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Abstract. Ayujawi SA, Winarni NL, Pradana DH. 2021. Short Communication: Bird correlations with waste in Muara Gembong, West 
Java, Indonesia. Biodiversitas 22: 3872-3879. The existence of waste in Muara Gembong can potentially affect bird abundance because 
organic waste can be a source of bird food, while inorganic waste can cause changes in habitat structure. This study aimed to (i) 
determine bird species that have a high abundance near the trash, and (ii) determine the correlation between waste concentration and the 

relative abundance of birds. The study was conducted in June 2020 in Pantai Mekar and Muara Blacan areas, Muara Gembong, West 
Java. Bird observation was carried out using exploration method and the relative abundance of the bird was determined based on 
encounter rates. The data collection and calculation of waste concentration were carried out following the NOAA protocol. The 
Spearman correlation test was carried out between the abundance of each bird species and the concentration of waste. Our results 
suggested that 26 species of birds in Muara Gembong were found near trash and 24 species have negative correlations to inorganic 
waste. The Javan munia (Lonchura leucogastroides) and Great egret (Egretta alba) were the most abundant species living near the trash 
with encounter rates of 39.13 and 38.89, respectively. Moreover, the concentration of inorganic waste has a significant negative 
correlation to the relative abundance of Cerulean kingfisher (Alcedo coerulescens), Spotted dove (Streptopelia chinensis), and Sunda 

collared dove (Streptopelia bitorquata). Based on these findings, inorganic waste in Muara Gembong can significantly reduce the 
abundance of birds in the long term because the pile of inorganic waste may cause damage to the mangrove forest, which is a bird habitat. 
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INTRODUCTION 

Muara Gembong is an important habitat to waterbirds, 

including the Endangered Milky stork (Mycteria cinerea). 

Muara Gembong was declared as an Important Bird Area 
(IBA) because it is a habitat to endangered species and 

accommodates ≥1% of the global population of a bird 

species during the mating or migration season (Birdlife 

International 2021). However, Muara Gembong is one area 

that is susceptible to waste pollution because it is located 

on the coast. This is because the coast accommodates the 

load of garbage carried from the upstream of the river and 

continues to accumulate to the estuary. Muara Gembong is 

the place where the Citarum River and many other 

tributaries empty directly to the Java Sea. Moreover, 

trashes in the sea are often carried by the wind and waves 
until they are stranded on the coast, including the Muara 

Gembong mangrove area. 
 The existence of waste can affect bird abundance in 

Muara Gembong because waste can be a source of disease 

by spreading viruses and pathogens (Jurinovic et al. 2014), 

and endanger the birds in many other ways. There are cases 

where birds swallow plastic waste which is mistaken for 

food due to its similar looks. Ingesting plastic waste creates 

a feeling of fullness so that the bird stops eating and affects 

their buoyancy while diving, which can lead to death 

(Codina-García et al. 2013). Fish hook waste can also be 

dangerous to birds when swallowed by birds forage around 

fishing boats. Ingesting metal-based waste has the risk of 

causing heavy metal poisoning (Liu et al. 2015). Moreover, 

piles of inorganic waste can cause the degradation of 

mangrove forests (van Bijsterveldt et al. 2021). If 
mangrove vegetation is lost, birds will also lose their food 

source, shelter, and nest, particularly for specialist birds 

such as waterbirds that can only use resources in the 

mangrove ecosystem. Habitat loss affects the abundance of 

bird (Durães et al. 2013). 

Although many studies have shown that waste causes 

negative effects, some other studies have shown that waste 

increases population abundance and reproductive success 

in birds because organic waste can be an alternative source 

of natural food (Steigerwald et al. 2015; Torres-Mura et al. 

2015). This indicates that the presence of waste can have 
different impacts. However, many studies do not describe 

the condition and characteristics of waste in detail (Plaza 

and Lambertucci 2017). Therefore, the specific condition 

of waste (such as type and size) needs to be recorded to 

understand its impact on the environment in more detail. 

Correlation studies between waste and bird 

communities are still quite rare in Indonesia and have never 

been carried out in Muara Gembong. Therefore, it is 

necessary to study the effect of waste on the bird’s 

abundance in Muara Gembong to understand the impact of 

waste in the environment, particularly on bird 

communities. In addition, the data obtained will be 
expected to be a consideration for better waste 
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management. Thus, the objectives of this study were (i) to 

determine the bird species that have a high abundance near 

the trash, and (ii) to determine the correlation between 

waste concentration and the relative abundance of bird 

species in Muara Gembong. 

 MATERIALS AND METHODS 

Study area 

Field data collection was carried out in Muara 

Gembong, Bekasi, West Java, Indonesia. The research area 

of  422 ha was selected based on the presence of birds and 
trash by considering accessibility to the observation points. 

The area was located between the mangrove ecotourism 

area of Pantai Mekar (06 ° 01 '28 "S, 106 ° 59' 48" E) and 

the mangrove forest of Muara Blacan (06 ° 01 '31 "S, 107 ° 

01' 23" E). Muara Gembong is a mangrove habitat with 

major vegetations include Rhizophora sp., Avicennia sp., 

Sonneratia sp., Bruguiera sp. and Nypa fruticans. There 

were 13 observation points including mangrove forests, 

fishponds, and settlements (Figure 1).  

Procedures 

Bird data collection 
The bird observation was carried out using the 

exploration method (Sitanggang et al. 2020). The 

observation points were determined based on the 

conditions in which (i) birds were found in the trash-

contaminated locations, and (ii) birds were found in other 

locations free of the trash. This was done to ensure whether 

a bird species are present in both conditions, or only use 

one of them. Seven sites were trash-contaminated while six 

sites were trash-free areas. Therefore, there were 13 

observation points in total with distance between each point 

is 200–800 m. Bird data was collected once a week for 3 

weeks in June 2020 during 06:00-10:00 in Western 

Indonesia Time (WIB). The time spent for bird counting at 

each point was between 45 to 60 minutes, different 
amounts of time were used to prevent same encounter rates 

values (ER) to minimize results bias on Spearman rank test 

(because the same ER values will be marked as the same 

rank). Both visual and auditory signs of birds were used for 

detection. Therefore, a bird's field guide book by 

MacKinnon et al. (2010) as well as supporting websites 

such as Xeno-canto (www.xeno-canto.org) and Coneix el 

riu (coneixelriu.museudelter.cat) were used to identify the 

species of birds found during observation. Bird species, 

number of individuals, and bird activities were recorded 

and then each species were categorized according to their 
size and habitat utilization. The categorization for each 

species was following the published article related to 

IMBCI (Index of Marsh Bird Community Integrity). The 

bird size was classified into 3 groups; small (<15 cm), 

medium (15-30 cm), and large (>30 cm). The birds that 

were able to utilize a wide range of habitat types were 

considered "generalists", while birds with specific habitat 

criteria were grouped into "specialists".
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Figure 1. Location of observation points in the study in Muara Gembong, West Java, Indonesia: A. Mangrove forest, B. Mangrove-
Fishpond, C. Fishpond, D. Settlement 
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Habitat data collection 

The habitat conditions were recorded at each bird-

watching point within a 10-meter radius. The 13 sites 

consisted of 4 different habitat types; mangrove forest, 

mangroves-fishpond, fishpond, and settlement. The 

parameters recorded were the number of trees (dbh> 10 

cm), dominant tree species, canopy cover, and water 

salinity. Canopy cover was measured with the Canopeo 

apps (https://canopeoapp.com/) by shooting perpendicular 

to the sky in four different cardinal directions and the 
values obtained were then averaged. The water salinity was 

measured at each point by a refractometer with three times 

of repetition. 

Waste data collection 

Waste data were recorded at each bird observation point 

within a 10 meter radius (314 m2).  The presence of waste 

was recorded in detail by adopting a method developed by 

the NOAA (National Oceanic and Atmospheric 

Administration) (Lippiatt et al. 2013). The waste data 

collection was carried out directly with the naked eyes or 

assisted by binoculars if the waste location was not 
possible to be observed closely. The parameters recorded 

were the amount, type, and size of the trash. The trash size 

was categorized as small (2.5–30 cm) or large (>30 cm). 

Thus, the minimum trash size that recorded was 2.5 cm. 

Waste type categorization was done based on the visual, 

olfactory, or tactual observations. Detailed categorization 

of waste types was referred to the NOAA data sheet 

(Lippiatt et al. 2013), modifying the organic waste section. 

Data analysis 

The relative abundance of the bird was calculated using 

the encounter rates formula following Bibby et al. (2000) 
(Equation 1).  

  

 

(1) 

 

The concentration of waste was calculated at each 

observation point following the formula below (Lippiatt et 
al. 2013) (Equation 2).  

 

 

(2) 

The Spearman rank correlation test with formula 

referred to Xiao et al. (2015) was conducted using SPSS to 

determine the relationship between the waste and bird 

abundance. Although the study focused on the correlation 

between waste and birds, other environmental parameters 

were analyzed to minimize interpretation bias. Therefore, a 

path analysis was carried out to see how much influence 

the waste and other habitat parameters had on bird 

abundance. The results of the path analysis are presented in 

the form of a path diagram. Path analysis was carried out 

using SPSS. 

RESULTS AND DISCUSSION 

The relative abundance of birds 

We recorded 29 bird species that consist of 15 

generalists, 9 facultative, and 5 specialists. The bird species 

with the highest abundance near the trash were the Javan 

munia (Lonchura leucogastroides) and the Great egret 

(Egretta alba) with encounter rates of 39.13 and 38.89, 

respectively. The genus Lonchura was reported to have a 

high tolerance of anthropogenic disturbance and E. alba 

has an opportunistic foraging behavior (Renken et al. 2016; 
Zhou et al. 2020). The two species often utilize resources 

around areas contaminated with waste. 

During observations, we found that three species, the 

Javan sparrow (Lonchura oryzivora), Milky Stork 

(Mycteria cinerea), and the Sacred kingfisher 

(Todiramphus sanctus) were always recorded at points 

where there was no trash. This is because the Milky Stork 

was tended to be very sensitive to habitat disturbance (Aziz 

et al. 2015). Although the Javan sparrow was only found in 

locations with no trash, this did not indicate that the Javan 

sparrow is avoiding trash because the genus Lonchura is 
tolerant of habitat change (Zhou e al. 2020). 

Based on encounter rates, the Purple heron (Ardea 

purpurea), the Pacific reef heron (Egretta sacra), the 

Malaysian pied fantail (Rhipidura javanica), and the 

Collared kingfisher (Todiramphus chloris) were classified 

as "frequent" near the trash. Meanwhile, other species 

(except the Javan sparrow, the Milky stork, and the Sacred 

kingfisher which have an encounter rate value of 0.00) 

were categorized as “common” near the trash (Figure 2). 

Waste details 

The study area was dominated by plastic waste 
(81.47%), followed by processed wood waste (7.50%) and 

rubber waste (7.39%). Glass, cloth/fabric, metal, and 

organic waste were less than 2% (Figure 3). The majority 

of plastic waste was found in the form of fragments, food 

wrappers, and straws, while rubber waste was mostly found 

in the form of flip-flops. There were 47 large trashes 

(>30cm) from a total of 1813 debris at all observation 

points. The wreck of a wooden boat at observation point 1 

was the biggest waste in size. 

According to Table 1, there was no trash observed in 

the pond area. This is because Muara Gembong always 

experiences tidal flooding due to sloping topography, 
which is suspected to cause trash in open habitats to be 

carried away by currents and trapped between mangrove 

roots. The amount of trash that is stuck in mangrove roots 

increases over time (accumulated). Therefore, amount of 

trash in the mangrove forest habitat is very high. 

Meanwhile, human activities in residential areas also 

produce high amount of domestic trash (Viljoen et al. 

2021). 

The highest waste concentration was at observation 

point 1 (2.57 items/m2), followed by point 5 (1.47 

items/m2) and point 4 (0.67 items/m2). The concentration of 
waste at observation point 3, 6, 11, and 12 were 0.38, 0.33, 

0.25, and 0.10 items/m2, respectively. Meanwhile, 

observation points 2, 7-10, and 13 were areas free of trash 

(Figure 4). 



AYUJAWI et al. – Bird correlations with waste in Muara Gembong, Indonesia 

 

3875 

Table 1. Waste composition details in each habitat type 
 

Observation 

Points 
Habitat Type 

Number of Trash 

Plastic Metal Glass Rubber Lumber Fabric Organic Total 

1, 11 Mangrove forest 710 9 11 84 57 14 2 887 
2, 3, 12, 13 Mangroves-fishpond 125 3 2 7 12 2 0 151 
7, 8, 9, 10 Fishpond 0 0 0 0 0 0 0 0 

4, 5, 6 Settlement 642 5 3 43 67 11 4 775 

 

 

 
 

Figure 2. Encounter rate values and abundance categories of each bird species 
 
 
 

 

 
 
Figure 3. Waste composition in Muara Gembong, Indonesia 

Correlation between waste and birds 

Based on the Spearman rank correlation test (Table 2), 

the concentration of inorganic waste was significantly 

negatively correlated with the encounter rate of the 
Cerulean kingfisher (Alcedo coerulescens). This was 

 
 

Figure 4. Waste concentration in Muara Gembong at each 
observation point 
 
 

because the Cerulean kingfisher is a specialist bird that is 

sensitive and difficult to adapt to environmental changes 

(Chawaka et al. 2017). In addition, the Spotted dove 

(Spilopelia chinensis) and the Sunda collared dove 

(Streptopelia bitorquata) were also have a significant 

negative correlation with inorganic waste. These results are 

consistent with the research of Zhang et al. (2015) who 
found that there was a significant decrease in relative 

abundance on Streptopelia sp. at locations exposed to 

inorganic waste because inorganic waste can reduce the 
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availability of seeds as a diet for the doves (Zhang et al. 

2015). 

In addition, the types of organic waste found in the field 

(such as fruit seeds and eggshells) were small in number 

and were usually inedible by birds. Thus, the correlation 

test results toward the concentration of organic waste tend 

to be insignificant because those organic wastes were 

neither a food source for birds nor causing significant 

environmental changes. 

Although not significant, 24 bird species (82.8%) 
negatively correlated their relative abundance and 

inorganic waste concentration, and only 17.2% had a 

positive correlation. Furthermore, 10 species of birds 

(34.5%) had a positive correlation toward organic waste 

but were not statistically significant. These results indicated 

that some bird species may be able to use areas with 

organic waste for foraging, while the presence of inorganic 

waste is likely to give an impact on the bird abundance. 

Birds such as Cattle egret was reported to forage for 

organic waste at refuse dumps, such as fish fragments and 

flies (Annorbah and Holbech 2012). On the other hand, 
plastics and other inorganic waste will cover surface water 

which will entangle and frighten the birds (Ryan 2018; Tan 

et al. 2012). This was consistent with previous studies 

which reported that organic waste increased the relative 

abundance of some bird species while inorganic waste 

decreased the relative abundance of birds (Zhang et al. 

2015; Plaza and Lambertucci 2017). 

Path analysis 

On average, the overall habitat has water salinity 5.72 

ppt with average canopy cover 16.81.  Mangrove forest has 

the most dense canopy cover while fishponds have the 

lowest canopy cover (Table 3). Based on path analysis 

(Figure 5), the presence of waste affects bird abundance both 

directly and indirectly through changes in habitat conditions. 

Habitat conditions were more influenced by inorganic 

waste, while bird abundance was more affected directly by 

organic waste. Organic and inorganic waste affects habitat 
conditions by 46.9%. The presence of waste together with 

habitat conditions affects the abundance of birds by 20.7%. 
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*) Canopy cover, salinity, and number of trees  
 

Figure 5. Influence of environmental parameters on bird 
abundance using path analysis 

 
Table 2. Results of the Spearman correlation test between the relative abundance of each bird species and concentrations of inorganic 
and organic wastes 

 

Species Size Habitat use 
Concentration of Waste 

Inorganic Organic 

Acrocephalus stentoreus Medium Generalist -0.312 -0.429 
Aegithina viridissima Small Generalist -0.408 -0.338 
Alcedo coerulescens Small Specialist -0.733* -0.429 
Ardea purpurea Large Facultative -0.418 -0.106 
Ardeola speciosa Large Facultative -0.470 -0.126 

Butorides striatus Large Facultative -0.140 -0.174 
Cacomantis sepulcralis Medium Generalist -0.436 -0.429 
Charadrius javanicus Small Facultative -0.031 0.375 
Chlidonias hybridus Medium Specialist 0.408 0.676 
Cisticola juncidis Small Generalist -0.668 -0.147 
Egretta alba  Large Facultative 0.147 0.477 
Egretta garzetta Large Facultative -0.274 -0.159 
Egretta sacra Large Facultative -0.109 0.071 

Gerygone sulphurea Small Generalist -0.109 0.071 
Hirundo tahitica Small Generalist -0.045 -0.025 
Lonchura leucogastroides Small Generalist -0.204 0.225 
Lonchura oryzivora Small Generalist -0.577 0.000 
Microcarbo melanoleucos Large Facultative 0.408 0.676 
Microcarbo niger Large Facultative -0327 -0.429 
Mycteria cinerea Large Specialist -0.577 -0.283 
Orthotomus ruficeps Small Generalist -0.592 -0.429 
Passer montanus Small Generalist -0.082 0.500 

Prinia familiaris Small Generalist -0.134 0.000 
Rhipidura javanica  Medium Generalist 0.612 0.450 
Spilopelia chinensis Medium Generalist -0.791** -0.506 
Streptopelia bitorquata Medium Generalist -0.694* -0.506 
Todiramphus chloris  Medium Specialist 0.612 0.450 
Todiramphus sanctus Medium Specialist -0.577 -0.283 
Zosterops flavus Small Generalist -0.408 -0.338 

Note: * Correlation is significant at the 0.05 level. ** Correlation is significant at the 0.01 level 
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Table 3. Summary of habitat conditions, number of bird species and the encounter rates of birds at each observation point 
 

Observation 

point 

Trash 

presence 
Habitat type 

Number 

of trees 

Canopy 

cover (%) 

Water salinity 

(ppt) 

No. of bird 

species 

Total 

Individuals 

1 Present Mangrove forest 16 35.84 10 9 17 
2 Absent Mangrove-fishpond 14 19.37 31 9 18 
3 Present Mangrove-fishpond 12 18.48 31 6 8 
4 Present Settlement 4 15.97 30 4 6 

5 Present Settlement 5 13.04 32 7 15 
6 Present Settlement 6 15.43 21 4 7 
7 Absent Fishpond 1 3.59 30 5 9 
8 Absent Fishpond 5 8.61 30 4 6 
9 Absent Fishpond 1 2.03 29 4 8 
10 Absent Fishpond 9 15.24 27 7 18 
11 Present Mangrove forest 4 21.5 29 5 6 
12 Present Mangrove-fishpond 21 25.16 30 5 7 
13 Absent Mangrove-fishpond 24 24.23 29 5 12 

        
Standard Deviations (SD)   8.76 5.72   
Average   16.81 27.61 6 10.54 
Average fishpond   7.37 29.00 5 10.25 
Average Mangrove forest   28.67 19.50 7 11.50 
Average mangrove fishpond   21.81 30.25 6 11.25 
Average settlement   14.81 27.67 5 9.33 

 

 

 

A 

B C 

 
 
Figure 6. A. The Striated heron (Butorides striatus), B. The Eurasian Sparrow (Passer montanus), C. A pair of Javan plover 
(Charadrius javanicus) were foraging around the waste-contaminated location 
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The path analysis suggested that the regression 

coefficient of organic waste on bird abundance was 

positive (0.528), while for inorganic waste the regression 

coefficient was negative (-0.176). Similar to the previous 

Spearman rank correlation analysis, these results suggested 

that organic waste increased bird abundance, while 

inorganic waste tended to decrease it,. This was consistent 

with previous studies that reported organic waste increased 

the abundance of some bird species while inorganic waste 
decreased the bird abundance (Zhang et al. 2015; Plaza and 

Lambertucci 2017). 

Based on the results, specialist birds were rarely found 

in habitats contaminated with waste because specialist 

birds tend to occupy higher-quality habitats. This was 

consistent with previous studies that showed a decline of 

specialist-bird abundance in disturbed habitats (Sica et al. 

2018). Further research needs to be carried out to explain 

the tolerance limits of specialist bird species to 

environmental disturbances, particularly to waste.  

Moreover, the presence of birds near the trash often 
occurred in higher canopy cover in mangrove forest 

habitats, especially for larger birds. This is because larger 

birds such as E. alba and E. sacra often use tree canopy for 

nesting, perching, and other activities in a colony. In this 

way, the trees act as a buffer preventing direct contact 

between birds and trash. However, sometimes E. alba is 

also found foraging around the trash. 

Concurrently, several other species such as Ardeola sp. 

and Butorides sp. were more often found in terrestrial. In 

addition, smaller birds like the Eurasian sparrow and Javan 

plover were likely to be in habitats with more open 
canopies such as settlements (Figure 6). Small birds are 

more tolerant of residential habitats occupied by humans 

because smaller birds can fly with high acceleration and 

better maneuverability, thus avoiding predators (in this 

case: humans) from a closer distance (Weston et al. 2012; 

Tätte et al. 2018). Hence, the risk of waste exposure for 

small birds is high because human activities in the 

settlement produce new waste every day. Better 

management of habitat is therefore important to support 

these birds. 

The impact of waste on the bird abundance in Muara 

Gembong 
The Spearman test showed that 24 bird species had a 

negative correlation with inorganic waste, although only 3 

species were significantly affected. The findings in the 

field indicated that the presence of inorganic waste in 

Muara Gembong can significantly reduce the abundance of 

bird species in the long term because inorganic waste 

changes the characteristics of bird habitat. Covering the 

surface water (Ryan 2018; Tan et al. 2012), inorganic 

waste stranded and buried can change the water flow and 

sedimentation disrupting particular food chains such as 

food sources for birds (Sklar and Browder 1998). 
Our findings in the field showed that the salinity at 

observation point 1 (the point with the highest waste 

concentration) is only 10 ppt. Point 1 which was mangrove 

forest, was the point closest to the high seas with the 

highest trash present. Mangrove forests retained more 

garbage than other habitats as the garbage was trapped 

among the roots (Ivar do Sul et al. 2014).  Inorganic waste 

may block the tidal flow of water which results in 

disrupting the balance of chemical substances in water, 

including salinity. Changes in salinity at a certain limit can 

cause mangrove mortality because it is not suitable for its 

survival. Although mangroves can grow well in a salinity 

range of 10–30 ppt (Hilmi et al. 2017), better management 
of the area should be improved particularly because the 

highest species richness of birds was recorded at point 1.   

Furthermore, inorganic waste can significantly decrease 

mangrove survival by increase leaf loss and deteriorate the 

mangrove stands (van Bijsterveldt et al. 2021). Moreover, 

the mangrove respiratory roots are being buried in the piles 

of inorganic waste, leading the mangrove to death (Ivar do 

Sul et al. 2014). This is consistent with findings in the field 

that showed piles of trash covered the pneumatophores and 

seemed to prevent the growth of new plants. As a result, 

there was small-scale deforestation of mangrove forests in 
areas covered with trash. 

Even though trash cleaning was done at observation 

point 1 in August 2019 (Wulandari et al. 2019), that area 

was refilled within less than a year. If the cleaning activity 

is not carried out regularly, the accumulation of waste will 

increase and lead to widespread deforestation. The 

degradation of mangrove forests will accelerate 

environmental damage due to abrasion because one of the 

mangrove forest functions is as a barrier to sea waves 

(Husrin et al. 2012). 

In conclusion, there were at least 26 species of birds in 
Muara Gembong that were found near the trash and 24 bird 

species have a negative correlation with inorganic waste, 

although only 3 species are significantly affected. The 

existence of inorganic waste in Muara Gembong can 

significantly reduce the abundance of bird species in the 

long term because the pile of inorganic waste causes 

damage to the mangrove forest, which is a bird habitat. As 

an important habitat for waterbirds, waste management in 

Muara Gembong needs to be considered more seriously.  
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