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Abstract. Hastuti AR, Lumbanbatu DTF, Wardiatno Y. 2019. The presence of microplastics in the digestive tract of commercial fishes 

off Pantai Indah Kapuk coast, Jakarta, Indonesia. Biodiversitas 20: 1233-1242. Microplastics in fishes have been reported in many 

studies due to their threat to marine fishes and human health. But only a few data exist on commercial fish for human consumption in 

Indonesia. This study revealed the presence of microplastics in the digestive tract of 9 commercial species collected from six sites along 

the Pantai Indah Kapuk coast. Ingested microplastics were identified using gut content analysis. Microplastic particles were counted and 

categorized by type, color, and size. 169 of 174 (97.13%) of examined fish had microplastics. A total of 2063 microplastic particles 

were collected with the average number of particles per individual of 12.21 ± 9.76. The highest number (20.0 ± 8.0 particles individual-

1) was found in Sardinella fimbriata and the lowest one (4.9 ± 4.7 particles individual-1) was found in Oreochromis mossambicus. 

Majority of ingested particles were fibers (89.63%), followed by fragments (6.24%), films (4.13%) and no pellets were observed. In 

terms of color, the most abundant were transparent particles (79.20%), followed by blue (7.03%), red (3.54%), black (2.86%), green 

(2.71%), and others which were found in low number. The highest number of fibers by size was <20-100 µm (55.03%), films were 100 - 

1000 µm (33.93%), and fragments were <100 µm (25.25%). Microplastics ingested per individual in each species were not correlated to 

total body length, total body weight, digestive tract length, digestive content weight, mouth height, and mouth length. 
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INTRODUCTION 

According to NOAA (2013), marine debris is “any 

persistent solid material that is manufactured or processed 

and directly or indirectly, intentionally or unintentionally, 

disposed of or abandoned into the marine environment”. 

Plastics are dominant type of marine debris in estuaries 

(Costa et al. 2011; Smith 2012; Ivar do sul and Costa 2013; 

Hastuti 2014). Plastic in the marine environment can be 

fragmented into smaller particles with similar composition 

which is influenced by UV-radiation, abrasion, seawater 

hydrolysis, and oxidation (Moore 2008). The larger plastics 

can be fragmented into micro and nano-sized (Pinto da 

Costa et al. 2016). Some studies defined microplastics in 

size <5 mm, while the other defined microplastics in size 

<1 mm (Hidalgo-Ruz et al. 2012). It means that 

microplastics can be divided into 2 size fractions, small (<1 

mm) and large (1-5 mm) particles. Plastics fragmented are 

the secondary plastics while primary plastics are 

intentionally made be that size (Stevenson 2011). A 

reduction in the size of plastic particles potentially 

increases chemical effects while large plastics may increase 

physical effects (UNEP 2011). Some previous studies 

showed that microplastics spread on sea surface (Lattin et 

al. 2004), marine sediment (Claessens et al. 2011), 

mangrove sediment (Nor and Obbard 2014; Hastuti 2014), 

and along shoreline (Van Cauwenberghe et al. 2013). 

Some of microplastic polymers have lower density than 

seawater density (Enders et al. 2015). It may leach into 

river from terrestrial and be transported to marine 

environment (Cheung et al. 2018). According to Browne et 

al. (2013), microplastics can pass through or be 

accumulated in the digestive tract of marine organism. 

Microplastics are also potentially available to planktivorous 

organisms because of their small size (Wright et al. 2013). 

Microplastics can be translocated from lower trophic level 

organisms to higher trophic level organisms through the 

food web (Teuten et al. 2009; Anastasopoulou et al. 2013; 

Pegado et al. 2018). 

Microplastics were found in various biota, such as 

bivalve (Su et al. 2018; Van Cauwenberghe and Janssen 

2014; Qu et al. 2018), crustacea (Carreras-Colom et al. 

2018), cetacean (Lusher et al. 2015), seagrass (Goss et al. 

2018), seabird (Alvarez et al. 2018), and plankton (Frias et 

al. 2014). There are 3 impacts of ingested microplastics: (i) 

to be accumulated and block the digestive tract and disrupt 

digestion process, (ii) to become dissolution of chemical 

components after digestion, and (iii) to have accumulation 
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of chemical components into the organs (Teuten et al. 

2007). The potential of microplastic ingestion depends on 

the abundance of microplastics in environment and their 

widespread in the ocean (Thompson et al. 2004), particles 

type and shape (Canniff and Hoang 2018), size (Moore 

2008; Christina Fossi et al. 2012; Canniff and Hoang 2018) 

and color similar to their prey (Setala et al. 2014). 

The occurrence of microplastics in the digestive tract of 

fishes has been reported in many studies, but little 

knowledge of their existence in commercial fishes for 

human consumption in Indonesia. A previous study showed 

that microplastics were found in mangrove sediment of 

Pantai Indah Kapuk coast, Jakarta, Indonesia (Hastuti 

2014), but there is no data on the digestive tract of 

commercial fishes. The aim of this study was to reveal the 

potential threats of ingested microplastics by commercial 

fishes along Pantai Indah Kapuk coast. This study 

identified and quantified the occurrence of microplastics 

ingestion as baseline data for future comparison.  

MATERIALS AND METHODS 

Study area 

The research was conducted in Pantai Indah Kapuk 

coast; an estuary located in the north of Jakarta, Indonesia. 

Sampling location represented three estuary regions: St 1 

and St 2 represented Angke Kapuk Nature Tourism Park, 

St 3 and St 4 represented Protected Forest area, and St 5 

and St 6 represented Muara Angke Sanctuary (Figure 1). 

These areas are surrounded by mangrove ecosystem as 

habitat for many aquatic organisms, including commercial 

valuable fishes. The estuary also has an important 

economic value for industry, fishing harbors, and 

recreational areas. There are 3 rivers ended in the coast, 

i.e., Kamal River, Cengkareng Drain River, and Angke 

River. Consequently, the estuary has also under 

anthropogenic and industrial pressures from terrestrial and 

coastal area. The water pollution level and marine debris 

pollution were very high including the microplastic 

pollution in mangrove sediment (Hastuti 2014). 

  

 

 

 
 

Figure 1. Map of the Pantai Indah Kapuk coast showing the sampling location, North Jakarta, Indonesia. Small black diamonds 

represent fish sampling sites 
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Procedures 

Fish sampling 

Fish were collected in six stations along Pantai Indah 

Kapuk coast from March to July 2015. Six gillnets (30x1.5 

m) with 2x2 cm mesh size were operated in each station. 

All of collected individuals were labeled and stored in 

cooling box (4 °C) during transportation. These fishes were 

measured immediately in total length using ruler (accuracy 

1 mm), weight using digital balance (accuracy 1 g), mouth 

height and mouth width using caliper (accuracy 0.01 mm). 

These fishes were then dissected to remove the digestive 

tract (gut and stomach), then it was preserved in 4% 

formaldehyde for further analysis. 

Sample processing 

Digestive tract (gut and stomach) was measured in 

length using ruler (accuracy 1 mm) and weight using 

digital balance (accuracy 0.0001 g). Digestive tract was 

dissected to take out the stomach and gut content. The 

stomach and gut content were weighed and the volume was 

measured. The digestive tract content was diluted in NaCl 

saturated solution to extract the microplastic particles. 

Digestive tract content was examined into natural prey and 

microplastics under a microscope (10x10 magnifications). 

Microplastic particles were identified by abundance 

(particles individual-1) and categorized by type (film, fiber, 

fragment, dan pellet), color (transparent, blue, red, black, 

green, orange, yellow, and purple), and size (<20 - 5000 

µm for fiber, <200 - >100.000 µm for film, and <100 - 

>5000 µm for fragment) using micrometer.  

Data analysis 

Descriptive statistical analysis was used to display the 

data in table, diagram, and graph. Data was showed on 

average ± standard deviation and range. All statistical 

analyses were performed using SPSS software. Normality 

test was applied by Kolmogorov-Smirnov test to evaluate 

the type of data (parametric or nonparametric) before 

further analysis. The nonparametric Kruskal-Wallis test 

was used for multiple comparisons. If the test showed a 

significantly different result, the non-parametric Mann-

Whitney test was used for pairwise comparison. Kruskal-

Wallis test was applied to compare the number of 

microplastic particles per individual among groups 

(carnivore and herbivore) and species. While Mann-

Whitney test was applied to compare the number of 

microplastic ingested within species. Spearman Rank 

Correlation test was used for nonparametric correlation to 

evaluate the correlation between the number of 

microplastic particles and fish morphometric (total body 

weight, total body length, digestive tract length, digestive 

content weight, mouth height, and mouth width) with 

significance level 0.01.  

RESULTS AND DISCUSSION 

The abundances of microplastic ingested 

A total of 174 individuals, representing the 

Actinopterygii group (ray-finned fishes) could be collected 

from six sampling sites. Overall, all collected fishes were 

grouped into 5 order, 7 family, and 9 species (Table 1). The 

majority of the fishes being examined were part of the 

Perciformes order. According to digestive tract analysis, all 

digestive content of fishes being examined were 

completely full. Nine species of fishes being examined 

showed diverse diets. Five species ingested mostly 

phytoplankton while the other 4 species ingested almost all 

zooplankton. Based on that, these fishes were grouped into 

two groups based on their natural prey, herbivorous and 

carnivorous fish. Precisely, 169 of 174 (97.13%) the fish 

were examined had microplastics. A total of 2063 

microplastic particles were found in 169 individuals.  

The lowest number of fishes containing microplastics 

were found in Oreochromis mossambicus (70%), followed 

by Chanos chanos (90%), and Scatophagus argus (97%). 

While on the other species, all specimens had microplastics 

in the digestive tract. The lowest range of microplastic 

particles per individual was found in Oreochromis 

mossambicus (0-13 particles individual-1) and the highest 

was found in Siganus canaliculatus (4-52 particles 

individual-1) (see Table 1). The average number of particles 

per individual was 12.21 ± 9.76 particle individual-1, with 

the highest average number of particles (20 ± 8 particles 

individual-1) was collected from Sardinella fimbriata and 

the lowest average number of particles (4.9 ± 4.7 particles 

individual-1) was collected from Oreochromis mossambicus 

(Figure 2). 

Average number of microplastic particles per individual 

was low in Oreochromis mossambicus (4.90 ± 4.7 particles 

individual-1), followed by Scatophagus argus (5.89 ± 4.2 

particles individual-1), Crenimugil seheli (9.17 ± 11.9 

particles individual-1), Chanos chanos (9.70 ± 7.3 particles 

individual-1), and Mugil cephalus (10.07 ± 6.4 particles 

individual-1). These fishes are omnivore, tend to be 

herbivore. These fishes had a longer digestive tract than 

other species. While average number of microplastic 

particles per individual were high in Sardinella fimbriata 

(20.00 ± 8.0 particles individual-1), followed by Siganus 

canaliculatus (18.06 ± 10.8 particles inividual-1), Abalistes 

stellaris (16.33 ± 11.1 particles individual-1), and 

Anodontostoma chacunda (14.00 ± 7.9 particles individual-

1). These fishes are omnivore; tend to be carnivore that had 

a shorter digestive tract than other fish species. 

Mann-Whitney test showed that the number of 

microplastics is significantly different between herbivore 

and carnivore (p<0.01). Kruskal-Wallis test indicated that 

there are at least one species containing microplastics that 

are significantly different. Further analysis using Mann-

Whitney test showed that the number of ingested 

microplastics per individual is significantly different 

between each species from herbivorous fishes and 

carnivorous fishes. 
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Table 1. The presence of microplastic particles in the digestive tract of fishes collected from Pantai Indah Kapuk coast, Jakarta, 

Indonesia 

 

Order Family Species 

Number 

of fish 

examined 

Number of 

fish 

containing 

microplastics 

Range of 

microplastic 

particles per 

individual  

Perciformes Cichlidae Oreochromis mossambicus (Peters, 1852) 10 7 0-13 

Scatophagidae Scatophagus argus (Linnaeus, 1766) 35 34 0-16 

Siganidae Siganus canaliculatus (Park, 1797) 30 30 4-52 

Mugiliformes Mugilidae Crenimugil seheli (Forsskal, 1775) 12 12 1-39 

Mugil cephalus (Linnaeus, 1758) 27 27 2-27 

Gonorynchiformes Chanidae Chanos chanos (Forsskal, 1775) 10 9 0-23 

Clupeiformes Clupeidae Anodontostoma chacunda (Hamilton, 1822) 10 10 7-33 

Sardinella fimbriata (Valenciennes, 1847) 10 10 7-33 

Tetraodontiformes Balistidae Abalistes stellaris (Bloch & Schneider, 1801) 30 30 2-50 

 

 

 

 
Figure 3. Average number of fibers ( ), films ( ), and fragments 

( ) per species 

 
 

Figure 4. Average number of fibers ( ), films ( ), and fragments 

( ) per group 

 

 

 

Type of ingested microplastics 

The majority (89.63%) of plastic particles were fibers. 

Fibers were found in all species. Films (4.13%) were found 

in most species, while some individuals of Anodontostoma 

chacunda had no films. Fragments (6.24%) were found in 

most species, while some individuals of Oreochromis 

mossambicus had no fragments. However, no pellets were 

observed (Figure 3). 

The highest number of fibers were found respectively in 

Siganus canaliculatus (17.97 ± 5.8 particles individual-1), 

Abalistes stellaris (16.07 ± 11.05 particles individual-1 ), 

Sardinella fimbriata (14.60 ± 6.09 particles individual-1), 

Anodontostoma chacunda (12.50 ± 6.7 particles individual-

1), Mugil cephalus (9.26 ± 6.1 particles individual-1), 

Crenimugil seheli (8.42 ± 11.9 particles individual-1), 

Chanos chanos (8.00 ± 6.3 particles individual-1), 

Scatophagus argus (5.22 ± 4.3 particles individual-1), and 

Oreochromis mossambicus (4.30 ± 4.7 particles individual-

1). 

The highest number of films were found respectively in 

Sardinella fimbriata (1.80 ± 2.8 particles individu-1), 

Chanos chanos (1.00 ± 1.4 particles individu-1), 

Oreochromis mossambicus (0.60 ± 0.7 particles individu-1), 

Crenimugil seheli (0.42 ± 1.1 particles individu-1), 

Scatophagus argus (0.28 ± 0.6 particles individu-1), Mugil 

cephalus (0.19 ± 0.6 particles individu-1), Abalistes stellaris 

(0.13 ± 0.6 particles individu-1 ), and Siganus canaliculatus 

(0.03 ± 0.01 particles individu-1). 

The highest number of fragments were found 

respectively in Sardinella fimbriata (3.60 ± 3.7 particles 

individu-1), Anodontostoma chacunda (1.50 ± 1.4 particles 

individu-1), Chanos chanos (0.70 ± 1.1 particles individu-1), 

Mugil cephalus (0.63 ± 2.3 particles individu-1), 

Scatophagus argus (0.39 ± 0.5 particles individu-1), 

Crenimugil seheli (0.33 ± 0.6 particles individu-1), 

Abalistes stellaris (0.13 ± 0.4 particles individu-1 ), and 

Siganus canaliculatus (0.06 ± 0.02 particles individu-1).  
Microplastics within the two groups (herbivore and carnivore) 

consisted predominantly of fibers. Fibers (15.29 ± 2.3 particles 

individual-1) and fragments (1.32 ± 1.6 particles individual-1) were 

higher in carnivorous fishes than herbivorous fishes, whereas, 

films were found in similar number between herbivore (0.50 ± 0.3 

particles individual-1) and carnivore (0.49 ± 0.8 particles 

individual-1) (Figure 4). 

Colors of ingested microplastics 

Plastic particles were categorized into 8 colors. The 

most abundant (79.2%) (1634 of 2063 particles) were 

transparent, followed by blue (145 of 2063 particles), red 

(73 of 2063 particles), black (59 of 2063 particles), and 

green (56 of 2063 particles). Other colors were found in 

low number, ranged from 0.48% to 2.57% (Figure 5). 
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Figure 5. Percent of microplastic particles by color transparent 

( ), blue ( ), red ( ), black ( ), green ( ), orange ( ), yellow ( ), 

purple ( ) in the digestive tract of fishes collected from Pantai 

Indah Kapuk coast, Jakarta, Indonesia 

 

 

 

 
 

Figure 6. Total number of fibers by size collected from digestive 

tracts of commercial fishes off Pantai Indah Kapuk coast, Jakarta, 

Indonesia 

 

 

 

 
 

Figure 7. Total number of films by size collected from digestive 

tracts of commercial fishes off Pantai Indah Kapuk coast, Jakarta, 

Indonesia 

 

 
 

Figure 8. Total number of fragments by size collected from 

digestive tracts of commercial fishes off Pantai Indah Kapuk 

coast, Jakarta, Indonesia 

 

 

 

Size of ingested microplastics 

Microplastic particles were classified based on length 

(for fiber) and width (for film and fragment). The size of 

fibers ranged <20 to 3000 µm. The highest numbers (1050 

of 1908 particles) were <20-100 µm with the dominant size 

(365 particles) were 60-80 µm. The size range 100-200 µm 

were found as much as 28.30% (540 of 1908 particles). The 

number of particles decreases with increasing size of 

particles (Figure 6). Unfortunately, 6 macrofiber particles 

(> 5000 µm) were also found in Scatophagus argus. 

The number of film particles varied between <200-

100.000 µm2. The most abundant (19 of 56 particles) were 

particles between 100-1000 µm2 with the dominant size 

were found between 600 to 800 µm2, followed by 1000-

2000 µm2 particles. 

Overall, the size of fragments collected was lower than 

the size of films. Fragments were found in various size 

between <100 to 5000 µm2 (99 particles in total). The 

dominant size (25.25%) were <100 µm2 particles. While 

>1000 µm2 particles were only found in Anodontostoma 

chacunda, Abalistes stellaris, Siganus canaliculatus, dan 

Sardinella fimbriata that were carnivorous fishes. 

The correlation between ingested microplastics and fish 

morphometry 

In the same species, there was no correlation within 

individual between the number of ingested microplastics 

and total body weight, total body length, digestive tract 

length, digestive content weight, mouth height, and mouth 

length. Then, we tried to correlate ingested microplastics 

and fish morphometry of all collected individual.  

Overall, Spearman Rank Correlation test confirmed 

that the number of microplastics per individual were 

negative correlated to total body weight (r = -0.426, p < 

0.01) and total length (r = -0.370, p < 0.01). This finding 

suggested that carnivorous fishes contain higher number of 

microplastics than herbivorous fishes, even though they 

had smaller body size. 
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Spearman Rank Correlation test also confirmed that 

there was a significant negative correlation between the 

number of particles per species and digestive tract length (r 

= -0.492, p < 0.01) and digestive content weight (r = -

0.253, p < 0.01). The size of digestive tract was related to 

feeding behavior. With shorter digestive tract length, 

carnivorous fishes had higher number of microplastics than 

herbivorous fishes. 

Spearman Rank Correlation test also confirmed that the 

number of microplastics per individual were negative 

correlated to mouth height (r = -0.341, p < 0.01) and mouth 

width (r = -0.340, p < 0.01). This finding suggested that 

carnivorous fishes ingested higher number of microplastics 

than herbivorous fishes, even though they had smaller 

mouth opening due to their small body size. 

Discussion 

Collected fishes and their threats to human health 

Microplastic pollution in the environment of Jakarta 

Bay was demonstrated by Manalu et al. (2017). This study 

provides the first evidence of microplastics in digestive 

tract of commercial fishes in Pantai Indah Kapuk coast. 

These fishes were caught close to the mouth of 3 rivers 

(Kamal River, Cengkareng Drain River, and Angke River) 

that contribute the microplastics particles into the coast and 

marine environment. All of collected fish have an 

ecological range between freshwater to brackish water. 

This results support the notion that salinity ranged between 

1-15 psu in Pantai Indah Kapuk coast (Hastuti 2014). The 

most collected fish were Perciformes orders that consist of 

3 families (Cichlidae, Scatophagidae, and Siganidae). 

Perciformes were dominant in almost all oceans 

(Simanjuntak et al. 2011). All of collected species were the 

commercial fishes which were daily caught and consumed 

by people along the estuary. It might be threat to human 

health due to their consumption. 

Primary plastics were made of hydrophobic materials. 

Chemical contaminants from environment may be 

accumulated in the surface, so this environment can be 

reservoirs of toxic chemicals (Ivar do Sul and Costa 2014). 

The examined commercial fishes containing microplastics 

could be a route for transportation of toxic chemical into 

human via their consumption. Plastics were made of 

chemical materials including polychlorinated biphenyl 

(PCBs), polycyclic aromatic hydrocarbon (PAH), 

petroleum hydrocarbon, organochlorine pesticides, 

polybrominated diphenyl ethers, alkylphenol, and 

bisphenol that may cause chronic effects to human health 

by deterioration of human immune and endocrine 

disruption (Teuten et al. 2009). So, microplastics ingestion 

by commercial fishes becomes the global concern due to 

their threat to human health. 

The occurrence of microplastics ingestion 

The occurrence of microplastic ingestion in fishes has 

been reported by some previous studies. The number of 

ingested microplastics in this study was relatively high 

compared to similar studies (Table 2). The high percentage 

of ingestion (58%) was reported by Guven et al. (2017) in 

Mediterranean Sea, while this study reported the highest 

percentage of ingestion was 97.13% of 176 individual. The 

highest number of ingested microplastic was also reported 

in recent study, i.e., 2063 particles which were extracted 

from 169 individual of fishes. Those previous studies found 

an average of 1-2 particles of ingested plastic per 

individual, which was a lower value than the average 

ingested microplastics in this recent study, i.e. 12.21 

particles individual-1. However, the comparison of our 

results with other studies was difficult due to the 

differences in species, method, and sampling location. 

Fishes in this study were caught near the mouth of 3 rivers. 

The highest microplastics ingestion was shown at the 

mouth of the river (Neves et al. 2015). 

All collected species in this study were planktonic 

fishes that swallow their prey as they do filtering an 

amount of water (filter feeding). Microplastic particles are 

bioavailable for planktonic organisms because they are 

found within plankton in water column (Lima et al. 2014). 

Filter feeder fishes have unselective feeding behavior and it 

is more vulnerable to ingest microplastics than other 

marine fishes (Rummel et al. 2016). Microplastics can be 

ingested directly or indirectly through the transfer of 

contaminated prey, and intentionally through mistaken of 

prey or unintentionally due to filter-feeding behavior (Ryan 

2016). 

 

 

 

 

 

 

Table 2. Comparison of ingested microplastics in fish worldwide 

 

Region Fishes group 

Percent 

of 

ingestion 

(%) 

Fish with 

microplastics 

 (individual) 

Number of 

microplastic 

particles 

Average (range) 

microplastic 

particles 

per individual 

Reference 

Mediterranean Sea Marine fishes 58 771 1822 2.36 (1-35) Guven et al. (2017) 

Texas Gulf Coast Marine fishes 42.4 585 1141 1.93 (0-32) Peters et al. (2017) 

Mondego Estuary Portugal Commercial fishes 38 46 157 1.67±0.27 Bessa et al. (2018) 

Sydney Harbour Estuary fishes 43 40 249  (0.2-4.6) Halstead et al. (2018) 

South Pacific tropical gyre  Commercial fishes 24.3 226 550 2.4±0.2 Markic et al. (2018) 

Pantai Indah Kapuk coast Commercial fishes 97.13 169 2063 12.21±9.76 (0-52) This study 
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This study classified the collected fishes into 2 groups 

based on their different diet, herbivore, and carnivore. 

Oreochromis mossambicus, Scatophagus argus, 

Crenimugil seheli, Chanos chanos, and Mugil cephalus 

were classified as herbivorous fishes. While Sardinella 

fimbriata, Siganus canaliculatus, Abalistes stellaris, and 

Anodontostoma chacunda were classified as carnivore 

fishes. Average number of microplastic particles per 

species was lower in herbivorous fishes than in carnivorous 

fishes. These results were consistent with Manalu (2017) 

who found that microplastic particles were high in 

Eleutheronema tetradactylum, Neotrygon annotate, 

Nemipterus marginatus, Anodontostoma chacunda, and 

Selar boops as carnivorous fishes. The microplastics were 

ingested by carnivore or large predatory fish because of 

mistaken prey or trophic transfer from prey to predator 

(Boerger et al. 2010; Lusher et al. 2013; Markic et al. 

2018). According to Markic et al. (2018), plastic ingestion 

by herbivorous fish was approximately 3.5 times higher 

than by carnivorous fish during 24-hour period. 

Microplastics accumulation may be greater in carnivorous 

fish than in herbivorous fish, so the number of identified 

microplastics may be greater in carnivorous fish than 

herbivorous fish. However, Guven et al. (2017) stated that 

the number of ingested microplastic was not influenced by 

trophic transfer. The density of microplastics in habitat 

may be the main factor of microplastic ingestion (Guven et 

al. 2017; Pazos et al. 2017; Markic et al. 2018). 

Microplastics were higher in pelagic fishes than in 

demersal fishes whereas there was not significantly 

different (Lusher et al. 2013; Rummel et al. 2016; Guven et 

al. 2017; McGoran et al. 2018). 

Type of ingested microplastic  

The potential of microplastics ingestion is influenced by 

type or shape (Boerger et al. 2010). Effects of microplastics 

on fish are different based on their type (Choi et al. 2018). 

The majority of plastic particles in this study were fibers 

and it was similar to the results of previous studies (Lusher 

et al. 2013; Philips and Bonner 2015; Rummel et al. 2016; 

Bellas et al. 2016; Guven et al. 2017; Peters et al. 2017; 

Pazos et al. 2017; Baalkhuyur et al. 2018; Bessa et al. 

2018; McGoran et al. 2018; Compa et al. 2018; Horton et 

al. 2018), followed by fragment (Bessa et al. 2018; Compa 

et al 2018; Horton et al. 2018) or hard plastic (Guven et al. 

2017), and film (Horton et al. 2018). Type of ingested 

microplastic is related to the feeding behavior of examined 

fish. Omnivorous fishes often ingested fibers, while 

fragments were mostly ingested by benthic organisms 

(Markic et al. 2018). 

Fiber has lower size and density than fragment and film 

due to its polymer composition. Fibers, small films, and 

fragment are commonly found in surface water and water 

column, while large films and fragments are common in 

sediments. Films were the most abundant in mangrove 

sediment of Pantai Indah Kapuk coast, while fibers and 

fragments were found in similar density (Hastuti 2014). 

The size of ingested films in recent study was bigger than 

fragments. It indicated that small fragments and medium 

films tend to float in water column. Large fragments and 

films tend to sink and settle in sediment due to their size, 

density, and substrate accumulated on the surface. Pelagic 

and bathypelagic feeders mostly ingest plastic bags or 

films, whereas bathybenthic feeders mostly ingest the hard 

plastics or fragments (Anastasopoulou et al. 2013).  

Colors of microplastic ingested 

The most abundant of ingested microplastic in this 

study were transparent, blue, red, black, and green 

particles. Similar color was observed in other previous 

studies (Alomar et al. 2017; Baalkhuyur et al. 2018; Bessa 

et al. 2018; Bellas et al. 2016; Digka et al. 2018; Compa et 

al. 2018; Guven et al. 2017). The examined fishes ingested 

phytoplankton and zooplankton as their natural prey. The 

colors of white, clear, and blue are similar to the colors of 

plankton (Boerger et al. 2010). The color of microplastic 

particles in environment increases the potential of ingestion 

because of the similarity to natural prey. According to Ory 

et al. (2018b), blue microplastics were similar to color of 

copepods in the South Pacific Ocean. 

However, Christian Ory et al. (2018) predicted the 

model of microplastics ingestion. First model, fish are more 

vulnerable to ingest microplastics because of the similarity 

to their prey. Second model, fish may avoid microplastics 

that appear different from their prey, but may accidentally 

ingest microplastics when they float close to the natural 

prey. Planktivorous fishes in this study tended to ingest 

microplastics because they close to natural prey as a result 

of unselective feeding. It indicated that the potential of 

microplastics ingestion depends on the occurrence of 

microplastics in their habitat. It meant that ingested 

microplastics may have similar characteristics to 

microplastics from their habitat. Ory et al. (2018b) found a 

similar finding that microplastics found in several different 

colors suggest that the colors of microplastics do not 

influence the ingestion, even though the colors composition 

of microplastics in environment are similar to the colors of 

plankton. Boerger et al. (2010) also found that microplastic 

ingestion by pelagic fish in North Pacific Gyre was not 

influenced by color. 

Size of ingested microplastics  

The size fraction of microplastics is the main factor due 

to their bioavailability to the lowest trophic level. The 

plastic particles are able to block the digestive tract based 

on their size. According to Boerger et al. (2010), ingested 

plastics that are not able to pass through the digestive tract 

can be accumulated and lead to starvation, malnutrition, 

until death. Accumulation of microplastics particles in 

digestive tract also leads to the dissolution of chemical 

components and the transportation the chemical 

components into the organs (Teuten et al. 2007). 

The size of microplastics also influences the selectivity 

of ingestion and translocation to body tissue. The selective 

ability to catch the prey may be low because the size of 

microplastics is similar to the size of plankton as natural 

prey (Moore 2008). Microplastics were introduced into the 

food web by feeding at one trophic level then transferring 

to higher trophic level based on their size (Farrel and 

Nelson 2013). The potential of microplastics translocation 
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to the fish tissue may increase with a reduction in the size 

of plastic particles. As the finding of Collard et al. (2018), 

microplastic particles can be translocated into the liver of 

wild freshwater fish, while no microplastics were detected 

in muscle tissue. Polystyrene microplastics accumulated in 

gut > gills > liver and brain of Oreochromis niloticus (Ding 

et al. 2018).  

The size range of particles found in this study was 

relatively lower than the finding of some previous studies. 

This study found fibers ranging between <20 to 3000 µm, 

films in various abundance with size ranging between <200 

to 100.000 µm2, and fragments ranging between <100 to 

5000 µm2. The other previous studies found ingested 

microplastics ranging between 1000-2790 µm in 

planktivorous fish in the North Pacific Central Gyre 

(Boerger et al. 2010), 100-500 µm were predominantly 

found in fish from Northern Ionian Sea while <100 µm 

were mostly found in Sardines as filter feeder (Digka et al. 

2018), 150-3000 µm for fiber in pelagic and demersal 

fishes from North Sea and Baltic Sea (Rummel et al. 2016), 

380-3100 µm in demersal fish from Spanish Atlantic and 

Mediterranean coasts (Bellas et al. 2016). The differences 

of the particles size range of those studies cues the different 

species and the body size of examined fish. Different 

organisms ingest different microplastics and it is depended 

on the size and abundance of particles (Setala et al. 2014). 

However, the comparison of particles size with other 

studies was difficult to be determined because many other 

studies quantified all type of microplastics in length, not in 

width. 

The size range of ingested microplastics in this study 

was similar to the size of plankton. Tintinnopsis lobiancoi 

has a body size of 2.8 - 23.8 µm (Setala et al. 2014). 

Copepod has a body size of 400 - 1000 µm, while 

Chaetognaths has body size 4000-10000 µm (Figueiredo 

and Moraes Pintas Vianna 2018). The large fragments 

(>1000 µm2) in this study were only found in carnivorous 

fishes (Anodontostoma chacunda, Abalistes stellaris, 

Siganus canaliculatus, and Sardinella fimbriata). This 

result suggested that carnivorous fishes in similar body size 

with herbivorous fishes tend to feed on the larger prey. The 

natural preys of carnivorous fishes, such as crustaceans 

have a larger size than phytoplankton. So, the large 

microplastics that close to their prey may be co-captured by 

carnivorous fishes. The finding of Di Mauro et al. (2017) 

supported these results that the size of microplastics 

partially or completely overlapped with zooplankton, 

suggesting the potential of mistaken for natural prey. 

Daphnia magna as carnivorous prey ingested plastic 

microbeads at size of 63-75 µm (Canniff and Hoang 2018) 

and long fibers around 300 µm (Jemec et al. 2016). It is 

potentially transported into planktivorous fishes via transfer 

trophic. 

Ingested microplastics related to body size 

All examined samples in this study were adult fishes. 

Ferreira et al. (2018) found that adult fishes had the most 

contaminated ontogenetic phase; they ingested almost all 

organisms whose guts have been contaminated with 

microplastics. Ramos et al. (2012) also found that the 

higher number of microplastics were in adult, subadult, and 

juvenile phase respectively. This study collected a similar 

size of fish from each species and found various numbers 

of microplastics in their digestive tract. So that in the same 

species, there was no correlation between the numbers of 

ingested microplastics, either total body weight or total 

body length. Some other previous studies found similar 

results that there was no correlation between the amount of 

ingested microplastic and either fish length (Alomar et al. 

2017; Guven et al. 2017; Pazos et al. 2017; Vendel et al. 

2017; Digka et al. 2018; Horton et al. 2018), sex (Guven et 

al. 2017; Horton et al. 2018), total body weight (Peters et 

al. 2016; Guven et al. 2017; Pazos et al. 2017; Halstead et 

al. 2018; Pegado et al. 2018), feeding habit (Guven et al. 

2017; Pazos et al. 2017), or trophic level (Guven et al. 

2017; Pegado et al. 2018). Chen et al. (2017) even found 

that larval body length was significantly reduced by 6% 

due to nanoplastic ingestion by zebrafish (Danio rerio). 

In contrast, some previous studies showed that the 

number of ingested microplastics was statistically and 

positively correlated to fish weight (Horton et al. 2018) and 

fish length (Peters et al. 2016; Pegado et al. 2018). The 

larger fishes had more plastics in their digestive tract than 

smaller fishes (Boerger et al. 2010; Compa et al. 2018). 

These differences were due to the differences of 

species, ontogenetic phase, the number of examined fish, 

the size of examined fish, the abundance of microplastics in 

marine environment, and retention time of ingested 

microplastics. It was not possible to determine the 

differences in ingestion rates at different ontogenetic phase 

without knowing the retention time of ingested plastics in 

each phase (Boerger et al. 2010). 

Ingested microplastics related to digestive tract content 

The size of digestive tract was related to feeding 

behavior. In this study, Carnivorous fishes that had shorter 

digestive tract than herbivorous fishes contain higher 

number of microplastics. In fact, in the same species, there 

was no correlation between the number of ingested 

microplastics and neither digestive tract length nor 

digestive content weight. Some previous study reported the 

similar findings that there was no correlation between the 

number of ingested microplastic and fullness index 

(Anastasopoulou et al. 2013) and gut content weight 

(Halstead et al. 2018). Foley et al. (2018) also stated that 

ingested microplastics may give negative impact because 

they reduce consumption of natural prey. So, if the fish 

ingest more microplastics, large plastics mainly, the 

amount of ingested natural prey is going to decrease 

because the plastics may block the digestive tract. 

In contrast, some other studies showed that there was a 

significant positive correlation between the numbers of 

ingested microplastic and the gut fullness index (Markic et 

al. 2018) and stomach weight (Peters et al. 2016). It 

indicated that the number of ingested microplastics 

increase with the amount of digestive content. The 

difference of species and the retention time of food in gut 

of each species may be important factors. According to 

Christian Ory et al. (2018), microplastics are less easily 

digested by fish than food because microplastics remained 
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in Seriolella violacea (planktivorous fish) guts for a week, 

while food remained for, maximum, 2 days. In contrast, 

Grigorakis et al. (2017) showed that microplastics were not 

able to accumulate within the gut contents over a 

successive meal because the retention time of microplastics 

was similar to retention time of digestive content. 

Future research is needed to determine the residence 

time of microplastics in digestive tract of each commercial 

fishes species. The occurrence of microplastics and 

chemical contaminants in body tissue is also required to 

explain the risks for human health. 
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