Abundance assessment of indicator bacteria for
coral health in the Pemuteran Waters, North Bali,
Indonesia
Widiastuti, Elok Faiqoh

Department of Marine Science, Faculty of Marine and Fisheries, Udayana University, Bukit
Jimbaran, Badung, Bali, Indonesia. Corresponding author: Widiastuti,
widiastutikarim@unud.ac.id
Abstract. The increase of anthropogenic land-based activities in the Pemuteran village, a tourist spot in
the northern part of Bali Island, threatened the health of its coral reefs. Therefore, this study aimed to
assess the impact of anthropogenic activities in the coral reef by using two indicator bacteria (Enterococci
and Vibrio). Study sites were chosen based on human activities whereas coral genus was selected
following the three most abundant genera in each site. The mucus of coral fragments and the water
column overlying the reefs were sampled. These samples were both tested for the presence of Vibrio in
TCBS nutrient at 37°C for 24 hours and Enterococci in Slanetz and Bartley nutrient at 41°C for 24 hours.
Results showed that the abundance of Enterococci in the mucus of all coral genera were relatively
similar, whereas its abundances in seawater were significantly higher than those in mucus. In contrast to
Vibrio, the abundances in mucus in all coral genera were significantly higher than those in seawater.
Despite the likely relativeness to the natural characteristics of both indicator bacteria, the extremely high
concentration of total organic carbon and nitrate in the water column, particularly nitrate, significantly
enhance the abundance of Enterococci. The high level of nutrients was detected in the site which has the
highest human activities, milkfish culture and marine recreational spot. The abundant of Vibrio may
reveal the cause of the high prevalence of coral diseases in this area, whereas Enterococci indicate that
anthropogenic pollution has reached its coral reef ecosystem.
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Introduction. Pemuteran water is one of the tourist destination spots in the northern
part of Bali Island. It is well described by the increasing number of hotels, restaurants
and dive centers along the coastal zones (Prodjo 2016). However, these tourist service
providers may not equip their facilities with the wastewater treatment that protects the
underground and surface water from anthropogenic pollution. Studies showed that
contaminants from the septic tank transferred to the surrounded coastal zones increased
the nutrients concentration as well as the presence of human enterobacteria in the
nearby environment (Lapointe et al 1990; Paul et al 1995).
The coral reef ecosystem supports habitat for various marine organisms and plays
an important role in tourism such as seen in Bali Island (Warren-Rhodes et al 2003). The
massive decrease of coral health was reported in world reefs, particularly those which are
close to the tourism zone or dense populated areas (Green & Bruckner 2000).
Anthropogenic pollution that contains nutrients and pathogens reach the coral reef
ecosystem through land runoff, rivers and boat disposal (Bruno et al 2003; Nobles et al
2000). However, the distribution in the coral reef ecosystem remains unclear. The
contribution of these untreated wastewaters to the outbreak of coral disease has shown
by the presence of bacteria Serratia marcescens in the White Pox disease in coral
Acropora palmata in Karibia Reef (Sutherland et al 2010). This bacterium is found as a
pathogen in the human digestive and respiratory system (Miranda et al 1996; Shi et al
1997).
Enterococci are one of the microbiological indicators of fecal pollution for marine
waters, recommended by The United States Environmental Protection Agency (USEPA)
(USEPA 2000). Meanwhile, Vibrio is an important coral holobiont in which some of them
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may build a symbiosis with the hosts (Moreira et al 2014; Rubio-Portillo et al 2014; Munn
2015) while others serve as pathogens (Munn 2015). This bacteria is abundant in the
high organic environments such as found in untreated wastewater or aquaculture (Colwell
1996; Reichardt et al 2007), therefore these bacteria may serve as indicator bacteria for
coral health. The vast development in tourism industries in Bali Island makes it is
necessary to assess the environmental health, in particular its coral reefs which support
the economy of the surrounded areas. Furthermore, the presence of these indicator
bacteria in the coral reefs harm for the tourist`s health as they may expose to the
contaminated seawater (Cheung et al 1990).
Material and Method
Description of the study sites. Study sites were situated in the Selini Beach,
Pemuteran Village, Gerogak District, Buleleng Regency, North Bali Island (Figure 1).
Reefs were selected based on the anthropogenic land-based activities. Sites 1 and 2 have
low population, sites 3 and 4 have high population, whereas site 5 was positioned further
from the coastal zones than other sites, and is the spots for scuba diving and snorkeling.
Milkfish ponds were located on the coastal areas at site 4 which managed by the
traditional fisherman. The average distance between these sites was 1 km. Coral genus
was selected following the three most abundant genera in each site. Coral fragments of
three colonies were randomly taken by using SCUBA in a 2 x 20 m belt transect. Coral
fragments were brushed by using toothbrush and mucus was placed in 50-mL conical
bottom tubes. Corals were pictured by using a camera and identified according to Veron
(2008) and Suharsono (2008).

Figure 1. The study sites of selected reefs in Pemuteran waters, Bali, Indonesia.
Microbiological analyzes. Samples were firmly homogenized and filtered onto sterile
47-mm, 0.45-μm-pore-size mixed cellulose ester membranes (up to 100 mL for water
and 10 mL for mucus). Filter membranes were placed on Slanetz and Bartley agar media
for the assessment of Enterococci and TCBS-agar media for Vibrio. Slanetz and Bartley
agar plates were incubated at 41°C for 24 hours, and colonies exhibiting a blue halo were
counted as Enterococci. TCBS-agar plates were incubated at 37°C for 24 hours, and red
colonies were calculated as Vibrio. Bacterial enumerate was indicated as colony forming
units (CFU 100 mL-1).
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Measurement of total organic carbon and nitrate. Water was sampled from the
overlying water column of the reefs in 1-liter polypropylene bottles to measure the
concentration of nitrate and total organic carbon. The samples were kept at low
temperatures when transported to the laboratory. Nitrate was analyzed by the Brucine
method (Jenkins & Medsker 1964) and total organic carbon was analyzed by the
potassium permanganate titrimetry method. The overlying water column`s temperature
was measured by using a mercury thermometer.
Statistical analyzes. A Pearson correlation test was used to analyze the statistically
significant relationships between the bacteria colony densities, total organic carbon and
nitrate concentrations. Statistical analyzes were performed by using SPSS version 16.
Results. The coral density varies among sites whereas the dominant genus were Porites,
Pocillopora and Acropora (Figure 2), therefore the coral mucus were only collected from
these three coral genera.

Porites

Pocillopora

Acropora

Figure 2. Coral density per genus at study sites.
Correlation between the total organic carbon, nitrate and abundance of
indicator bacteria. The level of water temperature and total organic carbon were
relatively similar among sites (Table 1). The detection limit of Spectrofotometer used for
measurement of nitrate concentrations was 0.01 mg L-1, and it was found that nitrate
concentration at sites 1-3 were under this limit. However the level at sites 4 and 5 were
extremely high. In contrast to total organic carbon which was significantly high at all
sites. These nitrate and total organic carbon levels have exceeded the limit according to
Keputusan Menteri KLH No. 51/2004 (Regulation Law No. 51 2004 of the Indonesian
Environmental Ministry) which was set to marine organisms (nitrate in seawater 0.008 mg L-1
and total organic carbon in seawater 20 mg L-1).
Table 1
The concentration of total organic carbon, nitrate and sea surface temperatures
(mean±standard deviation) in the water column overlying reefs (seawater)
Site
1
2
3
4
5

Nitrate (mg L-1)
<0.01±0.00
<0.01±0.00
<0.01±0.00
0.51±0.01
0.15±0.22
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54.56±0.36
49.72±0.36
60.04±0.63
52.03±0.97
50.98±1.32

1302

Temperature (°C)
27.7±0.58
27.7±0.58
27.7±0.58
29.0±0.00
30.0±0.00

The abundances varied among indicator bacteria, samples (mucus and seawater) and
sites. The abundances of Enterococci in the seawater were extremely higher than those in
the coral mucus as the highest were at sites 4 and 5. It is similar to Vibrio that reached
the highest density in seawater at site 4 (Figure 3). However, the abundances of Vibrio
were significantly lower than Enterococci in the same seawater site samples. There was
even no Vibrio found in site 1 (Figure 3). The average densities of Enterococci in coral
mucus were rapidly increased to more than 10-fold in sites 4 and 5 (Figure 3). The Vibrio
abundances in coral mucus in all coral genera were even too many to count (Figure 3).
There were no relatively differences in both indicator bacteria abundances among the
coral genus.

Study sites
Figure 3. Mean abundances of Enterococci and Vibrio among the coral mucus and
seawater at all sites. Pc: Pocillopora, Pr: Porites, Ac: Acropora, Sw: Seawater, “ “: Vibrio
abundances in the coral mucus were not able to be shown due to its high amount.
Both Enterococci (r = 0.97) and Vibrio (r = 0.95) abundances in the seawater were
significantly increased along with increasing nitrate concentration (Table 2). A similar
trend was also demonstrated in the abundances of Enterococci in all coral mucus that
increased with an increase in nitrate concentration (Table 2). However, these correlations
were not as high as Enterococci in the coral mucus (rPocillopora = 0.47, rPorites = 0.37, rAcropora
= 0.47). Moreover, the correlation assessment between Enterococcus abundances in all
coral mucus and total organic carbon concentration (Table 2) illustrated with the low
correlation values whereas the correlation assessment between Enterococci and Vibrio
abundances in seawater and concentration of total organic carbon indicated the opposite
results with low correlation values (Table 2). The correlation between Vibrio abundances
in all coral mucus and nitrate and total organic carbon could not be analyzed due to its
high abundances, make it impossible to count.
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Table 2
The correlation coefficient (r) and significant levels (P-values) obtained from the
correlation analysis between the indicator bacteria abundances, nitrate and total organic
carbon
Indicator
bacteria

Sample

Enterococci
Seawater
Vibrio
Enterococci
Coral (Pocillopora)
Vibrio
Enterococci
Coral (Porites)
Vibrio
Enterococci
Coral (Acropora)
Vibrio

Nutrients
Nitrate
Organic C
Nitrate
Organic C
Nitrate
Organic C
Nitrate
Organic C
Nitrate
Organic C
Nitrate
Organic C
Nitrate
Organic C
Nitrate
Organic C

Correlation coefficient
(r-value)
0.97
-0.40
0.95
-0.11
0.47
0.13
a
a
0.37
0.40
a
a
0.47
0.24
a
a

Significance
(P-value)
0.997
0.253
0.994
0.433
0.788
0.586
a
a
0.731
0.745
a
a
0.787
0.654
a
a

“a”: Data could not be analyzed.

Discussion. The highly significant abundances of Enterococci in the seawater compared
to in the coral mucus is likely due to this bacteria might have degraded in the seawater
by seawater temperature and UV before they inhabited the coral mucus, as these are
several stress environmental factors once the enteric bacteria enter the seawater (Morita
1993). Also, as it is not naturally a marine microorganism, therefore it likely needs
special adaptation to survive in the coral mucus. In contrast to Enterococci, Vibrio found
abundantly in coral mucus as it is symbiont of corals and other marine organisms, some
of them contribute nutrients to the host while other become the disease pathogens such
as Porites Ulcerative White Spots (Arboleda & Reichardt 2010), and Porites White Patch
Syndrome (Séré et al 2013). However our result was not in line with the studies of Lipp
et al (2002) and Lipp & Griffin (2004) that found the concentration of Enterococci was
higher in seawater relative to the coral mucus. Presumably, our results are related to the
hydro-oceanography features of this area that reduced the resident time to Enterococci in
the water column. However, both this studies (Lipp & Griffin 2004 and Lipp et al 2002)
did not provided any hydro-oceanographic data.
It is suggested that the extremely abundant Vibrio in the coral mucus at all sites
might be caused by organic carbon that produced in coral mucus and exacerbated with
the input from anthropogenic activities. As found in sites 3 and 4 which had intensely
anthropogenic activities in the coastal areas such as restaurants and hotels, while there
were anchored boats at site 5 that it might dispose untreated wastewater into this site.
There were 26 hotels operated in Pemuteran village according to the BPS Kabupaten
Buleleng 2016 (Statistics Indonesia Buleleng Regency) which might dispose of the
untreated wastewater which contains pathogens and nutrients to the surrounded coral
reefs. Additionally, the presence of traditional milkfish ponds at site 4 might release its
residue with high nutrient concentrations. This result is supported by the studies of
intensive milkfish farming near coral reef sites (Reichardt et al 2007). Coral mucus
consists of 70% dissolved organic carbon and nutrient (phosphate) that induce the
growth of bacteria (Nakajima et al 2009). As, coral mucus is inhabited by several
microbes (Bentis et al 2000; Kellogg 2004), including bacteria (Bayer et al 2013), thus
the enrichment of organic carbon disrupts the balance of its mutual relationship.
Investigation of the effect of elevated organic carbon in three different coral species
demonstrated that it caused coral tissue loss and bleaching (Kuntz et al 2005; Kline et al
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2006). Both nitrate and organic carbon induce the growth of microorganisms. However,
the abundances of both Enterococcus and Vibrio likely were intensified by the excessive
nitrate concentration as both of indicator bacteria reached the highest abundance at sites
4 and 5. Studies indicated that the enrichment of nitrate caused bleaching and partial
mortality (Kuntz et al 2005) and accelerated the progression of Black Bland Disease
(Voss & Richardson 2006). In addition, multiple evidences show that elevated nutrient
and organic carbon input may decrease the coral`s immune system thus proliferate
disease infection (Bruno et al 2003; Kaczmarsky et al 2005; Voss & Richardson 2006).
This finding reveals the high disease prevalence of Ulcerative White Spot disease found at
all these study sites (Karim 2019) as studies showed the strong correlation between coral
diseases and excessive nutrient concentration, in particular N-based nutrients (Patterson
et al 2002). According to Arboleda & Reichardt (2010) and Séré et al (2013), Vibrio has
been detected in several coral diseases such as Porites Ulcerative White Spots and Porites
White Patch Syndrome. Therefore, the enormous abundance of Vibrio in all coral mucus
may increase the risk of healthy corals to the diseases. Moreover, the high abundance of
Enterococci in the seawater indicates that anthropogenic pollution has reached its coral
reef ecosystems. Furthermore, it may harm the health of tourists as they may expose to
potential pathogens.
Conclusions. The abundance of Enterococci in the mucus of all coral genera was
relatively similar, whereas its abundance in seawater was significantly higher than those
in mucus. In contrast to Vibrio, the abundance in mucus in all coral genera was
significantly higher than those in seawater. The extremely high concentration of total
organic carbon and nitrate in the water column, particularly nitrate, significantly enhance
the abundance of Enterococci. The high level of nutrients was detected in the site which
has the highest human activities, aquaculture and marine recreational site. The
abundance of Vibrio reveals the cause of the high prevalence of coral diseases in this
area, whereas Enterococci indicated that anthropogenic pollution has reached its coral
reef ecosystems. In turn, the presence of these bacteria implies the health risk of both
coral reef ecosystems and the tourists.
Acknowledgements. This work was supported by Penelitian Unggulan Program Studi
2019 to Widiastuti and E. Faiqoh from the Udayana University. Thanks are extended to
Dewa Ayu Mira Prabaswari for assisting in laboratory works, to Ni Wayan Gita Kanela,
Putu Hernanda Krishna Ariszandy, Nidzar Muhammad Rafly and Made Pande Darmawan
for sampling assistances.
References
Arboleda M. D., Reichardt W. T., 2010 Vibrio sp. causing Porites ulcerative white spot
disease. Diseases of Aquatic Organisms 90(2):93-104.
Bayer T., Neave M. J., Alsheikh-Hussain A., Aranda M., Yum L. K., Mincer T., Hughen K.,
Apprill A., Voolstra C. R., 2013 The microbiome of the Red Sea coral Stylophora
pistillata is dominated by tissue-associated Endozoicomonas bacteria. Applied and
Environmental Microbiology 79(15):4759-4762.
Bentis C. J., Kaufman L., Golubic S., 2000 Endolithic fungi in reef-building corals (Order:
Scleractinia) are common, cosmopolitan, and potentially pathogenic. Biology
Bulletin 198:254–260.
Bruno J. F., Petes L. E., Drew Harvell C., Hettinger A., 2003 Nutrient enrichment can
increase the severity of coral diseases. Ecology Letters 6(12):1056-1061.
Cheung W. H. S., Chang K. C. K., Hung R. P. S., Kleevens J. W. L., 1990 Health effects of
beach water pollution in Hong Kong. Epidemiology & Infection 105(1):139–162.
Colwell R. R., 1996 Global climate and infectious disease: the cholera paradigm. Science
274:2025–2031.
Green E. P., Bruckner A. W., 2000 The significance of coral disease epizootiology for coral
reef conservation. Biological Conservation 96(3):347-361.

AACL Bioflux, 2020, Volume 13, Issue 3.
http://www.bioflux.com.ro/aacl

1305

Jenkins D., Medsker L. L., 1964 Brucine method for the determination of nitrate in ocean,
estuarine, and fresh waters. Analytical Chemistry 36(3):610-612.
Kaczmarsky L. T., Draud M., Williams E. H., 2005 Is there a relationship between
proximity to sewage effluent and the prevalence of coral disease? Caribbean Journal
of Science 41:124–137.
Karim W., 2019 Status of coral diseases and compromised health syndromes on
Pemuteran shallow reefs, North Bali Island. IOP Conference Series: Earth and
Environmental Science Vol. 236, No. 1, p. 012048.
Kellogg C., 2004 Tropical Archaea: Diversity associated with the surface microlayer of
corals. Marine Ecological Progress Series 272:81–88.
Kline D. I., Kuntz N. M., Breitbart M., Knowlton N., Rohwer F., 2006 Role of elevated
organic carbon levels and microbial activity in coral mortality. Marine Ecological
Progress Series 314:119-125.
Kuntz N. M., Kline D. I., Sandin S. A., Rohwer F., 2005 Pathologies and mortality rates
caused by organic carbon and nutrient stressors in three Caribbean coral
species. Marine Ecological Progress Series 294:173-180.
Lapointe B. E., O’Connell J. D., Garrett G. S., 1990 Nutrient couplings between on-site
waste disposal systems, groundwater, and nearshore surface waters of the Florida
Keys. Biogeochemistry 10:289–307.
Lipp E. K., Jarrell J. L., Griffin D. W., Lukasik J., Jacukiewicz J., Rose J. B., 2002
Preliminary evidence for human fecal contamination in corals of the Florida Keys,
USA. Marine Pollution Bulletin 44(7):666-670.
Lipp E. K., Griffin D. W., 2004 Analysis of coral mucus as an improved medium for
detection of enteric microbes and for determining patterns of sewage contamination
in reef environments. EcoHealth 1(3):317-323.
Miranda G., Kelly C., Solorzano F., Leanos B., Coria R., Patterson J. E., 1996 Use of
pulsed-field gel electro-phoresis typing to study an outbreak of infection due to
Serratia marcescens in a neonatal intensive care unit. Journal of Clinical
Microbiology 34:3138–3141.
Moreira A. P., Tonon L. A., Pereira C. D. O., Alves N. Jr., Amado-Filho G. M., FranciniFilho R. B., Paranhos R., Thompson F. L., 2014 Culturable heterotrophic bacteria
associated with healthy and bleached scleractinian Madracis decactis and the
fireworm Hermodice carunculata from the remote St. Peter and St. Paul
Archipelago, Brazil. Current Microbiology 68(1):38-46.
Morita R. Y., 1993 Bioavailability of energy and the starvation state. In: Starvation in
bacteria. Kjellebergs (ed), pp. 8–16, Plenum Press Inc., New York.
Nakajima R., Yoshida T., Azman B. A. R., Zaleha K., Othman B. H. R., Toda T., 2009 In
situ release of coral mucus by Acropora and its influence on the heterotrophic
bacteria. Aquatic Ecology 43(4):815-823.
Munn C. B., 2015 The role of vibrios in diseases of corals. Microbiology spectrum 3(4).
doi: 10.1128/microbiolspec.VE-0006-2014.
Nobles R. E., Brown P., Rose J. B., Lipp E. K., 2000 The investigation and analysis of
swimming-associated illness using the fecal indicator enterococcus in southern
Florida’s marine water. Florida Journal of Environmental Health 169:13–19.
Paul J. H., Rose J. B., Brown J., Shinn E. A., Miller S., Farrah S. R., 1995 Viral tracer
studies indicate contamination of marine waters by sewage disposal practices in Key
Largo, Florida. Applied and Environmental Microbiology 61:2230–2234.
Patterson K. L., Porter J. W., Ritchie K. B., Polson S. W., Mueller E., Peters E. C., Santavy
D. L., Smith G. W., 2002 The etiology of white pox, a lethal disease of the
Caribbean elkhorn coral Acropora palmata. Proceedings of the National Academy of
Sciences of the United States of America 99:8725–8730.
Prodjo W. A., 2016 January 28 Pemuteran, Cerita Desa Kumuh yang Mendunia. Retrieved
from https://travel.kompas.com
Reichardt W., McGlone M. L. S. D., Jacinto G. S., 2007 Organic pollution and its impact
on the microbiology of coastal marine environments: a Philippine perspective. Asian
Journal of Water, Environment and Pollution 4(1):1–9.

AACL Bioflux, 2020, Volume 13, Issue 3.
http://www.bioflux.com.ro/aacl

1306

Rubio-Portillo E., Yarza P., Penalver C., Ramos-Esplá A. A., Anton J., 2014 New insights
into Oculina patagonica coral diseases and their associated Vibrio spp.
communities. ISME Journal 8(9):1794-1807.
Séré M. G., Tortosa P., Chabanet P., Turquet J., Quod J. P., Schleyer M. H., 2013
Bacterial communities associated with Porites white patch syndrome (PWPS) on
three Western Indian Ocean (WIO) coral reefs. Plos One 8(12): e83746.
https://doi.org/10.1371/journal.pone.0083746.
Shi Z. Y., Liu P. Y. F., Lin Y. H., Hu B. S., 1997 Use of pulsed-field gel electrophoresis to
investigate an outbreak of Serratia marcescens. Journal of Clinical Microbiology
35:325–327.
Sutherland K. P., Porter J. W., Turner J. W., Thomas B. J., Looney E. E., Luna T. P.,
Meyers M. K., Futch J. C., Lipp E. K., 2010 Human sewage identified as likely source
of white pox disease of the threatened Caribbean elkhorn coral, Acropora
palmata. Applied and Environmental Microbiology 12(5):1122-1131.
Suharsono, 2008 Jenis-Jenis Karang di Indonesia. LIPI Press, Jakarta, 344 p.
Veron J. E. N., 2008 Corals of the World. Australian Institute of Marine Science,
Townsville, Australia.
Voss J. D., Richardson L. L., 2006 Nutrient enrichment enhances black band disease
progression in corals. Coral Reefs 25(4):569-576.
Warren-Rhodes K., Sadovy Y., Cesar H., 2003 Marine ecosystem appropriation in the
Indo-Pacific: A case study of the live reef fish food trade. Ambio 32(7):481-488.
*** BPS Kabupaten Buleleng, 2016 Available at: https://bulelengkab.bps.go.id/
statictable/2015/03/30/3101/banyaknya-hotel-kamar-dan-tempat-tidur-dikabupaten
-buleleng-2015.html (Accessed 16 May 2020).
*** Keputusan Menteri KLH No. 51/2004 tentang baku mutu air laut untuk biota
laut. [Regulation No. 51/2004 concerning sea water quality standards for marine
biota]. KLH, Jakarta, Indonesia.
*** USEPA (U.S. Environmental Protection Agency), 2000 Improved enumeration
methods for the recreational water quality indicators: Enterococci and Escherichia
coli. EPA821/R-97/004. U.S. Environmental Protection Agency, Washington, DC.

Received: 04 March 2020. Accepted: 12 May 2020. Published online: 19 May 2020.
Authors:
Widiastuti, Udayana University, Faculty of Marine and Fisheries, Department of Marine Science, Bali Indonesia,
80361 Badung, Jalan Raya Kampus UNUD Bukit Jimbaran, e-mail: widiastutikarim@unud.ac.id
Elok Faiqoh, Udayana University, Faculty of Marine and Fisheries, Department of Marine Science, Bali Indonesia,
80361 Badung, Jalan Raya Kampus UNUD Bukit Jimbaran, e-mail: elok.faiqoh@unud.ac.id
This is an open-access article distributed under the terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution and reproduction in any medium, provided the original author and source
are credited.
How to cite this article:
Widiastuti, Faiqoh E., 2020 Abundance assessment of indicator bacteria for coral health in the Pemuteran
Waters, North Bali, Indonesia. AACL Bioflux 13(3):1300-1307.

AACL Bioflux, 2020, Volume 13, Issue 3.
http://www.bioflux.com.ro/aacl

1307

