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Abstract. Mangrove ecosystems are vulnerable to pollution such as marine debris. The presence of marine 

debris can affect the waterbird community. The present study aims to determine and analyze the effect of 
marine debris on waterbirds in the Muara Angke Mangrove Area. The research was undertaken from 

October to November 2020 at three research areas: Angke-Kapuk Protection Forest, Angke-Kapuk Nature 

Tourism Park, and Muara Angke Arboretum. Observations of waterbirds were carried out using the point 

count method and observations of marine debris density were conducted with the shoreline survey method 
developed by NOAA. To find out the pattern of marine debris distribution and its effect on waterbirds, we 

implemented Principal Component Analysis (PCA) and Spearman Correlation. In total, there were 13 

species of waterbirds from 7 different orders in the three research areas. PCA analysis showed 6 variables 

in PC1 namely herbivorous duck, tactical surface, visual surface, habitat generalist, moderate specialist, 
and large. Further, PC2 produces 6 variables, namely pursuit diving, stalking, habitat generalist, aquatic 

generalist, and large. The results of the Spearman correlation indicated that three bird species were 

significantly negatively correlated with trash, those species are Anhinga melanogaster, Egretta garzetta, and 

Mycteria cinerea.   

1 Introduction 

Due to the expanding human population from the 

early twentieth century, marine trash has become a 

problem and a global concern since 1965 to 1970. 

[1,2,3]. The presence of marine debris negatively 

impacts on fishes, marine mammals, birds, and reptiles 

[4]. Entanglement was frequently documented in these 

creatures, with seabirds being the most vulnerable and 

also the most likely to swallow marine debris [5]. 

 Research conducted by [6] on the coast of Brazil 

showed that 40% of birds have ingested marine debris, 

with mostly plastics. Another study conducted by [7] on 

the Korean coast reported that 93% of seabirds were 

entangled and accidentally ingested marine debris. 

Marine debris can also facilitate the spread of invasive 

species, that are accidentally carried by packagings, 

ropes or nets, fishing rods, and microplastics [8]. In 

addition, plastic materials in the marine debris causes 

pollution and toxic to organism. Their existence has 

continuously been accumulated in the environment as 

they are indecomposable [9,10]. 

Indonesia ranks second in contributing marine debris 

in the world after China [2,11]. Indonesia produces 3.22 

million tons of trash each year, and by 2025, it is 

expected to create 150,000 tons of waste per day 
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[12,13]. This is due to urbanization which results in an 

increase in population as well as the consequences of 

improper waste management [14,15]. 

The Muara Angke mangrove area is located in the 

Jakarta Bay which constitutes one of the most important 

habitats for waterbirds [16,17]. The area is, however, 

heavily polluted by domestic, industrial, and agricultural 

waste, as well as garbage carried in by rivers [18]. At 

least 8.32 tons of rubbish each day wind up in Jakarta's 

coastal areas, with 59 percent of it being plastic [19,20]. 

The disruption on waterbird community caused by 

marine debris in mangrove area is inevitable. 

Waterbird is a group of birds that ecologically 

depends on wetlands, waterways, or shoreline 

[21,22,23]. Waterbirds forage in water to hunt for fishes, 

gastropods, crustaceans, molluscs, and aquatic 

invertebrates [24,25,26]. The variation of diet, prey 

distribution, and niche makes spesific waterbirds 

adapted various feeding technique [27,28]. For example, 

species like albatrosses feed on cephalopod hunt with 

surface-seizing technique [29,30]. Other species like 

sandpiper is either a tactile or visual surface feeder that 

hunt by probing its beak to search invertebrates [27,31]. 

Despite the fact that garbage poses a threat to birds, 

the studies regarding the impact of marine debris with 

waterbird communities in coastal areas are still very 
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rarely addressed. Waterbirds are bioindicator of habitat 

quality, they can be a marker of either polluted area or 

high biodiversity [32,33,34]. We argue that waste may 

have impact on specific foraging patterns of waterbirds. 

The aim of this study is to determine and analyze the 

effect of waste on waterbirds community based on 

hunting techniques in the Muara Angke Mangrove Area. 

2 Method 

2.1 Study area  

Field data collection was carried out in Angke 

Mangrove Area, Jakarta, Indonesia consisting of: 

Angke-Kapuk Protection Forest (AKPF), Angke-Kapuk 

Mangrove Nature Tourism Park (AKMNTP), and 

Muara Angke Arboretum with the total size of survey 

area is 155.09 ha (Figure 1).  

 

 
Figure. 1. Location of Muara Angke Mangrove Area, 

Jakarta,Indonesia: (1) Angke-Kapuk Protection Forest (AKPF), (2) 

Angke-Kapuk Mangrove Nature Tourism Park (AKMNTP), and (3) 

Muara Angke Arboretum 

   

2.2 Waterbird data collection 

The point count method [35] was applied to 

observe waterbirds. In total there were 32 observation 

points from three observation locations consisting of 7 

points in Angke-Kapuk Protection Forest, 14 points in 

Angke-Kapuk Mangrove Nature Tourism Park, and 11 

points in the Angke Arboretum with distance between 

each observation points in one location was 

approximately 100-150 m. Observations were made 

during October 2020 – November 2020 in the morning 

(08:00 – 11:00) in western Indonesia Time (WIB). Each 

location was observed for 8 days. Observers conducted 

bird observations for 15 minutes in each point by 

recording the species name, number of individuals, 

distance to observer, feeding technique, size, and habitat 

utilization. Bird sizes were categorized into three 

groups, namely small (<15cm), medium (15-30 cm), and 

large (>30 cm) [36]. The categorization of the 

waterbirds feeding technique refers to Bildsøe et al. 

[37], Ntiamoa-Baidu et al. [27], Kalam & Urfi [38], 

Ryan [39], and Naher and Sarker [40]; namely pursuit 

diving, stalking, herbivorous duck, visual surface 

feeder, tactile surface feeder, and perch plunge. Bird 

identification and feed guild determination were carried 

out using the bird as well as scientific publication 

journals. Categorization of habitat utilization was 

divided into four groups referring to the IWCI (Index of 

Waterbird Community Integrity) [41], namely 

generalist, aquatic generalist, moderate specialist, and 

specialist. 

2.3 Habitat data collection 

Habitat data collection were carried out using 

point quarter method on the observation point with a 

diameter of 20 m. The habitat data that recorded were 

canopy cover and the type of macrodebris. Canopy 

cover was measured using Canopeo apps by taking a 

picture of the tree coverage using smartphone 

perpendicular to the sky in the four different cardinal 

direction to get the average value of the canopy. The 

type of trash data recorded was only macrodebris. We 

recorded type of macrodebris data by using shoreline 

survey method developed by NOAA (National Oceanic 

and Atmospheric Administration) [42].The macrodebris 

data recorded were the amount, type, and size of the 

debris. The minimum size of macrodebris that recorded 

was 2.5 cm, with two categorized consist of small (2.5-

30 cm) or large (>30cm). 

2.4 Colour illustrations  

Macrodebris concentration was calculated using the 

formula referred to from Lippiat et al. [42].  

 

 (1) 

 

Analysis of the relationship between waterbirds 

and marine debris was carried out using principal 

component analysis (PCA) [43]. The variables used in 

the PCA analysis are the presence of macrodebris types, 

feeding technique, habitat utilization (aquatic generalist, 

habitat generalist, and moderate specialist), and size. 

There are four categories for the presence of marine 

debris type in PCA: 1) organic only, 2) inorganic only, 

3) both present, and 4) both absences. We also employed 

the Spearman rank correlation test to find out more 

about the correlation between waterbirds and marine 

debris by using the SPSS application. 

3 Results and discussion 

3.1 Waterbird community 

 Based on the observation, we identified 13 species 

of waterbirds from seven orders and eight families in the 

three study areas. Thirteen species of waterbirds were 

recorded using six different feeding strategies, with 

stalking being the most common. Based on habitat 

utilization category, most of the observed birds were in 

the aquatic generalist category (Table 1).  We recorded 
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the presence of Near-threatened species such as Anas 

gibberifrons in the Angke Kapuk Protected Forest and 

Anhinga menalogaster in the Angke-Kapuk Mangrove 

Nature Tourism Park, as well as the Endangered 

Mycteria cinerea in the Angke-Kapuk Mangrove Nature 

Tourism Park, therefore Muara Angke mangrove area 

served as an important habitat for the survival of this 

Near-threatened species. 

 

Table 1. Waterbird’s species with their feeding technique 

and habitat utilization.

 

 

Fig. 2. Total number of waterbirds individuals in Angke-
Kapuk Protection Forest, Angke-Kapuk Mangrove Nature 

Tourism Park, and Muara Angke Arboretum 

The low density of mangroves in the Muara Angke 

Arboretum is thought to affect the number of waterbirds 

species in that area. According to the observations, both 

the presence of waste and the presence of waterbirds 

tended to occur at points where the canopy cover was 

higher. The results of canopy cover measurement also 

show that Muara Angke Arboretum had the lowest 

canopy percentage (figure 3). Only six species were 

found in the Arboretum, compared to eight species in 

the AKPF and thirteen in the AKMNTP. Waterbird 

diversity will be increased in the area due to the high 

density and diversity of mangroves [44]. This is due to 

the diverse array of arthropods, mollusks, and fish that 

provide food for waterbirds in mangrove habitats  

[45,46]. In addition, the canopy of mangroves serves as 

a resting and breeding area for a variety of waterbird 

species [47,48]. 

It's worth noting that out of the 32 observation 

spots, we discovered three species that presented 

frequently when there was no marine debris. Those 

species were Anhinga melanogaster, Mycteria cinerea, 

and Nycticorax nycticorax which are sensitive to habitat 

disturbances and prefer to live in locations with little or 

no marine debris [49,50]. More observations, however, 

are required to corroborate this phenomena. 

 

Fig. 3. Canopy cover percentage from all observation points in 

Angke-Kapuk Protection Forest, Angke-Kapuk Mangrove 

Nature Tourism Park, and Muara Angke Arboretum 

3.2 R Marine debris details 

 Plastic was the most dominating type of waste 

(89%) in all study sites, followed by processed wood 

(7%), and rubber (2%). Meanwhile, the other type of 

waste such as metal, cloth, glass, and organic waste is 

less than 2% (Figure 4). Of all types of plastic, waste in 

the form of fragments is the most common type of 

plastic waste (1287 items), followed by cups (976 

items), and food wrappers (876) (Table 2). Angke-

Kapuk Protection Forest (AKPF) is the location with the 

most total waste (2701 items), followed by Angke-

Kapuk Mangrove Nature Tourism Park (AKMNTP) 

(1593 items). Interestingly, there is no record of waste 

in Muara Angke Arboretum (Table 3). The absence of 

marine debris in Muara Angke Arboretum is possibly 

due to having more open-space area. Further, the 

presence of mangroves is less dense than in AKPF and 

AKMNTP. Mangroves serve as a pollutant filter. 

Meanwhile, mangroves are likely to have become 

pollutant accumulation regions because the waste that 

passes through their roots is strained, resulting in a lot 

of trash in the mangrove area [51,52]. 

 

Fig. 4. Total percentage of waste composition from Angke-

Kapuk Protection Forest, Angke-Kapuk Mangrove Nature 
Tourism Park, and Muara Angke Arboretum. 

Table 2. The amount the types of plastic with the total amount 

of each inorganic macrodebris from Angke-Kapuk Protection 

Forest, Angke-Kapuk Mangrove Nature Tourism Park, and 

Muara Angke Arboretum. 
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Table 3. Comparison of amount of macrodebris in each 

location. 

 

3.3 Waterbirds and macrodebris connection 

Based on PCA results, there were two main 

components with eigenvalue >2. We used varimax 

rotation on the principal components to interpret data 

easier [53]. The PC 1 and PC 2 are then interpreted 

through a scatter plot with PC 1 on the X axis and PC 2 

on the Y axis (Figure 5). The results of the rotated 

component obtained, suggested that PC 1 composed of 

herbivorous duck (0.796), tactical surface (0.416), 

visual surface (0.691), generalist habitat (0.591), 

moderate specialist (0.940), and large (0.670). 

Meanwhile, PC 2 included pursuit diving (0.547), 

stalking (0.829), habitat generalist (0.506), aquatic 

generalist (0.799), and large (0.735).  

The scatter plot findings typically suggest that the 

lack of waste variable and the presence of inorganic 

waste variable are overlap, although the distribution of 

inorganic waste variables appears to be more clustered, 

whilst the absence waste variable distribution tends to 

be wider. This suggested that the absence of waste and 

presence of inorganic waste tended to favour birds with 

pursuit diving (Phalacrocorax sulcirostris and Anhinga 

melanogaster), stalking (species from Ardeidae Family), 

herbivorous duck (Anas gibberifrons), tactical surface 

feeder (Mycteria cinerea and Amaurornis phoenicurus), 

and visual surface feeder (Actitis hypoleucos). In 

addition, large-sized waterbirds with habitat utilization 

habitat generalist, aquatic generalist, and moderate 

specialist are also influenced by waste.   

A Spearman rank correlation test was also employed to 

examine the association between waterbirds and marine 

trash. The findings revealed that the presence of 

inorganic waste was adversely connected with the 

presence of ten species of waterbirds, with three species 

being strongly correlated with inorganic waste. Anhinga 

melanogaster, Egretta garzetta, and Mycteria cinerea are 

the three species (Table 4). In terms of size, the three 

species are large species (>30 cm) but have different 

feeding techniques. Anhinga melanogaster is a species 

that hunts by pursuit diving and belongs to the aquatic 

generalist group [54,39]. Egretta garzetta hunts by 

stalking technique and belongs to the aquatic generalist 

group such as Anhinga melanogaster [55,36]. 

Meanwhile, Mycteria cinerea belongs to the moderate 

specialized group and is a tactile surface hunter that 

pursues its prey by probing its beak in water. [38,36]. 

 

Fig. 5. Scatter plot figure of the categories for the presence of 

waste type based on the results of PCA 

Table 4. Results of the Spearman correlation test 

between the relative abundance of each bird species and 

concentrations of inorganic and organic wastes 

 

Note: *Correlation is significant at the 0.05 level  

 

Based on the observation, inorganic waste was found 

in almost all observation locations except Muara Angke 

Arboretum. Bird species belong to specialist groups 

such as Mycteria cinerea were rarely found in habitats 

polluted by inorganic waste [56,36]. This is in line with 

the results of observations, where Anhinga 

melanogaster and Mycteria cinerea were recorded at 

observation points with the absence of waste. In general, 

inorganic waste can reduce bird abundance [5]. This 

occurred because inorganic waste can change the water 

flow system and create sedimentation. Therefore, it has 

an impact on the loss of food sources for birds such as 

crustaceans and fish [41,57]. In addition, the 

accumulation of chemical compounds from inorganic 

waste depositing in waters may poison and cause 

mortality of organisms thus trigger disruption in the 

food chain [58,7,59]. 

The threat of waste to waterbirds can also be 

influenced by the feeding techniques used by the birds 

[60]. Research conducted by [61] documented that birds 

with pursuit diving hunting techniques such as Anhinga 

melanogaster and Phalacrocorax sulcirostris tend to 

swallow more waste. Several other hunting techniques 

that have a higher risk of ingesting waste are surface 

seizing, diving, and filter feeding [62,63]. Although 

some species like Egretta garzetta and Mycteria cinerea 

have good vision when hunting, there are still many 

records of waterbirds accidentally ingesting waste due 

to the shape and color of the waste that is similar to their 

food  [60,63,64]. Research conducted by [65] showed 

that some species of waterbirds accidentally ingest litter 

since the shape of the litter is similar to that of cuttlefish. 

In addition, waste that is accidentally ingested by 

waterbirds is generally light or white in color [66,67]. 

Hence, the better management of the area should be 
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improved to avoid such problems. Based on Spearman 

rank correlation test, some species were positively 

correlated with the presence of organic waste. 

From our observations, species like Actitis 

hypoleucos, Amaurornis phoenicurus, and Anas 

gibberifrons were found hunting at points where the 

waste was present, it is suspected that these species 

forage inorganic waste (Figure 6). In contrast to 

inorganic waste, some bird species may still be able to 

forage in habitats with organic waste [36] since it 

provides a food source for birds like maggots, flies, and 

grasshoppers and also household waste like fish meat, 

chicken, eggs, seeds, and fruit [5,68]. Furthermore, the 

presence of waste landfills can increase the abundance 

and survival rates of some bird species in local scale 

[69]. 

 

 
Fig. 6. Some species that foraging in waste coverage: Actitis 

hypoleucos in Angke Kapuk Protected Forest (left), and 

Ardea alba outside Angke Kapuk Protected Forest (right) 

3.4 The impact of marine debris to mangrove 

and future action 

According to the observations, AKPF has the highest 

waste record, followed by AKMNTP. The mangrove 

area of Muara Angke was close to a residential 

neighborhood in Jakarta, which was bustling with 

human activity. The Muara Angke mangrove, which is 

located in the Jakarta estuary, was made more 

vulnerable to contamination by domestic, industrial, 

and agricultural waste due to the high level of human 

activity [18,70]. A research  [71] reported that plastic 

and styrofoam dominated garbage in the Muara Angke 

mangrove area. As a result of this fact, the Muara 

Angke mangrove region has been classified as severely 

damaged [72]. 

One of the most serious dangers to the mangrove 

ecosystem was inorganic waste. Inorganic waste cover 

can disrupt the flow of nutrients which are used as 

nutrients for mangroves [73,72]. Furthermore, a large 

pile of garbage in mangrove roots reduces oxygen 

delivery resulting in mangrove mortality [74,75,76]. 

Heavy metals such as Pb, Cr, and Cg can be released 

by marine debris that settles in the water. They may 

affect the salinity of the water and endangering the 

food chain [71,75]. 

 

 
Fig. 7. Plastic waste in Muara Angke mangrove area : plastic 

bottle & cups (above), and food wrappers (below). 

 

Indonesia, being the world's second-largest producer 

of marine waste, faces a major marine debris problem 

[2]. Every year Indonesia produces 3.22 million tons of 

waste that is not managed properly, and it is estimated 

that by 2025 Indonesia will produce 150,000 tons of 

waste per day [12,13]. Various efforts have been made 

to prevent the entry of waste in coastal areas, one of 

which is through the enactment of Law Number 18 of 

2008 concerning Waste Management, and Government 

Regulation Number 81 of 2012 concerning Management 

of Household Waste and Waste Similar to Household 

Waste. Furthermore, the Indonesian government is 

committed to reducing the production of waste by 30% 

and plastic waste by 70% by 2025 through various 

efforts such as the creation of the National Action Plan 

for Marine Waste Management (RAN PSL), the 

application of 3R (Reduce, Reuse, Recycle), land-based 

derived plastic waste, and the application of a circular 

economy [77,19]. 

Another possible effort to protect coastal areas is to 

rehabilitate mangrove ecosystems. The mangrove 

rehabilitation can be done by planting native mangrove 

vegetation Avicennia marina, Rhizophora mucronata, 
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Rhizophora stylosa, Sonneratia caseolaris, and 

Excoecaria agallocha that commonly found in Muara 

Angke mangrove area [73,78]. Based on research 

conducted by [79], some species like Rhizopora 

mucronate and Avicennia alba are highly tolerant 

against marine debris and heavy metals. Furthermore, 

long term management and mitigation are important to 

maintain mangrove ecosystem [80,79]. 

 Through environmental education and counseling, 

the community can also contribute towards the 

management of marine waste in mangrove areas 

[73,75]. Moreover, the community may also participate 

in some joint activities with various stakeholders [81 

Furthermore, by understanding the ecosystem services 

given by mangroves, the community can become more 

environmentally conscious, particularly those who 

reside in coastal areas [73,81,82]. 

4 Conclusions 

Muara Angke mangrove area is a habitat for various 

species of water birds. Our research recorded 13 species 

of waterbirds from seven different orders and eight 

families. Plastic waste is the most dominant waste 

(89%), followed by processed wood (7%), and rubber 

(2%) waste. A total of 10 species of waterbirds were 

negatively correlated with the presence of inorganic 

waste, with three species were significantly negatively 

correlated with inorganic waste. The presence of 

inorganic waste in the Muara Angke mangrove threatens 

the existence of birds and the mangrove ecosystem. As 

an important area for various waterbird’s conservation, 

it is necessary to affectively plan and carry out 

rehabilitation and waste management effectively and 

considerably. 
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