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ABSTRACT

Despite variations in the surrounding land use and human
disturbance, macroplastic pollution was observed in the mangrove
forests in SUCITAPPLAS. Site-specific variations in plastic
abundance, mass density, and composition were attributed to local
human activity, hydrological processes, and environmental
exposure. This study aimed to establish baseline data on
macroplastic  pollution in the mangrove ecosystem in
SUCITAPPLAS, Surigao del Norte. The samples were collected in
four sampling sites within the study area. The macroplastics (>25
mm in size) found on tree branches, roots and the forest floor within
each quadrat were 100% collected through hand picking. All
collected macroplastics were counted, cleaned, weighed,
measured, and categorized. A total of 346 items of plastic with a
combined weight of 9,002 grams and a cumulative measured length
of 117,350 mm were recorded across the four sampling locations.
Condona Island recorded the highest abundance (0.183 items/m?)
and density (2.07 g/m?), while Lamangon Island had the lowest
(abundance = 0.022 items/m?) and density (0.26 gm?). Beverage
bottles, plastic bags, film fragments, and food wrappers were the
most common macroplastics found across all sampling sites.
Among these, film fragments has the highest count (120 items =
34.7%). The findings suggest that plastic pollution in mangrove
forests is affected by localized human activities and environmental
processes; however, the ubiquity of plastic debris across all sites
highlights the natural trapping ability of mangrove ecosystems.
These findings support improvements in community-level solid
waste management, awarenss campaigns, and environmental
education.

*Corresponding author

INTRODUCTION

Plastic, an archetypal modern material, has existed for more than a
century (Geyer et al., 2017). Worldwide production of plastic has
almost doubled in the last decades, reaching 460 million tonnes in
2019 (Our World in Data, n.d.). Although plastic is crucial to
sectors such as healthcare, agricutlture, construction, and
packaging, the modern plastic era has produced a deep human
dependence that drives severe overproduction (Geyer et al., 2017;
Napper & Thompson, 2023; Inocente & Bacosa, 2022). Hence,
plastic pollution has become one of the main threats to marine
ecosystems worldwide and a serious challenge for the Philippines
(Requiron & Bacosa, 2022).

Plastic waste is now present in every ocean basin, ecosystem,
habitat, and food web, including in seafood and sea salt. Although
early studies focused on isolated ocean gyres, research now
examines the sources, fate, transformation, and impacts of plastic
pollution. The numerous ways that plastic waste impacts physical
and biological systems and interacts with planetary cycles have
become clearer as knowledge has grown (Rochman, 2020). A
burgeoning policy movement spanning many governmental levels,
from local to global, has coincided with an expanding scientific
area.

UNEP (2009) affirms that half of plastic trash is single-use plastic.
According to a research study, half of the 8.3 billion tonnes of
plastic created to date has come from 2004 onward (Rhodes, 2018).
Additionally, 60% of all plastic ends up in landfills or the
environment with present annual plastic waste production is
approximately 300 million tons. Global waste generation is
expected to increase by 70% over the next 30 years, driven in part
by increasing per-capita plastic consumption in many countries
(World Bank, 2018).
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The Philippines is the third-ranking contributor to plastic pollution
in the world, with estimates ranging between 2.7-5.5 million metric
tonnes generated each year, 20% of which leaks into the
environment (Schachter & Karasik, 2022; Braganza, 2017; Ocean
Conservancy, 2015). With no interventions, mismanaged plastic
waste could reach 9 million metric tonnes by 2040 and 11 million
metric tonnes by 2060. A major source of plastic pollution is
leakage from open landfills (Mensah, 2024). The heavy use of
single-use plastics, notably sachets has exacerbated the problem in
recent years.

Plastic waste has reached crisis levels in the Philippines, where
60% of the population lives on the coast. National estimates
indicate that about 10% of the 14 million tons of solid waste
produced annually is plastic (SEPO, 2017; EMB, 2018).
Furthermore, it is estimated that an additional 750,000 tons of
mismanaged plastic enter the ocean from the archipelago each year
(Jambeck et al., 2015). Although these figures are alarming,
localized baseline data remined limited. Sources of mismanaged
plastic are often discussed broadly but the actual accumulation
rates and characteristics within sensitive ecosystems are
overlooked. This data gap is particularly glaring in the
SUCITAPPLAS area of Surigao del Norte where there is no
baseline assessment of macroplastic pollution for its mangrove
forests. Understanding these local dynamics is critical for
developing targeted conservation strategies. Thus, the present
study aims to fill this gap by presenting the first baseline data on

macroplastic pollution in the SUCITAPPLAS mangrove
ecosystem.

MATERIALS AND METHODS

Study Area

The province of Surigao del Norte lies in the northeastern part of
Mindanao Island in the Philippines. Geographically, it is located
between latitudes 9°18' to 10°30' north and longitudes 125°15' to
126°15' east. As of the 2020 Census, there were 534,636 people
living in the province, with a land area of 1,952.62 km? (PhilAtlas,
n.d.). The population density is approximately 274 persons per
square kilometer, or 709 persons per square mile. The mainland
portion of the province has a variety of topography, including
rough, mountainous, and flat areas.

The study was conducted in the Municipality of Tagana-an and
Surigao City, Surigao del Norte. These shorelines face the
Philippine Sea, which is located east of the Philippine Archipelago
and is a marginal sea of the Western Pacific Ocean (Figure 1).

Site 1 is situated on Cobeton Island in Barangay Nabago, Surigao
City, close to coastal settlements that may have an impact on the
spread of plastic pollution. Site 2 is located on Lamangon Island, a
popular tourist destination with lots of visitors and regular leisure
activities. Site 3 is located beside a sizable river that flows through
a populous area. This area is expected to receive macroplastic
inputs from upstream sources, including industrial discharge, urban
runoff, and sewage effluents transported by the river into the
coastal system. Additionally, Site 4 is considered less disturbed
area, due to its distance from residential areas, famous tourist spots,
and major waterways, it is less susceptible to direct human
influences.
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Figure 1: Map of the Study Area. The upper left shows the map of the
Philippines indicating the location of Surigao del Norte. The upper right
displays the map of Surigao del Norte with marked sampling points. The
lower map provides a closer view of the specific sampling locations (S1-
Cobeton Island, S2-Lamangon Island, S3-Cobeton Island, and S4-
Bilabid Island).

Data Gathering Procedure

Sampling site establishment

The establishment of sampling sites was adapted from Paculba et
al. (2024). Using calibrated string/twine, each site was set up with
three (3) 100 m transect lines spaced 50 m apart and perpendicular
to the beach (Figure 2). Four quadrats measuring 10 m x 10 m and
spaced 20 m apart were used to lay each transect line. There were
12 quadrats that measured 10 m x10 m all in all.
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Figure 2: Sampling Layout

100m

Macroplastics collection

For the collection of macroplastics, this study adopted the methods
of Cappa et al. (2023); and Paculba et al. (2024). The macroplastics
(>25 mm in size) found on tree branches, roots, and mangrove floor
were collected exhaustively by hand picking and placed in sacks.
The macroplastic collection was done during low tide.

Macroplastics category and classification

All collected plastic litter was properly accounted, washed to
remove sediment, unfolded, and air-dried outdoors. Each item was
then weighted, measured, and categorized following Cappa et al.
(2023), Martin et al. (2019) and Paler et al. (2022).
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Macroplastics Polymer type identification

Following the method used in the study of Paculba et al. (2024) and
PlasticsEurope (2023), the polymer types were inferred based on
item application and typical polymer use. Due to their resistance to
corrosion, the majority of plastics were regarded as "persistent
materials" materials (Porta, 2021; Kasmuri et al., 2022; Stenzel,
2026).

Data Analysis

Composition of macroplastics

The following equation that was used to determine the percentage
composition of plastic litter was derived from the study of Abreo
et al. (2020) and Paculba et al. (2024):

¢ = (%)x 100
=\l=)Xx
N
where:
C = percentage composition (%) of a specific microplastic category

n;= total number of plastic items counted within that specific category
N = total number of plastic items collected across all categories combined

Abundance of macroplastics

The calculation of density of the plastic litter collected was based
on the study of Abreo et al. (2020) and Paculba et al. (2024) where
the total number of items collected was divided by the entire
sampled area. This result was expressed in no. of items/m?.

D= Ntotal
A

where

D = macroplastic density (items/m?)

Nuow= total number of plastic items collected

A = total sampled surface area (m?)

Clean Coast Index (CCI)

Alkalay et al. (2007) initially introduced the Clean-Coast Index
(CCI) as a method to measure the cleanliness of coastal areas. It
considered several variables, such as the quantity and type of
plastic litter found, as well as the degree of public awareness and
involvement in cleanup activities. This mathematical tool provides
a standardized metric that reduces subjective bias (Alkalay et al.
2007). To qualitatively evaluate each mangrove area's cleanliness,
the total amount of plastic litter collected during fieldwork was
examined using the CCI evaluation (Table 1).

ccl = Total number of plastic items on site

Total area of site

where:

CCI = Clean Coast Index value

Total plastic items collected = Total count of plastic litter found within the
transect

Total sampled area = Total surface area evaluated (m?)

K = Constant scaling factor equal to 20

Table 2: Macroplastics recorded across all sampling sites.

Table 1: The classification of Clean Coast Index (CCI)

Clean Coast Cleanliness Visual Assessment
Index Rating
02 Very Clean Very little debris is seen
2-5 Clean Little debris is seen over a
large area
5-10 Moderate A few pieces of debris can
be detected
10-20 Dirty A lot of debris in the
mangrove area
>20 Extremely Most of the mangrove area
Dirty is covered with plastics

Significant difference

To determine whether plastic accumulation differed significantly
between sampling sites, One-way Analysis of Variance (ANOVA)
was used as a statistical tool. To further determine the sites that
differed significantly, a Tukey post hoc analysis was carried out.

RESULTS

Composition and Distribution of Plastic

The results demonstrate the diversity and dominance of land-based
consumer waste in macroplastic pollution across all sampling sites.
A total of 346 plastic items were collected with a total weight of
9,002 g and cumulative measured length of 117,350 mm which is
an indication of a significant build-up of macroplastics across the
study area. The smallest macroplastics collected were a film
fragment (30 mm) in Condona Island and a foam fragment in
Bilabid Island, while the largest items by length was rope/netting
in Condona Island.

Plastic bottles, plastic bags, film fragments, foam fragments, and
food wrappers were the most common consumer-related materials
found in macroplastic across all sampling sites (Table 2). Film
fragments had the highest count, with 120 items (34.7%) weighing
999 g, followed by beverage bottles comprising 15.3% (53 items)
with an equivalent weight of 982 g, and plastic bags consisting of
14.7% (51 items) with total weight of 946 g. These categories were
present across all sampling sites. Fishing nets and gears has the
lowest count of 15 (4.3%) which recorded at Cobeton and Condona
Islands only.

It is interesting to note that fishing nets and gears had a high total
weight (11,130 g) despite having a very low count (n = 15, 4.3%).
This implies that, despite being less common, heavier and likely
bulkier plastic materials contribute disproportionately to the total
plastic load.

In terms of macroplastic distribution, among the 7 types identified,
Condona and Cobeton Islands recorded all types, followed by
Lamangon Island with 6 types, while Bilabid Islands only recorded
5 types of macroplastics. Cutlery, fabric fragments, and fishing nets
and gears were recorded only in Cobeton and Condona Islands,

Types of Plastic Count Composition (%) Weight (g) Size (mm)

Film Fragments 120 34.7 999 38,610
Plastic bags (opaque & clear) 51 14.7 946 25,440
Plastic Beverage Bottles 53 15.3 982 11,860
Food Wrappers 42 12.1 179 7,650
Foam Fragments 22 6.4 721 4,180
Fishing Nets & Gears” 15 4.3 1,415 18,130
Other Plastic Debris” 43 12.5 3,760 11,480

TOTAL 346 100.0 9,002 117,350

a Combined category representing commercial/municipal fishing nets, lures, traps, pots, and synthetic line weights.
b Unified category for minor compositions (<5% individual frequency) including personal care product packaging, plastic utensils/cutlery, single-

use food pack containers, fabric fibers, and fiberglass fragments
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The composition of macroplastics was site-specific and greatly
influenced by surrounding environmental and anthropogenic
factors. Cobeton Island (Figure 3A), situated near a community,
showed a balanced distribution of plastic bottles, bags and film
fragments, indicative of continuous input from household waste.
Plastic bags were dominant at Lamangon Island (Figure 3B), a
tourism site, pointing to high consumption of single-use plastics
among the visitors. Condona Island (Figure 3C), located by a river
mouth, showed a high proportion of film fragments, indicating
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accumulation and degradation of plastics transported from
upstream sources. In contrast, the least disturbed area, Bilabid
Island (Figure 3D) still had significant plastic debris, indicating
indirect transport via natural processes. Generally, the results
emphasize the combined effect of human activities and
on the

environmental transport processes distribution of

macroplastics.
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Figure 3: Composition of macroplastic litter in each site of SUCITAPPLAS. A. Cobeton Island, B. Lamangon Island, C. Condona Island, D. Bilabid

Island

Abundance of Macroplastics

Macroplastic abundance varied across the four sampling sites,
suggesting site-variations level in pollution levels and potential
plastic input sources. The overall counts and densities varied
considerably even though all sites had the same sampled area
(1,200 m?), indicating that local conditions have a substantial
impact on plastic accumulation.

In terms of abundance and mass density, given the sampling area
of 1,200 m? per site, Condona Island recorded the highest count
density of 0.18 items/m? and the highest number of macroplastics
(n=219) among all sampling sites (Table 3). With a mean of
15.64423.65, it also showed the highest variability, indicating an
unequal distribution of macroplastics within the site. River inputs
that carry plastic debris may be the cause of its high abundance.
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The high standard deviation indicates that plastics are concentrated
in specific areas, which may be impacted by geography, wind
patterns, or water flow.

On the other hand, Lamangon Island recorded the lowest
macroplastic count (n = 26) and density of 0.02 items/m? with a
relatively low mean (2.00+£2.66). This suggests a comparatively
cleaner environment, lower plastic inputs, better waste
management, or more effective natural flushing. The lower
variability further indicates a more even distribution of plastics
across the site.

Table 3: Abundance of Macroplastics recorded per site.

The macroplastic abundance was moderate for both Cobeton Island
and Bilabid Island. The Cobeton Island had 64 items (0.05
items/m?) and a mean of 4.57+4.97, while the Bilabid Island had
37 items (0.03 items/m?) and a mean of 2.6443.29. These values
indicate that plastic pollution is present in both sites but in lower
intensities than Condona Island. The standard deviations are
moderate and show some variability in distribution but not as
marked as in Condona Island.

Total Area Density

Site Features Total Count (m?) (items/m?) Mean + SD
Cobeton Island Near coastal communities 64 1,200 0.05 4.57+4.97
Lamangon Island High tourism 26 1,200 0.02 2.00 +£2.66
Condona Island Near a large river flowing 219 1,200 0.18 15.64 +23.65
through an urban area
Bilabid Island Less disturbed area 37 1,200 0.03 2.64+3.29

Polymer Classification

The identified macroplastic debris comprised various major
polymer types with notable differences in their abundance.
Polyvinyl chloride (PVC) recorded the highest count (n = 120),
suggesting its considerable presence in the study area. PVC is
usually found in construction materials, pipes, and packaging, this
indicates that infrastructure-related waste materials and urban run-
off both contributed to its occurrence (Figure 4).

High-density polyethylene (LDPE), polyethylene terephthalate
PET), and polypropylene (PP) also occurred frequently. The
prevalence of these materials in single-use packaging such as
plastic bags, sachets and food wrappers suggests that consumer-
related waste is a significant contributor to macroplastic pollution
in the area.

The contribution of takeout and food service activities is indicated
by the presence of Polystyrene (PS), which is usually found in foam
packaging and disposable food containers. Its relatively moderate
count is a reflection of its widespread use, and its tendency to
fragment into smaller particles.

On the contrary, Polystyrene (PS) and Nylon (polyamide, PA) were
found in lower quantities. Materials such as styrofoam and
insulator boards are typically made up of polystyrene. Nylon is
most commonly associated with fishing gear and synthetic textiles.
They may be discarded less often because they are less abundant,
or they may be more persistent and less likely to break down into
observable macroplastic debris.

The “Others” category indicates the occurrence of less common
composite materials, such as multi-layer plastics, in which
classification into a single polymer group is difficult. These
materials are usually persistent and non-recyclable, complicating
waste management. Results show that the majority of macroplastic
types consist of common thermoplastics, especially those used for
packaging and short-term consumer applications. This emphasizes
the major role of improper waste disposal, excessive use of single-
use plastics and ineffective waste management systems in creating
environmental pollution. Moreover, the high abundance of light
polymers (e.g., HDPE, PET, and PP) indicates that buoyancy and

Polypropylene
20%

m Polyvinyl Chloride
m Polyethylene Terephthalate

m High Density Polyethylene
Polypropylene

m Polystyrene

m Other Plastics

m Epoxy resin

Figure 4: Polymer percentage composition of macroplastics collected
from all sampling sites

Clean Coast Index (CCI) Analysis

As shown in Table 4, Cobeton Island (1.07), Lamangon Island
(0.43), and Bilabid Island (0.62), based on the computed CCI are
classified as “very clean”, while Condona Island with CCI value of
3.65, is classified as “clean”. Despite the fact that coastal litter
levels were typically low at all sampling sites, Condona Island had
a comparatively higher CCI score indicating more macroplastic
accumulation in the island compared to other islands in the area.

Table 4: Cleanliness rating per sampling site

transport processes (i.e., wind and water currents) affect their Total Total Cleanliness
distribution and accumulation in the study area. Sampling site  macroplatic Area CCI Ratin
count (m?) g
Cobeton Island 64 1,200 1.07  Very clean
Lamangon 26 1,200 0.43  Veryclean
Island
Condona Island 219 1,200  3.65 Clean
Bilabid Island 37 1,200 0.62  Very clean
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Comparison of macroplastic density across sampling sites

A one-way analysis of variance (ANOVA) was performed to
ascertain significant differences in macroplastic abundance across
the four sampling sites (Table 5). The results showed a statistically
significant difference between the sites (F = 6.8, p < 0.001).
Condona Island had significantly higher microplastic abundance
than in Cobeton, Lamangon, and Bilabid Islands. This is probably
because it is close to a river mouth, which is a major conduit for
debris transported from upstream areas.

Table 5: One-way analysis of variance results for macroplastic counts
among sites

Sampling site Count  Mean +SD F- p-
value  value
Cobeton Island 64 7.11+4.82 6.8  <0.001
Lamangon Island 26 325+2.73
Condona Island 219 24.33 +£25.79
Bilabid Island 37 6.17+3.02

The result showed that macroplastic accumulation among sites was
significantly different thus, a Tukey HSD post hoc test was
conducted to determine which specific sites were different while
keeping Type I error in check (Table 6).

Table 6: Tukey post hoc result

Mean :
Site (1) Site (2) Difference p Decision
value
a-2)
Not
Cobeton ~ Lamangon 2.71 >0.05 .
significant
Cobeton Condona -11.07 <0.05 Significant
Cobeton  Bilabid 193 >005  Not
significant
Lamangon  Condona -13.78 <0.05 Significant
Lamangon  Bilabid 078 005 . N
significant
Condona Bilabid 13.00 <0.05 Significant

After the one-way ANOVA, a Tukey HSD post hoc test was done
to find out which sites were significantly different from each other.
The results indicated that Condona Island exhibited a significantly
greater macroplastic abundance than Cobeton, Lamangon, and
Bilabid (p < 0.05). Nonetheless, no significant differences were
detected among Cobeton, Lamangon, and Bilabid, suggesting
comparable levels of macroplastic accumulation across these
locations.

DISCUSSION

The function of mangrove forests as effective retention zones for
large plastic materials was demonstrated in this study through the
presence and buildup of macroplastic in the mangrove ecosystem.
Mangroves' complex root systems make it easier for plastic waste
to be retained (Kathiresan & Bingham, 2001), which can then act
as a long-term source of contamination in coastal food webs (de
Oliveira Barbirato & Ferreira, 2021). Recent research by Navarro
et al. (2023) stressed the presence of microplastics in bivalves
inhabiting mangrove ecosystems, highlighting the possible
ecological and human health consequences as well as the
possibility of trophic transfer. As macroplastics undergo
progressive weathering and fragmentation, the presence of these
materials in mangrove environments is also ecologically
significant. Over time, macroplastics are broken down into smaller
pieces by physical, chemical, and biological processes such as UV
radiation, wave action, and microbial activity, which ultimately
result in the formation of microplastics (Yang et al., 2022; Zafiu et
al., 2023; Liro et al., 2023).

Moreover, this study's findings show that, despite variations in the
surrounding land use and human disturbance, macroplastic

pollution is found in all four mangrove sites. Site-specific
variations in plastic abundance, mass density, and composition
were a result of local human activity, hydrological processes, and
environmental exposure. This conforms to the study of Fong et al.
(2023) which recognized that the retention of land-based
anthropogenic litter and trapping sea-based litter carried ashore by
tidal and wave action were probably the causes of the high densities
of macro-litter in the mangrove forests. Nonetheless, the fact that
plastic waste is consistently present at every location emphasizes
the essential function of mangrove forests as efficient catchment
systems for plastic waste (Adyel & Macreadie, 2021; Cerri et al.,
2025).

Condona Island, which is near a large river that runs through an
urban area, had the most plastic and the highest mass density of all
the sites. The study of Cappa et al. (2023) in Cebu, Philippines
specified that variability in plastic pollution was explained by
landscape context, with mangroves in riverine environments
having more plastic than those along the open coastline and
proximity to rivers increasing plastic weight and abundance. Local
and land-sourced litter varieties, like sachets and plastic bags,
dominated the plastic market.

Moreover, the presence of fishing-related materials suggests that
marine-based activities are also adding to the problem. Condona
Island which has the most abundant macroplastic with all the 14
types present in that area, suggests that this site has become a
catchment of macroplastics from both land- and water-based
sources, which causes the build-up in the mangrove forest. The fact
that the area is near big river, riverine inputs are a big part of how
plastic litter gets to the mangrove forest. Once plastics get to the
coastal zone, they are easily trapped in the complex root systems
of mangroves (He et al. 2024), which means they can build up even
when there isn't much human activity nearby.

Cobeton Island, where the mangrove area is near coastal
communities, also had a considerable number of plastic items,
though it is way lower than the study of Van Bijsterveldt et al.
(2021) in Java, Indonesia. The fact that plastic items like beverage
bottles, plastic bags, food wrappers, and cups are the most common
types of plastic at this site suggests that a lot of plastic comes from
trash from nearby settlements. Likewise, Ubulom et al. (2023)
confirmed that huge amounts of plastic bottles and sachets in the
coastal area of Southeastern Nigeria were influenced by nearby
communities. Moreover, Acot et al. (2022) asserted in the study in
the beaches of Sarangani Bay that the density of macroplastic litter
on urban beaches was found to be double that of rural beaches.

Lamangon Island, which is known as a tourist destination, had the
lowest amount of plastic and mass density of all the sites. Fewer
plastic items were observed, but there were still plastics related to
consumers, like food wrappers, cups, and beverage bottles. During
the sampling activity, signages around the area about proper waste
management was noticed, as well as trash bins were installed
strategically around the area. This was probably one reason why
least macroplastics were collected in the area. Similarly, Cornejo
et al. (2026) indicates that there may be other reasons for the high
concentration of macroplastics in mountainous regions with very
low population densities and high tourist throughout the winter and
summer. On the contrary, Khadanga et al. (2022) emphasized that
beachgoers or tourists are the main contributors to plastic pollution
in the Gopalpur coast in the study during the post lockdown of
Covid-19 pandemic. Further, Paulus et al. (2020) stated that plastic
waste makes up most of the marine debris in the mangrove
ecotourism area.

Bilabid Island, which was thought to be the least disturbed site, still
had plastic trash on it, even though there wasn't much human
activity nearby. The macroplastic litter collected in the area were
mostly found on the roots and floor of the mangrove ecosystem.
Dalu et al. (2025) affirmed that the accumulation and distribution
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of macroplastics even in the least disturbed but vegetated areas
could be driven by natural processes like rainfall and wind. Further,
Gallitelli and Scalici (2024) found that higher plastic densities on
vegetation than in adjacent water areas. The accumulation of
wastes in the intertidal zone can be attributed by waves and current
movements (Nevandhra et al., 2025) that could disperse and
spread-out waste to some other areas. This finding shows that
plastic pollution is not just a problem in one place; it can also affect
areas that are far away or not disturbed as much because of
regional-scale transport processes.

Plastic debris was consistently documented in mangrove forests
across all four sites, regardless of variations in proximity to
communities, tourism, river mouths, or disturbance levels. This
pattern strongly supports the idea that mangroves are natural traps
for plastic waste (Cerri et al. 2025; Kesavan et al. 2021). Mangrove
ecosystems have extensive aerial root systems (Srikanth et al.,
2016), pneumatophores (Numbere & Camilo, 2022), and low-
energy hydrodynamic conditions (Kazemi et al., 2020) that slow
down the flow of water and promote the retention and settling of
macroplatic debris. Further, mangroves have the ability to stop
plastic pollution from spreading into nearby marine environments
by intercepting debris, giving them a dual role as an ecological
sanctuary and likely a pollution sink (Navarro et al., 2023).

The mangrove structure retained both light items (like plastic bags
and wrappers) and heavier debris (like fishing gear and containers).
This shows that mangrove forests can hold onto plastics of different
sizes and densities (Martin et al. 2019). Over time, plastics that are
trapped may break down under environmental exposure (Dey et al.
2024). This adds to the plastic fragments that are seen at different
sites. This trapping function may limit the immediate spread of
plastics to nearby marine habitats, but it also leads to the long-term
buildup of plastic waste in mangrove ecosystems (van Bijsterveldt
et al. 2021), which could harm the plants and animals that live
there.

The buildup of plastic trash in mangrove forests has important
environmental implications. Trapped plastics can cover sediments
(Martin et al. 2019), change the properties of the soil (Kumar et al.
2007), and stop roots from growing (van Bijsterveldt et al. 2021),
which could impair the growth and regeneration of mangroves.
Fishing-related trash is especially dangerous because it can get
caught in mangrove roots and hurt animals that live there. The
observed fragmentation of plastics in mangrove environments
indicates that these habitats may serve as secondary sources of
microplastics (Cappa et al., 2023; Maghsodian et al., 2022), which
can be reintroduced into coastal waters during high tides or storm
events.

CONCLUSION AND RECOMMENDATIONS

This study provides baseline data on macroplastic pollution in the
mangrove ecosystems in different islands within SUCITAPPLAS.
The findings show that macroplastic debris (>25 mm) is present
across all sampling sites. Variations in abundance and Clean Coast
Index (CCI) values show that conditions are generally "very clean"
to "clean," but also show persistent plastic pollution. The
predominant categories were film fragments and typical consumer-
related plastics (such as bags, bottles, and wrappers), indicating the
impact of daily human activities. Although these patterns are based
on observed distribution data without direct measurement of
transport or hydrodynamic drivers, spatial differences among sites
suggest that locations with greater human activity area likely to
exhibit higher macroplastic loads. The study area's mangrove
ecosystems serve as sinks for macroplastic waste, underscoring
their susceptibility to continuous plastic buildup and the possibility

In order to track changes in abundance, composition, and spatial
distribution over time, it is recommended to regularly monitor
macroplastic pollution in mangrove ecosystems. To lessen land-
based plastic inputs, localized waste management initiatives should
be intensified, especially in Cobeton and Lamangon Islands. To
address improper plastic disposal practices, community-based
coastal cleanup initiatives and environmental awareness campaigns
are also recommended.

To further understand transport pathways, fragmentation
processes, and ecological impacts, future studies should combine
hydrodynamic modeling with macro-and microplastic analysis.
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