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ABSTRACT

Microplastic pollution has become an urgent threat to marine ecosystems, but its effects on coral reefs, especially
in highly biodiverse areas such as the Philippines remain largely unknown. This is the first report on the microplastic
contamination in the coral reef ecosystem in Lawigan, Bislig, Surigao del Sur, Philippines. Seawater, sediment,
fish, and corals (including Acropora and Pocillopora species) were analyzed for microplastics according to
standardized methodology. These samples were subjected to chemical digestion (10% KOH), density separation
(NaCl), and filtration, and the particles were characterized by microscopy and FTIR spectroscopy. Seawater was
noted to contain 60 microplastic particles (0.17 MP particles m?) with the dominance of polypropylene (PP,
21.7%) and polyethylene (PE-HD, 18.3%), and 83.9% of reef fish had microplastics in their digestive tract (mean:
1.5 particles/individual), with films and fibers being the most prevalent shape. Corals contained up to 5 particles/
individual, including particles embedded in tissues, whereas reef sediments contained larger fragments (>1000
pm) at 0.037 particles g'. The dominance of fishing gear polymers (PP/PE) suggests local anthropogenic
origins. The microplastics in Philippine coral reefs may add to the burden on these ecosystems, which are
already in danger from climate change and overfishing. This study sets baseline data that can be critically used
to reduce the impact of anthropogenic factors (such as the use of non-eco-friendly fisheries practices) and to
promote community-based monitoring.
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The increase in plastic pollution has become
one of the greatest environmental concerns of
the 21st century, and microplastics have been
recognized as a major and widespread threat to
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marine ecology. Microplastics are conventionally
defined as particles <5 mm in size (Arthur et al.,
2009; GESAMP, 2015). They are commonly
categorized by shape, including fibers, fragments,
films, beads, and foams, which can originate
from several sources such as textiles, packaging,
fishing gear, and consumer products (Cowger
et al., 2020; Hidalgo-Ruz et al., 2012). These
particles are formed by processes such as
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the degradation of larger pieces of plastic, the
shedding of synthetic fibers from clothing, and
the release of microplastics from personal care
products (Ashrafy et al., 2023). Once in the ocean,
microplastics are virtually impossible to remove,
being eaten by a variety of marine creatures,
from plankton to whales (Burkhardt-Holm and
N’'Guyen, 2019; Torres et al., 2023). One of the
most vulnerable but least studied of these is coral
reef systems, which are susceptible to ongoing
threats such as climate change, overfishing, and
ocean acidification (Reichert et al., 2019).

Corals, the primary framework builders of
the coral reefs, are no exception to microplastic
pollution (Reichert et al., 2021). Corals are
particularly susceptible to microplastic exposure
due to several biological and ecological traits
(Rades et al., 2022). Their particle-capture feeding
behavior increases the likelihood of their accidental
ingestion of suspended microplastics that mimic
natural prey (Hankins et al., 2022; Reichert
et al.,, 2024). Being sessile organisms, corals
are unable to avoid exposure in contaminated
waters. Moreover, corals produce mucus that
can act as an adhesive surface, enhancing
microplastic entrapment and ingestion (Hierl
et al., 2021; Reichert et al., 2019). Such ingestion
could impair these organisms in multiple ways,
from the direct interference with internal feeding
and digestive structures (e.g., obstruction of the
gastrovascular cavity and abrasion of tissues) to
altered functions such as reduced feeding rates,
depletion of energy reserves, increased mucus
production, and, in severe cases, necrosis of
tissue and deformation of the skeleton (Chapron
et al., 2018; Corinaldesi et al., 2021; Isa et al,,
2025; Pantos, 2022). Moreover, microplastics
might carry toxic compounds or pathogens,
causing additional threats to coral health (Soares
et al.,, 2020). Such stressors can negatively impact
coral colonies and reef resilience and biodiversity
(Soares et al., 2020).

Coral reefs have faced growing pressure from
microplastic pollution (Rahman et al.,, 2023).
Research in areas such as Australia, Indonesia,
and the Maldives has confirmed the presence
of microplastics in the sediments, tissues, and
overlying waters of coral reefs on various levels
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of scale (Islam et al., 2023; Patti et al., 2020;
Raguso et al., 2022). These investigations have
highlighted the need to understand the impact
of microplastics on corals, particularly in areas
in which coral reefs are critical to ecological
health and local economies. However, despite
these developments, the degree of microplastics
pollution on many tropical coral reefs remains
poorly understood, including in archipelagic
nations such as the Philippines.

As a country right at the center of the Coral
Triangle, the Philippines hosts one of the most
diverse and largest coral reef systems, which
provide livelihood to millions of people via
fisheries, tourism, and coast protection (Licuanan
et al., 2019). Yet, their existence is continuously
challenged by plastics, with the Philippines being
one of the top marine plastic polluters in the world
(Arumdani et al., 2021; Mai et al., 2023a). Although
research has shown evidence of microplastics in
coastal sediments, water columns, and marine
organisms such as fish and mollusks (Espiritu
et al., 2019; Osorio et al., 2021), reports about
microplastic contamination in corals from the
Philippines have been scarce.

This lack of understanding represents a critical
barrier to determining the extent to which local
plastic pollution pressures translate itself into reef
impacts. Without knowledge of how much of this
material is present in coral tissue or reef sediments
to start with, it is challenging to make interventions,
and it will be impossible to gauge the effectiveness
of the waste interventions in place. Moreover,
the lack of coral-specific microplastic research
may underestimate the extent of the threat and,
consequently, the effectiveness of conservation
strategies, ultimately undermining the resilience
of the coral ecosystem in the face of multiple
stressors (Good and Bahr, 2021).

This research describes the first known
evidence of microplastics in Philippine corals,
focusing on the coral reef ecosystem of Lawigan,
Bislig, Surigao del Sur. Situated within the
globally significant Coral Triangle, this reef
system is ecologically important; yet it remains
understudied. This study aimed to (i) identify and
quantify microplastics in coral tissues of Acropora,
Porites, and Favia species and (ii) examine their
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distribution in associated reef compartments,
including seawater, reef fishes, and sediment.

This report, along with other studies that show
the ubiquity of microplastics in tropical ecosystems
in the Philippines, adds to the accumulating
evidence that microplastics configure an emerging
and daunting global threat to reef ecosystems.
Most significantly, this highlights the importance of
integrated evidence-based research in improving
our understanding of microplastic impacts on coral
reef ecosystems and the associated communities
that depend on them.

Scleractinian coral colonies were obtained
from three common reef-building genera
(Acropora, Porites, and Favia) in Lawigan Reef,
Bislig, Surigao del Sur, Philippines—a habitat
in the Coral Triangle with high biodiversity and
rapidly increasing anthropogenic influence. The
sampling sites were located at the following
coordinates: 8.233851° N, 126.423710° E;
8°14'05" N, 126°25'33" E; 8°13'563" N, 126°25'23"
E; and 8°13'54” N, 126°25'21” E. Sampling was
carried out in June 2023 under license from
the Department of Environment and Natural
Resources, Philippines, and local authorities.
Colonies were sampled at depths from one to sixm
via SCUBA and the anterior five-seven fragments
were carefully clipped from colonies identified as
healthy based on the absence of visible tissue
necrosis, bleaching, or excessive algal overgrowth
following sterilization of stainless-steel chisel.
Fragments were carefully placed in identified
sterile glass containers and/or in aluminum foil
to avoid contamination with man-made materials.
Simultaneous collections of nearby seawater, reef
fish, and benthic sediments samples were made
as environmental reference samples. Seawater
samples (1L) were collected 0.5 m above coral
colonies using pre-rinsed glass bottles, filtered
through 25-um mesh plankton nets. Reef fish
specimens were captured using hand nets within
the reef area and immediately placed on ice.
Benthic sediment samples were collected from the
seafloor in immediate proximity to sampled coral
colonies (within 5 m radius). Using a stainless-
steel shovel, sediment was gathered from the top
5-10 cm of the seafloor. In total, three replicates
of approximately 300 g each were collected. All
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samples were packed in ice-chilled containers and
stored at -20°C in the laboratory.

Coraltissues were separated from the skeletons
with filtered seawater and dried as suggested
by the reported procedure (Dehaut et al., 2016)
with 500 mL 10% KOH (three-five days at room
temperature). The solvent was then heated (40 °C,
40 h) with occasional stirring to desorb skeletal-
bound microplastics according to a reported
protocol (Ding et al., 2019). Filtered samples were
acetone-dried on a fiberglass filter (GF/F) and
subjected to density separation in a NaCl solution
(1.2 g/cm?). The buoyant fraction was re-filtered
and re-analyzed for a fraction of the skeletons,
which were dried at 60°C. Their surface area
was calculated by the simple geometry method in
a previously described protocol (Naumann et al.,
2009) to standardize microplastic abundances for
coral surface area.

Seawater (1 L) samples were vacuum filtered
in pre-combusted GF/F filters (0.7 um) that were
dried and stored on Petri dishes. Sediments (500
g) were dried in an oven at 90°C for 24 h, sieved
using a five-mm sieve, and digested in 10% KOH
(150 mL, 40°C, 40 h) (Felicitas et al. 2025; Karami
et al. 2017; Keleste et al., 2025). The supernatant
was thrice subjected to density separation in NaCl
(1.2 g cm3, 24 h) (Claessens et al. 2013). The
entire floating fraction was collected onto GF/F
filters for subsequent microscopic and FTIR
analysis.

Reef fish sampling was conducted at the same
sites as the coral collection. A total of 30 specimens
were collected using hand casting fishing nets,
including the following species: Scarus sp., Siganus
sp1., Siganus sp2., Acanthurus sp., Scolopsis sp.,
Lutjanus sp., Chlorurus sp., Ctenochaetus sp.,
and Naso sp. The gastrointestinal tract (GIT) of
the sampled fish was dissected and soaked in
10% KOH at a volume four-times the weight of
the GIT) for three-five days (Lusher et al., 2015).
The digested solution was then vacuum filtered to
extract ingested microplastics.

Sediment samples were oven-dried at 90 °C
for 24 h and weighed using a pre-weighed glass
beaker. The dried samples were sieved through a
5-mm stainless-steel mesh to remove large debris.
The particles retained on the sieve were discarded.
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The sieved sediment then underwent digestion of
organic matter according to the method by Karami
et al. (2017). After digestion, the supernatant was
decanted and vacuum filtered. It should be noted
that drying sediment samples at 90 °C may affect
heat-sensitive microplastic particles, potentially
altering their abundance or characteristics.
Future studies may consider using lower drying
temperature or alternative drying methods to
minimize these effects.

Density separation was conducted with a
saturated NaCl solution, and the supernatant
was collected after filtration of the suspected
microplastics through Whatman GF/F filters using
a vacuum filtration system (Banda et al., 2024).
The filters were washed with distilled water and
dried in an oven at 40°C until completely dry. All
filtered particles from coral, seawater, reef fish,
and benthic sediment samples were examined
under a stereomicroscope, and the suspected
microplastics were identified, counted, and sorted
by shape, color, and size, with a lower size
threshold set at 1.0 um. For polymer identification,
particles were analyzed by Fourier-transform
infrared (FTIR) spectroscopy.

Microplastic particles isolated from seawater, fish
GIT, sediments, and corals were evaluated under a
stereomicroscope (iIScope Series Euromex, Holland)
at 10x—40x magnification. Then, these particles
were gently prepared with forceps or needles
onto clean glass slides, labeled, and prepared for
polymer confirmation by FTIR spectroscopy. Their
dimensions were measured using a microscope with
a camera, and particles were classified according to
shape and color, as in Hidalgo-Ruz et al. (2012). The
initial identification was visually done, as in Norén
(2007). Then, the FTIR analyses were carried out to
assess the type of polymer.

Procedural controls were implemented,
including glass containers, ethanol-cleaned
workstations, and cotton/nitrile personal protective
equipment. All experiments were performed
as quickly as possible to minimize exposure to
airborne microplastics. Moreover, three procedural
blanks were analyzed to detect potential
contamination during the preparation and analysis
of the samples.

Microplastics in a coral triangle reef system

Microplastic pollution in coral species in
the Lawigan Reef, Bislig Bay, Philippines, was
detected. Among the analyzed coral species,
Pocilloporaand Acroporacontained microplastics,
whereas no particles were detected in Favia.
Pocillopora sp. showed more contamination,
with a mean value of five microplastic particles
per individual (1.3 items g dry coral tissue),
mainly fibers (n = 4) and one fragment. Black
fibers were the most abundant (three of five
particles). In contrast, Acropora sp. contained a
single microplastic particle, which was identified
as a film. By FTIR spectroscopy, the identified
polymers were rayon and polytetrafluoroethylene
(PTFE) in microplastic particles collected
from Pocillopora sp., and polyethylene (PE) in
Acropora sp. (Figure 1). The presence of rayon,
PTFE, and PE, usually associated with cookware,
textile, and packaging material, suggests
predominantly local land-based urban sources
(Zambrano et al., 2019; Qiu et al., 2020) such
as domestic sewage (Mai et al., 2023b; Xu et al.,
2021) and fishing debris (Samal et al., 2024) .
This implies that household and small-scall
fisheries are relevant microplastic (MP) sources
in coastal areas. Lawigan, along the eastern
coastline of Mindanao, is characterized by
human settlements and tourism-driven economic
activities. Evidence from comparable coastal
environments indicates that plastic inputs in such
settings are frequently associated with surface
runoff, mismanaged waste, and recreational or
fishing activities (Abreo et al., 2020; Escafan
et al., 2025; Perpetua et al., 2025). Therefore,
it is plausible that the observed microplastics in
the corals from Lawigan reflect a combination of
these anthropogenic sources.

While it is renowned for its pristine white sand
beaches and clear waters (making it a popular
destination for locals and tourists), its proximity
to human settlements and economic activities
contributes to  microplastic  contamination.
Anthropogenic sources include runoff from nearby
communities, improper waste disposal, and
direct deposition from fishing and tourism-related
activities. These contributors likely play a part in
the presence of microplastics in the area.
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Figure 1. Morphotypes of microplastics identified in coral fragments. (a) Distribution of microplastic colors (transparent, red,
and black) across morphotypes (fiber, fragment, film) and coral species (Pocillopora sp. and Acropora sp.). (b) Distribution of
microplastic polymer types (Rayon, Polyethylene, and Polytetrafluoroethylene) among morphotypes and coral species. Data
are presented as the mean absolute count of microplastics per species.

The abundance and morphotypes of
microplastics in seawater, fish GIT, and sediment
samples are shown in Figure 2. A total of 60
microplastic particles (0.17 MP particles m?) were
observed in the seawater samples of Bislig Bay.
Filaments (33.33%) and fibers (31.67%) were
the most prevalent morphotypes among these
microplastic particles, followed by fragments
(26.37%) and films (8.33%). White-colored
particles were the most predominant (31.67%),
followed by red (28.33%), black (20%), and
green (13.33%). Polymer composition analysis
shows that the most abundant polymer was
polypropylene (PP; 21.67%), followed by high-
density polyethylene (PE-HD; 18.33%) and
polyethylene terephthalate (PET, 11.67%).
Most (64.8%) particles spanned 20-330 pum,
suggesting a large fraction of fine microplastic
particles in the water column. These results
indicate widespread contamination, with potential
sources including fishing gear deterioration, textile
fibers, and domestic plastic waste. Such origins
are consistent with observations in other tropical
marine environments (Baalkhuyur et al., 2018;
Hansani et al., 2023; Sulistiowati et al., 2023).

A total of 26 (83.9%) of the 30 analyzed reef
fish were positive for ingested microplastics,
and 45 microplastics were found in their GITs.
Films (42.22%) and fibers (33.33%) constituted
the most common ingested morphotypes, the
prevalent colors of which were brown (31.11%)
and white (28.89%). FTIR analysis confirmed that
PP (40%) and PE-HD (15.56%) were the common

polymers. The color of microplastics may influence
coral interaction as certain hues could resemble
planktonic prey and increase ingestion likelihood
(Hierl et al., 2021). High uptake and morphotype
diversity indicate the bioavailability of microplastics
in reef habitats, which adds to concerns over
possible trophic transfer and sublethal physiological
effects on reef-associated organisms. While this
study directly assessed no physiological effects on
reef-associated organisms, its findings agree with
reports from other coral reef systems, in which
microplastic ingestion has been linked to altered
feeding behavior and intestinal damage in fish
(Costa et al., 2023; Justino et al., 2023; Santana
et al., 2021).

An average of 50 microplastic particles was
recorded in the reef sediment samples at a mean
concentration of 0.037 items g~'. Plastics distribution
in the sediment microplastic profile was dominated by
films (64%), followed by fibers (28%) and fragments
(8%). The most common colors were brown (50%)
and white (22%). PP (44%) was still the dominant
polymer type, followed by PE (12%) and rayon
(12%). In particular, 66% of particles were greater
than 1000 pum, indicating that sediment serves as a
sink for macro-sized microplastics via hydrodynamic
settling and finite mobility.

The relatively similar distribution of particulate
types across the sampling sites suggests that
diffuse and chronic pollution loads may be
important contributors. These patterns could be
influenced by discharges from human settlements
along the coast and uncontrolled solid waste
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dumping, although further statistical analysis
would be required to confirm spatial homogeneity
and establish stronger linkages.

The presence of microplastics in
Pocillopora sp., a key reef-building coral, is
particularly alarming. Fibers, due to their shape and
persistence, can become tangled with or abrasive
to coral tissue, impede photosynthetic efficiency
of the coral’'s symbiotic algae, and become a
vector for deleterious microorganism (Lamb et al.,

Microplastics in a coral triangle reef system

2018). Moreover, PP, which is identified as the
most dominant polymer in the samples in this
study, has been shown to alter coral-associated
microbial communities, potentially weakening their
resistance (Isa et al., 2023). The presence of
microplastic particles within coral polyps not only
indicates environmental pollution but also imposes
direct biological stress on the corals, independent
of other chronic stressors such as elevated sea
surface temperatures and ocean acidification.

Figure 2. Abundance and type of microplastics extracted from (a) reef seawater, (b) reef fish GIT, and (c) reef sediment samples
at three points along a transect: Point 1 (start), Point 2 (middle), and Point 3 (End). The data are shown as the absolute counts

of confirmed microplastics by morphotype for each sample type.

This study established the presence of
microplastic contamination in Philippine corals for
the first time, which occurred in the Lawigan coral
reef ecosystem. The presence of microplastics
across seawater, fish, sediment, and corals
implies the contamination of various environmental
compartments. Besides, the abundance of polymer
types, including PP, PE, and PE-HD, which are
commonly used in fishing equipment, packaging,
and textile products, further supports the notion that
local anthropogenic sources from offshore activities
play a significant role as a major source. The
occurrence of microplastics in reef organisms also
lends weight to the possibility of an ecosystem-level
impact via bioaccumulation and trophic transfer.

These results emphasize the immediate
requirement for solutions with integrated
pollution management, ranging from waste
minimization at source and coastal sanitation to
a more rigorous implementation of regulations
regarding the disposal of plastics. Although
additional studies are certainly needed to better
evaluate long-term ecological impacts and the
modes of action of MP toxicity in reef organisms,
this study provides a starting point for future
monitoring and policy development. Its evidence
should encourage preemptive measures by
local governments and communities to secure
one of the richest and most threatened marine
resources in the Philippines.
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