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Microplastic ingestion by reef manta rays (Mobula alfredi) is a threat to their health and population stability.
Seychelles' outer islands are vital habitats for M. alfredi but nothing is known about marine microplastic pollution
in the area. Using plankton tows from D'Arros Island and St. Joseph Atoll — a key aggregation site, we quantified
microplastic polymer type and relative abundance from locations where reef manta rays were actively feeding.
We found polybutylene terephthalate (PBT, 1079 particles, 66%) to be the most abundant polymer using our
screening technique. A polymer concern assessment identified polyurethane (PU), polyacrylonitrile (PAN),

polyvinyl chloride (PVC) and PBT as “Very High” concern polymers that warrant further attention. We find no
significant relationship between total microplastic abundance and zooplankton biomass indicating M. alfredi
does not ingest relatively greater quantities of MPs while feeding at this aggregation site.

1. Introduction

Reef manta rays (Mobula alfredi) are filter feeding elasmobranchs
occupying productive nearshore coastlines. Their diet consists mainly of
copepods (Peel et al., 2019) and they use extensive migratory foraging
strategies to meet their high metabolic requirements (Peel, 2019; Pou-
poneau et al., 2026). These characteristics contribute to their role as key
nutrient cyclers across ecosystems, supporting coral reef productivity
and associated ecosystem services (Couturier et al., 2012; King, 2019;
Peel et al., 2019). However, this ecological role is threatened by the
species' global population decline (Peel et al., 2024). The International
Union for Conservation of Nature (IUCN) lists M. alfredi as Vulnerable,
with the main cause of population declines being fisheries that target
mobulids for their gill plates along with FAD entanglement and boat
strikes (Peel et al., 2024). An emerging additional threat to filter feeders
like M. alfredi is microplastic (MP) ingestion, especially given the

increasing number of MPs that enter the world's oceans (Collignon et al.,
2012; Germanov et al., 2019).

Microplastics are those within the size range of <5 mm (Collignon
etal., 2012; Germanov et al., 2019) arising from the breakdown of larger
plastic pieces (secondary microplastics) or originally manufactured <5
mm in size for commercial use (primary microplastics) (King, 2019).
Filter feeders such as M. alfredi are particularly prone to MP ingestion as
their sizes overlap with zooplankton, a key component of their diets
(Cole et al., 2013; Germanov et al., 2019). Issues arising from MP
ingestion for filter feeders include digestive tract obstruction, dietary
dilution and starvation (Germanov et al., 2019). Furthermore, MPs are
known to act as a sink for persistent organic pollutants (POP), which can
bioaccumulate in long lived species such as M. alfredi (Germanov et al.,
2019).

It is estimated that between 5 and 20 million metric tons of plastic
enter aquatic environments annually (Pasquier et al., 2022), where they
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are subjected to mechanical wear and ultraviolet light, causing rapid
fragmentation into microplastics (King, 2019). Oceanographic model-
ling estimates at least 5.25 trillion plastic particles afloat accross the
global oceans (Eriksen et al., 2014). These plastics tend to accumulate
and concentrate in areas based on oceanographic features like currents,
eddies and gyres (Eriksen et al., 2017). Vast island states, like the
Seychelles, are particularly vulnerable to marine plastic pollution
accumulation due to their isolated locations relative to ocean currents
(Vogt-Vincent et al., 2023). Studies in Seychelles have documented the
collection of up to 2.835 t of plastics over a 930,000 m? area between
June 2019 and July 2023 (Lawen et al., 2024). Another study found up
to 513.4 t of accumulated litter (83% fishing related) on Grande terre,
the largest island of Aldabra (Burt et al., 2020). Despite significant
plastic accumulation in the Seychelles and the threat of microplastic
ingestion by its filter feeding marine life, no study has quantified the
types of MPs in the waters off any of the nation's 115 islands.

Some of these islands such as D'Arros Island and St. Joseph Atoll are
crucial aggregation sites for M. alfredi (Peel et al., 2024), given that their
productive waters have ample prey availability and the presence of
cleaning stations (Couturier et al., 2012; Peel et al., 2024). 66.5% of
total M. alfredi sightings in the Seychelles were reported to be on D'Arros
between July 2006 and December 2018 (Peel et al., 2024). This makes
D'Arros the largest known aggregation site for this species in the coun-
try. However, there is currently no knowledge regarding MP pollution
within the key manta ray feeding ground despite the potential threat
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certain types of MPs pose (Germanov et al., 2019). This study therefore
provides the first assessment of the types of polymers present and their
relative abundance at a location in Seychelles, specifically at D'Arros
Island. Furthermore we identify polymers of concern using two ranking
systems. This study also investigates the relationship between MP
abundance and zooplankton biomass as past studies have recorded reef
manta rays feeding in areas with higher zooplankton biomass and
abundance (Armstrong et al., 2016; Palacios et al., 2023).

2. Methods
2.1. Study site

The Republic of Seychelles encompasses an EEZ of 1.4 million km?2.
D'Arros covers 1.71 km? and is located in the centre of the Amirantes
bank near its sister atoll St. Joseph (5°24.90 S, 53°17.90 E) (Stoddart
et al., 1979) (Fig. 1).

2.2. Sample collection

Plankton tows using a 200 pm nylon mesh plankton net fitted with a
flow meter (General Oceanics Inc., FL, USA) were conducted from a
small research vessel (21' powerboat) between August 2023 and
November 2024 (Fig. 1, yellow points). In instances where M. alfredi
were spotted feeding, the skipper drove the boat to the location of the

Fig. 1. Map of D'Arros Island and St. Joseph Atoll in Seychelles, with yellow points representing sample locations of plankton tows between August 2023 and
November 2024. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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event, and a GPS point was recorded. The research vessel was put in
neutral during plankton net deployment, after which the skipper drove
50 m from the GPS point, towing the net behind the boat using a 5 m
rope. During sampling, additional data was recorded, including the
number of M. alfredi present, their behaviour (feeding/not feeding) and
flow meter readings to record the volume of water filtered during tows.
The contents of the net were transferred into 500 ml storage containers,
brought to the lab and refrigerated until sample processing. Between
sampling, the net was flushed using seawater and cleaned with fresh-
water after survey completion to prevent cross-contamination
(Pouponeau et al., 2026).

2.3. Sample preparation

Samples (after being gently stirred for 15 s) were halved using a
Folsom splitter (Wildco). One sub-sample was used to obtain the dry
weight of zooplankton. Half of the other sub sample was used for
plankton identification while the remaining quarter (125 ml) of the
original sample was filtered through the same plankton net, stored in a
50 ml vial and preserved with 5 ml of 4% buffered formalin, to be used
for microplastic analysis (Pouponeau et al., 2026).

2.4. Zooplankton abundance

To obtain the zooplankton biomass (mg.m™>), water was removed
from the 250 ml sub samples by passing them through a 200 pm sieve,
which was flipped onto a labelled piece of aluminium foil. The foil was
left in a standard food dehydrator (Callow) at 70 °C for 5 h. The dry
weight of the sample was then measured using a precision scale.
Zooplankton biomass (mg) was doubled to represent the whole sample
and divided by the volume of water filtered during the respective
plankton tow to get a final abundance count per cubic metre of water
(mg.m’3) (Pouponeau et al., 2026).

2.5. Microplastic filtering and quantification

Microplastic filtering and quantification followed the recommenda-
tions outlined in Gago et al. (2019). First, 50 ml samples were passed
through a series of mesh sieves decreasing in diameter, with the last one
being 100 pm. The filtrate was transferred into a separate beaker, and
underwent a digestion step where 15% Hydrogen peroxide was added to
the filtered sample beaker in a 1:1 ratio, covered with a glass lid and left
in a drying oven at 40 °C for 24 h. Half of the digested samples were then
passed through a 0.1 pm Anodisc membrane with a glass filter tower
with a suction pump. Note that what was filtered was 0.5 of a homog-
enous mixture of Hydrogen peroxide and sub sample, where the sub
sample was 0.25 of the original 500 ml sample resulting in a dilution
factor of 8. Filter membranes were stored in labelled petri dishes and left
to dry overnight in a desiccator. The membranes were later transferred
and packaged into aluminium foil, for shipment to the University of
Western Cape for Fourier Transform Infrared Spectroscopy (FT-IR)
analysis. FT-IR analysis was used for the identification and counting of
microplastic polymers within five regions of equal sizes on each filter
membrane to quantify the type and relative abundance of MP polymers
per sample.

2.6. Contamination controls

Several precautionary measures were taken to minimise the intro-
duction of external plastic sources into the samples, and cross contam-
ination between samples. Where possible, equipment used to handle
samples was glass or metal and cleaned using 70% ethanol (King, 2019).
Samples were handled under a fume hood and petri-dishes containing
extracted microplastics were covered with a glass lid. Cotton lab-coats
and nitrile gloves were worn during sample handling (Govender et al.,
2020). Blank samples of reagents (Hydrogen peroxide and deionised
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water) were filtered and analysed for microplastics following the same
sample protocol and subtracted from final abundance measurements
(Johnson et al., 2023). Because the plankton net was made of nylon and
a potential source of polyamide (PA) microplastic we excluded this
polymer from the core analysis.

2.7. Sample and data analysis

Polymer analysis was carried out on a Bruker LUMOS II FT-IR ma-
chine. Samples from different areas were concentrated onto a Cytiva
Anodisc 25 filter - 25 mm in diameter and had a pore size of 0.1 um. A
portion of the filter was scanned using the Focal Plane Array detector.
Particle wavelengths were compared to the microplastic library refer-
ence wavelengths using the LUMOS II for OPUS database on the Plur-
ency software. Polymer identification was performed by automated
library matching (library = Plurency). Matches with a relevancy of
>0.60 (60%) were accepted as identified (Govender et al., 2020). After
screening for relevancy of >0.60 we find no microplastic particles in
blank 40 ml samples of digestion reagent and deionised water. The total
count of the five FT-IR readings was used to estimate relative MP
abundance values of each polymer per sample. We did not extrapolate
polymer count data to estimate MP concentrations due to subsampling
of filter membranes and the potential for spurious estimations by
chance. We used five FT-IR area readings down a vertical transect of the
filter disk to get a representative sample average.

Polymer counts were added together for each sample and used to
model the relationship between total MP counts and zooplankton
abundance. We used a generalized mixed model with the “glmmTMB”
package (Brooks et al., 2017) within the R framework (R Core Team,
2023). Because total MP per sample is count data and variance was
greater than the mean we used a negative binomial distribution rather
than Poisson and included a dispersion parameter to account for het-
eroskedastic data. We checked model fitting and overdispersion using
simulated residuals with the DHARMa package (Hartig, 2022). To
quantify MP polymer concern classifications, we used two ranking sys-
tems. One developed by Lithner et al. (2011) based on chemical hazard
scores resulting in a classification of “Very Low” (least dangerous) to
“Very High” (most dangerous) (Table 1). The chemical hazard score
represents a polymers' chemical toxicity based on their constituent
monomers (Lithner et al., 2011). Where a polymer's chemical hazard
score was unknown in literature, the chemical hazard classification was
not applicable. A second scoring system was created to rank polymers
according to their relative abundance from “Very Low” being least
abundance and “Very High” being most abundant (Table 1). These two
scoring systems were used to identify polymers of concern when either
relative abundance classification or chemical hazard classifications were
“Very high” to focus future research on.

3. Results

We quantified polymers from 34 plankton tows. MP counts per
sample ranged from 1 to 471 particles. The total polymer counts across
all samples were as follows in descending order from largest to smallest

Table 1
Microplastic abundance and chemical risk scoring system (Based on Lithner
et al., 2011).

Chemical hazard
classification

Chemical hazard
score classes

Abundance
classification

Abundance
classes
(particles)

0<x<l1 Very low 1-10 Very low
1<x<10 Low 10-100 Low
10 <x < 100 Moderate 100-1000 Moderate
100 < x < . .

1000 High 1000-10,000 High
x > 1000 Very high > 10,000 Very High
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abundances: PBT(1079), EVOH(233), PE(197), PP(44), PVC (24), PAN
(20), PET (15), PS (6), PU (4), ABS (4), SI (2), PMMA (1), while PC, PLA,
POM, CA, EVAc, PEEK, PPSU and PSU were absent (Fig. 2A). Overall,
there was no significant linear relationship between MP abundance and
zooplankton biomass for this dataset (p-value =0.949, Fig. 2B,
Table S1).

Amongst the detected polymers, PAN, PVC, PU and PBT are classified
as “Very High” concern (Table 2). ABS, PMMA, PE, and EVOH are of
“High” concern. PP and PET are of “Moderate” concern and PS is of
“Low” concern. PBT and Si had no chemical hazard score available
(Table 2). Almost all of the polymer sources were from Lithner et al.
(2011), except that of CA, PPSU and PE, which were found from Teixeira
et al. (2023), Slonov et al. (2022) and Argeswara et al. (2021) respec-
tively. Chemical hazard score values and hazard score assumptions were
also derived from Lithner et al. (2011), except that of PE which was
found in Sangilidurai et al. (2024).

4. Discussion

This represents the first study in Seychelles to characterize the types
of microplastic polymers present in a part of its Exclusive Economic
Zone (EEZ). We find that the PBT polymer is most abundant, comprising
of 66% of MP particles identified in this study followed by EVOH (14%)
and PE (12%). This differs to past studies, finding the most common
polymers in sea surface samples to be PE and PP (Arat, 2024).
Furthermore, a regional study in the south-west Indian Ocean found that
45.7% and 26.7% of all MPs recorded were PE and PP respectively,
although these studies focused on larger MP sizes above 500 pm

A
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(Thibault et al., 2025). The most comparable regional study of MPs in
the same size range in Mayotte found that PP comprises around 70% of
observations (Strady et al., 2025). The relatively high abundance of PBT
is concerning as this polymers' chemical hazard score is not known and
should therefore be prioritised for further study.

Microplastics that were characterized as high concern polymers due
to chemical toxicity were PU, PAN, PVC. The high chemical hazard
scores of certain polymers are attributed to their monomers and asso-
ciated chemicals used in polymer production, such as blowing agents,
solvents, initiators and phthalates (Lithner et al., 2011). These chemicals
are considered toxic to aquatic life, and overtime (even in low numbers),
bioaccumulation can lead to reproductive, developmental and meta-
bolic disruptions, especially in pregnant and developing individuals
(Savage et al., 2024; Germanov et al., 2019). As M. alfredi is a long-lived
species with conservative life history traits such as low fecundity, slow
growth and late maturation, it is particularly susceptible to bio-
accumulation impacts of these toxic polymers especially if their relative
abundance is to increase (Savage et al., 2024). Because of PBT's high
relative abundance in this manta aggregation site it should be prioritized
for more research on its chemical toxicity.

M. alfredi’s feeding behaviour is thought to be affected by MP pres-
ence (Savage et al., 2024). When MPs are in high abundance, they can
affect prey density thresholds, resulting in less efficient foraging and
hence decreased fitness (Armstrong et al., 2016; Savage et al., 2024).
This can be particularly concerning if ocean currents that influence
zooplankton density also influence MP density in the same way. Studies
done in American Samoa, Equatorial Pacific and the Chagos Archipelago
have found no significant correlation between MP abundance and
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Table 2
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Concern assessment of MP polymers based on their chemical hazard score and relative abundance classification from this study (particles.m~3).

Polymer Chemical hazard score Chemical hazard classification Abundance Abundance classification Concern classification
A) Known chemical hazard scores

PAN 11,521 Very high 20 Moderate Very high
PVC 10,001 Very high 24 Moderate Very high
PU 13,844 Very high 4 Low Very high
ABS 6552 High 4 Low High
PMMA 1021 High 1 Low High

PE 11 Low 197 High High

PS 30 Low 6 Low Low
EVOH 9 Very low 233 High High

PP 1 Very low 44 Moderate Moderate
PET 4 Very low 15 Moderate Moderate
B) Unknown chemical hazard scores

PBT 1079 Very high Very high
Si 2 Low

zooplankton biomass (Olson, 2024; Savage et al., 2024). In accordance
with these studies, we also find no relationship between zooplankton
and MP concentrations. A few polymers identified by FT-IR analysis
were in the size range below 100 pm?, smaller than the plankton tow net.
This finding suggests that they may have been introduced via digestion
of zooplankton acting as MP carriers. Botterell et al. (2022) documented
MP ingestion by zooplankton in the Arctic Ocean of a similar size range
to this study (< 50-200 pm) indicating it is plausible but without
identifying MP particles in zooplankton gut remains a hypothesis.
Nevertheless, the results of this study suggest that M. alfredi does not
differentially ingest greater MPs while feeding vs breathing at this ag-
gregation site.

This study highlights the challenges of conducting research that re-
quires rigorous contamination controls in remote locations like D'Arros
Island. We used a standard nylon mesh plankton net to collect water
samples. FT-IR analysis later revealed significantly high numbers of PA
(polyamide) polymer (27,155 total particles, Table S2) accounting for
>95% of microplastics identified. It is highly likely that the high PA
values were due to contamination from the nylon plankton net but an
inability to access the remote study location and obtain the necessary
blank samples for further FT-IR analysis prohibited including PA in the
analysis. This finding does however warrant further investigation as PA
sources in the marine environment are largely from its use in nylon
which is used in fishing gear (Lithner et al., 2011) and Seychelles is at
the epicentre of one of the most productive global tuna fisheries
(Seychelles Fishing Authority, 2024; Balderson and Martin, 2015). Lack
of a specialised laboratory and FT-IR equipment meant samples had to
be shipped to the Department of Biodiversity and Conservation Biology,
University of the Western Cape for FT-IR analysis within a short time
window. This limited time prohibited quantifying MPs across the entire
filter membrane and rather five subsampled regions were used making
mathematical extrapolation to estimate concentrations too uncertain.

This study however provides valuable baseline data on the type of
microplastic pollution at D'Arros and St. Joseph. Knowing the sources of
abundant MP is the first step towards any form of management action.
Sources of “Very High” concern polymers are electrical and automative
applications (PBT), foam in various applications including, furniture,
the automotive and construction sector (PU), fibres in apparel and home
furnishing (PAN), and pipes in the construction sector (PVC) (Lithner
et al., 2011). The biggest foreign contributors of plastic pollution in
Seychelles EEZ are Indonesia, India and Sri Lanka (Vogt-Vincent et al.,
2023). The South Equatorial Current is proposed to be responsible for
transporting marine plastic pollution westward across the Indian Ocean
from South-East Asia (IOC SWIOFish2/AIODIS Project, 2021). Debris
that reaches the Seychelles peaks during the northwest monsoon be-
tween February-April and is magnified by the positive Indian Ocean
Dipole and El-Nino events (Vogt-Vincent et al., 2023), during which MPs
are more concentrated and more likely to be ingested by marine life.

These findings support the need for both regional and trans-regional
pollution mitigation between Seychelles, nations that commercially
fish in its EEZ and neighbouring countries that contribute to plastic
pollution. These plastic mitigation measures are also important for the
conservation of filter feeders that use Seychelles' waters as critical
ecological habitat like the Reef manta ray, M. alfredi.
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