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Abstract

Seribu Islands receive a lot of pressure from the surrounding environment, both biological and anthropogenic
factors. This condition can affect the life of biota in the waters and its surroundings, one of which is coral reefs.
This study aims to analyzed the condition of coral reefs and the prevalence of diseases and compromised health
in coral reefs in the Seribu Island. The study was conducted at 6 stations, covering Air Island (East), Semak
Daun Island (South), Karang Beras Island (East), Kotok Besar Island (South), Kotok Kecil Island (North), and
Karang Congkak Island (East) applied the Underwater Photo Transect (UPT). Data were collected in shallow
water with a depth of 3-5 meters. Coral reef lifeform data were processed used CPCe 4.1 software. The condition
of coral reef cover at the research station is in moderate to good condition. The dominated coral life forms was
different at each research station include foliose, branching, submassive and massive. Coral diseases found at
research stations include Black Band Disease (BBD), White Syndrome (WS), and Ulcerative White Syndrome
(UWS) as well as other categories of coral compromised health, namely Bleaching (Bl), Pigmentation Response
(PR), Sediment Damage (SD), Predation (Pr), and Growth Anomalies (GA). The highest overall prevalence of
disease and compromised health was found at Pulau Air (17.99%) and Kotok Besar (17.46%) stations.
Sediment damage was the most common coral disease and compromised health in all research stations. There
was a weak relationship between live coral cover and prevalence of coral disease.

Keywords: Seribu Island; coral reefs; disease

INTRODUCTION

The Seribu Islands are located in the Java Sea and Jakarta Bay and consist of 110 island
groups. Administratively, the Thousand Islands Administrative Regency has an area of 8.70 km2,
which is divided into 2 sub-districts, namely the northern part of the Thousand Islands and the
southern part. The Seribu Islands have different natural characteristics and potential from other
areas of DKI Jakarta (BPS Seribu Islands Regency, 2019). The islands in the Thousand Islands
receive a lot of pressure from the surrounding environment, both natural and anthropogenic
factors. This condition can affect the life of biota in the waters and surrounding areas, one of which
is coral reefs (Dedi & Arifin, 2017).

The poor condition of coral reefs can be influenced by human activities and climate change
(Hadi et al., 2018). The designation of the Seribu Islands has changed, from initially being for
settlement, fishing and mining, to being a conservation and tourism area (Estradivari, Setyawan,
& Yusri, 2009). These changes increase human activity around the Thousand Islands which can
cause the growth of hard coral to be disturbed or even damaged. The increase in tourism activities
that do not prioritize environmental conditions and the anchoring of fishermen at snorkeling or
diving locations is estimated to have a significant impact on hard corals (Hadi et al., 2018;
Latuconsina, 2019). Increasing human activity in coastal areas is disrupting ocean health
(Hetherington et al., 2005). Coral reefs have a very important function as a place for spawning,
foraging, a place of maintenance for marine biota and as a source of germplasm. The existence of
coral reefs from year to year experiences damage, namely damage occurs which causes a
reduction in quantity and quality. The condition of coral reefs in the Seribu Islands in the last few
decades and based on data from 2005 and 2007, the islands located in Jakarta Bay have very
limited hard coral richness.

Research on hard coral cover on several islands in the Thousand Islands shows that coral
reef conditions are in the moderate to poor category (Banata, 2015; Tanzil, 2018; Utami, 2018).
The low percentage of hard coral can be caused by various factors, both environmental, biological
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and anthropogenic. These three factors are related to each other. Coral disease is an impact that
can result from various factors and is one of the main threats that can cause rapid and mass coral
death (Estradivari et al., 2009; Giyanto et al.,, 2017)

Coral diseases can arise because of the relationship between pathogens, the environment
and coral animals (Sabdono, 2008). Research on the prevalence of coral disease in the Seribu
Islands was carried out by Johan, Kristanto, Haryadi, & Radiarta (2014) regarding the peak
prevalence of Black Band Disease by surveying the condition of coral reefs on several islands
based on the distance of the research location to Jakarta Bay using the belt transect method. Other
research regarding the health conditions of corals was reported by Dedi & Arifin (2017) regarding
the prevalence of several diseases and health problems on corals on small islands in Jakarta Bay
which include Bokor Island, Lancang Kecil Island, Kongsi Island, Bird Island and Pari Island.
Among them are diseases such as skeletal band erosion, brown band disease, white syndrome,
and others.

Along with climate change and increasing human activity, waters are increasingly
receiving waste and other anthropogenic factors which can increase damage to coral reefs and the
emergence of other coral diseases. Therefore, it is necessary to carry out research on coral
diseases to determine the condition of coral reef ecosystems and as monitoring and one of the
monitoring efforts in taking management actions.

METHOD

The method used in this research is a survey method. The data collection method used is
Underwater Photo Transect (UPT) or Underwater Photo Transect. This research was carried out
in August 2019 on several islands in the Thousand Islands which are included in three different
zones including Air Island (East), Semak Daun (South), Karang Beras (East), Kotok Besar (South),
Kotok Kecil (North) and Congkak Reef (East). The tools used include SCUBA (Self Contained
Underwater Breathing Apparatus), stationery, Global Positioning System (GPS), DO meter, pH
meter, hand refractometer, thermometer, roll meter, square frame made from pipe measuring 1x1
m, and camera. underwater digital. Data collection on chemical and physical factors of waters
includes temperature, pH, DO and salinity.

Coral reef data taken includes coral growth form (lifeform), genus and disease and coral
health disorders. The Underwater Photo Transect (UPT) method is carried out in shallow waters
with depths ranging from 3-4 meters with 5 data collection points at each station. The coral reef
data that has been obtained is identified and processed using CPCe 4.1 software for the growth
form (lifeform) of coral reefs, while the genus and disease are identified visually based on the book
Coral of the world (Veron, 2002), the Underwater Cards for Assessing Coral guidebook Health on
Indo-Pacific Reefs (Beeden et al., 2008) and Coral Disease Handbook (Raymundo et al., 2008).

RESULTS AND DISCUSSION
Table 1. General conditions of research locations (City Planning Department, 2014; Putri &
Kristiyanto, 2018)

Station Manager Zoning Sub Zone Activity
Trade and -Air tourism
Water Island Personal  Area outside service -Lodging
TNKpS zone -Camping
ground
Bushleaf Open green - Air tourism
Island Personal  Residential cultivation - Camping
zone ground
- Sea farming
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Karang Kawasan Trade and -Air tourism
Beras Island Personal luarTNKpS service zone -Gazebo-like

building

-Air tourism
Kotok Tourism Trade and -Conservation of
Besar Personal  use service the Bondol Eagle
Island zone -Lodging

- Restaurant
Kotok Kecil Tourism Green open - Air tourism
Island Personal  use zone - Lodging

cultivation

Karang Provincial Green open - Air tourism
Congkak governme Residential zone -Camping
Island nt cultivation ground

The Seribu Islands are designated for settlement, fisheries, mining, conservation areas and
tourism. In 2002, the Thousand Islands were designated the Thousand Islands National Park
(TNKpS). The TNLKpS area is divided into 4 zones, namely the Core Zone, Protection Zone,
Tourism Use Zone and Residential Zone. Air Island, which is outside the TNKpS area, is used as a
buffer area. Buffer areas function to protect the existence of national parks and their ecosystems
against disturbances from outside the area which could endanger the potential for sustainability
within the TNKpS area (Yulianda et al., 2017). Only Karang Congkak Island is managed by the DKI
Jakarta Provincial Government, while the other islands are managed privately by individuals or
companies. With the facilities that support activities on these islands, there are several
shortcomings such as limited fresh water on Air Island, Karang Beras and Karang Congkak. Fresh
water is usually found on inhabited nearby islands.

Table 2. Chemical and Physical Conditions of Water

No. Island Temperat DO(mg/l) Salinity(%o) pH
ure (°C)
1. Water 30,8 7,8 43 6,3
2. Shrub Leaves 30,2 7,5 35 7,1
3. Rice Coral 31,5 10,3 35 7,2
4. Kotok Besar 30,7 11,6 35 6,3
5. Kotok Kecil 33,4 7,7 40 7,1
6. Congkak Coral 29,8 12,5 35 6,5

Temperature is one of the physical parameters of waters which is a limiting factor for coral
reefs. Varying temperature changes can affect the life of coral reefs. Sudden temperature changes
of 4-60C below or above the threshold can reduce coral growth and can even cause death
(Tambunan, Anggoro, & Purnaweni, 2013). The temperature at the research station ranges from
29.8 to 33.4 °C. Only the water temperature on Karang Congkak Island is the ideal temperature
for coral reef growth, while temperatures in other locations have quite high values for coral reefs.
This was found in the marine water quality standards based on Minister of Environment Decree
Number 51 of 2004 that the water temperature for coral reefs ranges between 28-30°C. An
increase in sea water temperature above its normal temperature will cause coral bleaching so that
the color of the coral becomes white. If this continues continuously over a period of several weeks,
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it will cause coral death (Giyanto et al., 2017). However, coral reefs can still survive at high water
temperatures. Coral animals can survive in a temperature range between 18 - 36°C with the
optimal temperature for growth being 26 - 28°C and most corals will lose their ability to capture
food at temperatures <16 oC and >33.50C (Supriharyono, 2000 ). Temperature patterns in waters
are influenced by various factors such as sunlight intensity, heat exchange, geographic height and
cover by surrounding tree vegetation (Reid, Marshall, Logan, & Kleine, 2011).

Condition of Coral Reef Cover

Live coral cover at each research station has different percentages (Figure 1). The
percentage of live coral cover is the average percentage for several transects. The highest
percentage of coral cover is on Kotok Kecil Island at 73.24%. Then Karang Sawah Island with a
percentage of 71.91%, Air Island 57.01%, Kotok Besar Island 54.96%, Karang Congkak Island
43.19%, and Semak Daun Island with the lowest percentage, namely 36.19%.
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Figure 1. Percentage of live coral cover at the research station

The condition of coral reefs in a body of water can be determined by the percentage of live coral
cover. Based on Minister of Environment Decree No. 4 of 2001, live coral cover on Kotok Kecil
Island and Karang Rice Island is in the good category, even almost reaching the very good
category. There are various factors that influence the high percentage of coral cover, such as
environmental factors and human activities. Based on physical chemistry data, both islands have
several environmental factors that are quite good, except for temperature. The temperature on
both islands has quite high values. This will have negative impacts if it happens continuously.
Rising temperatures on coral reefs can cause coral bleaching and will cause coral death (Giyanto
etal, 2017).
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Figure 2. Growth form of live coral at the research station. pair; b) P. Leaf Shrubs; c) P. Karang
Beras; d) P. Kotok Besar; e) P. Kotok Kecil; f) P. Karang Congkak. Information; ACB: Acropora
branching; ACE: Acropora encrusting, ACS: Acropora submassive, ACT: Acropora tabulate, ACD:
Acropora digitate, CE: Coral encrusting, CM: Coral massive, CB: Coral branching, CF: Coral foliose,
CS: Coral submassive, CMR: Coral Mushroom, and CME: Millepora coral

Air Island has a percentage of coral reef cover which is included in the good coral reef
category with a percentage of 57.01%. The shallow water area to the edge of Air Island is quite far
and the type of coral growth which is fringing reef, allows Air Island to be quite protected (Igbal,
2013). Apart from that, Air Island is a buffer area close to Pramuka Island as an island in the
southern part of the Seribu Islands National Park (Banata, 2015). According to Soemarwoto
(1985), a buffer area is an area around a protected area which functions to limit human activities
in the protected area so as not to damage the ecosystem within the protected area. The good
condition of coral reefs is supported by good chemical and physical factors for coral growth,
however the salinity at the research station has a fairly high value, namely 43%eo. This condition
is still within the tolerance range of coral reefs because corals have a level of protection against
high salinity (Thamrin, 2006). The ideal salinity for coral reefs is between 30-36%0. However,
even though coral reefs are able to survive at salinities outside this range, their growth is poor
compared to normal salinity (Dahuri, 2003).

The abiotic percentage at the research station ranges from 3.90% - 29.14%. Abiotic
components consist of rocks, sand, and coral fragments (debris). Debris is an abiotic component
that dominates almost all research stations (Appendix 2-7). The high percentage of coral fractures
is thought to be caused by anthropogenic factors in the form of human activities such as ship traffic
(Utami, 2018). The presence of cargo from land carried by coastal currents can also be a factor in
the presence of coral faults.

BBD was found on Karang Rice and Kotok Besar Islands with a low prevalence value,
namely 0.28-0.3%. BBD disease is known by the presence of black or brownish red circular
bands between living coral tissue and exposed coral skeletons (Beeden et al., 2008). Previous
research on BBD disease in the Thousand Islands has a prevalence ranging from 0.31% to
31.64% (Delpopi, Zamani, Soedharma, & Johan, 2015; Johan, 2013). Optical observations show
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that there are various types of bacteria that colonize the coral tissue. However, the main agent
that causes BBD is the Cyanobacterium class of bacteria. A high number of BBD diseases can be
used as an indicator of climate change in a body of water (Edmunds, 1991). Harvell's research
(2007) also states that there is a correlation with the increasing incidence of Black Band Disease
coral disease with increasing water temperatures and pollution. At both stations, BBD disease
infects the Acropora genus with a branching growth form. The rate of BBD infection in branching
corals is quite fast, namely around 4-8 mm/day, while in tabular corals it is around 1-4 mm/day
(Beeden et al., 2008).

Figure 3. White Spot Ulcerative Disease on Porites coral

Coral diseases arise due to a combination and interaction between coral as the host,
transmission medium, and environmental pressure. Infections by viruses, bacteria, fungi and
protists are diseases caused by biotic factors. Apart from disease, there are also categories of coral
health problems. Abiotic health problems are caused by environmental stress such as
temperature, sediment, toxins and ultraviolet radiation (Raymundo et al., 2008). Bleaching is
bleaching of coral reefs which is characterized by the loss of Zooxanthellae algae from coral tissue.
In contrast to WS, in bleaching conditions coral still has living tissue. However, if this condition
continues, it will cause stress and death of the coral. Bleaching occurred at all research stations
with a prevalence of 2.06% -4.21%. Porites (Benzoni, Galli, & Pichon, 2010).

Feim

Figure 4. Coral disease disturbance at the research station; a) pigmentation response and b)
sediment damage at the research station

Apart from bleaching and pigmentation responses, sediment damage was also found at all
research stations and had the highest prevalence value compared to other coral diseases and
health disorders. SD was found with prevalence values ranging from 3.13%-11.31%. Pulau Air,
Kotok Besar and Karang Congkak stations were the research with the highest SD prevalence
values. The third island is included in the National Park Management Section (SPTN) IIl area. SPTN
[1I is the area closest to the main land so it is visited by many tourists, especially local tourists
(Yulianda et al., 2017). SD is characterized by the presence of sediment that accumulates so that
it covers the surface and coral polyps. SD can occur due to the high influence of anthropogenic
activities. The existence of marine tourism activities at all research stations is one of the factors
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for the high sedimentation on the island (Table 1). According to Zikrillah (2016) also stated that
the damage to coral reefs in the Seribu Islands was caused by sedimentation. Accumulation of
sediment on corals over a certain period of time can cause coral death. Sediments rich in organ
material cause a constant increase in hydrogen sulfide which can increase the degradation of coral
mucosa and cause coral tissue death (Weber et al., 2012). Increased sedimentation will also cover
the corallites and reduce the penetration of light needed by Zooxanthellae for photosynthesis. In
general, sediment accumulation occurs in water areas where currents and air circulation are not
too strong so that sediment particles cannot be cleaned from coral bodies (Rogers, 1990).

Relationship between disease prevalence and coral health problems and live coral cover

Regression analysis of the percentage of live coral cover on the prevalence of disease and
coral health disorders obtained y = -0.1503x + 22.224 with an R2 value = 33.79% which shows that
there is a negative influence between the two. The correlation coefficient (r) has a value of -0.581
which indicates a very weak relationship. Raymundo, Rosell, Reboton, & Kaczmarsky (2005) also
stated that there is a weak correlation between live coral cover and the prevalence of coral disease.
The linear regression graph shows that the higher the prevalence percentage, the lower the
percentage of live coral cover. This is different from Dedi & Arifin (2017) who stated that a high
prevalence percentage value was followed by a high percentage of live coral cover. It is thought
that this difference could occur due to several factors. One of them is the dominance of a certain
genus at the research station. Porites is one of the dominant genera at several research stations
(Appendix 3C-8C). Several diseases found at the research station also dominate in infecting the
Porites genus, such as white ulcerative symptoms, pigmentation response, and predation.
According to Raymundo et al., (2005), Porites is susceptible to diseases and coral health disorders
such as white ulcerative syndrome, tumors, pigmentation response, and necrotic syndrome. A
strong positive correlation was also demonstrated between the prevalence and distribution of the
Porites genus. This condition also occurred in the research of Fahlevy et al. (2019) which shows
that certain coral diseases have a high prevalence in low-lying live corals.

CONCLUSION

The condition of coral reef cover on several islands in the Seribu Islands is in moderate to
good condition. Two research stations have a coral cover percentage of <50%, namely Karang
Congkak Island and Semak Daun. Meanwhile, other research stations, namely Air Island, Karang
Rice, Kotok Besar, and Kotok Kecil, have a percentage of >50%. Coral diseases found at other
research stations include Black Band Disease (BBD), White Syndrome (WS), and Ulcerative White
Syndrome (UWS) as well as other categories of coral health disorders, namely Bleaching (Bl),
Pigmentation Response (PR), Sediment Damage (SD), Predation (Pr), and Growth Anomalies (GA).
The overall prevalence of disease and coral health problems was highest at Pulau Air and Kotok
Besar stations. Sediment damage was the most frequently found at all research stations.
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