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a b s t r a c t

Impact of microplastic pollution on the marine environment and its biota is a major concern globally.
Gulf of Mannar (GoM) and Palk Bay (PB) are two important biodiversity hotspots along the south-east
coast of India. However, in the recent years the intense tourism and fishery activities have made
the ecosystem and biota of these two ecologically significant coastal zones vulnerable to microplastic
contamination. Hence, a comparative study on the seasonal distribution of microplastics in the surface
waters, sediments, and in commercially important fishes were conducted to evaluate the threats
imposed by microplastics on the environment and biota of both these coastal ecosystems. Microplastic
distribution in the surface waters and sediments of GoM and PB exhibited conspicuous seasonal
variation and showed positive correlation with the seasonal current patterns. In the surface waters
of GoM, microplastics were abundant during the South West Monsoon whereas in PB it was high
during the Early Winter Monsoon period. In the sediments of PB, microplastics was more during
Spring Inter-monsoon and South West Monsoon whereas in GoM it was high during Late Winter
Monsoon. Fragments, of size 1 to 5 mm formed the abundant microplastic type in the surface waters
whereas in the sediments, fragments of size < 1 mm dominated. Of the gut content of the 613 fishes
belonging to 12 families examined, microplastics were more in pelagic than demersal fishes with
higher incidences in the family Clupeidae (42%). Among the fishes studied, microplastic ingestion was
more in Selaroides leptolepis (27.77%), Sphyraena sp. (14.28%), Pelates quadrilineatus (12%), Caranx sp.
(10.34%), and Sphyraena barracuda (10%).

© 2020 Elsevier B.V. All rights reserved.
0. Introduction

Plastics, in general, are considered as materials that resist
iodegradation (Ryan, 2015), but may undergo fragmentation
nto monomers of smaller sizes upon mechanical action and UV
adiation induced photo-oxidation (Cooper and Corcoran, 2010;
ambeck et al., 2015; Gewert et al., 2015; Tamara et al., 2017).
lastics having size <5 mm are microplastics (Arthur et al., 2009),
hich in the recent years have emerged as a potent threat having

mmense impact on the marine ecosystem and its inherent biota.
icroplastics, differing in their shape, properties and composition
ccur widely in the marine environment extending from the
horelines (Galgani et al., 2011; Carson et al., 2011; Hidalgo-Ruz
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et al., 2012), sea surface (Law et al., 2010; Collignon et al., 2012;
Eriksen et al., 2013; Cozar et al., 2015) to the sea beds (Andrady,
2011; Van Cauwenberghe et al., 2013). Because of their smaller
size and increased buoyancy, microplastics tend to float in the
surface waters and eventually get transported to longer distances
in the ocean through wind action and by water currents (Barnes
et al., 2009).

In the marine ecosystem, the rate of accumulation of mi-
croplastics often vary with the proximity of urban activities, shore
and coastal water uses, and wind and ocean current patterns (Gal-
gani et al., 2015). Impacts of the microplastic pollution through
ingestion and entanglement by marine invertebrates (Graham
and Thompson, 2009; Thompson et al., 2004; Blessing et al., 2013;
Van Cauwenberghe et al., 2013) and vertebrates (Boerger et al.,
2010; Davison and Asch, 2011; Fossi et al., 2012) have already
been reported from many parts of the world ocean.

Studies related to microplastic pollution and their conse-
quences on the ecosystem and biota have been carried out in

https://doi.org/10.1016/j.rsma.2020.101558
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the Indian waters also (Sruthy and Ramasamy, 2016; James et al.,
2020). The present study was particularly aimed at understand-
ing the distribution of the microplastics in the surface waters,
sediments, and in the guts of some commercially important
fishes of the two ecologically relevant biodiversity hot spots
(Kumaraguru et al., 2006a,b), Gulf of Mannar (GoM) and Palk Bay
(PB) in the northern Indian ocean. These coastal regions charac-
terized by diverse habitats such as coral reef, sea grass meadows
and mangrove forests, forms rich feeding and breeding grounds
for a wide variety of aquatic organisms, especially many eco-
nomically important fish species. Hence these regions are more
explored for its fisheries and tourism values which subsequently
forms the root cause of microplastic contamination (Krishnaku-
mar et al., 2018). Taking into consideration the susceptibility
of these sensitive coastal ecosystems to anthropogenic interfer-
ences, the state government has launched a ‘‘Green Rameswaram’’
roject at Rameswaram Island from 2014 intending to create
clean, environment friendly and green Rameswaram island,

imed at preserving its ecology and marine biodiversity (Vasudeo
t al., 2018). Though the larger macroplastic debris can be easily
ollected and removed, the pollution from smaller fragmented
r UV degraded microplastics still pose a major challenge. Mi-
roplastics, because of their smaller sizes forms an easy target
or ingestion by many aquatic organisms ranging from inverte-
rates to economically significant vertebrates, such as fishes. The
ngestion of microplastics by marine fishes have been reported
orldwide (Lusher et al., 2013; Lenz et al., 2016; Wieczorek
t al., 2018). Since commercially exploited fishes forms the chief
oute of transfer of microplastics from the ecosystem to humans,
n assessment of the rate of microplastic ingestion by the di-
erse fish community will provide a better understanding on the
hreats imposed by microplastic pollution on the ecosystem and
o human health upon consumption.

Considering all these factors, the present study was focused
o provide a baseline information on the distribution of the mi-
roplastics in the coastal waters and their ingestion by the major
ommercial fisheries to better understand the intensity of the
mpacts microplastic pollution generate on the ecosystem and
iota of both these biodiversity hot spots in the northern Indian
cean.

. Methodology

.1. Study area

The study was conducted in two shallow oceanic regions in the
orthern Indian Ocean, the GoM and the PB. GoM encompasses
he territorial waters extending from Dhanushkodi in the north
o Kanyakumari in the south and opens to the Arabian Sea in
he west whereas the PB bounded by the GoM in the south and
ay of Bengal in the east. GoM supporting a rich and diverse
quatic organisms is notable for its rich pelagic fishery resources
nd also homes the first biosphere reserve in South East Asia, the
ulf of Mannar Biosphere Reserve forming an abode for about
600 species of flora and fauna (Kumaraguru et al., 2006a,b). PB,
ith its well-established seagrass beds, tidal flats, and mangrove
egions forms rich feeding and breeding area for a wide variety
f aquatic organisms from fishes, prawns, and crabs and hence
orms a rich demersal fishing ground.

For the study, sampling was carried out at four locations each
n both GoM and PB. The sampling sites in the GoM were Man-
apam, Vedhalai, Kilakkarai, and Dhanushkodi GoM whereas Ag-
itheertham, Villoondi Theertham Vil, North Pamban, and
hanushkodi PB formed the sampling locations in the PB. (Figs. 1
nd 2). Sampling in both these regions was conducted during
pring Inter-Monsoon (SIM — May), South West Monsoon (SWM
September), and in the Early Winter Monsoon (EWM — De-

ember) and Late Winter Monsoon (LWM — February) periods
f 2019.
2

1.2. Surface water temperature, salinity and ocean current

Sea Surface Temperature (SST) distribution in all the stations
was estimated using standard mercury-filled centigrade ther-
mometer whereas the salinity was measured using a refrac-
tometer. The ocean current data used in the present study were
retrieved from the PODAAC–OSCAR (https://podaac.jpl.nasa.gov)
archive.

1.3. Microplastics in the surface waters

Microplastics from the surface waters were sampled in tripli-
cate by hauling a zooplankton net of mesh size 100 µm at a speed
of 1 knot for 10 min. The samples collected in the net and the
cod-end were carefully transferred to a sampling bottle and fixed
with 4% formalin onboard and were later manually sorted and
enumerated under a stereomicroscope (40X) (James et al., 2020)

1.4. Microplastics in the sediment

For estimating the sediment microplastic distribution, tripli-
cate samples of sediments were collected using a Van Veen grab
(0.025 m2) from a depths ranging from 2–5 m. Sediment samples
were sieved using a stacked sieve (5 mm and 1 mm) and the
retained samples were subsequently collected. In the laboratory,
the sieved samples (retained in 1 mm sieve) were dried and
transferred into 500 ml beakers containing 200 ml of saturated
5M NaCl solution (d = 1.15 g/ml) and stirred using a magnetic
tirrer for 10 min. Following this, the samples were allowed to
ettle for 5 min and the supernatants were vacuum filtered using
ilter paper of 0.4 µm mesh size. The remaining samples in the
eaker were treated again using 20 ml hydrogen peroxide (30%)
ntil all organic contents were degraded. The supernatant was
gain filtered using a 0.4 µm filter paper. After the filtration, the
ilter papers were dried and the microplastic retained was sorted
nd enumerated under the stereomicroscope (40X) (Masura et al.,
015; James et al., 2020)

.5. Microplastics in the fish gut

Both pelagic and demersal fishes belonging to 12 families were
ollected from the fish landing centers of both GoM and PB. In the
aboratory, the fishes were identified up to the species level fol-
owed by their length and weight measurements and dissection
f their digestive tracts. The digestive tracts were subsequently
reated by the wet peroxide oxidation method (30% H2O2) at
5 ◦C to dissolve all the organic contents. The digested samples
ere then filtered through a 0.4 µm filter paper and dried. The
icroplastics retained in the filter paper were separated and
numerated under a stereomicroscope (40X) (Masura et al., 2015;
ames et al., 2020).

For estimating the microplastic ingestion, the gut content of
bout 613 fishes comprising of 25 species belonging to 12 families
uch as Clupeidae, Carangidae, Sphyraenidae, Leiognathidae, Sci-
enidae, Terapontidae, Hemiramphidae, Scombridae, Siganidae,
yanoglossidae, Lethrinidae and Mullidae were examined (Ta-
le 1).

.6. Identification of microplastics

Microplastics collected from surface water, sediment, and fish
uts were sorted according to their type and size and enumer-
ted under the stereomicroscope (40×) (Hidalgo-Ruz et al., 2012;
usher et al., 2017).

https://podaac.jpl.nasa.gov


K. James, Kripa V., Sikkander Batcha S.M. et al. Regional Studies in Marine Science 41 (2021) 101558

Fig. 1. Location map of the study area.

Fig. 2. Magnitude and direction of ocean currents in the GoM and PB region during the study period.
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Table 1
Details of fishes examined for the presence of microplastics.
Family Species No. of

individuals
Total length Total weight Habitat

Clupeidae Sardinella albella 180 12.2 ± 1.46 17.4 ± 4.38 Pelagic
Sardinella sp. 40 11 ± 0.52 16.8 ± 4.82 Pelagic

Carangidae

Caranx sp. 29 13.5 ± 0.72 25.2 ± 3.71 Demersal
Atule mate 24 16.9 ± 0.56 70.6 ± 8.45 Pelagic
Decapterus russelli 22 20.1 ± 0.65 93.1 ± 5.69 Pelagic
Tranchinotus blochii 25 13 ± 1.32 52.5 ± 3.31 Demersal
Selaroides leptolepis 18 12.3 ± 1.23 20.6 ± 5.76 Pelagic

Sphyraenidae
Sphyraena sp. 14 26.6 ± 2.09 143.3 ± 4.88 Pelagic
Sphyraena jello 9 21.1 ± 2.11 47 ± 14.9 Pelagic
Sphyraena barracuda 10 22.1 ± 3.10 68 ± 20.39 Pelagic

Leiognathidae Leiognathus equulus 30 9.9 ± 2.05 16.2 ± 8.88 Demersal
Leiognathus sp. 25 10.3 ± 1.22 16.8 ± 6.76 Demersal

Sciaenidae Kathala axillaris 7 13.2 ± 2.77 31.4 ± 19.79 Pelagic
Otolithes sp. 16 16.3 ± 0.88 45.6 ± 8.13 Demersal

Terapontidae Pelates quadrilineatus 25 11.1 ± 0.99 16.9 ± 5.03 Demersal
Terapon puta 13 12.3 ± 2.41 23.3 ± 18.11 Demersal

Hemiramphidae
Hyporhamphus quoyi 24 12.1 ± 1.58 24.4 ± 5.73 pelagic
Hyporhamphus sp. 15 33.9 ± 2.12 88 ± 5.76 Pelagic
Hemirhamphus luktei 11 25.1 ± 1.41 30 ± 6.70 Pelagic

Scombridae Rastrelliger sp. 23 23.8 ± 1.05 156.3 ± 10.9 Pelagic
Rastrelliger kanagurta 21 13.8 ± 1.36 43.4 ± 9.68 Pelagic

Siganidae Siganus canaliculatus 7 11.5 ± 0.88 21.8 ± 4.09 Demersal
Cyanoglossidae Cynoglossus puncticeps 3 12.3 ± 0.76 24.3 ± 2.08 Demersal
Lethrinidae Lethrinus reticulatus 9 13.8 ± 1.23 50 ± 14.14 Demersal
Mullidae Upeneus sp. 13 11.5 ± 1.49 29.2 ± 13.28 Demersal
1.7. Contamination measures

To avoid contamination the entire laboratory work was care-
ully handled by following standard protocols such as using labo-
atory coats, nitrile gloves, and glasswares washed with deionized
ater. During treatment, the sample beakers were covered us-

ng aluminum foil to avoid airborne plastic and textile fiber
ontamination.

.8. Statistical analysis

Variability in the sea surface temperature, salinity and mi-
roplastic distribution along seasons was analyzed using One-way
NOVA. To understand the influence of currents on the mi-
roplastic distribution, correlation was carried out between the
icroplastic abundance and the respective current velocity in all

he seasons. Both these statistical analysis was done using IBM
PSS statistics 23 software.

. Results

.1. Seasonal distribution of temperature, salinity and microplastic

The present study evidenced higher SST (30 ± 0.35 ◦C) and
alinity (37 ± 1.06 ppt) during SIM and minimum SST (26 ±

.98 ◦C) and salinity (35 ± 2.12 ppt) during EWM. SST, salin-
ty and microplastic distribution exhibited significant seasonal
ariation (Table 2). SST and salinity showed significant variation
n distribution along seasons in both GoM (p < 0.05) and PB
p < 0.01) (Table 2). With higher SST, a corresponding increase
n the salinity was observed at a significance level of p = 0.01.

Microplastic distribution showed significant seasonal variation
p < 0.05) in both surface waters and sediments of GoM whereas
n PB, the seasonal variation in the distribution of microplastics
n surface waters and sediment was observed at significant levels
f p < 0.05 and p < 0.01 levels respectively (Table 2).
4

Table 2
Results of One way — ANOVA depicting seasonal variation of
abiotic variables and microplastic distribution in surface waters
and sediments of GoM and PB.

ANOVA (with season) f -value p-value

GoM

Temperature 8.19 .003
Salinity 7.84 .004
Microplastic in sediment 4.64 .022
Microplastic in surface water 4.32 .028

PB

Temperature 26.2 .000
Salinity 70.9 .000
Microplastic in sediment 4.15 .031
Microplastic in surface water 9.36 .002

2.2. Distribution of microplastic with ocean current

During LWM, the direction of the current was from the east
towards the shoreline of PB with a maximum current velocity
of 0.4–0.5 m/s whereas in GoM the current speed got relatively
lower to about 0.1–0.2 m/s. During SIM, the current flow was
towards Sri Lanka with a notable drop in current velocity (0.3–
0.4 m/s) in both PB and GoM. In GOM, the current speed was
observed to be maximum during SWM (0.4–0.5 m/s) whereas PB
experienced relatively lower currents with a speed of 0.2–0.3 m/s
during this period. During EWM, the current velocity got higher
in the PB (0.5–0.6 m/s) and was in the tune of 0.2 m/s in GoM but
showed a reversal in its direction compared to the SWM (Fig. 2).

The distribution of microplastics in surface waters and sed-
iment in both GoM and PB showed a strong positive correla-
tion with the respective current velocity at a significant level of
p < 0.05 (Fig. 3).

2.3. Plastic debris in the beaches

The study evidenced huge accumulation of plastic debris along
the beaches of both the GoM and PB (Fig. 4). These were the
outcomes of intense fishing and pilgrimage tourist activities along
the beaches. The impact from the pilgrimage tourism activi-
ties was mostly concentrated along the stations such as Ki-
lakkarai, Agnitheertham, Villoondi Theertham, Danushkodi GoM,
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Fig. 3. Variation in distribution of microplastic with current in both surface water and sediment of GoM and PB.
S

nd PB whereas the effects of regular fishing activities were found
long the North Pamban, Vedhalai, Kilakkarai station locations.
anushkodi region along the coastlines of both GoM and PB is a
ajor pilgrimage zone along the southeast coast of India. Along
ith this, small scale fishing activities such as shore siene fishing

s also practiced intensely along this region in turn contributing
o a large accumulation of fishing-related plastic litters like nets
nd floats along the beaches (Fig. 4a–i) and getting entangled in
he coral beds of PB (Fig. 4j & k). In Kilakkarai, litter accumulation
as the consequent effects of the frequent repairing of fishing
ets carried out by the fishers (Fig. 4e–f).

.4. Distribution of microplastic in surface water and sediments

In both surface water and sediments, the seasonal distribution
f microplastics (relative concentration) exhibited a see–saw pat-
ern. Both the locations i.e. GoM and PB exhibited this see–saw
attern, but there was a 180 degree lag between these patterns
howed by the GoM and PB. The percentage distribution of mi-
roplastics in both GoM and PB ranged from 20%–80% (Fig. 5). In
he surface waters of PB, the highest concentration (70%–80%) of
icroplastics was observed during the EWM and LWM whereas

n GoM it was more prominent during the SWM (70%–80%) period
Fig. 5). In the sediment, the highest microplastic distribution in
B was observed during SIM and SWM (70%–80%) whereas in
oM it was observed to be high during LWM season (60%–70%)
Fig. 5).

The distribution of microplastics along each sampling location
xhibited remarkable seasonal variations. Among the stations, the
5

highest concentration of microplastics was observed in Kilakkarai
(40%–50%) of GoM during the SWM and in North Pamban (30%–
40%) of PB during both EWM and LWM periods (Fig. 6). In general,
PB had higher microplastic abundance in its ecosystem compared
to GoM.

2.5. Type and size fraction

Microplastics obtained were categorized into different types
and sizes. Six microplastic types were obtained from the surface
waters and sediment of GoM and PB with the predomination of
fragments followed by filaments, pellets, fibers, films, and foams
(Fig. 7).

Among the different microplastic size categories such as
<1 mm and 1–5 mm, the 1–5 mm sized microplastics dominated
the surface waters of both GoM and PB while in sediments,
microplastics of size <1 mm predominated (Fig. 8) .

2.6. Microplastics in the fish gut

The gut content of 613 individuals of fishes belonging to 12
different families were examined for the presence of microplas-
tics. The fishes collected from the PB had higher microplastics in
their guts compared to that of GoM.

Among the 14 species of fishes caught from PB, microplastics
were observed in the gut of 6 species such as Selaroides leptolepis
(27.8%), Pelates quadrilineatus (12%), Sphyraena barracuda (10%),
ardinella albella (7.2%), Leignathus equulus (3.3%) and Sardinella
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s

Fig. 4. Plastic debris lying scattered along the beaches of PB (a–b), GoM (e–f) and entangled along the coral beds (j & k).
Fig. 5. Fluctuations of microplastic abundance in GoM and PB with the seasons.
p. (2.5%). In GoM, only 3 species of fishes such as Sphyraena
sp. (14.3%), Caranx sp. (10.3%) and Sardinella albella (4%) had
microplastics in their gut out of the 12 species caught. (Table 3).

In both the ecosystems the pelagic fishes exhibited more mi-
croplastic ingestion compared to the demersal species (Fig. 9b).

While comparing the microplastic ingestion by the different
fish species, it was observed that it was more among the fam-
ily Clupeidae (42%) followed by Carangidae (31%), Terapontidae
(14%), Sphyraenidae (11%) and Leiognathidae (4%) (Fig. 9a).
6

3. Discussion

Microplastic pollution and threats imposed by them on the
marine ecosystem and its inhabitants are now a major global
concern. Among the varied marine habitats, coastal waters, and
their associated beaches form one of the heavily impacted regions
from microplastic pollution (Barnes and Milner, 2005). These
regions being a major fishery zone often forms the prime location
for fish landing and other fishing related activities. Furthermore,
beaches being a major zone of coastal tourism and pilgrimage
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Fig. 6. Fluctuation of microplastic abundance in each station of GoM and PB with seasons.
Fig. 7. The distribution of microplastics based on type.
ctivities get heavily impacted by pollution related to human
nterventions (Krishnakumar et al., 2018). The present study was
onducted in GoM and PB, two major coastal water bodies in
he northern Indian Ocean threatened by the impacts associated
ith fishing and tourism-related activities. Regions such as Ki-

akkarai, Agnitheertham, Villoondi Theertham, Danushkodi GoM,
nd PB formed the major pilgrimage and tourist spots whereas
orth Pamban, Vedhalai, Kilakkarai had more intense and routine
ishing activities. Danushkodi region of both GoM and PB had
oth pilgrimage and shore siene activities. All these regular an-
hropogenic activities might have led to the vast accumulation of
lastic litters in the beaches. These plastic litters accumulated in
he beaches might have entered the coastal waters either through
onsoonal runoff or with the tidal incursion causing serious

mpacts on the coastal habitats and its biota. A study conducted
t a popular tourist destination of South Korea reported heavy
ain and subsequent runoff as a major factor behind the unusually
igh level of marine litters reaching the marine ecosystem from
he beaches (Jang et al., 2014).
7

Debris from fishing gears accounts for the high percentage of
plastic pollution in the fishing zones (Lee et al., 2006; Galgani
et al., 2000; Newman et al., 2015). Litter from fishing gears form-
ing the dominant source of plastic debris was reported along the
California coasts (Moore and Allen, 2000). Plastic litters and ghost
nets entering the seagrass beds and coral reefs often threaten the
marine fauna like dugongs and turtles through entanglement. En-
tanglement in lost fishing gear and ropes impedes the movement,
feeding and, respiration of aquatic organisms (Laist, 1997; An-
drady, 2011; Kunhn et al., 2015) besides affecting their predatory
activities (Laist, 1997). The marine plastic debris is also reported
to affect coral growth (Senthilnathan et al., 2018) and even lead
to their partial mortality through physical damages brought it by
the deposition of plastic debris (Ranith et al., 2018). To reduce
this risk, one of the best practice guidelines to be adopted is
the Fishing-for-Litter scheme (OSPAR, 2007) for efficient waste
management related to fisheries.

The shorelines Kilakkarai of GoM was found to be littered by
sewage pipes and by discarded fishing net lines which subse-
quently reaches the coastal waters through wind action or runoff
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Table 3
Percentage abundance of microplastics obtained from the fish gut.
Location Species No. of individuals

(n)
Microplastics
(%)

GoM

Sardinella albella 100 4
Caranx sp. 29 10.34
Sphyraena sp. 14 14.28
Leiognathus sp. 25 0
Kathala axillaris 7 0
Atule mate 24 0
Rastrelliger sp. 23 0
Sphyraena jello 9 0
Hemirhamphus luktei 11 0
Otolithes cuvieri 16 0
Hyporhamphus quoyi 24 0
Rastrelliger kanagurta 21 0

PB

Leiognathus equulus 30 3.33
Decapterus russelli 22 0
Sardinella sp. 40 2.5
Sardinella albela 80 7.5
Terapon puta 13 0
Siganus canaliculatus 7 0
Cynoglossus puncticeps 3 0
Hyporhamphus quoyi 15 0
Selaroides leptolepis 18 27.77
Lethrinus recticulatus 9 0
Upeneus sp. 13 0
Sphyraena barracuda 10 10
Tranchinotus blochii 25 0
Pelates quadrilineatus 25 12

Fig. 8. Distribution of microplastics based on size.

rom beaches. The large quantities of discarded nets along the
horeline further aggravate the threat of microplastic pollution by
eathering. Outfalls and treated effluents from wastewater treat-
ent plants linked to microplastic pollution in the coastal envi-

onment further justify the view (Browne et al., 2011; Murphy
t al., 2016; Wright et al., 2013).
The GoM is predominantly influenced by the SWM whereas

B by the LWM monsoon. The seasonal distribution of microplas-
ic (relative concentration) in surface waters and the sediments
xhibited a see–saw pattern. In both GoM and PB, the maximum
umber of microplastic in the surface waters was encountered
hen the sea was rough whereas in the sediments it exhibited a
everse trend with higher microplastic numbers during calm sea
onditions. Ocean currents and wind patterns have a major role in
he suspension and re-suspension of microplastics in the coastal
aters. Higher microplastic distribution in the surface waters
f GoM and PB during the SWM and EWM respectively might
ave resulted by this process of re-suspension from sediments
y wind and current action. The higher wind action during the
onsoon periods often results in swells and rolling in the open
cean leading to the development of rough sea conditions. The
olling and swelling subsequently result in the re-suspension of
ediments in these shallow coastal waters leading to the sus-

ension of microplastics in the water column thus resulting in

8

a decrease in the microplastic abundance in sediments and a
corresponding increase in their abundance in the surface waters
during monsoon. In contrast, at periods of calm sea conditions,
the microplastics settles to the bottom either through physical
density process or through biofouling activities (Wright et al.,
2013). The buoyancy of the floating microplastics is decreased
either through weathering and biofouling (Barnes et al., 2009;
Lobelle and Cunliffe, 2011), mineral adsorption (Corcoran et al.,
2015) or by incorporation of microplastics into fecal pellets (Cole
et al., 2016) leading to their higher settling in the deeper water
column (Debrot et al., 2014) and subsequent sedimentation to
the seafloor (Galgani et al., 1996; Law et al., 2010; Andrady,
2011; Galgani and Lecornu, 2004). The positively buoyant items
tend to accumulate near the sea surface and get transported by
winds and surface water currents, whereas negatively buoyant
items sink out of the water column to the sediments below
(Van Cauwenberghe et al., 2013). The contrasting trend in the
microplastic distribution in surface waters and sediments of GoM
and PB with a prominent see–saw pattern in their abundance
can be linked to this seasonal reversal of wind circulation and
surface current patterns in GoM and PB and the consequent sea
conditions (Gowthaman et al., 2013).

Among the microplastic types, fragments predominated in
numbers both in GoM and PB followed by filaments, pellets,
fibers, films, and foams. These secondary microplastics might be
the end products of weathering of plastic bags, bottles, fishing
nets, ropes, thermocoal etc. Plastic breaks into smaller particles
through fragmentation by the action of light, heat and oxygen,
water, and by organisms (Andrady, 2011). While considering the
size category of microplastics, the highest number of microplastic
were of the size range between 1 to 5 mm both in GoM and PB
whereas, in sediments, the <1 mm sized microplastics dominated.
As the size, shape, and density of microplastic (Cole et al., 2016)
determine their settling and buoyancy in the marine ecosystems,
the denser microplastics might have settled more compared to
the lighter ones which remained floating in the surface waters.
Thus along with wind and water currents, the characteristics of
the microplastics have a critical role in their effective dispersal
and sedimentation in the oceanic regions (Thompson, 2015).

Carpenter et al. (1972) were the first to report on plastic
ingestion by marine fishes which later on led to several studies
substantiating the occurrence of microplastics in the fish guts
(Boerger et al., 2010; Davison and Asch, 2011; Lusher et al., 2013;
Lenz et al., 2016; Wieczorek et al., 2018). The gut contents of
613 individuals of fishes belonging to 12 families were analyzed
for the presence of microplastics. It was observed that the fish
species collected from PB had the highest number of microplastics
in their gut compared to that from GoM. As PB had more mi-
croplastic abundance in both surface waters and sediments than
GoM, the chances of microplastic ingestion by fishes of PB was
more.

Furthermore, the higher incidence of microplastics in the
pelagic fishes compared to demersal indicated the increased
availability of microplastics in the surface waters compared to
the sediments. Among the examined fishes, species belonging
to family Clupeidae had maximum number of microplastics in
their gut. These pelagic fishes characterized by indiscriminate
filter-feeding patterns have higher chances to ingest the neutrally
buoyant plastic particles compared to others (Rummel et al.,
2016). Active feeding of microplastics may also happen as they
often misjudge the visually similar microplastics to their prey
(Mizraji et al., 2017).

Demersal fishes like Pelates quadrilineatus and Leiognathus equ-
ulus mostly prey upon small or narrow-bodied organisms like
copepods and polychetes inhabiting the benthic realm (Warbur-

ton and Blaber, 1992). The higher microplastics in their gut might
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Fig. 9. Percentage contribution of microplastics in 613 individuals of fishes belonging to different (a) family and (b) habitats.
have resulted from the accidental intake of sediment microplas-
tics while feeding. Many fishes are opportunistic feeders, showing
marked individual preferences in prey consumption (Bryan and
Larkin, 1972). The fish, Sphyraena sp. is an ambush predator
which attack and ingest their prey using sharp jaws (Ramachan-
dran et al., 2006). Caranx sp. is also predominantly carnivorous
preying mostly on the juveniles of sardines, anchovies, and other
fin-fishes (Abdussamad et al., 2008). Hence the microplastic in-
cidence in their gut indicates the accidental intake through the
ingestion of the whole prey or the microplastics adhering on their
prey (Jovanovic, 2017; Ryan et al., 2016). Thus, the voracious feed-
ing habits of these generalist predatory fishes often result in the
unintentional ingestion of plastic debris. Some predatory fishes
tend to bite their prey before ingestion and have been observed
to attack the drifting plastics (Carson et al., 2013) which can
also consequently lead to the ingestion of microplastics. Ingestion
of such non-degradable plastic materials increases the risk of
digestive tract blockages subsequently leading to starvation and
mortality in marine vertebrates (Laist, 1997).

4. Conclusion

The study highlighted the alarming signals of increased inci-
dences of microplastics in the highly productive and biodiverse
coastal ecosystems in the northern Indian ocean. The surface
water, sediments, and some commercially significant fishes of
GoM and PB of the Southeast coast of India showed the presence
of microplastics. Microplastic abundance was more in the coastal
ecosystems and in fishes of PB compared to GoM. Pelagic fishes
had more microplastics in their gut than demersal and with the
family Clupeidae exhibiting higher microplastic ingestion. These
pelagic fishes being the most preferred prey items by both higher
trophic levels and by humans, there is a chance of its bioaccumu-
lation in the food web and in humans upon consumption. Hence
it becomes utmost essential to spread awareness on microplastic
pollution among the local population, and also to formulate man-
agement plans and recommendations to reduce the practice of
discarding damaged fishnets in the beaches. Considering the eco-
logical relevance and sensitivity of the PB and GoM characterized
by extensive seagrass beds and coral reefs, efficient plastic waste
management practices need to be implemented at the earliest
especially in the regions of intense tourist and fishing activities
along its coasts.
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