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ABSTRACT 
Marine debris has become a huge threat to marine 
ecosystems; one of them is Misool, Raja Ampat Marine 
Reserve, West Papua. Anthropogenic activities are the main 
contributor of marine debris. This research aims to identify 
and determine the abundance and composition of marine 
debris and factor affecting them in Misool, Raja Ampat. 
Macrodebris samples were collected and categorized by 
composition and color. Meso- and microdebris samples were 
extracted from water and sediments with a filtration and 
floatation method using concentrated NaCl solution and later 
identified based on its structure and color. Results show that 
density of macro-, meso-, and microdebris are higher in 
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villages than in conservation area, except in high tide, macro- 
& mesodebris density is higher in ocean surface on 
conservation area than in village. It is caused by ocean current. 
Composition of the marine debris is dominated by plastic, 
reaching 91% of macrodebris & 100% of meso- & microdebris. 
Single-used plastic are commonly found. Meso- & microdebris 
structure seen on this research are foam, fragment, filament, 
and film. The predominant shades of macro-, meso-, and 
microdebris colors are bright. The absence of a proper waste 
management at the villages also contributes to debris 
abundance. 

Keywords: Marine debris, conservation area, Raja Ampat, 
plastic 

 

1. Introduction 
Marine debris has been seen as a problem since 

1987. Marine debris is waste that intentionally or 

unintentionally comes to marine environment (Lippiat et 

al., 2013), in the forms of organic or non-organic 

compounds that are difficult to or cannot be composed. 

Forms of marine debris can be found in the form of whole 

materials (plastic bottle, slippers, fabrics, nets and 

others), macro-fragment (> 2,5 cm), meso-fragment (0,5 

- 2,5 cm), and micro-fragment (< 0,5 cm). These materials 

are produced by human activities. 

Human activities in land or marine environments, 

habits of throwing waste in carelessly, and less of 

household waste management can be the main cause of 
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the existence of marine debris (Zhao et al., 2014; Duhec 

et al., 2015; Syakti et al., 2017; Indonesia Marine Debris 

Hotspot, 2018; Andrady, 2011). Current, waves, and gusts 

of wind are the factors giving influences on distribution 

of waste even to remote areas (Duhec et al., 2015; Zhou 

et al., 2015; Andrades et al., 2018).  

Marine debris can act as transporter of invasive 

organisms from one area to others, reducing biodiversity 

in the polluted ecosystem (Gall & Thompson, 2015; UNEP, 

2014). Marine debris which is ingested by organisms can 

carry poison which can be accumulated (UNEP, 2014). 

There are a number of cases of death of animals by eating 

or being twisted by marine debris. Examples of the cases 

are the death of Larson Albatros bird child living in Atoll 

Kure, Hawaii since it ate waste, and a turtle that found 

out to be twisted by a net in Caribbean, Karibia (Gall & 

Thompson, 2015). Fish stock can also be decreased by 

lack of survival and reproductive ability caused by 

consumption of marine debris (Beaumont et al., 2019).  

Tourism sector also affected since marine debris 

lower aestheticism of one tourism area. Tourists also 

have a tendency to avoid any dirty tourism resorts, and 

they also less prefer spending time in dirty areas 

(Beaumont et al., 2019). It can also cause tourists to be 

injured, caused by being stuck or twisted by nets. Misool, 

Raja Ampat, Papua Barat, having status as Marine 
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Protected Area of Marine Tourism Park (MPA) is also 

facing this threat. 

The existence of settlement and community 

activities such as transportation, fishing, and tourism 

gives impacts of marine debris on Misool area. Initial 

survey taken by Bestari (2019, unpublished data) show 

the existence of inorganic macro and micro waste in 

coastal and marine areas in the utilization zone including 

food security and tourism sub-zones. This shows that 

areas that are far from the village also have the potential 

to be contaminated with waste. There are not many or 

published data related to composition of debris in MPA 

areas of nearby settlement, in fact the areas surrounding 

the settlement commonly includes as Sustainable 

Fisheries Zone (sustainable fisheries and sasi sub-zones 

as well as sustainable aquaculture and fishery sub-zones). 

Marine debris does not only have an effect on tourism 

but also fish stock in Misool.  

This study aims to study pollution by marine 

debris, seen from the structure (form) and composition 

(type) of marine debris found in the southern Misool 

MPA, which is located near and further from the village. 

Locations close to the villages are sustainable fisheries 

zones, while those that are far away are utilization zones. 

Misool MPA will be greatly influenced by the presence of 

debris on coastal and marine environments because the 
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presence of debris makes the environment dirty and 

unattractive for tourists. Biota survival such as turtles and 

fish as well as fish stock in the MPA is certainly affected 

by debris that pollutes the coastal and marine 

environments. This data is expected to be useful as data 

for the government, community, and actors in the Misool 

MPA regarding pollution caused by marine debris so that 

it can become the basis for increasing the effectiveness 

of waste handling in Misool and also other areas in 

Indonesia. 

 

2. Research Methodology 
 
2.1.   Study Area 

 This research was conducted in the South Misool 

Marine Protected Area (MPA), Raja Ampat. This area is 

managed by UPTD BLUD KKP Raja Ampat. The area 

reaches 336,000 hectares, consisting of three zoning: 

Core Zone, Sustainable Fisheries Zone, and Utilization 

Zone. The Sustainable Fisheries Zone is further divided 

into two sub-zones, namely Aquaculture and Sustainable 

Fisheries sub-zone, and Sasi and Traditional Utilization 

sub-zones. The Utilization Zone is divided into Food 

Security and Tourism sub-zones. 

The research was carried out in settlement areas 

including South Misool district, called Yaganaan, 
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Yalapale, and Dabatan villages which are included in the 

sustainable fisheries zone (sasi sub-zone and sustainable 

fisheries as well as sustainable aquaculture and fisheries) 

and the MPA utilization zone (tourism and food security 

sub-zone) called Sabenibnu, Gallyu, and Warkaket Island 

(picture 1). Samples were taken at the coastal and marine 

environment areas. Figure 1 shows the marine debris 

research location in the villages and the Misool MPA. To 

make it easier to mention, the sampling location in the 

sustainable fisheries zone is called a village area because 

it is located close to the village, while the sampling 

location in the utilization zone is called MPA because it is 

relatively further away from the village. 

Description of the research location is as follows: 

Yaganaan Beach located across from Yellu Village, while 

Yalapale & Dabat Beach located in a village. The waters 

around Yaganaan & Yalapale are passed by passenger 

ships from Sorong to Misool. The research location in the 

MPA is an uninhabited island. The marine area in the 

MPA is often used as a dive tourism location for resorts, 

homestays, and cruise ships. 
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Figure 1. Research locations are in the villages (Yaganaan, Yalapalae,    
and Dabatan) and conservation areas (Sabenibnu, Gallyu, 
Warkaket) southern Misool, 2019. 

 
2.2.   Procedures 

Samples taken in this study were macro-debris 

(size> 2.5 cm), meso-debris (size 2.5 - 0.5 cm), and micro-

debris (size <0.5 cm) on coastal and surface water. The 

terms and characteristics of the sampling location follow 

the method by Lippiat et al., 2013. The method of 

sampling & observing marine debris samples can be seen 

in Table 1. 

 

2.3.    Data analysis 

Results of the observations tabulated and 

analyzed using Microsoft Excel & Power Bi Desktop to 

produce density and composition based on the debris 
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structure of the collected samples. The meso- & micro-

debris composition of the coast and waters were 

compared using the Sorensen Similarity Index (IS). 
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3. Result  

The following are collected results: 

 

Density of Macro-debris 

The macrodebris density in the village (61 items / 

100 m2) was twice that in the MPA (32 items / 100m2) 

(Table 2). Dabatan village has the highest waste density 

(70.5 items / 100 m2) 

There are different waste densities during low 

tide and high tide in MPA and Villages. At low tide, the 

macro-debris density in the village water (5.14 items / 

100 m2) was higher than in the MPA (0.33 items / 100 

m2). However, at high tide, water current and waves lead 

the waste to the MPA so that the waste density in the 

MPA (4.60 items / 100 m2) is higher than in the village 

(2.53 items / 100 m2). As at the beach, the highest debris 

density at low tide was also found in Dabatan village 

(2.87 items / 100 m2), while the highest debris density at 

high tide was found in Warkaket (4.07 items / 100 m2) 

(Table 2). 
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There are different waste densities during low 

tide and high tide in MPA and Villages. At low tide, the 

macro-debris density in the village water (5.14 items / 

100 m2) was higher than in the MPA (0.33 items / 100 

m2). However, at high tide, water current and waves lead 

the waste to the MPA so that the waste density in the 

MPA (4.60 items / 100 m2) is higher than in the village 

(2.53 items / 100 m2). As at the beach, the highest debris 

density at low tide was also found in Dabatan village 

(2.87 items / 100 m2), while the highest debris density at 

high tide was found in Warkaket (4.07 items / 100 m2) 

(Table 2). 

 

Composition of Macro-debris  

Plastics are the most abundant type of macro-

debris in coastal and marine areas, reaching 91% of the 

total debris species (Figure 2). Types of waste most 

commonly found in the waters at high tide and at low 

tide are pieces of plastic foam, sachets, pieces of plastic 

film, and plastic bags (Table 3). 
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Figure 2. Composition of Macro-debris in village and MPA areas of 

South Misool. 
 

There are 25 types of macro-plastic found in this 

study, classified into groups of plastic scraps, single-use 

plastics, fishing equipment, and others (Table 4). Single-

use plastic is the most common type of goods. 

 

Density of Meso- & Microdebris  

The meso- and microdebris density in the village 

was generally greater than that of the MPA (Tables 5 & 

6). Table 5 shows the meso-debris density in the waters 

that has the same tendency as shown in the macrodebris 

observation. The highest number of mesodebris in the 

village is found in low tide, while at high tide, the number 

of mesodebris in the MPA exceeds the village (Table 5). 

Yalapale is the beach with the most meso- & microdebris 

compared to other villages.  

 

 



THE INTERNATIONAL CONFERENCE ON AGRICULTURE,  

SCIENCE, AND TECHNOLOGY (ICON-FAST) 2023 

 

103 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A
re

a
s 

N
u

m
b

er
 o

f 
co

a
st

a
l 

m
es

o
d

eb
ri

s(
p

a
rt

ic
le

 /
m

3 ) 

M
a

ri
n

e 
M

es
o

d
eb

ri
s 

(p
a

rt
ic

le
 /

m
3 ) 

Lo
w

 

Ti
d

e 
H

ig
h

 T
id

e 

Ya
g

a
n

a
n

 
   

   
   

   
   

   
   

 0
 

0
,2

7 
   

   
   

0 

Ya
la

p
a

le
 

   
   

   
   

   
   

 2
,7

5 
  1

 
0

,2
7 

D
a

b
a

ta
n

 
   

   
   

   
   

   
 1

,5
0 

0
,7

3 
0

,7
3 

To
ta

l o
f 

V
ill

a
g

es
  

   
   

   
   

   
   

 4
,2

5 
  2

 
   

   
   

1 

G
a

lly
u

 
   

   
   

   
   

   
 0

,7
5 

0
,4

0 
   

   
   

1 

W
a

ra
ka

ra
ke

t 
   

   
   

   
   

   
   

0 
0

,0
7 

0
,1

3 

Sa
b

en
ib

n
u

 
   

   
   

   
   

   
0,

25
 

0
,0

7 
0

,0
7 

To
ta

l o
f 

M
P

A
  

   
   

   
   

   
   

   
1 

0
,5

4 
1

,2
0 

 

Ta
b

le
 5

. D
en

si
ty

 o
f 

(a
) 

m
es

o
d

eb
ri

s 
an

d
 (

b
) 

m
ic

ro
d

eb
ri

s 
in

 c
o

as
ta

l &
 m

ar
in

e 
ar

ea
s 

fo
u

n
d

 in
 v

ill
ag

e 
   

 

   
   

   
   

   
 &

 M
P

A
 o

f 
So

u
th

 M
is

o
o

l, 
2

0
19

. 

(a
) 



THE INTERNATIONAL CONFERENCE ON AGRICULTURE,  

SCIENCE, AND TECHNOLOGY (ICON-FAST) 2023 

 

104 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A
re

a
s 

C
o

a
st

a
l M

ic
ro

d
eb

ri
s 

(p
a

rt
ic

le
 /

m
3
) 

M
a

ri
n

e 
M

ic
ro

d
eb

ri
s 

(p
a

rt
ic

le
 /

m
3
) 

Lo
w

 

Ti
d

e 
H

ig
h

 T
id

e 

Ya
g

a
n

a
n

 
0

 
0

.5
3

 
0

.0
7

 

Ya
la

p
a

le
 

2
.7

5
 

0
.2

7
 

0
.1

3
 

D
a

b
a

ta
n

 
0

.5
0

 
1

.2
0

 
0

.4
0

 

To
ta

l o
f 

V
ill

a
g

es
  

3
.2

5
 

2
 

0
.6

 

G
a

lly
u

 
0

.2
5

 
0

.0
7

 
0

.2
0

 

W
a

ra
ka

ra
ke

t 
0

.2
5

 
0

.3
3

 
0

.0
7

 

Sa
b

en
ib

n
u

 
0

.2
5

 
0

 
0

.0
7

 

To
ta

l o
f 

M
P

A
  

0
.7

5
 

0
.4

0
 

0
.3

4
 

 
(b

) 



THE INTERNATIONAL CONFERENCE ON AGRICULTURE,  

SCIENCE, AND TECHNOLOGY (ICON-FAST) 2023 

 

105 
 

Composition of Meso- & Micro-debris 

All of the meso- and microdebris found were 

plastic. Based on the structure and source, there are four 

types of meso- & microdebris found in Misool, namely 

film, fiber, fragment, and foam. All types of meso- & 

microdebris found are secondary structures, namely 

meso- & microdebris which are formed as a result of 

macro-debris fragmentation. This result is in accordance 

with the macro-debris composition which is 91% 

composed of plastic. However, the meso- & microdebris 

structure varies from location to location. The Sorensen 

Similarity Index analysis between samples was 0 - 

21.43%, indicating that the composition of each sample 

was very diverse (Table 6). However, the differences in 

the composition of the meso- & microdebris in the village 

& MPA are quite clear (Figure 3). 
 

 
(a) mesodebris 
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(b) microdebris 

 

Figure 3.  Composition of mesodebris & microdebris in Villages &  

                   MPA of South Misool, 2019. 

 

The four types of meso- & microdebris were 

found in the village, whereas in the MPA, not all meso- & 

microdebris structures were found. There is no dominant 

type in the village, except for the number of fiber 

microdebris which reaches 40.38% in the village. Meso-

debris in MPA is only composed of fibers, fragments, and 

foam, while the microdebris are only composed of fibers, 

fragments, and foam. The amount of fiber mesodebris is 

quite dominant, reaching 65.38% in KKP. Based on the 

Sorensen similarity index, there is different composition 

of meso- & microdebris in all sampling locations of 

villages & MPAs. 

 

 

 



THE INTERNATIONAL CONFERENCE ON AGRICULTURE,  

SCIENCE, AND TECHNOLOGY (ICON-FAST) 2023 

 

107 
 

Color of marine debris 

Observation results show that color of macro-, 

meso-, and microdebris has the same tendency, bright 

color (figure 4).  
 

 
        (a) macrodebris        (b) meso- and microdebris 

 

Figure 4.  Composition of color (a) macrodebris, (b) meso- and  

                     microdebris in South Misool, 2019. 

 

4. Discussion 

The factors that give effects on the abundance 

and composition of marine debris are production of 

household waste entering ecosystem areas, currents, 

waves, and UV radiation.  

 

Household waste handling related to the existence of 

marine debris 

Waste made of anthropogenic activity is the main 

source of marine debris. The main contribution for 

marine debris is anthropogenic waste from land 
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activities. Waste produced in land becomes marine 

debris since it intentionally or unintentionally enters the 

water body such as rivers or beaches. Waste enters the 

water body intentionally since it is thrown out of place, 

while it enters unintentionally by leakage of the waste 

management system in lands (Indonesia Marine Debris 

Hotspot, 2018). The waste becomes marine debris and is 

taken by currents to pollute all areas of waters. Such 

conditions can be found in MPA (food security and 

tourism sub-zone) of Misool, as an area with relatively 

low level of human activities but its coastal and marine 

areas are polluted by marine debris still in relatively small 

numbers, though. 

Pellet-type debris was not found in all sampling 

locations. Pellets are primary debris structures, debris 

that are created in micro-forms, generally ellipses, which 

are usually used in beauty products (microbead scrubs), 

industry (refiners), and materials for producing plastic 

objects (Anderson et al. 2016). Pellets were not found in 

Misool because there were no industrial activities and 

the use of other pellet products in Misool. 

The composition of waste found in coastal areas 

and waters is similar to anthropogenic waste, for 

example single-use plastics, sandals, fishing line, and 

Styrofoam. This is evidence that human-generated waste 

causes marine debris. Currently, waves and wind are the 
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main factors causing the distribution of marine debris. 

The debris form found at the site is only secondary 

debris, which is formed by the fragmentation process. 

 

Current, waves, and wind as the factors causing for 

distribution of marine debris 

The waste entering the marine areas is then taken 

by the current so it can be distributed to other marine 

areas. This is also observed in some studies taken in some 

open marine areas. Current, waste and wind are also 

determined as the factors causing distribution of macro 

and micro marine debris. 

The dominated debris composition found out is 

plastic. Different characteristics of plastics between can 

and glass cause the materials to be easily distributed. 

This also gives effects on composition and distribution of 

all meso- and micro-debris composed by plastic. Various 

sizes and forms can be caused by the plastic 

fragmentation process. Similar results can also be seen in 

a study by Tahir et al. (2018), showing current as the main 

factor causing distribution of debris in marine areas. 

Such conditions illustrate the effects of current on 

distribution of debris. Both marine areas are directly 

opposite the open sea so that the currents carry debris 

into the waters. Sampling carried out at the beginning of 

the southern season also gives effects on debris density 
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taken into the Warkaket waters, which are located in the 

south and directly adjacent to the high seas. 

 

Macroplastic fragmentation into meso- and 

microplastic  

Macroplastic fragmentation into small particles is 

influenced by radiation of UV, atmospheric chemical 

reactions, and other physical factors such as animal bites 

(Thushari et al. 2017). The foam particles are assumed to 

have originated from fishermen and fish collector 

activities who generally use Styrofoam boxes to store 

fishing rods. Fiber particles are formed from degradation 

of net, fishing line, rope, and clothing materials. The 

fragments are composed of hard plastic, generally 

polyethylene (PET) (Thushari et al., 2017) which is a 

plastic with a fairly heavy density, but it is possible to 

have high density polyethylene (HDPE), polypropylene 

(PP), and other types. Plastic film is a fragment of single-

use plastic waste such as plastic bags and sachets. This 

shows that pollution from single-use plastics occurs in 

the marine environment. 

 

Reduced marine debris by education to the community  

Household waste management will have effects 

on the existence of marine debris. This can be seen from 

the data on distribution and composition of macro-, 
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meso- and microdebris in Yalapale Village (Table 2 and 5). 

The number of macrodebris in Yalapale is in the second 

rank based on the research location, but, for the meso 

and micro debris, it has the lowest level. There are two 

assumptions for the cause of this issue.  

First, the types of meso- & microplastic found in 

Yalapale could be primary debris, namely debris 

produced in micro form for industrial activities. This 

primary debris is produced in the form of pellets. 

However, this assumption is wrong, by referring to no 

pellets found in the meso- & microdebris composition at 

Yalapale. Then this conjecture can be eliminated. 

The second assumption is high fragmentation of 

macro-debris into meso- and micro-debris that washed 

ashore. However, if this is true, it should be that Dabat 

village with the highest number of macrodebrises should 

have the highest meso- & microdebrises too. Human 

intervention is assumed to be another factor that gives 

effects on this condition. Waste bank unit that has just 

been built in this village (not yet in Dabat) is the cause of 

the low number of macrodebris in Yalapale village 

because it is collected by residents to be sold to a waste 

bank. Meso- & microdebrises can still be found in the 

environment because they are not observed and cannot 

be collected easily. These results give hope that an 

approach to the community through education programs 
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and waste banks can reduce the amount of waste thrown 

away carelessly. 

 

5. Conclusion 

This study concludes that marine debris is found 

on the coastal and marine areas of the Misool MPA. 

There are various sizes of marine debris found ranging 

from macro-, meso-, and micro-debris. The most size 

found on the coastal area around the village, village 

waters at low tide, and MPA waters at high tide is the 

macrodebris. Currents and tides also serve as the main 

factors leading to macrodebric movements. Macro-

chemical compositions were plastic, metal, glass, rubber, 

and others. Plastics are the dominant type (91% of the 

total macro-debris) composing the macroplastics. Plastic 

scraps, single-use plastics, and fishing rods (nylon and 

plastic-based nets) are also identified as the macro-

debris groups. 

Meso- & microdebrises are found mostly in 

coastal and village marine areas during high tide and low 

tide. 100% of the meso- & microdebris found is plastic. 

Meso- and micro-debris structures were fiber, foam, 

fragmentts, and film. All meso- and micro-debris were 

secondary meso- and micro-debris which were formed 

due to macro-debris fragmenttation. The presence of 

marine plastics which dominantly compiles marine 
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debris gives effects on environmental and industrial 

sectors. Educating the community can reduce marine 

macro-debris stranded on the beach. 
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