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Abstract 

Marine plastic debris increasingly threatens coral reefs, yet the potential of 
tropical reef-dwelling filter feeders as microplastic biomonitors remains untested 
in the Coral Triangle, the global center of marine biodiversity. This study aimed 
to describe the benthic cover condition, identify microplastic characteristics 
and abundance in surface water and sediment, quantify microplastic occurrence 
within the body of the ascidian P. aurata, and compare microplastic abundance 
and composition among compartments and between stations. Sampling was 
conducted at two stations selected to differ in proximity to a river mouth, 
hereafter referred to as Near-River and Far-River, at Malalayang Beach, 
North Sulawesi, Indonesia. At each station, five replicate samples of surface 
water, five replicate samples of sediment and three P. aurata specimens were 
collected (total n = 10, 10, and 6, respectively). Benthic cover was assessed by 
underwater photo transect, while microplastics were extracted by wet peroxide 
oxidation, density separation, and alkaline digestion, then characterized by 
stereomicroscopy and ATR-FTIR and compared using independent t-tests, Bray-
Curtis similarity, and Sorensen indices. Hard coral cover was poor near the river 
(8.6%) and fair (26.5%) far from the river. Microplastic abundance reached 838 
and 790 n m⁻³ in water, 390 and 118 n kg⁻¹ in sediment, and 11.17 and 7.50 n 
ind⁻¹ in P. aurata at the Near-River and Far-River stations, respectively; only 
sediment differed significantly. Fibers dominated all compartments (76 to 97%), 
and synthetic elastomers and polyester were the main polymers. Microplastic 
was consistently found in P. aurata, with composition similar to that found in the 
ambient environment. Microplastic contamination at Malalayang was recorded 
across all three compartments. P. aurata consistently contained microplastics, 
positioning it as a candidate biomonitor requiring broader validation. Broader 
multi-station, multi-season validation with larger samples is recommended.
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1. Introduction
	 Marine plastic debris has become a growing 

global crisis that threatens marine life, ecosystems, 
and human health (Jambeck et al., 2015; Khanjani 
et al., 2023; Mamun et al., 2023; Prata et al., 2020). 
Approximately 80% of marine litter is plastic; global 
plastic waste has reached around 369 million tons, of 
which roughly 11 million tons enter the ocean each 
year, and about 90% originates from land-based sourc-
es that reach the sea mainly through rivers and sur-
face runoff (Galgani et al., 2015; Jambeck et al., 2015; 
Meijer et al., 2021). Once in the ocean, plastics grad-
ually fragment through ultraviolet radiation, hydroly-
sis, and mechanical abrasion into microplastics, parti-
cles smaller than 5 mm (Andrady, 2011; Thompson et 
al., 2004). When ingested, these particles can induce 
oxidative stress and impair the digestion, reproduc-
tion, and immune function of marine organisms (Chen 
et al., 2025; Kim et al., 2022; Soliman et al., 2023). 
Coral reef ecosystems, among the most biodiverse 
and economically valuable habitats on the planet, are 
increasingly exposed to this contamination; plastic 
contact has been reported to raise the likelihood of 
coral disease from 4% to 89%, with billions of plas-
tic items estimated to be entangled across Asia-Pacif-
ic reefs (Lamb et al., 2018; Woodhead et al., 2019). 
Documenting the extent and behavior of microplastics 
within reef ecosystems is therefore an urgent prereq-
uisite for their protection.

	 Studies of microplastic contamination in cor-
al reef ecosystems have expanded rapidly, reporting 
particle accumulation across surface water, sediment, 
and reef-associated biota (Bian et al., 2024; Cordova 
et al., 2018; Lim et al., 2024). In Indonesian reef wa-
ters, contamination has been documented in reef sed-
iment and invertebrates in the Thousand Islands and 
around northern Sulawesi, where fiber-dominated mi-
croplastics were recorded in bay sediment, the water 
column, and bivalves (Imanuel et al., 2022; Kawung 
et al., 2022; Sulistiowati et al., 2023). These works es-
tablish that microplastics are pervasive in tropical reef 
environments, yet most focus on abiotic matrices or 
commercially harvested taxa rather than on common 
resident organisms that could serve as standardized 
monitoring tools. 

	 Ascidians are sessile filter feeders that cap-
ture suspended particles non-selectively and have 
been proposed as sensitive bioindicators of marine 
pollution (Rosner and Rinkevich, 2024). They accu-
mulate heavy metals and potentially toxic elements 
in proportion to ambient levels (Metri, 2019; Tzafri-

ri-Milo et al., 2019), and several species retain micro-
plastics and phthalate plasticizers far more efficient-
ly than co-occurring bivalves (Bonello et al., 2018;  
Vered et al., 2019). Research on ascidian–microplastic 
interactions, however, remains concentrated on a few 
temperate species such as Ciona robusta and is dom-
inated by the Mediterranean region, which also hosts 
exceptionally high ascidian diversity (Messinetti et 
al., 2018; Shenkar and Swalla, 2011).

	 Despite this progress, the potential of tropical, 
reef-dwelling filter feeders as microplastic biomoni-
tors remains largely unexplored, and no such assess-
ment exists for the Coral Triangle, the global center 
of marine biodiversity. Northern Sulawesi lies within 
this region and supports more than 600 coral species 
and 2,600 reef fish species, yet rising anthropogen-
ic activity increasingly loads its coastal waters with 
land-derived litter (Allen and Erdmann, 2012; Kitting-
er et al., 2015; Veron et al., 2009). The ascidian P. 
aurata is abundant and widely distributed across reef 
ecosystems of Wallacea and Sulawesi (Wainwright et 
al., 2020) and has recently been validated as a pas-
sive biomonitor of polymetallic and potentially tox-
ic elements in Indonesian reef waters (Saputri et al., 
2026; Turicchia et al., 2025), yet its capacity to record 
microplastic exposure has not been tested. This study 
provides a multi-compartment assessment, spanning 
surface water, sediment, and P. aurata soft tissue, of 
microplastic contamination in a Coral Triangle reef. 
The novelty lies in this multi-compartment dataset, 
and the concurrent use of P. aurata is treated as a 
preliminary test of its suitability as a biomonitor. The 
findings offer baseline contamination data to support 
reef management and highlight P. aurata as a candi-
date species for future microplastic biomonitoring, 
pending further validation across broader spatial and 
temporal scales.

This study aimed to (1) describe the benthic 
cover condition; (2) identify the characteristics (shape, 
color, size, and polymer) and abundance of microplas-
tics in the abiotic compartments (surface water and sed-
iment); (3) quantify microplastic occurance within the 
soft tissue (excluding tunic) of the ascidian P. aurata; 
and (4) compare microplastic abundance and compo-
sition among compartments and between stations, and 
descriptively contextualize these findings alongside 
the local benthic cover conditions. The study further 
examined whether the observed microplastic contam-
ination pattern is consistent with land-derived input 
entering the reef through river runoff and provides an 
initial evaluation of P. aurata as a potential biomoni-
tor of microplastic exposure in coral reef ecosystems.
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2. Materials and Methods 
2.1 Materials

2.1.1 Laboratory analysis

The chemical reagents used were potassium 
hydroxide (KOH), hydrogen peroxide (H₂O₂, 30%), 
zinc chloride (ZnCl₂), and ethanol (90%), all of ana-
lytical grade (Merck, Germany). A ZnCl₂ solution was 
prepared to a density of 1.7 g mL⁻¹ for density sepa-
ration. Supporting materials included cellulose-nitrate 
membrane filters (0.45 µm pore size, 47 mm diameter; 
Whatman, UK), glass-fiber membrane filters (GF/C, 
1.2 µm pore size, 50 mm diameter; Whatman, UK), 
parafilm, aluminum foil, and double-distilled water 
(DDW). 

2.1.2 Field sampling

Field sampling and analysis used an action 
camera (Osmo Action 4, DJI, China), a 58 × 44 cm 
quadrat frame, a 50 m roll meter, a global position-
ing system unit, a 70 µm plankton net, stainless-steel 
buckets and scoops, and aluminum-foil bags for sam-
ple storage. Benthic images were analyzed with Coral 
Point Count with Excel extensions (CPCe) software 
(Kohler and Gill, 2006). Microplastic particles were 
observed under a stereomicroscope (SZ61, Olympus, 
Japan), and polymer identification was performed us-
ing an attenuated total reflectance Fourier-transform 
infrared (ATR-FTIR) spectrometer (Cary 630, Agilent 
Technologies, USA).

2.1.3 Ethical approval

This study did not require ethical approval be-
cause it did not involve experimental vertebrate ani-
mals; the study organism, the ascidian P. aurata, is a 
non-protected marine invertebrate.

2.2 Methods 

2.2.1 Study area 

The study was conducted from November 2025 
to April 2026 at Malalayang Beach, Manado, North 
Sulawesi, Indonesia. Two stations were established, 
differing in proximity to a river mouth: a Near-Riv-
er station adjacent to river runoff (124°47’32″E, 
1°27′40″N) and a Far-River station distant from the 
mouth of Malalayang River (124°47′53″E, 1°27′41″N). 
The two stations were separated by approximately 700 
m (Figure 1). At each station, a 50 m line transect was 
established parallel to the shoreline at a depth of ap-
proximately 6 m, serving as the basis for both benthic 
cover assessment and microplastic sample collection. 

Benthic cover, surface water, sediment, and the ascid-
ian P. aurata were sampled at each station, with five 
replicates taken for the water and sediment compart-
ments and three specimens of P. aurata collected per 
station. 

2.2.2 Benthic cover assessment

Benthic community data were collected us-
ing the Underwater Photo Transect (UPT) method at 
a depth of approximately 6 m (English et al., 1997; 
Giyanto et al., 2014). A 50 m transect line was laid 
parallel to the shoreline, and images were captured at 
1 m intervals alternating to the left and right of the 
transect line, yielding 50 frames per station (Giyan-
to et al., 2014). The images were processed in CPCe, 
in which 30 random points were overlaid on each 
frame to estimate percentage cover via point-counting 
(Kohler and Gill, 2006). The percentage cover of each 
category per frame was calculated using Equation 1, 
and the resulting values from the 50 frames per station 
were averaged to obtain the mean percentage cover 
for each category at the station level. The standard er-
ror (SE) of the mean percentage cover was calculated 
from the variation among the 50 frames within each 
station. Comparisons of benthic cover among stations 
were presented descriptively:

% Cover = (Number of points per category) / (Total 
number of random points)  ×100% .........................(i) 

Benthic components were classified into hard coral 
(HC), soft coral (SC), dead coral (DC), dead coral 
with algae (DCA), sponge (SP), fleshy seaweed (FS), 
other biota (OT), rubble (R), sand (S), and silt (Si). 
Reef health status was assigned from live hard cor-
al cover into four categories, namely poor (0-24.9%), 
fair (25-49.9%), good (50-74.9%), and excellent 
(>75%) (Madduppa and Zamani, 2011). Hard-coral 
growth forms were further identified as Acropora and 
non-Acropora (English et al., 1997). The Acropora 
group consisted of branching (ACB), digitate (ACD), 
and encrusting (ACE) forms, whereas the non-Acro-
pora group comprised branching (CB), encrusting 
(CE), foliose (CF), massive (CM), mushroom (CMR), 
and submassive (CS) forms.

2.2.3 Microplastic sampling

Surface water and sediment were sampled 
along the same transect used for benthic cover assess-
ment, divided into five consecutive 10 m segments (0-
10 m, 10-20 m, 20-30 m, 30-40 m, and 40-50 m). One 
water sample and one sediment sample were collected 
haphazardly within each segment, yielding five repli-
cates per compartment per station. Surface water was 

                   
	    865

JIPK Vol 18 No 3. October 2026 | Microplastic Contamination in Water and Sediment and Occurrence... 

  JIPK: Scientific Journal of Fisheries and Marine  									                          Copyright ©2026 Faculty of Fisheries and Marine Universitas Airlangga



sampled at a depth of 0-30 cm below the surface by fil-
tering 50 L through a 70 µm plankton net, establishing 
a minimum operational size limit of 70 µm for water 
samples. The net was rinsed so that all retained parti-
cles were transferred into 250 mL glass bottles, which 
were sealed, labeled, stored in a cool box with ice 
packs during transport, and refrigerated until analysis 
(Kılıç et al., 2024). Sediment was collected by SCU-
BA diving, in which approximately 400 g was taken 
from the 0–5 cm surface layer using a stainless-steel 
scoop, stored in aluminum-foil bags, and kept cold 
until analysis (Cordova, 2021; Cordova et al., 2018). 
Specimens of P. aurata (5-7 cm) were collected with 
forceps at the same stations, preserved in 90% ethanol, 
and stored in a cool box with ice packs until further 
analysis (Turicchia et al., 2025; Vered et al., 2019). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.2.4 Microplastic extraction

For surface water, the sample was first filtered 
through a vacuum pump onto a 0.45 µm cellulose-ni-
trate filter. The filter was then placed in a screw-cap 
tube, and 25 mL of 30% H₂O₂ was added for wet per-
oxide oxidation (WPO) to degrade organic matter. The 
mixture was left for 24 h until the solution became 
clear and was then re-filtered onto a new 0.45 µm cel-
lulose-nitrate filter, with the previous filter rinsed to 
ensure that all particles were transferred (Cordova, 
2021; Hidalgo-Ruz et al., 2012; Masura et al., 2015). 
For sediment, 400 g of wet sediment was well-mixed  

by stirring thoroughly with a contamination-free  
stainless-steel spoon in a glass container, and a 200 g 
portion was oven-dried (50°C, 48 h) and sieved (4.75 
mm). A 100 g subsample was then mixed with 250 mL 
of ZnCl₂ (1.7 g mL⁻¹) and left to settle for 24 h. The 
supernatant was filtered, the sediment was re-washed 
with ZnCl₂ to recover residual particles, and the col-
lected filters were then digested by WPO following 
the same procedure as for water (Masura et al., 2015; 
Sulistiowati, et al., 2023). For P. aurata, the soft tis-
sue (excluding the tunic) was cut into small pieces and 
placed in a 200 mL container. The soft tissue was di-
gested in 10% KOH at 50°C for 24 h until the solution 
became clear with no soft tissue residue, and was then 
filtered onto a 1.2 µm glass-fiber filter (Rojas-Luna et 
al., 2025; Turicchia et al., 2025; Vered et al., 2019).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
All final filters were sealed and air-dried before  
observation.

2.2.5 Microplastic identification 

Identification was carried out in three stag-
es, namely visual observation, confirmation of the 
plastic nature of the particles, and polymer identifi-
cation. Particles were first observed under the stereo-
microscope (SZ61, Olympus, Japan) and identified as  
microplastics based on color uniformity, the absence 
of cellular structures, and unsegmented morphology 
(Hidalgo-Ruz et al., 2012; Nor and Obbard, 2014). 

Figure 1. Map of the study area showing the two sampling stations (Near-River and Far-River) in the coral reef eco-
system of Malalayang Beach, Manado City, North Sulawesi, Indonesia.

Suripatty et al. / JIPK, 18(3):863-886
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Suspected particles were then confirmed using the 
hot-needle test, in which particles that melted or curled 
were retained and non-responsive particles were dis-
carded (De Witte et al., 2014). Each confirmed par-
ticle was then classified into standard categories for 
shape (fiber, fragment, film, foam and pellets), color, 
and size class (<200, 200-500, 500-1000, and 1000-
5000 µm), with its longest dimension measured 
(Wang et al., 2020). Polymer types were determined 
by ATR-FTIR (Cary 630, Agilent Technologies, USA) 
over 4000–650 cm⁻¹, and the recorded spectra were 
matched against a reference polymer spectral library 
to yield a spectral hit quality index indicating similar-
ity to the reference library. A polymer was assigned 
when the hit quality index reached at least 70% (Jung 
et al., 2018; Woodall et al., 2014). Polymer identifica-
tion was attempted on all confirmed particles; howev-
er, only a subset could be successfully retrieved and 
analyzed by ATR-FTIR.

2.2.6 Quality assurance and quality control

Measures were taken to minimize contamina-
tion at every handling and analysis step (Munno et al., 
2023). Plastic tools were replaced with stainless-steel 
or glass equivalents, all reagents were pre-filtered, 
sample containers were covered with aluminum foil, 
and work surfaces were cleaned before use. Analyses 
were run in batches (water, sediment, and P. aurata), 
each accompanied by an air blank of DDW opened 
during sample handling. Blank filters were processed 
identically to the samples, and the number, shape, and 
color of blank particles were recorded and used to cor-
rect sample abundances.

2.3 Analysis Data
Microplastic abundance was expressed as 

number of particles per cubic meter (n m⁻³) for wa-
ter, particles per kilogram dry weight (n kg⁻¹ DW) for 
sediment, and particles per individual (n ind⁻¹) for P. 
aurata, and was reported as mean ± standard devia-
tion, whereas benthic cover was reported as mean ± 
standard error. All tests were performed at a 95% con-
fidence level (α = 0.05). Data normality was assessed 
using the Shapiro–Wilk test: both stations met the as-
sumption for water (Near-River p=0.363; Far-River 
p=0.111) and sediment (Near-River p=0.593; Far-Riv-
er p=0.967), while for P. aurata the Near-River group 
met the assumption (p=0.298) but the Far-River group 
showed a significant deviation (p<0.001); given the 
very small sample size (n=3 per station), the Shap-
iro–Wilk test has limited power at this scale, and the  
independent two-sample t-test was retained on the 
grounds that it is generally robust to moderate de-
viations from normality with small, balanced sam-

ples. Homogeneity of variance was assessed using 
Levene’s test, and variances were homogeneous for 
water (p=0.513), sediment (p=0.085), and P. aura-
ta (p=0.759). Differences in microplastic abundance 
between the Near-River and Far-River stations were 
tested separately for each compartment using an in-
dependent two-sample t-test. As each station was rep-
resented by a single sampling location, the resulting 
comparisons should be interpreted as differences be-
tween these two specific stations rather than as a gen-
eralized test of river-proximity effects. Particle counts 
per replicate were standardized to relative composi-
tion (%) to account for differences in total particle 
abundance among samples, and the compositional 
similarity of particle shape was quantified using the 
Bray-Curtis index (Bray and Curtis, 1957) calculated 
at the replicate level; differences in shape composi-
tion were tested using PERMANOVA and ANOSIM 
(999 permutations, Bray-Curtis dissimilarity) (Ander-
son, 2001; Clarke, 1993), comparing among compart-
ments and between stations. Polymer identification 
was performed on a non-randomly selected subset of 
confirmed particles (69 of 767), representing the max-
imum number that could be successfully retrieved and 
analyzed by ATR-FTIR (Cary 630, Agilent Technol-
ogies, USA). Because polymer counts were pooled 
across replicates and stations within each matrix, only 
a single composite value was available per compart-
ment (n=3 units total: water, sediment, ascidian), pre-
cluding replication-based significance testing; poly-
mer composition was therefore analyzed descriptively 
using the Sorensen index (presence/absence of poly-
mer types between compartment pairs), without for-
mal significance testing (Dice, 1945; Sørensen et al., 
1948). Mean hard coral cover and mean microplastic 
abundances per compartment were available only at 
the “station” level (n=2) and relationships could there-
fore not be tested statistically; values of coral cover 
are reported descriptively alongside the microplastic 
results, without implying a tested relationship.

3. Results and Discussion
3.1 Results

3.1.1 Coral reef condition

Benthic cover at both stations comprised ten 
components, namely hard coral (HC), soft coral (SC), 
dead coral (DC), dead coral with algae (DCA), sponge 
(SP), fleshy seaweed (FS), other biota (OT), rubble 
(R), sand (S), and silt (Si) (Figure 2). Hard coral cover 
was 8.6 ± 1.8% at the Near-River station and 26.5 ± 
2.8% at the Far-River station, corresponding to poor 
and fair reef health status, respectively. Dead coral 
with algae was the largest component at both stations, 
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reaching 29.9 ± 2.6% at Near-River and 33.1 ± 2.3% at 
Far-River, whereas recent dead coral remained low at 
1.1 ± 0.5% and 1.2 ± 0.6%. Fleshy seaweed cover was 
higher at Near-River (24.9 ± 2.3%) than at Far-River 
(14.3 ± 1.7%) (Figure 3a), and sponge cover was like-
wise higher at Near-River (9.7 ± 1.4%) than at Far-Riv-
er (3.9 ± 0.9%). Among the abiotic components, sand 
was more abundant at Near-River (22.3 ± 2.4%) than 
at Far-River (5.7 ± 1.1%) (Figure 3b), whereas rub-
ble was higher at Far-River (10.1 ± 2.7%) than at 
Near-River (1.5 ± 0.5%). Soft coral, other biota, and 
silt each accounted for less than 4% at both stations.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
	  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Hard coral growth forms comprised nine lifeforms dis-
tributed across the Acropora and non-Acropora groups 
(Figure 4). The Acropora group was absent at the 
Near-River station but present at the Far-River station, 
where it reached a total cover of 7.3% and was domi-
nated by branching Acropora (5.9 ± 2.3%) (Figure 3c). 
Massive coral was the dominant growth form at both 
stations, with higher cover at Far-River (10.1 ± 1.7%) 
than at Near-River (4.2 ± 1%) (Figure 3d). The remain-
ing non-Acropora lifeforms occurred at low cover at 
both stations, with detailed values presented in Figure 4. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 2. Percentage cover (mean ± SE) of benthic community components at the 
Near-River and Far-River stations, Malalayang Beach. Error bars represent SE  
calculated from variation among the 50 photo frames within each station.

Figure 3. Representative benthic cover at the study sites. (a) Near-River station illustrating high algal cover on dead 
coral. (b) Near-River station illustrating sandy substrate. (c) Far-River station illustrating Acropora branching forms. 
(d) Far-River station illustrating another non-Acropora forms.
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3.1.2 Microplastic abundance

All abundance values reported here were cor-
rected against procedural blanks, which averaged 2.10 
particles per water sample, 2.20 particles per sediment 
sample, and 1.17 particles per P. aurata sample. Mi-
croplastic abundance in surface water was 838 ± 191 
n m⁻³ at the Near-River station and 790 ± 317 n m⁻³ at 
the Far-River station, and the difference between sta-
tions was not significant (t-test, t = 0.29, df = 8, p = 
0.78, Cohen’s d = 0.18) (Figure 5).

  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
In the sediment, abundance was 390 ± 74 n kg⁻¹ DW at 
the Near-River station and 118 ± 32 n kg⁻¹ DW at the 
Far-River station, and this difference was significant 
(t-test, t = 7.59, df = 8, p< 0.0001, Cohen’s d = 4.77). 
The microplastic contamination in the soft tissue of 
P. aurata was 11.17 ± 3.21 n ind⁻¹ at the Near-Riv-
er station and 7.50 ± 2.31 n ind⁻¹ at the Far-Riv-
er station, and this difference was not significant 
(t-test, t = 1.61, df = 4, p = 0.18, Cohen’s d = 1.31).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Relative cover (%, mean ± SE) of hard-coral growth forms at the Near-River 
and Far-River stations, Malalayang Beach. Acropora forms: ACB, branching; ACD, digi-
tate; ACE, encrusting. Non-Acropora forms: CB, branching; CE, encrusting; CF, foliose; 
CM, massive; CMR, mushroom; CS, submassive. Error bars represent SE calculated 
from variation among the 50 photo frames within each station.

Figure 5. Microplastic abundance (mean ± standard deviation) at the Near-River and Far-River stations in  
(a) sediment: 390 ± 74 vs 118 ± 32 n kg⁻¹ dry weight; (b) surface water: 838 ± 191 vs 790 ± 317 n m⁻³; and (c) the 
ascidian P. aurata: 11.17 ± 3.21 vs 7.50 ± 2.31 n ind⁻¹.
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Microplastic abundance was therefore comparable be-
tween stations in the surface water and in P. aurata, but 
markedly higher in the sediment at the Near-River sta-
tion. However, the lack of statistical significance should 
not be interpreted as absolute equivalence between the 
two stations, given the small sample size. A compiled 
overview of microplastic contamination across glob-
al coral reef environments is presented in Figure 6. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3.1.3 Microplastic characteristics

Three microplastic shapes were identified 
across all matrices, namely fiber, fragment, and film, 
whereas foam and pellet were not found. Representa-
tive particles of each shape are shown in Figure 7. Fi-
ber was the dominant shape in every matrix, generally 
ranging from about 76 to 97%, followed by fragment. 
Film was the least common shape, accounting for less 
than 7%, and was absent from P. aurata at both sta-
tions and from sediment at the Far-River station. The 
proportion of fiber increased from surface water to 
sediment and was highest in P. aurata (Figure 8).

Particle size ranged from 14.9 to 4751.1 µm 
across all matrices, with an overall mean of 908.6 
µm ± 837.35 µm (Figure 9). The minimum recorded 
size of 14.9 µm was found in the sediment compart-
ment, consistent with their finer filter pore limits (0.45 
µm for sediment and 1.2 µm for P. aurata, respec-
tively), whereas all particles recovered from surface 
water exceeded the 70 µm mesh limit. Although the 

largest size class (class D, 1000-5000 µm) held the 
highest single proportion, at around 30 to 36%, most 
particles were smaller than 1000 µm, as the cumula-
tive proportion of classes A to C reached about 64 to 
70%. The smallest class (class A, <200 µm) was the 
least frequent. Among the matrices, the mean parti-
cle size was larger in P. aurata (1085.6 µm) and sed-
iment (996.3 µm) than in surface water (826.0 µm). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
	 Nine color categories were recorded (Figure 
10). Blue was the dominant color overall, at around 
31 to 36%, and was the most abundant color in surface 
water and sediment at both stations. Transparent and 
red formed the next most common group, followed by 
black, whereas the remaining colors each accounted 
for less than 5%. In P. aurata, black was the dominant 
color, at around 40 to 46%.

Of the 767 confirmed particles, 69 (9%) were 
successfully recovered and assigned a polymer type, 
comprising 7% of the particles in surface water, 9.1% in 
sediment, and 22.2% in P. aurata (Figure 11). The five 
most abundant polymers overall were ethylene-pro-
pylene rubber (EPM, 17.4%), polyester (PES, 15.9%), 
ethylene propylene diene monomer rubber (EPDM, 
10.1%), chlorobutyl rubber (CIIR, 8.7%), and  
polytetrafluoroethylene (PTFE, 8.7%). Among the ma-
trices, EPM and PES were the main polymers in sedi-
ment, whereas PES was the largest component in P. aura-
ta, followed by EPDM, EPM, and polypropylene (PP). 

Figure 6. Global distribution of reported microplastic abundance in coral reef ecosystems compiled from published studies.
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Figure 7. Representative photomicrographs of microplastic morphotypes recovered from Malalayang Beach: (a) 
fragment, (b) fiber, and (c) film.

Figure 8. Relative abundance (%) of microplastic shapes (fiber, fragment, and film) in surface water, 
sediment, and the ascidian P. aurata at the Near-River and Far-River stations, Malalayang Beach.

Figure 9.  Relative abundance (%) of microplastic size classes (<200, 200–500, 500–1000, and 
1000–5000 µm) in surface water, sediment, and the ascidian P. aurata at the Near-River and Far-Riv-
er stations, Malalayang Beach.
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Figure 10. Relative abundance (%) of microplastic colors (blue, transparent, red, black, green, yellow, white, 
purple, and pink) in surface water, sediment, and the ascidian P. aurata at the Near-River and Far-River stations, 
Malalayang Beach.

Figure 11. Relative abundance (%) of microplastic polymer types in surface water, sediment, and the ascidian P. 
aurata at the Near-River and Far-River stations, Malalayang Beach. Polymers detected in at least two particles are 
shown individually; the remaining rare polymers detected as single particles (PET, PU, FKM, EAA, SBR, EVOH, 
NR, and PAK) are grouped as “Others”. Sample sizes (n) are shown above each bar. EPM, ethylene-propylene rub-
ber; PES, polyester; EPDM, ethylene-propylene-diene monomer rubber; CIIR, chlorobutyl rubber; PTFE, polytet-
rafluoroethylene; PE, polyethylene; CR, polychloroprene; PBT, polybutylene terephthalate; NBR, nitrile butadiene 
rubber; FEPM, tetrafluoroethylene-propylene rubber; PAM, polyacrylamide; PPTA, para-aramid; PP, polypropylene; 
PET, polyethylene terephthalate; PU, polyurethane; FKM, fluoroelastomer; EAA, ethylene-acrylic acid copolymer; 
SBR, styrene-butadiene rubber; EVOH, ethylene vinyl alcohol copolymer; NR, natural rubber; PAK, polyacrylate.
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3.1.4 Compositional similarity among compartments

The compositional similarity of microplas-
tic shapes (fiber, fragment, and film) was compared 
among the three compartments (surface water, sedi-
ment, and P. aurata) and between the two stations 
using Bray-Curtis dissimilarity. Multivariate analy-
ses revealed no significant differences in shape com-
position among the compartments (PERMANOVA: 
pseudo-F = 2.54, p = 0.089; ANOSIM: R = 0.058, 
p = 0.159). Similarly, no significant differences 
were observed between the Near-River and Far-Riv-
er stations when all compartments were pooled  
(PERMANOVA: pseudo-F = 1.06, p = 0.330; ANO-
SIM: R = -0.013, p = 0.523). Further tests evaluating 
the spatial differences within each compartment sepa-
rately also yielded non-significant results for surface 
water (p = 0.125), sediment (p = 0.165), and P. au-
rata (p = 1.0). These statistics demonstrate that the 
morphological composition, which was heavily dom-
inated by fibers (76–97%), remained strictly uniform 
across the reef environment regardless of the matrix 
or proximity to the river. For polymer composition, 
the proportion of shared polymer types was about 56% 
between surface water and sediment, 42% between 
sediment and P. aurata, and 36% between surface wa-
ter and P. aurata.

3.2 Discussion

3.2.1 Coral reef condition and land-based pressure

Hard coral cover classified the Near-River sta-
tion as poor and the Far-River station as fair, a con-
trast that is consistent with differences in proximity 
to the river mouth, although other site-specific factors 
cannot be excluded. The Near-River station, which re-
ceives direct river runoff, supported lower coral cover 
and a benthic community dominated by macroalgae, 
dead coral with algae, and sand, whereas the Far-Riv-
er station retained higher coral cover and branching 
Acropora. Terrestrial runoff delivers sediment and 
dissolved nutrients that remain among the most wide-
spread drivers of nearshore reef degradation, acting 
through smothering, light reduction, and the inhibi-
tion of coral recruitment (Bhuyan et al., 2025; Rogers 
and Ramos-Scharrón, 2022). The benthic coverage at 
the Near-River station aligns with literature describing 
the combined effects of sedimentation and nutrient en-
richment rather than a single stressor (Arias-González 
et al., 2017; Liu et al., 2015; Sura et al., 2021).

Macroalgae and dead coral with algae domi-
nated the Near-River station, a benthic configuration 
characteristic of nutrient-enriched reefs. Under ele-

vated nutrients, fleshy macroalgae gain a competitive 
advantage over hard coral, overgrow and shade coral 
tissue, and inhibit the settlement and survival of coral 
recruits, reinforcing a shift toward an algae-dominated 
state (Adam et al., 2021; Gallagher et al., 2026). The 
higher proportion of sand at this station reduces light 
availability and lowers recruitment success, whereas 
the greater rubble cover at the Far-River station may 
reflect natural fragmentation of its more abundant 
branching coral, as well as potential physical distur-
bances such as anchoring or destructive fishing (Bhu-
yan et al., 2025; Kenyon et al., 2023). 

Coral morphology also differed between the 
two stations. Massive growth forms dominated both 
stations and were the only substantial coral compo-
nent at the Near-River station, whereas Acropora 
was absent there but present at the Far-River station, 
which was surveyed at the same 6 m depth contour. 
This distribution is consistent with morphology-spe-
cific tolerance to turbidity and sedimentation, in which 
massive corals such as Porites better reject sediment 
and sustain heterotrophic feeding under low light, 
while complex branching forms such as Acropora are 
more susceptible to smothering and reduced recruit-
ment (Bessell-Browne et al., 2017; Erftemeijer et al., 
2012; Zweifler et al., 2024). The prevalence of mas-
sive corals at the Near-River may reflect a community 
shift toward sediment-tolerant taxa, a pattern that has 
also been noted in some other runoff-influenced reefs 
(Browne et al., 2019; Hongo and Yamano, 2013).

3.2.2 Morphological and polymer characteristics of 
microplastics

The morphology of the recovered particles 
offers the first indication of their likely origin. Sta-
tistical analyses indicated no statistically significant 
difference in shape composition across the entire reef 
environment, with fiber proportion increasing from 
surface water through sediment to P. aurata soft tis-
sue. Fragments were consistently subordinate and film 
remained a minor component, and neither foam nor 
pellet was detected. A fiber-dominated assemblage of 
this kind is widely interpreted as a signature of sec-
ondary microplastics produced by the shedding of 
synthetic textiles during domestic laundering and by 
the abrasion of ropes, nets, and lines used in fishing 
and small-boat activity (Browne et al., 2011; Nap-
per and Thompson, 2016). The subordinate fragment 
fraction is consistent with a secondary origin from the 
progressive breakdown of larger, rigid plastic items 
such as bottles, caps, and household containers, which 
embrittle and microcrack under combined ultraviolet, 
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thermal, and mechanical weathering (Andrady, 2011; 
Lin et al., 2024a). The minor film component most 
plausibly derives from the fragmentation of thin, flex-
ible plastics, single-use carrier bags and packaging 
wrap, whose photo- and mechanochemical degrada-
tion yields sheet-like particles in coastal waters and 
sediments; its low contribution is consistent with the 
limited packaging-derived input also inferred from the 
absence of foam (Kalogerakis et al., 2017; Kuroda et 
al., 2024). The absence of pellets, which are typical 
of industrial feedstock, together with the absence of 
foam, which is characteristic of expanded polystyrene 
packaging, indicates that primary and packaging-de-
rived inputs were minor at Malalayang (James et al., 
2026).

Blue was the dominant color in surface water 
and sediment, followed by transparent and red, where-
as P. aurata body was dominated by black particles. 
A predominance of blue fibers in water and biota has 
been documented across diverse environmental com-
partments and is commonly attributed to the wide-
spread use of blue dyes in denim and synthetic fishing 
gear (De Haan et al., 2026). Comparable color pro-
files, in which blue, transparent and black fibers are 
the most frequently recorded, have been reported for 
commercially important fish from the Adriatic Sea, a 
recognized marine-litter accumulation area (Santoni-
cola et al., 2025). The substantial transparent fraction 
is consistent with a mixture of unpigmented fibers and 
particles that have lost color through photodegrada-
tion and prolonged environmental weathering (De 
Haan et al., 2026; Zhao et al., 2022). The shift toward 
black particles in P. aurata, despite blue being domi-
nant in the surrounding water and sediment, indicates 
that color composition does not transfer directly be-
tween compartments, and the underlying mechanism 
remains unclear from the present data (Harel et al., 
2024; Mattsson et al., 2023).

Particle size reinforced the depositional be-
havior inferred from the morphological data. Recov-
ered particles ranged from 14.9 to 4751.1 µm, and al-
though the coarsest size class held the highest single 
proportion, most particles fell below 1000 µm. This 
distribution is partly a corollary of the fiber-dominated 
assemblage described above, as fibers are elongated 
and generally register a greater maximum dimension 
than the more compact fragment and film particles. 
Mean size increased from surface water through sed-
iment to P. aurata inner body. The compartments 
differed in their operational lower-size limits, with 
water constrained by the 70 µm collection mesh 
while sediment and tissue were processed with finer  
laboratory filters. This difference likely contributed 
to the observed size gradient, alongside any prefer-

ential settling of larger particles in the benthic com-
partments. Documenting the size distribution is ana-
lytically important because particle size is a widely 
recognized determinant of microplastic bioavailability 
in aquatic environments, influencing the range of or-
ganisms able to ingest particles and their subsequent 
environmental behavior (Browne et al., 2008; Enyoh 
et al., 2020; Nawaz et al., 2025). 

The polymer composition offers plausible 
clues about the contributing sources. Synthetic elasto-
mers were prominent among the typed particles, with 
ethylene-propylene rubber, ethylene-propylene-diene 
monomer rubber, and chlorobutyl rubber together 
forming a substantial share that is characteristic of tire 
and road-wear particles and of general rubber goods, 
pointing to vehicular traffic, road runoff, and harbor 
and boating infrastructure as contributors (Boucher 
and Friot, 2017; Kole et al., 2017). Although synthetic 
elastomers like EPM possess a specific gravity lower 
than seawater (e.g., ~0.85-0.90 g/cm³) and should the-
oretically float, their high abundance in the sediment 
matrix is a widely documented phenomenon. This 
deposition is driven by rapid environmental modifi-
cation; specifically, colonization by marine biofilms 
(Kaiser et al., 2017; Kooi et al., 2017) and heteroag-
gregation with denser suspended mineral particulates 
characteristic of river runoff (Michels et al., 2018; 
Summers et al., 2024). These interactions increase 
the effective density of the microplastics, overcoming 
their natural buoyancy and facilitating vertical deposi-
tion into the reef sediment. Polyester, the leading poly-
mer in P. aurata inner body, is a mainstay of synthetic 
textiles plausibly linked to domestic wastewater as a 
fiber source (Vassilenko et al., 2021), while polypro-
pylene reflects widely used packaging and consumer 
products (Khoironi et al., 2020). Considered together 
with the fiber-dominated morphology and the blue and 
black color profile, the polymer spectrum suggests a 
potential contribution from the mixed land use of a 
peri-urban coastal setting, in which domestic effluent, 
road runoff, and small-scale fisheries operate as the 
principal contributors (Boucher and Friot, 2017; Ku-
mar et al., 2025; Yona et al., 2019). Only about one-
tenth of confirmed particles could be assigned to a 
polymer type, from a non-randomly selected subset, 
so this polymer-based source inference is best regard-
ed as indicative.

Collectively, characterizing these morpho-
types, namely shape, color, size, and polymer com-
position, is essential rather than merely descriptive, 
because each attribute governs the bioavailabili-
ty of microplastics and the way aquatic organisms  
encounter, ingest, and respond to them. Color influ-
ences selective uptake by visually feeding species; 
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for example, the planktivorous Amberstripe scad (De-
capterus muroadsi) preferentially ingested blue micro-
plastics resembling its copepod prey in the clear waters 
around Rapa Nui (Ory et al., 2017). Size determines  
ingestibility, as shown in four Atlantic reef-building 
corals whose active ingestion depended on the inter-
action between microplastic size and polyp calyx size, 
with larger-calyx species taking up larger particles 
while the smallest particles offered were rejected by 
all species (Hankins et al., 2022). Shape modulates re-
tention and injury: fibers accumulated in the zebrafish 
gut far more than fragments or beads and produced 
the most severe intestinal toxicity, including mucosal 
damage, increased permeability, and inflammation 
(Qiao et al., 2019). Polymer identity further shapes the 
biological response, as polyethylene microparticles of 
10 to 40 µm induced oxidative stress and gut-microbi-
ome dysbiosis in larval zebrafish, effects attributable 
to the chemical nature of the polymer rather than to 
physical blockage alone (Kurchaba et al., 2020). Read 
together, these findings indicate that the fiber-domi-
nated, predominantly blue and black, sub-millimeter, 
polyester- and rubber-rich assemblage characterized 
here combines several of the attributes most consis-
tently linked to ingestion and sublethal stress in aquat-
ic biota, underscoring why detailed morphotype and 
polymer characterization is integral to interpreting the 
ecological significance of microplastic contamination 
at Malalayang.

3.2.3 Microplastic distribution in the water and sed-
iment

Sediment showed the strongest contrast be-
tween the two sampled stations. Microplastic abun-
dance in the sediment was significantly higher at 
the Near-River station than at the Far-River station, 
whereas surface water was statistically similar be-
tween the two stations. The divergence follows from 
the contrasting behavior of the two matrices. Surface 
water is continuously mixed by tides and waves; con-
sequently, it is plausible that buoyant and low-density 
particles are redistributed and any spatial signal from 
the source is rapidly homogenized. Sediment, in con-
trast, acts as a longer-term sink in which denser and 
biofouled particles settle and accumulate, which can 
preserve the imprint of proximity to land-based sourc-
es (Soares et al., 2023; Summers et al., 2024). The 
higher sediment load near the river is consistent with 
the role of rivers as a dominant pathway transferring 
land-based microplastics to the coastal zone (Lebreton 
et al., 2017; Meijer et al., 2021).

Sediment microplastic abundance at Mala-

layang was higher than at several less-impacted or 
well-flushed reefs. The Near-River value exceeded 
those reported for the Java Sea (15-144 n kg⁻¹) (Wi-
jayanti et al., 2024), Aceh waters, Indonesia (32-68 
n kg⁻¹) (Ulfah et al., 2024), and the Gulf of Mannar 
(1.88-4 n kg⁻¹) (Pradhap et al., 2023). It was of a sim-
ilar magnitude to reefs under moderate land influence, 
including Hainan Island, China (91-378 n kg⁻¹) (Bian 
et al., 2024), Naifaru in the Maldives (about 291 n 
kg⁻¹) (Patti et al., 2020), and Tidung Island north of 
Jakarta (60–340 n kg⁻¹) (Sulistiowati et al., 2023). 
It was lower than reefs under intense anthropogenic 
loading, such as the marine parks of the Gulf of Cal-
ifornia (3,217-6,802 n kg⁻¹) (Arreola-Alarcón et al., 
2022), Gede Island, Indonesia (847 n kg⁻¹) (Widiaratih 
et al., 2025), and the Xisha Islands, China (about 682 
n kg⁻¹) (Lin et al., 2024b). 

Surface water abundance at Malalayang was 
lower than at heavily loaded reef waters, including 
Sanya Bay, China (18,370 n m⁻³) (Lei et al., 2021), the 
Gulf of Mannar (60,000-126,600 n m⁻³) (Patterson et 
al., 2020), and the Xisha Islands, China (200-45,200 
n m⁻³) (Ding et al., 2019). It was higher than at more 
remote reefs, such as those off Sri Lanka (about 9.8 
n m⁻³) (Hansani et al., 2023) and the Lakshadweep 
atolls, India (about 57 n m⁻³) (Praved et al., 2025). 
The comparison places Malalayang among reef wa-
ters influenced by land-based input but well below 
the most heavily urbanized reef systems. The absence 
of a station difference in surface water abundance of 
microplastics, despite the clear sediment differences, 
suggests that the water column may redistribute parti-
cles faster than a spatial signal can develop, whereas 
the sediment integrates and stores the land-derived in-
put over time.

The station contrast at Malalayang is consis-
tent with reef and estuarine systems that show declin-
ing microplastic abundance away from land-based 
sources. A similar pattern was reported for the Gulf 
of Thailand, where a nearshore reef site accumulated 
more microplastics than an offshore site (Sutthacheep 
et al., 2025), and for Sanya Bay, China, where spa-
tial differences in seawater were attributed to river 
discharge and intensive human activity (Lei et al., 
2021). Estuarine gradients reinforce the same mech-
anism, with abundance decreasing sharply from in-
ner, source-proximal waters toward the open coast 
(Cheung et al., 2016; Osorio et al., 2021). A contrast-
ing outcome, however, was reported for the Kepulau-
an Seribu reefs in the Java Sea, where a submarine 
channel diverted land-derived material away from 
the reefs so that local inputs, rather than mainland  
proximity, governed contamination (Utami et al., 
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2021). The comparison suggests that the sediment 
contrast observed at Malalayang is not necessarily a 
general feature of reefs, but may depend on site-spe-
cific conditions and local hydrodynamics that were not 
directly measured in this study.

3.2.4 P. aurata as a potential microplastic biomonitor

P. aurata accumulated microplastics at both 
stations, with a higher mean at the Near-River station 
than at the Far-River station, although the difference 
was not statistically significant. This pattern paral-
leled that of surface water, which likewise showed no 
significant difference between stations, whereas sed-
iment differed significantly. The correspondence be-
tween particles in the ascidian and the water column 
is consistent with the biology of ascidians, which feed 
by filtering suspended particles from the surrounding 
water through a mucous net and capture them with 
low selectivity (Petersen and Svane, 2002; Rosner 
and Rinkevich, 2024). Once captured by the ascidi-
an’s non-selective branchial filter, microplastics enter 
the digestive tract. Studies on model ascidians, such 
as Ciona intestinalis, have demonstrated that fine mi-
croplastics can subsequently translocate across the gut 
epithelium and enter the hemocoelic cavity. Within the 
circulatory system, these particles are phagocytized 
by circulating hemocytes (immune cells) as a phys-
iological defense mechanism, which inadvertently 
facilitates their systemic transport from the digestive 
system into surrounding internal tissues (Messinetti et 
al., 2019). As a sessile filter feeder drawing particles 
from the overlying water, P. aurata would be expect-
ed to reflect the water-column signal, and the parallel 
absence of a station difference in both water and tissue 
supports this interpretation.

Microplastic contamination in the soft tissue 
of P. aurata at Malalayang (7.50-11.17 n ind⁻¹) was 
roughly an order of magnitude higher than values re-
ported for solitary ascidians in a tropical bay in Bra-
zil (0.72 n ind⁻¹ for Styela plicata) (Sorrentino et al., 
2025), and along the Brazilian coast (1.21 n ind⁻¹ for 
Phallusia nigra) (Silva et al., 2025). Ingestion has 
also been recorded in ascidians from environments 
with minimal human activity, such as Cnemidocar-
pa verrucosa in Antarctica (Gonzalez-Pineda et al., 
2025), indicating that ascidian microplastic uptake oc-
curs across a wide range of settings. The higher per-in-
dividual values at Malalayang are consistent with the 
elevated land-based input documented for this reef, al-
though differences in extraction method and organism 
body size limit direct numerical comparison across 
studies.

These findings position P. aurata as a candi-
date species warranting formal biomonitor validation 
for microplastic contamination in reef ecosystems. 
The species is abundant and broadly distributed across 
the reefs of Wallacea and Sulawesi (Wainwright et 
al., 2020) and has already been validated as a passive 
biomonitor of polymetallic and potentially toxic ele-
ments in Indonesian reef waters (Saputri et al., 2026; 
Turicchia et al., 2025). Its consistent uptake of micro-
plastics at both stations extends this established mon-
itoring role from dissolved and particulate metals to 
anthropogenic microparticles, indicating that a single, 
widely available reef organism can integrate multiple 
classes of contaminant exposure. As an initial field 
demonstration, the present results establish the eco-
logical plausibility of this application and provide a 
preliminary baseline motivating future multi-site vali-
dation of P. aurata as a tool for reef microplastic sur-
veillance.

3.2.5 Microplastic transfer and its link to coral reef 
condition

The compositional relationships among com-
partments trace the pathways by which microplastics 
move through the reef. Based on shape composition, 
no statistically significant difference was detect-
ed among compartments. The universal dominance 
of fibers across water, sediment, and ascidian inner 
body indicates that the heavy environmental loading 
of fibers outweighs any subtle preferential retention 
mechanisms at this scale. For polymer composition, 
descriptive indices suggest that the ascidian shares a 
moderate overlap in particle types with both the sea-
bed and the water column, while surface water and 
sediment shared the highest similarity. Though the 
limited polymer dataset precludes formal statistical 
comparison, this pattern aligns with the literature sug-
gesting that P. aurata as a filter-feeder organism may 
draw on a particle pool compositionally similar to the 
ambient environment (Ding et al., 2021).

Beyond accumulating particles, filter feed-
ers such as ascidians can potentially accelerate their 
transfer. By capturing suspended microplastics and 
repackaging them into denser faecal material, filter 
feeders are widely reported in the literature to enhance 
downward flux and couple the pelagic and benthic 
compartments, which could reinforce the sediment as 
the ultimate reservoir (Harel et al., 2024; Jacobi et al., 
2018; Rosner and Rinkevich, 2024). P. aurata may hy-
pothetically occupy a dual position, serving both as an 
organism that integrates water-column exposure and 
as a potential conduit that channels microplastics into 
the benthos and into reef food webs through trophic 
transfer.
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The ecological relevance of the compositional 
patterns becomes apparent when placed alongside the 
condition of the two stations sampled. The Near-River 
station, with a low hard coral cover (poor status), was 
accompanied by the highest sediment microplastic 
abundance recorded in this study, while the Far-Riv-
er station, with a higher coral cover (fair status), was 
accompanied by a lower sediment microplastic abun-
dance. This pattern cannot be read as following only 
one direction, since the relationship between reef 
condition and microplastic concentration reported in 
the wider literature is shaped by several interacting 
factors rather than reef condition alone (Soares et al., 
2023; Sutthacheep et al., 2025). Structurally complex 
and healthier reef habitats can themselves enhance 
microplastic retention, since three-dimensional coral 
framework reduces seafloor turbulent kinetic ener-
gy and bottom shear stress, favoring the deposition 
of small and high-density particles regardless of reef 
health status (Soares et al., 2023). Spatial differences 
in reef-associated microplastic abundance have also 
been attributed to hydrodynamic regimes, where mon-
soon-driven current reversal and localized upwelling 
or downwelling control particle retention and export 
independently of coral condition (Sutthacheep et al., 
2025). At the catchment scale, land use and popula-
tion density have been found to influence microplastic 
type more strongly than microplastic concentration, 
with concentration instead more closely related to sed-
iment properties and hydrologic condition (He et al., 
2020). Taken together, these findings suggest that the 
magnitude and proximity of land-based input, togeth-
er with the local hydrodynamic setting, are plausible 
explanatory factors for the microplastic concentration 
pattern observed in reef-associated compartments at 
Malalayang, alongside the structural or ecological 
condition of the reef itself.

4. Conclusion 
Microplastics were detected in all three com-

partments examined at the Malalayang reef: surface 
water, sediment, and the ascidian P. aurata. Fibers 
dominated the visually classified particles. Sediment 
microplastic abundance differed significantly between 
stations, while water and P. aurata did not differ sig-
nificantly between stations. P. aurata consistently 
contained microplastics, indicating an uptake from 
its environment. The station with higher sediment 
microplastic abundance also had lower hard-coral 
cover. This co-occurrence does not establish a caus-
al relationship and would require targeted testing to 
confirm it. Multi-station, multi-season studies with 
larger organism sample sizes and replicated river-dis-
tance gradients are recommended to further evaluate  

P. aurata’s suitability as a monitoring tool in Coral 
Triangle reef systems.
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