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ABSTRACT
Marine debris significantly impacts coral ecosystems, especially in regions with high biodiversity like the Sempu 
Island Nature Reserve in Malang, Indonesia. According to the guidelines of ReefCheck and KLHK 2020, this in-
depth study looked at the types, amounts, and impacts of marine debris on coral health at five different sites close 
to the Pondokdadap Coastal Fishing Port. This study employs a belt transect method measuring 100 × 5 meters to 
systematically collect data. The obtained results indicate that cloth refuse is the most substantial form of waste, 
accounting for 84.65% of the weight of marine waste. The primary locations for this form of waste are areas with 
high human activity, particularly those near fishing ports. The impact of marine debris on coral reefs depends on 
its proximity to human activity, as it exhibits a wide range of density and composition. Millepora, a coral spe-
cies characterized by its branching structure, was the most severely impacted, with damage levels spanning from 
12.07% to 48.65%. This indicates its vulnerability to debris accumulation. The study determined the prevalence 
of a variety of waste categories, with plastic being the most prevalent. The study also focused on other types of 
inorganic waste, such as packaging, fishing lines, raffia ropes, rubber (flip-flops and tires), fabric, metal (cans and 
metal cutlery), glass bottles, and other items, primarily in the port area. The density of debris is an important indi-
cator of the environmental pressure exerted on coral ecosystems. Among the examined locations, the Jetty station 
displayed the highest concentration of inorganic debris, with a density of 0.100 items/m2. In contrast, Watu Meja 
Station had the lowest density of inorganic waste at 0.008 items/m2, but the highest concentration of organic waste 
at 0.066 items/m2. This indicates that there is less human impact but more accumulation of natural refuse. This 
study highlights the pressing necessity for effective marine waste management strategies, particularly near active 
ports like Pondokdadap, to mitigate the detrimental effects on coral reefs. The health and sustainability of this 
critical marine ecosystem can be ensured by reducing refuse accumulation through enhanced waste management 
protocols and community engagement. 
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INTRODUCTION

Marine debris refers to solid materials that 
enter the ocean via rivers or dumping. Along 50 
km of coastline with more than 180 million in-
habitants in Indonesia, around 5.4 million tonnes 
of plastic waste are generated, with 60% unman-
aged, causing more than 1 million tonnes to end 
up in the sea, a major problem due to a lack of 
technology [Purba et al., 2021; Afianti et al., 
2022]. Ocean waves and currents transport debris 
to the bottom, where it degrades over centuries 
[Handyman et al., 2018]. Heavy debris is harder 
to move than light debris caused by ocean waves 
and currents [Bauer-Civiello et al., 2018; Putra 
et al., 2021]. The sinking of marine debris to the 
bottom has the potential to indirectly damage 
coral reefs [Figueroa-Pico et al., 2016; Balleste-
ros et al., 2018]. Corals may become entangled, 
constricted, or damaged if deposition rates rise 
[Bauer-Civiello et al., 2018]. Recent research has 
linked soft plastics, fishing lines, and net lines to 
coral reef damage (fragmentation) and disease 
susceptibility [Lamb et al., 2016; Lamb et al., 
2018]. Marine debris, especially plastic, releases 
hazardous VOCs and greenhouse gases, accord-
ing to a recent report [Vaseashta et al., 2021]. 

Sempu Island’s nature reserve (877 hectares) is 
managed by the East Java Natural Resources Con-
servation Center or BKSDA, which has a high po-
tential for natural resources, particularly in coastal 
areas [Rahajeng et al., 2014]. The Sempu Strait is 
appropriate for shipping and fishing because of its 
coastal habitats, mangroves, macroalgae, and coral 
reefs (< 10 hectares) [Luthfi et al., 2018]. Shipping 
activities have both direct and indirect impacts on 
various marine habitats. Shipping impacts marine 
ecosystems because of physical disruption; pollu-
tion because of oil spills, ballast water discharge, 
and emission of harmful substances; and invasive 
species because of pollution and disease. Due to the 
fishing port and anthropogenic operations, Sempu 
Strait coral reef ecosystems are rapidly declining 
and severely vulnerable [Luthfi et al., 2016]. How-
ever, the El Nino-induced anomalous sea surface 
temperatures in the Indian Ocean produced exten-
sive coral bleaching from 2009 to 2010, leading to 
a 37% live coral cover in the Sempu Strait (average 
data from 2009 to 2016) [Luthfi et al., 2018]. Coral 
cover in the Sempu Strait dropped from 23.3% in 
2016 to 20% in 2018 [Luthfi, 2017; Luthfi et al., 
2019]. After that, the percentage fell to 11.5% in 
2021 [Isdianto et al., 2023].

Marine debris is one of several causes of 
coral loss. The Sempu Strait, near human settle-
ments and community activities, allows marine 
waste from tourism, transportation, and house-
hold operations to enter [Kusumaningrum et al., 
2022]. Ocean currents and surges carry as well 
as distribute debris, decreasing dissolved oxygen, 
damaging coral reefs, and reducing coral cover 
[Assuyuti et al., 2018]. Researchers are increas-
ingly interested in marine debris, which threatens 
marine conservation zones. Therefore, research-
ing the condition of marine debris and the extent 
of coral reef cover in the Sempu Strait, both of 
which have not been previously examined, is crit-
ical. The objective of this study was to determine 
the composition and density of marine debris, in 
addition to its effects on coral reefs.

MATERIALS AND METHODS 

Five observation stations were set to monitor 
the Sempu Island Nature Reserve in Malang Re-
gency, Indonesia, in April 2023. The five chosen 
stations, Watu Meja (WM), Waru-waru (WW), 
Banyu Tawar (BT), Jetty (JT), and Rumah Apung 
(RA), have different characteristics (Fig. 1). The 
first study station, WM, was located in the eastern 
part of the Sempu Strait, near the Indian Ocean, 
with strong currents and high waves [Kusuman-
ingrum et al., 2022] and the least human effect 
[Luthfi et al., 2019]. The second WW station is in 
a tourist area with tourist activities. Due to coral 
destruction, tourist activities – including fishing, 
kayaking, and diving on coral reefs – harm cor-
al growth [Luthfi, 2016]. The third station, BT, 
near the river’s mouth mixes saltwater from the 
sea and freshwater from the river on sediment-
rich Sempu Island [Luthfi, et al., 2018]. Debris 
rivers usually include high sediment concentra-
tions [Tunas et al., 2024]. JT, the fourth station, is 
where the fishing port was developed; therefore, 
it is where unloading and loading activities take 
place [Isdianto et al., 2022a]. The final station, a 
RA near the community, pollutes coral with do-
mestic debris [Wibawa and Luthfi, 2017].

The systematic methods used in this study 
were the belt transect methodology, which in-
volves measuring and collecting data along 
specific regions of the reef, to assess the effects 
of debris on coral reefs. This approach helps 
quantify the types and amounts of debris pres-
ent and their direct effects on coral health, with 
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key indicators including the density and compo-
sition of debris, particularly in high-human ac-
tivity areas where waste accumulation is most 
pronounced. Marine debris sampling followed 
ReefCheck guidelines [Hodgson et al., 2006]. 
Sampling devices were placed at a depth of 306 

m on the seafloor using the above criteria. An 
imagined box 100 m long and 5 m wide consti-
tuted the sample unit (Fig. 2). Divers zigzagged 
along the transect belt, recording over 2.5 cm of 
marine debris [Dalongeville et al., 2018]. Re-
searchers classified marine debris samples by 

Figure 1. Location of marine debris data collection points

Figure 2. Belt transect for monitoring marine debris
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type, including plastic, leaves, glass, wood, rub-
ber, fabric, and metal. The findings of the marine 
debris sampling were input into a waste collect-
ing form, and the weight, composition, and den-
sity of marine debris were calculated using the 
data processing method provided by the Minis-
try of Environment and Forestry’s marine debris 
monitoring guidelines [Prajanti et al., 2020].

Marine debris density 

The formula for calculating the density of 
marine debris can be expressed as the number of 
items per unit area (items/m²).

	 𝐷𝐷 = 𝑁𝑁
𝐴𝐴      (1) 

 
𝐶𝐶𝐶𝐶, 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 𝑁𝑁𝑁𝑁

𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁  ×  100% (2) 
 

𝐶𝐶𝐶𝐶, 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑡𝑡 = 𝑊𝑊𝑊𝑊
𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊  ×  100%  (3) 

 

	 (1)

where:	D – the density of marine debris (items/
m²); N – the number of marine debris 
items; A – the area surveyed, where A = 
lenght  × width (m²).

Composition of marine debris

Type-based composition 

The type-based composition of marine de-
bris refers to the proportion of different types of 
debris found in a surveyed area. Typically, it is 
expressed as a percentage of the total number of 
debris items. The formula is:

	

𝐷𝐷 = 𝑁𝑁
𝐴𝐴      (1) 

 
𝐶𝐶𝐶𝐶, 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 𝑁𝑁𝑁𝑁

𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁  ×  100% (2) 
 

𝐶𝐶𝐶𝐶, 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑡𝑡 = 𝑊𝑊𝑊𝑊
𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊  ×  100%  (3) 

 

	 (2)

where:	Ci, type – the percentage composition of 
the i-th type of marine debris; Ni – the 
number of items in the i-th type; Nto-
tal – the total number of all debris items 
collected.

Weight-based composition

The type-based composition of marine de-
bris refers to the proportion of different types of 
debris found in a surveyed area. Typically, it is 
expressed as a percentage of the total number of 
debris items. The formula is:

	

𝐷𝐷 = 𝑁𝑁
𝐴𝐴      (1) 

 
𝐶𝐶𝐶𝐶, 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 𝑁𝑁𝑁𝑁

𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁  ×  100% (2) 
 

𝐶𝐶𝐶𝐶, 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑡𝑡 = 𝑊𝑊𝑊𝑊
𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊  ×  100%  (3) 

 
	 (3)

where:	Ci, type – the percentage composition of 
the i-th type of marine debris; Wi – the 
number of items in the i-th type; Wto-
tal – the total number of all debris items 
collected.

Water current velocity and waves measure

Wave characteristics and current velocity are 
important factors in marine debris accumulation 
and distribution [Nawastuti and Lewoema 2019]. 
The current velocity was calculated from second-
ary sources from OSCAR (Ocean Surface Cur-
rent Analysis Real-time) while monitoring ocean 
waves in situ using a scale stick. 

RESULTS AND DISCUSSION

Type-based composition of marine debris 
in the Sempu Island Nature Reserve

The type-based marine debris composition of 
the Sempu Island Nature Reserve is presented in 
Figure 3. WM had the most twigs, 48.65%. The 
trees around the station drop some twigs, while 
the ocean current transports others. The current 
velocity of the WM station is moderate (0.49 
m/s); therefore, lightweight debris like leaves 
will be carried by the ocean current and trans-
ported across the water surface. WM station has 
the least anthropogenic activity; hence, organic 
waste dominates. Moderate-velocity ocean cur-
rents carry lightweight marine debris like leaves, 
twigs, and plastics [Kusumawati et al., 2019]. JT 
station has a total of 86.21% (14 categories) of in-
organic waste composition. Loading and unload-
ing catches, refueling, marketplaces, and food ki-
osks generate inorganic waste in port areas. High 
activity at Pondokdadap Coastal Fishing Port in-
cludes port waste, ship activities, ship waste, and 
domestics rubbish [Wibawa and Luthfi, 2017].

Weight-based composition of marine debris 
in the Sempu Island Nature Reserve

Fabric formed most of the Sempu Island Na-
ture Reserve marine debris at stations JT, RA, and 
WW (Fig. 4). Fabric material waste was highest 
at the RA station at 84.65% (317.03 g). Human 
activity in the JT and RA produces fabric, tires, 
and fishing lines. The RA is near a residential 
settlement and floating net cages. Sinking unused 
cage nets destroys coral reefs below [Tatanging 
et al., 2019]. According to studies in Manado 
Bay, North Sulawesi, plastic waste dominated 
with 40.63% (3,885.24 g) and fabric with 37.07% 
(3,544.93 g), which was leftover material from 
aquaculture cage production [Pane et al., 2020].
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Figure 4 shows that traders and individuals 
who deliberately litter the JT and WW sites con-
tribute to plastic debris. Ocean currents easily take 
plastic and other lightweight debris. However, this 
study demonstrated no significant effect of current 
velocity (0.38 m/s) on JT station debris. Ships lean 
to reduce surface wind effects on the weak cur-
rent velocity near the JT station [Isdianto et al., 
2022b]. Near Sendang Biru Port, fishing boat ac-
tivities, fish market waste disposal, and domestic 
garbage disposal left a lot [Wijaya et al., 2018].

Marine debris density 			
in the Sempu Island Nature Reserve

The marine debris density graph at Sempu 
Island Nature Reserve is displayed in Figure 5. 

Marine debris may be organic or inorganic. Or-
ganic debris like coconut shells and fiber, leaves, 
twigs, and wood and inorganic waste, such as pla-
stic bottles, packaging, fishing line, raffia ropes, 
glass and plastic bags, rubber (flip-flops and tires), 
fabric, metal (cans and metal cutlery), glass bot-
tles, and other items, can pollute the environment 
[Li et al., 2023]. The JT station had the lowest or-
ganic waste density at 0.016 items/m2, while the 
WM station had the highest at 0.066 items/m2. 
The majority of organic waste in the Sempu Island 
Nature Reserve waters includes twigs from sur-
rounding trees. JT had the highest inorganic debris 
density at 0.100 items/m2, while WM had the low-
est at 0.008 items/m2. Inorganic debris in Sempu 
Strait waterways is mostly plastic packaging. The 
majority of plastic garbage found in the Sempu 

Figure 3. Type composition of marine debris in the Sempu Island Nature Reserve

Figure 4. Weight composition of marine debris in the Sempu Island Nature Reserve
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Strait waterways is contributed by port loading 
and unloading, residential and tourism activities, 
and resident settlements at JT, RA, and WW sta-
tions. Community activities, fishing, and tourism 
could generate marine debris. The lack of waste 
and landfill facilities near residential areas and the 
existence of waters that connect resident settle-
ments are two factors that contribute to the trans-
port of waste into the water [Amri et al., 2023].

Water current velocity and waves measure 
in the Sempu Island Nature Reserve

Current velocity and waves impact marine 
debris distribution. The average of the waters 
current in the Sempu Island Nature Reserve is 
0.46 m/s (Table 1). Very strong (> 1 m/s), strong 
(0.50–1 m/s), moderate (0.25–0.5 m/s), and weak 
(0.25–0.25 m/s) are current velocity criteria 
[Ramlah et al. 2015]. The closeness of the Sempu 
Island Nature Reserve waters to the Indian Ocean 
affects current velocity and wave energy [Ku-
sumaningrum et al., 2022]. Thus, Indian Ocean 
events like the strong South Java Current (SJC), 
influenced by IOD and ENSO, affect ocean cur-
rents and water masses [Zhang et al., 2016]. 

The west monsoon season shifts the South Java 
Current east. However, this ocean circulation 
becomes highly complicated at the coast; there-
fore, its direction depends on the coastline layout 
[Amri et al. 2023]. 

The study took place in April, during the West 
Monsoon. The typical current velocity is 0.3–0.6 
m/s during the Western and Eastern Monsoons 
(December–April and June–October) [Kusuman-
ingrum et al., 2022]. The waters of the Sempu 
Island Nature Reserve waves are about 1 meter 
high. Five categories of wave height require-
ments exist: very high (> 6.9 m), high (6.0–6.9 
m), moderate (5.0–5.9 m), low (3.1–4.9 m), and 
very low (2.90 m) [Kusumawati et al. 2019]. The 
island of Sempu blocks the ocean from entering 
the port. Sempu Island will indirectly shield the 
coral reefs facing the port from heavy waves.

Frequency of marine debris on corals 
in the Sempu Island Nature Reserve

A study of marine debris in the Sempu Island 
Nature Reserve identified many forms in the coral 
reef ecosystem. Table 2 shows 91 organic waste 
pieces. The least amount of debris discovered was 

Figure 5. Marine debris density in the Sempu Island Nature Reserve. Note: WM (Watu 
Meja); WW (Waru-Waru); BT (Banyu Tawar); JT (Jetty); and RA (Rumah Apung).

Table 1. Water current velocity and waves

Parameters Unit
Stations

Avg.
JT RA BT WM WW

Current velocity m/s 0.38 0.45 0.47 0.49 0.50 0.46

Waves m 0.81 0.85 0.74 1.30 1.32 1

Note: JT – Jetty, RA – Rumah Apung, BT – Banyu Tawar, WM – Watu Meja, WW – Waru-waru.
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seven items of other waste, which in this study in-
cluded umbrellas, tarps, and pipes. According to 
Table 2, millepora is the most common marine de-
bris found in lifeforms, with 26 items, while organic 
waste occurs most frequently with 12 items. Figure 
6. shows Coral Massive has the most coral lifeform 
cover at 4.39%, while Table 2 shows Coral Mille-
pora has the most marine debris. The gaps in coral 
millepora facilitate the entanglement of trash, par-
ticularly lightweight items that can be easily carried 
away by the medium to strong ocean current in in 
the Sempu Island Nature Reserve, which flows at a 
speed of 0.46 m/s. This is because currents struggle 
with transporting heavier materials and may remain 
stationary. The heavier items at Coral Massive in-
clude glass bottles and cans (Fig. 7).

Impact of marine debris on coral reefs 
in the Sempu Island Nature Reserve

The following table shows the density of ma-
rine debris at five different stations in the Sempu 
Island conservation area. Table 3 depicts the den-
sity of marine debris (both inorganic and organic) 
measured in items per square meter (items/m2) 
at five stations: JT, RA, BT, WW, and WM. The 
highest density was found at JT station with 0.116 
items/m2, indicating that this area has the most 
significant accumulation of marine debris. In con-
trast, the BT station has the lowest waste density, 
with only 0.048 items per m2. Stations RA, WW, 
and WM show varying but lower waste densi-
ties than JT, with 0.072, 0.08, and 0.074 items/

Table 2. Marine debris on coral reefs in the Sempu Island Nature Reserve

Life form
Marine debris

Total
Organic Plastic Rubber Textil Metal Glass Others

Massive 5 4 0 1 2 2 0 14

Foliose 6 4 1 2 1 1 0 15

Encrusting 7 4 1 1 1 0 0 14

Submassive 8 1 0 0 2 1 0 12

Branching 8 6 0 2 1 1 2 20

Mushroom 5 0 0 0 0 0 0 5

Tabulate 6 4 0 2 0 0 0 12

Millepora 12 7 1 3 1 2 0 26

Sedimen 34 19 6 3 4 6 5 76

Total 91 49 9 14 12 13 7 195

Figure 6. Coral life form cover in the Sempu Island Nature Reserve. Note: WM (Watu Meja); WW 
(Waru-Waru); BT (Banyu Tawar); JT (Jetty); RA (Rumah Apung); ACB (Acropora Brancing); ACT 
(Acropora Tabulate); CB (Coral Branching); CE (Coral Encrusting); CF (Coral Foliose); CM (Coral 

Massive); CME (Coral Millepora); CMR (Coral Mushroom); and CS (Coral Submassive)
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m2, respectively. These data indicate that the level 
of human activity and waste management at each 
station may contribute to differences in marine 
debris density, which in turn may affect the con-
dition of coral ecosystems in the region.

Marine debris on coral reefs caused numer-
ous issues (Fig. 8). Several coral reefs at the RA 
station were covered in fabric and raffia rope, 

Figure 7. Marine debris on corals in the Sempu Island Nature Reserve: (a) coconut coir, 
(b) glass bottle, (c) can, (d) plastic glass, (e) cans and fabric, (f) raffia rope

Table 3. The density of marine debris at five stations
Station Marine debris density (item/m²)

JT 0.116

RA 0.072

BT 0.048

WW 0.08

WM 0.074

Figure 8. Impact of marine debris on Coral Reefs in the Sempu Island Nature Reserve: (a) blocking the 
incoming light; (b) coral damage due to anchors; (c) disease potential; (d) glass bottle at the seabed
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which is above the coral tabulate and foliose and 
blocks sunlight for photosynthesizing (Fig. 8A). 
Coral reefs depend on light-dependent species for 
photosynthesis and rapid calcification [Edmunds 
et al., 2018]. Reef-building corals depend on the 
nutrients produced by the photosynthetic activi-
ties of zooxanthellae. When photosynthesis de-
creases, the coral’s calcium carbonate production 
is reduced as well [LaJeunesse, 2020]. 

At the JT station, ropes, and ship anchors 
were found entangled and caused the breakage 
of the millepore (Fig. 8B). Pushing or stepping 
on Millepora’s skeleton easily damages it [Zurba 
2019]. Several other factors, such as bacteria, 
temperature, sedimentation, and the presence of 
macroalgae that compete for living space, can 
also cause diseases on coral reefs [Lamb et al., 
2018; Edward et al., 2020]. Marine debris and 
sedimentation are believed to cause coral bleach-
ing (Fig. 8C). At WW and RA stations, coral 
disease was found. Plastic waste in coral reefs 
disturbs the symbiotic interaction between corals 
and zooxanthellae, damaging coral tissue and im-
munity. This makes harmful viruses and bacteria 
easier to infiltrate coral tissue and kill [Tang et 
al., 2018; Utami et al., 2021]. At WM and BT, the 
marine debris was just at the bottom of the ocean; 
therefore, it did not affect the coral reefs (Fig. 
8D). Overall, coral reefs in the study area are sig-
nificantly affected by the spread of marine debris, 
with evidence of widespread ecosystem damage, 
and require effective management interventions 
for restoration and conservation.

CONCLUSIONS

On the basis of the detailed findings from the 
Sempu Island Nature Reserve, this study under-
scores the critical environmental pressures ex-
erted on coral ecosystems by marine debris, nota-
bly from areas with heightened human activities 
such as the Pondokdadap Coastal Fishing Port. 
In terms of weight, fabric represents the majority 
of the marine debris in the Sempu Island Nature 
Reserve at 84.65%. Twigs account for the larg-
est proportion of marine debris, ranging from 
12.07% to 48.65%. Twigs have the highest den-
sity of marine debris at 0.108 items/m2, whereas 
coconut fiber, tarp, and umbrellas have the low-
est densities at 0.002 items/m2. Port Jetty station 
produces the greatest waste, with a density value 
of 0.116 items/m2, whereas Banyu Tawar station, 

which is located in the Sempu Island conserva-
tion area, has the lowest density value, at 0.048 
items/m2. With its branched morphology, Mille-
pora coral is the coral species that accumulates 
the most debris, consisting of 12 organic items 
and 14 inorganic items. Furthermore, an analysis 
of the sediment revealed 76 fragments of marine 
debris, of which 34 were organic items and 42 
were inorganic. The presence of marine debris in 
in the Sempu Island Nature Reserve waters has a 
damaging impact on compromised coral reefs due 
to the debris’s mass and stability surpassing that 
of coral branches. Additionally, the debris that ad-
heres to and covers coral reefs can introduce coral 
disease, which hinders the growth of coral reefs.

These findings illuminate the stark impact of 
anthropogenic activities on marine debris distri-
bution and coral health, emphasizing the need for 
robust waste management and mitigation strate-
gies to safeguard these vital marine habitats. Im-
plementing comprehensive debris management 
protocols at local and regional levels, particularly 
near busy ports and human settlements, is impera-
tive to reduce the influx of harmful materials into 
these ecosystems and ensure the sustainability of 
coral reefs, which are critical to marine biodiver-
sity and local livelihoods.
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