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Abstract: Untung Jawa Island is one of the tourism islands in the Seribu Islands, Jakarta Province, Indonesia. This island holds the potential for natural 
tourism such as beaches and mangrove ecosystems. The incident of oil spill on the North Coast of Karawang (103 km east of the Untung Jawa Island) 
in July 2019 might have an ecological impact on mangrove ecosystem of the island. The objective of this study was to map the exposed mangrove 
ecosystem area in Untung Jawa Island 1 month and 4 months after the incident. Data of existing mangrove distribution in the study location was 
analyzed based on Unmanned Aerial Vehicle (UAV) imageries and Global Mangrove Watch Updating Basemap acquisition time of 31 May 2019, World 
Imagery Low Resolution 15 m, High Resolution 60 cm Imagery, High Resolution 30 cm Imagery. The distribution of oil spills in the form of tarballs in 
mangroves was determined based on the acquisition of UAV data on 14 August and 7 November 2019, and was verified by field survey in the mangrove 
ecosystem. The results of the survey showed that there were several vegetation species found, such as Hibiscus tiliaceus, Avicennia marina, Morinda 
citrifolia, Rhizophora stylosa, Rhizophora mucronata and Xylocarpus granatum. According to UAV imageries analysis Untung Jawa Island has 3.81 
hectares mangrove area. In August 2019, 1.52 hectares of mangrove ecosystem was exposed by oil spill in August 209, and this area decreased in 
November 2019 into 0.65 hectares. The declining of oil spill exposed area was seemed to be due to various efforts and responses such as shoreline 
cleanup and the successful of the well closure. 
 
Index Terms: mangrove ecosystem, mapping, oil pollution, Seribu Islands, UAV. 

——————————      —————————— 

1 INTRODUCTION                                                                     

INDONESIA is one of the countries located on the equator and 
has a tropical climate. Mangrove ecosystems are ecosystems 
that can be found along tropical coastlines. This ecosystem has 
many important values from ecological, economic and social 
point of views. The ability of the mangrove ecosystem in 
preventing coastal abrasion, controlling floods, maintaining 
water quality, improving the community's economy and tourism 
services [1] makes it to have a strategic value and to be 
protected. An oil spill disaster in mid-2019 off the north coast of 
West Java caused oil exposure in several mangrove 
ecosystems on the north coast of West Java and Seribu Islands 
located in the north of Jakarta, the capital city of Indonesia. As a 
sensitive ecosystem, mangrove area is needed to monitor to 
estimate the magnitude oil spill exposure to the ecosystem. The 
monitoring is also part of effort to conserve and restore 
mangrove areas that are degraded over time [2]. Remote 
sensing is a popular method in mangrove ecosystem 
monitoring. The existence of sensor technology from satellite 
imagery that can detect changes or damage to land cover with 
high spectral and spatial resolution makes monitoring precision 
and accurate [3]. Apart from satellite imagery, the use of UAVs 
in mangrove monitoring is increasing along with the use of 
remote sensing platforms [4]. The affordability of UAV sizes with 
hyperspectral sensor technology makes UAVs often used for 

monitoring rice fields, agriculture, vegetation, peatlands, etc [5], 
[6]. 

 
Indications of oil spill exposure through satellite or UAV 
imagery can be seen through several criteria, including the 
presence of floating oil on empty land or water bodies and 
changes in vegetation cover or physical condition [7], [8], [9]. 
On the other hand, there are several cases where oil spills 
cannot be detected directly through satellite images or UAVs 
because of its effect on the soil surface erosion, oil seepage 
on the soil, oil sticking on plant roots/stems, and environmental 
degradation [10], [11], [12]. In this case, mangrove ecosystem 
monitoring could not only be supported by remote sensing 
method but also with ground checking method. This study was 
aimed to monitor the mangrove ecosystem in Untung Jawa 
Island after the oil spill incident, to identify existing mangrove 
species in study location, and compare the mangrove 
ecosystem areas exposed to the oil spill at 1 month and 4 
months after the incident. 

 
2 MATERIALS AND METHODS 
 
2.1. Study Location 
The research was conducted in Untung Jawa Island on August 
14, 2019 (first survey) and November 7, 2019 (second 
survey). The first survey was conducted 1 month after the 
incident. While, the second one was performed 4 months after 
the incident and 2 months after the well closure. Untung Jawa 
Island is administratively located in the South Thousand 
Islands District. Untung Jawa Island is one of the locations that 
experienced oil spill exposure in the mangrove ecosystem due 
to this oil spill incident. This location was chosen because of 
the high tourism potential of the island. There is natural 
tourism potential such as mangrove forests and coral reefs. 
Observations to determine the mangrove ecosystem exposed 
to the tarball were carried out by surrounding the entire 
mangrove ecosystem and by releasing the drone at the 
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observation location. To analyze the mangrove density level, 
sampling was carried out at two points. The first point at the 
coordinates S (05 ° 58'30.6 ") / E (106 ° 42'19.6") and the 
second point at the coordinates S (05 ° 58'31.0 ") / E (106 ° 
42'29.4"). Based on the survey results, tarballs that 
contaminate mangroves are along the northern coast of 
Untung Jawa Island, reaching a distance of 30 m from the 
outer edge of the mangrove forest. 
 
2.2. Remote Sensing Analysis 
Data on the distribution of existing mangroves on Untung Jawa 
Island was derived from aerial photo analysis using UAV 
(Unmanned Aerial Vehicle) and Global Mangrove Watch 
Updating Basemap 2019. The movement of the YYA-1 oil spill 
distribution was spatially observed from satellite imagery and 
aerial survey using drones to ensure oil distribution spilled in 
marine waters. The satellite imageries used were Sentinel-1A, 
Radarsat-2, Cosmo, and Skymed-1. Observation of the area 
of mangroves exposed to oil spill on Untung Jawa Island was 
verified in the field by transect methods. The imageries 
produced from the UAV were combined into one unit by 
mosaicking technique with the help of the Pix4D Cloud 
software. The combined imageries were then further analyzed 
and layouted so that the map can be presented as a 
mangrove land cover. This process was carried out with the 
help of GIS software using Arcgis. Remote sensing analysis 
result of oil spill distribution was then verified by mangrove 
observation using transect analysis. 
 
2.3. Transect Analysis 
Mangrove observation using transect analysis was conducted 
to verified the remote sensing analysis. Observation of 
mangrove vegetation was carried out using quadratic transect 
and line transect methods, which is a method commonly used 
in Indonesia. Quadrant sampling is made perpendicular to the 
shoreline. 
 
 

 
 
 
 
 

 
A = Plot of seedling (2 x 2 m) 
B = Plot of sapling (5 x 5 m) 
C = Plot of tree (10 x 10 m) 
 
Fig. 1. Sampling design of mangrove ecosystem following [13] 
3 RESULT AND DISCUSSION 
3.1. Mangrove Species Identification 
On the first survey, Rhizophora stylosa, Excoecaria agallocha 
and Ceriops tagal were found at the seedling, sapling and tree 
levels. Density at seedling level was 167 ind/ha, sapling rate 
was 617 ind/ ha and tree level was 100 ind/ha. On the second 
survey, the types of seedlings found were Hibiscus tiliaceus, 
Avicennia marina, Morinda citrifolia, Rhizophora stylosa, 
Rhizophora mucronata and Xylocarpus granatum with an 
exposure presentation of about 54.32%. Meanwhile, the types 
of saplings found were Rhizophora stylosa and Rhizophora 
mucronata with an exposure percentage of about 72.74%. The 
exposed species can be categorized as mangrove and non-
mangrove species. Rhizophora stylosa, Ceriops tagal, 

Avicennia marina, Rhizophora mucronata, Excoecaria 
agallocha, and Xylocarpus granatum are categorized as 
mangrove species. Most of these mangrove species are on 
the IUCN’s Least Concern category but the population trends 
has been decreased over the time. Morinda citrifolia, and 
Hibiscus tiliaceus are categorized as non-mangrove species. 
Some of mangrove species those were found in ground check 
survey can be seen in Fig. 2. 
 

   
(a) Rhizophora 

stylosa 
(b) Excoecaria 

agallocha 
(c) Ceriops tagal 

Fig. 2. Some mangrove species found in Untung Jawa Island 
 
3.2. Oil Spill Exposure on Mangrove Ecosystem 
Damage to the mangrove ecosystem can be caused by 
several factors, both anthropogenic and natural disasters. 
Storms and hurricanes is one of natural phenomena that can 
affect mangrove ecosystems. In response to global climate 
change, the increase of sea level rise can affect all coastal 
ecosystem, nevertheless mangrove ecosystem [14]. 
Excessive sedimentation could also be one of factor that 
increase the mortality rate of mangrove plants. Sedimentation 
can be caused by human alteration and natural phenomena. 
Some mangrove species suffer growth decrease and mortality 
increase in certain depth of sedimentation [15]. In tropical 
country such as Indonesia, invasive species could also create 
a damage on ecosystem. While development and forest 
clearing are common phenomena in the third world country 
where development in settlement and agriculture area are 
clearly needed [16]. The last but not least is mangrove 
pollution especially from oil spill. Oil spill effect on mangrove 
ecosystems can be seen by defoliation, tree death, and 
yellowed leaves. Some of them may suffer germination failure, 
increased rate of mutation, increased stress, and decreased 
canopy cover. The oil spills from the incident spread over the 
sea surface in the form of tarballs. Tarball does not dissolve in 
water. Basically, tarballs can decompose naturally with the 
help of microorganisms such as Chromobacterium violaceum, 
Cladosporium resinae, Bacillus submarinus, Micrococcus 
varians, Pseudomonas aeruginosa, Candida marina, and 
Saccharomyces [17]. Oil exposure in mangrove ecosystems 
can affect the physiological condition of mangroves. Oil spill 
might kill or harm mangroves. The toxicology of spill may vary 
with type of oil and period of exposure [18]. A mangrove 
ecosystem is categorized as exposed if tarballs were found on 
the roots, stems and leaves when the first survey was 
conducted, but there is not yet indication of physiological 
changes on mangroves (Fig. 3). The impacted mangrove 
ecosystem is when mangrove ecosystem experiencing 
physiological impacts after being exposed to an oil spill. 
Impacted mangrove forest area couldn’t be determined right 
after the spill. This is because plants need time to demonstrate 
the physiological effects of oil exposure. 
 

 

The direction of 

the transect to 

the coastline 
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Fig. 3. Mangrove’s roots and stems that were exposed by oil 

spill 
 

[19] Categorized responses of mangrove forest to oil spills into 
some stages. In the 30 days, spills may cause the death of 
birds, fish, and invertebrates. In this period, mangrove in the 
small size (< 1 m) can suffer mortality and defoliation. While, in 
period 30 days – 1 year the effect can be more chronic such 
as defoliation and death of medium size of mangrove tree (< 3 
m) caused by tissue damage to aerial roots. The physiological 
changes in mangrove trees couldn’t be determined just by 
ground check methods but have to be analyzed further in the 
laboratory. Because of the complexity, this paper would not 
discuss about the physiological impact of mangrove species in 
detail. Some factors can be caused the declining of impacted 
area. According to [20] mechanical recovery using some 
equipment such as boom and skimmers is the main solution in 
oil spill cleanup methods. Moreover, oil dispersant application 
is mentioned as the solution to prevent and reduce oil 
reaching the surface. To prevent spill from reaching the 
mangrove ecosystems, booms deployment can be conducted 
immediately after the spill. In this case, the oil boom 
deployment, shore cleanup by the local people and fishermen, 
and well abandonment was conducted immediately in the 
couple of week after the spill. On the first survey, tarballs-
exposed mangroves along the North Coast of Untung Jawa 
Island reached a distance of 30 m from the outer edge of the 
mangrove forest. Exposed area in this survey reached 1.52 Ha 
from the total of 3.81 Ha mangrove forest. The map of 
exposed area in the first survey can be seen in the Fig. 4. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4. The map of mangrove ecosystem’s exposed area 
based on the first survey 

On the second survey, the mangrove ecosystem exposed to 
the tarball covering an area of 0.65 ha. The types of seedlings 
found were Hibiscus tiliaceus, Avicennia marina, Morinda 
citrifolia, Rhizophora stylosa, Rhizophora mucronata and 
Xylocarpus granatum with an exposure presentation about 
54.32%. Meanwhile, the types of saplings found were 
Rhizophora stylosa and Rhizophora mucronata with an 
exposure percentage about 72.74%. The map of the 
mangrove ecosystem survey results on Untung Jawa Island 
after the well abandonment is presented in Fig. 5. The table of 
exposed area in the first and second survey can be seen in 
the Table 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 5. The map of mangrove ecosystem’s exposed area 

based on the second survey 
 

TABLE 1 
EXPOSED MANGROVE FOREST AREA IN UNTUNG JAWA ISLAND 

BASED ON THE FIELD SURVEY 

No Survey Date 
Existing 

Mangrove Area 
(Ha)* 

Exposed Area (Ha) 

1 August 14, 2019 3.81 1.52 

2 November 7, 2019 3.81 0.65 

Source: Global Mangrove Watch Updating Basemap 2019 and 
monitoring by using UAV (Unmanned Aerial Vehicle)) 

 
4 CONCLUSIONS 
Oil spill-exposed plant species consisted of mangrove species 
and non-mangrove species. Rhizophora stylosa, Excoecaria 
agallocha and Ceriops tagal, Avicennia marina, Xylocarpus 
granatum, and Rhizophora mucronata were some mangrove 
species found exposed by oil spill. Most of mangrove species 
found exposed in the roots and stem parts. Morinda citrifolia 
and Hibiscus tiliaceus were two non-mangrove species 
exposed around the mangrove forest. The sapling level had 
higher density than other 2 categories (seedling and tree). 
Because of this, sapling level became the most exposed 
category by oil spills. As many as 1.52 Ha (40%) area of 
existing mangrove forest was exposed by oil spill. While in the 
second survey, 0.65 Ha (17%) of existing mangrove forest 
area was found exposed by oil spill. The decreasing of 
exposed area can be caused by some factors such as the oil 
boom deployment, massive shore and forest clean up by the 
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local people and fishermen, and the successful well closure in 
the couple of week after the spill.  
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