg-Akm = 0 1.9000 0.1920 9.897 <0.001 *** 

 

Nov-Aug = 0 5.0333 0.1920 26.2 <0.001 *** 

Ibu-Akm = 0 -1.8000 0.1920 -9.377 <0.001 *** 

 

Oct-Aug = 0 4.6667 0.1920 24.3 <0.001 *** 

Kim-Akm = 0 0.0667 0.1920 0.347 0.999 

  

Sep-Aug = 0 4.4333 0.1920 23.1 <0.001 *** 

BjA-BAn = 0 -1.1000 0.1920 -5.73 <0.001 *** 

 

Jun-Jul = 0 -4.1000 0.1920 -21.4 <0.001 *** 

Bjg-BAn = 0 0.4333 0.1920 2.257 0.225 

  

Nov-Jul = 0 9.6333 0.1920 50.2 <0.001 *** 

Ibu-BAn = 0 -3.2667 0.1920 -17.017 <0.001 *** 

 

Oct-Jul = 0 9.2667 0.1920 48.3 <0.001 *** 

Kim-BAn = 0 -1.4000 0.1920 -7.293 <0.001 *** 

 

Sep-Jul = 0 9.0333 0.1920 47.1 <0.001 *** 

Bjg-BjA = 0 1.5333 0.1920 7.987 <0.001 *** 

 

Nov-Jun = 0 13.7333 0.1920 71.5 <0.001 *** 

Ibu-BjA = 0 -2.1667 0.1920 -11.287 <0.001 *** 

 

Oct-Jun = 0 13.3667 0.1920 69.6 <0.001 *** 

Kim-BjA = 0 -0.3000 0.1920 -1.563 0.625 

  

Sep-Jun = 0 13.1333 0.1920 68.4 <0.001 *** 

Ibu-Bjg = 0 -3.7000 0.1920 -19.274 <0.001 *** 

 

Oct-Nov = 0 -0.3667 0.1920 -1.9 4.05E-01 

 Kim-Bjg = 0 -1.8333 0.1920 -9.55 <0.001 *** 

 

Sep-Nov = 0 -0.6000 0.1920 -3.1 0.0295 * 

Kim-Ibu = 0 1.8667 0.1920 9.724 <0.001 *** 

 

Sep-Oct = 0 -0.2333 0.1920 -1.2 0.8279   

               Tur:Sites   Estimate Std. Error t value Pr (>|t|) 

 

Tur:Month   Estimate Std. Error t value Pr (>|t|) 

BAn-Akm = 0 -7.0333 0.1522 -46.205 <0.001 *** 

 

Jul-Aug = 0 3.5833 0.1522 23.54 <0.001 *** 

BjA-Akm = 0 -2.0767 0.1522 -13.643 <0.001 *** 

 

Jun-Aug = 0 7.0567 0.1522 46.358 <0.001 *** 

Bjg-Akm = 0 -7.4100 0.1522 -48.679 <0.001 *** 

 

Nov-Aug = 0 -6.4233 0.1522 -42.198 <0.001 *** 

Ibu-Akm = 0 6.3700 0.1522 41.847 <0.001 *** 

 

Oct-Aug = 0 -5.9367 0.1522 -39.001 <0.001 *** 

Kim-Akm = 0 -2.5800 0.1522 -16.949 <0.001 *** 

 

Sep-Aug = 0 -4.3367 0.1522 -28.489 <0.001 *** 

BjA-BAn = 0 4.9567 0.1522 32.562 <0.001 *** 

 

Jun-Jul = 0 3.4733 0.1522 22.818 <0.001 *** 

Bjg-BAn = 0 -0.3767 0.1522 -2.474 0.1455 

  

Nov-Jul = 0 -10.0067 0.1522 -65.738 <0.001 *** 

Ibu-BAn = 0 13.4033 0.1522 88.052 <0.001 *** 

 

Oct-Jul = 0 -9.5200 0.1522 -62.541 <0.001 *** 

Kim-BAn = 0 4.4533 0.1522 29.256 <0.001 *** 

 

Sep-Jul = 0 -7.9200 0.1522 -52.03 <0.001 *** 

Bjg-BjA = 0 -5.3333 0.1522 -35.037 <0.001 *** 

 

Nov-Jun = 0 -13.4800 0.1522 -88.556 <0.001 *** 

Ibu-BjA = 0 8.4467 0.1522 55.49 <0.001 *** 

 

Oct-Jun = 0 -12.9933 0.1522 -85.359 <0.001 *** 

Kim-BjA = 0 -0.5033 0.1522 -3.307 0.0178 * 

 

Sep-Jun = 0 -11.3933 0.1522 -74.848 <0.001 *** 

Ibu-Bjg = 0 13.7800 0.1522 90.527 <0.001 *** 

 

Oct-Nov = 0 0.4867 0.1522 3.197 0.0242 * 

Kim-Bjg = 0 4.8300 0.1522 31.73 <0.001 *** 

 

Sep-Nov = 0 2.0867 0.1522 13.708 <0.001 *** 

Kim-Ibu = 0 -8.9500 0.1522 -58.796 <0.001 *** 

 

Sep-Oct = 0 1.6000 0.1522 10.511 <0.001 *** 
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               Table 3. (Continued)      

Sed:Sites   Estimate Std. Error t value Pr (>|t|) 

 

Sed:Month   Estimate Std. Error t value Pr (>|t|) 

BAn-Akm = 0 -5.2433 0.1357 -38.645 <0.001 *** 

 

Jul-Aug = 0 1.5333 0.1357 11.301 <0.001 *** 

BjA-Akm = 0 -1.5333 0.1357 -11.301 <0.001 *** 

 

Jun-Aug = 0 2.9000 0.1357 21.374 <0.001 *** 

Bjg-Akm = 0 -5.4233 0.1357 -39.971 <0.001 *** 

 

Nov-Aug = 0 -3.5633 0.1357 -26.263 <0.001 *** 

Ibu-Akm = 0 3.6600 0.1357 26.975 <0.001 *** 

 

Oct-Aug = 0 -3.4233 0.1357 -25.231 <0.001 *** 

Kim-Akm = 0 -1.1667 0.1357 -8.599 <0.001 *** 

 

Sep-Aug = 0 -3.1967 0.1357 -23.560 <0.001 *** 

BjA-BAn = 0 3.7100 0.1357 27.344 <0.001 *** 

 

Jun-Jul = 0 1.3667 0.1357 10.073 <0.001 *** 

Bjg-BAn = 0 -0.1800 0.1357 -1.327 0.7694 

  

Nov-Jul = 0 -5.0967 0.1357 -37.564 <0.001 *** 

Ibu-BAn = 0 8.9033 0.1357 65.620 <0.001 *** 

 

Oct-Jul = 0 -4.9567 0.1357 -36.532 <0.001 *** 

Kim-BAn = 0 4.0767 0.1357 30.046 <0.001 *** 

 

Sep-Jul = 0 -4.7300 0.1357 -34.861 <0.001 *** 

Bjg-BjA = 0 -3.8900 0.1357 -28.670 <0.001 *** 

 

Nov-Jun = 0 -6.4633 0.1357 -47.636 <0.001 *** 

Ibu-BjA = 0 5.1933 0.1357 38.276 <0.001 *** 

 

Oct-Jun = 0 -6.3233 0.1357 -46.605 <0.001 *** 

Kim-BjA = 0 0.3667 0.1357 2.702 0.0872 . 

 

Sep-Jun = 0 -6.0967 0.1357 -44.934 <0.001 *** 

Ibu-Bjg = 0 9.0833 0.1357 66.946 <0.001 *** 

 

Oct-Nov = 0 0.1400 0.1357 1.032 0.9057 

 Kim-Bjg = 0 4.2567 0.1357 31.373 <0.001 *** 

 

Sep-Nov = 0 0.3667 0.1357 2.702 0.0871 . 

Kim-Ibu = 0 -4.8267 0.1357 -35.574 <0.001 *** 

 

Sep-Oct = 0 0.2267 0.1357 1.671 0.5554   

               TSS:Sites   Estimate Std. Error t value Pr (>|t|) 

 

TSS:Month   Estimate Std. Error t value Pr (>|t|) 

BAn-Akm = 0 -9.0467 0.1997 -45.292 <0.001 *** 

 

Jul-Aug = 0 4.5633 0.1997 22.846 <1e-04 *** 

BjA-Akm = 0 -2.6767 0.1997 -13.401 <0.001 *** 

 

Jun-Aug = 0 9.2633 0.1997 46.377 <1e-04 *** 

Bjg-Akm = 0 -9.7533 0.1997 -48.83 <0.001 *** 

 

Nov-Aug = 0 -8.4133 0.1997 -42.121 <1e-04 *** 

Ibu-Akm = 0 8.2400 0.1997 41.254 <0.001 *** 

 

Oct-Aug = 0 -7.6033 0.1997 -38.066 <1e-04 *** 

Kim-Akm = 0 -3.3333 0.1997 -16.688 <0.001 *** 

 

Sep-Aug = 0 -5.7300 0.1997 -28.687 <1e-04 *** 

BjA-BAn = 0 6.3700 0.1997 31.891 <0.001 *** 

 

Jun-Jul = 0 4.7000 0.1997 23.531 <1e-04 *** 

Bjg-BAn = 0 -0.7067 0.1997 -3.538 0.009 ** 

 

Nov-Jul = 0 -12.9767 0.1997 -64.968 <1e-04 *** 

Ibu-BAn = 0 17.2867 0.1997 86.546 <0.001 *** 

 

Oct-Jul = 0 -12.1667 0.1997 -60.912 <1e-04 *** 

Kim-BAn = 0 5.7133 0.1997 28.604 <0.001 *** 

 

Sep-Jul = 0 -10.2933 0.1997 -51.534 <1e-04 *** 

Bjg-BjA = 0 -7.0767 0.1997 -35.429 <0.001 *** 

 

Nov-Jun = 0 -17.6767 0.1997 -88.498 <1e-04 *** 

Ibu-BjA = 0 10.9167 0.1997 54.654 <0.001 *** 

 

Oct-Jun = 0 -16.8667 0.1997 -84.443 <1e-04 *** 

Kim-BjA = 0 -0.6567 0.1997 -3.288 0.01878 * 

 

Sep-Jun = 0 -14.9933 0.1997 -75.064 <1e-04 *** 

Ibu-Bjg = 0 17.9933 0.1997 90.084 <0.001 *** 

 

Oct-Nov = 0 0.8100 0.1997 4.055 0.00175 ** 

Kim-Bjg = 0 6.4200 0.1997 32.142 <0.001 *** 

 

Sep-Nov = 0 2.6833 0.1997 13.434 <1e-04 *** 

Kim-Ibu = 0 -11.5733 0.1997 -57.942 <0.001 *** 

 

Sep-Oct = 0 1.8733 0.1997 9.379 <1e-04 *** 

BMI= Bleaching Mortality Index, dep= water depth, SST= sea surface temperature, sal= 

salinity, tur= turbidity, sed: sedimentation, TSS= total suspended solid. Significant codes:  0 

„***‟ 0.001 „**‟ 0.01 „*‟ 0.05 „
.
‟ 0.1 „ ‟ 1. 

 

DISCUSSION 

 

Terrestrial runoff flowing into the 

coastal waters of the Angsana Sub-district at 

the beginning of study was high, even in 

June 2015 there was a large flood in which 

the flood plumes reached partially the Kima 

and Bajangan Atak Reefs. Terrestrial runoff 

is not only supplied sediments (Humanes et 

al. 2017), it also flows freshwater into 

nearshore waters, and eventually increased 

turbidity (Prouty et al., 2014) and decreases 

salinity (Priyaet al., 2016). High sediment 

and turbidity potentially cause sublethal 

effects on corals (Bak, 1978; Rogers, 1983; 

Cooper et al., 2008) as well as low salinity 

(Kerswell and Jones, 2003; Lirman et al., 

2003). 

Significant increases in SST and salinity 

in the six sites during study period are 

related to the El Niño event Indonesia since 

2015 (Ampou, 2017) and in South 

Kalimantan from June 2015. The El Niño 

event caused rainfall in the study area 

dropped to 14.5 mm in August and no rainy 

in September 2015 (Tanah Bumbu Regency 

Central Bureau of Statistics, 2016), so that 
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the flood plume of Angsana, Bunati and 

Sebamban Rivers towards the sea reduced 

from ±2.8 NM (June 2015) to ±0.9 NM (July 

2015) and ±0.24 NM (November 2015) 

(Asmawi, unpublished data). Furthermore, 

turbidity, the TSS and sedimentation 

dropped significantly. However, turbidity of 

the Ibu (until November 15), the Anak Kima 

(until September 2015), and the Kima and 

the Bajangan Atak Reefs (until October 

2015) were greater than 3 NTU, which in the 

long period may cause corals to experience 

sublethal stress (Cooper et al., 2008). 

The results of study showed that mass 

bleaching in 2015 was the major disturbance 

for the coral reefs in the coastal Tanah 

Bumbu Regency and in the southeast of 

Kalimantan; as a result of thermal stress 

(Cantin and Lough, 2014; Hughes et al., 

2017; Lough et al., 2018) which were driven 

by the 2015-2016 El Niño (Hughes et al., 

2018). No coral colonies were bleached to 

the six sites in June 2015. Four weeks later 

in which there was increases in the SST, 2% 

of all coral colonies observed in the six sites 

were bleached and 26% were severe 

bleached. In August 2015, 4.3% of bleached 

coral colonies in the previous month were 

dead. In the following months, bleached 

coral colonies continued to increase to reach 

49.1% of the total colonies. Moreover, the 

proportion of dead colonies continued to 

increase to reach 92% of coral colonies 

whitened in the previous month or 29.7% of 

the total colonies. Generally bleaching of 

coral colonies observed occurred two to four 

weeks after the temperature increased and 

died within four to six weeks later. These 

were in line with the explanation of Baird & 

Marshall (2002) and Baird et al. (2017). 

The interaction between the combination 

of increasing temperature and irradiation 

with environmental factors (specifically 

turbidity, sedimentation and TSS) makes the 

rate and severity of coral bleaching were 

different between sites. The difference 

results in four different bleaching patterns, 

where the severity of coral bleaching in (1) 

deep and clear waters (the Batu Anjir and the 

Bajangan) was very high at the beginning of 

the event, the bleaching rate was very fast 

until September 2015, then slowed to the end 

of the study; (2) low turbidity waters (the 

Kima and the Bajangan Atak) were relatively 

high at the beginning of the event, the 

bleaching rate was slow until September 

2015, then increased rapidly until the end of 

the study; (3) medium turbidity waters (the 

Anak Kima) were very low at the beginning 

of the event, the bleaching rate was very 

slow until September 2015, then increased 

very rapidly until the end of the study; (4) 

high turbidity waters (the Ibu) were very low 

at the beginning of the event, the bleaching 

rate was very slow until September 2015, 

then increased quickly until the end of the 

study. Possible explanations for coral 

bleaching events on reefs along the coast of 

the Tanah Bumbu Regency during the 2015 

El Niño event are as follow. First, coral 

bleaching and mortality on the Batu Anjir 

and the Bajangan Reefs occur earlier than 

other four reefs, because the Batu Ajir and 

the Bajangan Reefs both are in clear waters, 

so light irradiation reached the seabed 

(Spencer et al., 2000) and together with high 

temperatures gives strong pressure on the 

coral since June 2015. As a result, the BMI 

on both sites in July to September 2015 was 

greater than the other four sites. At the same 

time, turbidity on the Ibu, Anak Kima, Kima 

and Bajangan Atak Reefs were are still high, 

in which high turbidity could function as a 

shade for coral from the sunlight (Fabricius, 
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2005; Anthony et al., 2007), and inhibit the 

interaction between turbidity and thermal 

stress and high light intensity that could 

endanger corals (Storlazzi et al., 2015). 

Cacciapaglia and Van Woesik (2016) 

showed that turbidity could reduce the level 

of coral bleaching in the world, including the 

eastern part of the Sumatra and the southwest 

coast of the Kalimantan (Indonesia) 

(Cacciapaglia and Van Woesik, 2016) and 

this protection did not occur in deeper waters 

(Thompson and Dolman, 2010).  

Second, a large decrease in turbidity 

since September 2015 (Table 1) resulted in 

increasing light irradiation reached the Kima 

and the Bajangan Atak Reefs, so that in 

October and November 2015 the BMI in 

these two sites exceeded the BMI on the 

Batu Anjir and the Bajangan Reefs.  In 

addition, both coral reefs are shallow corals, 

in which mortality from bleaching could 

spread on shallow coral (Ampou, 2017). At 

the same time, the Ibu and Anak Kima Reefs 

experienced increases in thermal stress, but 

high turbidity still had a shade effect on both 

reefs that eventually not cause a surge in the 

BMI. 

Third, long periods of high turbidity in 

the Anak Kima Reefs could decrease coral 

health (e.g. McClanahan, et al. 2004, Leggat, 

et al, 2011), due to barriers for symbiotic 

organism photosynthesis (Marcelino, et al. 

2013) and additional energy expenditure to 

remove coral-smothered sediments (Marshall 

and Baird, 2000). Once turbidity decreased 

significantly to 2.12±0.02 NTU (October 

2015) and 1.64±0.05 NTU (November 

2015), the colonies under sublethal 

conditions immediately received thermal 

stress accompanied by exposure to high 

irradiation. The combination of high 

radiation and high temperatures (e.g. Jokiel 

and Coles, 1990; Lesser et al., 1990; Brown 

et al., 1994) which cause significant 

increases in oxidative stress when high 

irradiance exposure accompanied by thermal 

ill-treatment (Browne, 2012). As a result, the 

BMI increased to 52.5±0.5 or 125.2% above 

the BMI of other sites. Fourth, even though 

there were no floods, in November 2015, 

turbidity on the Ibu Reef was still 5.27±0.45 

NTU, because this reef was only 0.21 NM 

from the coastline; therefore, it was still 

reached by turbid water from the Angsana 

River combined with resuspension sediment 

from shrimp trawling activities. Fishing 

activities with “lampara dasar” (mini trawl)
2
 

around the Ibu Reef occurred almost 

throughout the year.  One effect of ship 

traffic and trawling is basic sediment 

resuspension (Kaiser et al., 2002; Pusceddu 

et al., 2005). Furthermore Schoellhamer 

(1996) explains that sediment deposits 

originating from sediment resuspension by 

trawling are more easily suspended by tidal 

currents than undisturbed basic sediments. 

Continuous trawling has the potential to 

make terrestrial sediments in the form of 

suspension for a long time (Bainbridge et al., 

2012; Brodie et al., 2010; Storlazzi et al., 

2015) and forms a nepheloid layer that flows 

towards the reef (Wolanski and Spagnol, 

2000), so that the turbidity is prolonged on 

the Ibu reef, and provides a vigorous shade 

effect. Whereas in the Kima and the 

Bajangan Atak Reefs, turbidity (average 

2.89±0.07 NTU) was still higher than the 

Anak Kima Reef, because of the sediment 

resuspension due to large waves and 

currents. In addition, sediment resuspension 

                                                 
2
 Illegal fishing according Regulation of the Minister 

of Marine and Fisheries of the Republic of 

Indonesia Number 2/Permen-KP/2015. January 9, 

2015 
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in the Bajangan Atak Reef is also caused by 

propeller wash and backflow from tugboats
3
 

(Liao et al., 2015; van Rijn, 2018) especially 

during maneuver for repositioning vessels 

(Clarke et al., 2015). 

 

CONCLUSION 

 

It could be concluded that the coral 

bleaching responses to the combination of 

increasing temperature and solar irradiation 

due to 2015 El Niño event differed according 

to the level of turbidity and the depth of 

water in Southeast Coast of the Kalimantan. 

Bleaching and mortality of the reefs in deep 

and clear water occurred earlier than those in 

turbid and shallow water. Increasing 

turbidity resulted in decreases in the rate and 

the severity of coral bleaching and the 

mortality, but significant decreases in the 

turbidity caused dramatic increases in the 

severity of coral bleaching and the mortality. 

The combination of terrestrial sediments and 

sediment resuspension by fishing activities 

caused high turbidity in the Ibu Reef. This 

reef is continuously protected from thermal 

stress and high solar irradiation, so the level 

of bleaching and the mortality in this reef 

remains the lowest during the study. 
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