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Microplastics (MPs) found in marine invertebrates have aroused great concern, but MP ingestion by cephalopods
is rare. To evaluate MP contamination in commercially important pelagic squids, we examined the abundance
and characteristics of MPs in the gill, intestine, and stomach of jumbo squid Dosidicus gigas (30.9 to 65.0 cm
mantle length), collected from the northern Humboldt Current. The average abundance ranged from 4.0 to 7.4
items/individual and 0.2 to 0.7 items/g wet weight for the three tissues. The MPs were sized 80.75 to 4632.27
pm, with larger MPs generally found in the stomach. The majority of MPs were fibrous in shape, blue or black-

gray in color, and cellophane in composition. These results revealed the MP distribution in D. gigas and could be
driven by its movement pattern and habitat use. Furthermore, this study provides evidence that adherence to
gills is probably an alternative means by which pelagic squid accumulate MPs.

1. Introduction

Plastics, particularly in the form of microplastics (MPs), are ubiqui-
tous in marine environments (Wright et al., 2013; Provencher et al.,
2017; Galloway et al., 2017). MPs float and sink through the water
column. They are highly bioavailable and readily ingested by marine
organisms, either through direct capture or through feeding on
contaminated prey (Nelms et al., 2018). There is a considerable amount
of literature documenting the ingestion of MPs by marine organisms;
however, as most studies have been conducted on crustaceans and fish,
MPs' potential presence in cephalopods has not yet been studied
extensively. This is especially true for pelagic squids, which play crucial
roles in marine ecosystems due to their voracious prey consumption, and
which have economic and provisioning roles for oceanic fisheries
around the world (Hunsicker et al., 2010; de la Chesnais et al., 2019).

In the present study, we focused on an iconic species of pelagic
squids, jumbo squid Dosidicus gigas, which is highly abundant in and
endemic to the eastern Pacific Ocean (Nigmatullin et al., 2001). This
species supports the world's largest cephalopod fishery, with the com-
mercial annual catch ranging between 0.8 and 1.2 million tons from

2014 to 2018 (FAO yearbook. Fishery and aquaculture statistics).
D. gigas is recognized as a voracious and adaptable predator of a broad
range of prey, such as crustaceans, fish, and cephalopods (including
cannibalism). The estimated trophic level of D. gigas ranges from almost
4.0 to 4.4 across different geographic stocks, indicated by stable isotope
and stomach content analyses (Markaida and Sosa-Nishizaki, 2003;
Field et al., 2007; Espinoza et al., 2015). D. gigas is also considered
highly migratory, undertaking diel vertical migration to the hypoxic
oxygen minimum layer and ontogenetic migration between the conti-
nental shelf and open ocean (Gilly et al., 2006; Stewart et al., 2013a).
Thus, D. gigas could potentially represent a significant bioindicator of
MP contamination in a vast three-dimensional space, given the high
frequency of MP ingestion documented in crustaceans (Watts et al.,
2014; Zhang et al., 2021) and fish (Boerger et al., 2010; Ory et al., 2018;
Pereira et al., 2020). In addition, plastics have been identified in ceph-
alopods, although only four pieces of peer-reviewed literature have been
published to date. Using stomach content analysis, plastic pellets and
fishing tools were found in D. gigas from the California Current (Braid
et al., 2012) and Ecuador (Rosas-Luis, 2016), respectively; however,
neither study investigated MPs. For coastal cephalopods, recent studies
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of common cuttlefish Sepia officinalis (Oliveira et al., 2020) and Indian
squid Uroteuthis duvaucelii (Daniel et al., 2021) have reported a pre-
dominance of fibrous MPs in their digestive systems and edible tissues,
respectively. Several studies have shown that MPs have toxic effects on
tissues because of additives in their composition and adsorbed chemicals
(Bakir et al., 2014; Jeong et al., 2016; Oliveira et al., 2020), both of
which may hinder the stability and survival of marine organisms (Fossi
et al., 2018; Rebelein et al., 2021). It is therefore vital to determine the
occurrence and characteristics of MPs in pelagic squid such as D. gigas in
order to lay the foundations for future monitoring and toxicology
testing, especially given the rapid rise in squid landings.

The present study arose from the lack of MP quantification in pelagic
squid and from the need to compare results for other cephalopods and
high-trophic-level marine predators. We investigated the presence of
MPs in the gill, intestine, and stomach tissues of D. gigas specimens taken
from the northern Humboldt Current ecosystem, which is one of the
most productive ecosystems in terms of fishery production (Chavez
et al., 2008). The aims of this study were (i) to quantify the abundance
and characteristics of MPs in D. gigas, and (ii) to assess the distribution
patterns of MPs in squid tissues.

2. Materials and methods
2.1. Sample collection and preparation

Dosidicus gigas specimens were collected between October and
November of 2019 by scientific observers on commercial jigging cruises
operating in the waters off the Peruvian Exclusive Economic Zone
(Fig. 1), which is the main fishing ground of this commercially impor-
tant species off the coast of western South America (Liu et al., 2013;
Csirke et al., 2015). All squid were frozen on board and transported to
the laboratory, then frozen at —20 °C until further analysis. Before
dissection, D. gigas specimens were thawed at room temperature. Basic
measurements were recorded for each squid, including dorsal mantle
length (ML) and body weight (BW). The outer regions of the squid
specimens were rinsed with ultrapure water (Milli-Q-Water) to remove
any adhered particles. Each specimen was carefully dissected in a metal
tray, using tweezers and scissors to prevent damage to internal tissues.
Sex was determined according to Lipinski and Underhill (1995). The gill,
stomach, and intestine of each squid were extracted in sequence, their
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Fig. 1. Sampling locations of jumbo squid Dosidicus gigas in the northern
Humboldt Current ecosystem, October and November 2019.
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respective wet weights were recorded, and they were wrapped in
aluminum foil bags and stored in a freezer for further processing.

2.2. Isolation, observation, and identification of microplastics

Microplastic extraction was performed according to the modified
alkaline method described by Dehaut et al. (2016). Before digestion, all
tissue samples were dried at 60 °C for 24 h, then divided into three to
five subsamples depending on size (Oliveira et al., 2020). The dry weight
of each tissue sample was measured and used to estimate the required
volume of 10% KOH solution. Tissue samples were individually trans-
ferred into conical flasks, followed by the addition of 20 mL per gram of
dried tissue of KOH solution, and covered with aluminum foil to avoid
contamination. The conical flasks were then set at 60 °C for 24 h, with
continuous agitation (130 rpm) in an oscillation incubator. The diges-
tion solution was sequentially cooled and vacuum filtered through a
glass fiber filter (2.7 pm pore size, 47 mm diameter, Whatman Inc.), and
the filters were then placed in clean Petri dishes.

All filters were observed under a stereomicroscope (SZX2-FOF)
coupled with a U-TV0.63XC digital camera (both from Olympus, Tokyo,
Japan). Every potential microplastic (>50 pm) was photographed, and
the maximum length was measured using ImageJ Version 1.50 software
and used to classify items as small microplastics (50 pm to <1 mm) or
large microplastics (1 to 5 mm). Shapes were identified based on visual
evaluation of the morphometric characteristics. In terms of color, sus-
pected microplastics were clustered into six color groups: black-gray,
blue, green, red, multicolored, and yellow-brown.

Attenuated total reflection Fourier transform infrared spectroscopy
(ATR FT-IR) (Nicolet iN10, Thermo Fisher Scientific, USA) was carried
out for polymer identification. A total of 216 common items (~53%)
were randomly selected across all individuals and tissue types and
identified via ATR FT-IR. The spectral range was set at 455 to 4000
em™}, at a resolution of 8 cm ™. Identifications with a level of certainty
of at least a 70% match, or considered to have reliable spectral matches
(after visual inspection), were accepted. To prevent potential airborne,
container, and tool contamination, stringent preventative measures
were applied.

2.3. Statistical analysis

Analysis of variance (ANOVA) with a post hoc Tukey's honestly
significant difference (HSD) test was used to explore differences in ML
between sexes, as well as the wet weight and average abundance and
size of MPs among tissue types. All statistical analyses and graphics were
conducted using R Version 3.5.3 (R Core Team, 2019) or OriginPro
software Version 2020 (OriginLab Corp., Northampton, MA, United
States). The significance level was set at 0.05. All results are presented as
the mean value + standard deviation (SD).

3. Results
3.1. Biometric parameters

A total of 72 tissue samples were taken from 10 female and 14 male
individuals (ML: 53.5 4 9.7 cm, BW: 4870.9 + 1828.0 g), and all were
within the common size range of D. gigas from the northern Humboldt
Current ecosystem (Liu et al., 2013; Csirke et al., 2015). No difference in
ML (ANOVA, Fj 22 = 0.75, p = 0.40) and BW (Fy 22 = 1.99,p = 0.17) was
observed between sexes (female: 55.6 + 8.7 cm, 5480.2 + 1746.4 g;
male: 52.1 4+ 10.1 cm, 4435.7 + 1819.7 g). Therefore, MPs identified in
female and male individuals were analyzed together. Significant dif-
ferences (Fa,69 = 33.93, p < 0.01) were found in the wet weights of the
three tissue types using ANOVA with post hoc Tukey's HSD comparisons,
indicating that the intestine weight (6.5 + 3.7 g) was significantly lower
than the weights of the gill (52.6 + 26.3 g) and stomach (43.5 + 23.6 g),
with no significant difference between the latter two tissues (p > 0.23).
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3.2. Abundance of microplastics in squid tissues

From the 72 tissue samples analyzed, 55 (76.39%) were found to
contain MPs. Nonetheless, MPs were found in all individuals examined,
i.e., at least one tissue sample from each squid contained MPs. Overall, a
total of 403 items were identified and were distributed unevenly among
the tissue types. The number of items was highest for stomach samples
(n = 178), with 20/24 (83.33%) samples containing MPs, which rep-
resented an average abundance of 7.42 + 4.88 items/individual. A total
of 130 items were detected in 16/24 (66.67%) gill samples, with an
average abundance of 5.42 + 5.96 items/individual. For the intestine
tissues, 79.17% of samples contained 95 items and had an average
abundance of 3.96 + 3.62 items/individual. The ANOVA results showed
that the stomach had a higher number of MP items per squid than the
intestine (p = 0.04), and the difference between the gill and stomach was
not significant (p = 0.34). MP abundance was also expressed as the
number of items per gram of tissue (items/g, wet weight). Significant
differences were found in the MP abundance of items/g among tissue
types (Fa60 = 8.93, p < 0.01, ANOVA). The values for the intestine
samples (0.74 + 0.77 items/g) were significantly higher than those for
the gill (0.20 £+ 0.24 items/g) and stomach (0.30 £ 0.24 items/g)
samples, with no significant differences between the last two tissue types
(p = 0.76).

3.3. Morphology, color, and chemical composition of microplastics

The MPs identified in the squid consisted of either fibers or frag-
ments, while no films or pellets were found. Fibers represented the
dominant shape of MPs in all tissues sampled. The percentage of fibers
reached 97.69% in gill samples, followed by 93.82% and 92.63% in
stomach and intestine samples, respectively. Fragments made up the
remaining 2.31% to 7.37% of the total counts of MPs identified. When
pooling all tissue samples together, the size range of MPs was 80.75 to
4632.27 pym (1072.17 + 845.40 pm), with the smallest MPs found in the
intestine and the largest found in the stomach (Fig. 2A). Considerable
variability in the size of MPs was observed among tissue types (ANOVA,
Fs 400 = 6.70, p < 0.01). Post hoc Tukey's HSD tests indicated that the
average size of MPs was significantly larger in the stomach tissues
(1238.43 + 1003.67 pm) than in the gill and intestine tissues (980.60 +
733.23 pm and 885.93 + 568.21 pm, respectively), with no significant
differences between the last two tissue types (p = 0.68). The most
common size group of MPs in all tissue types was smaller than 1 mm,
accounting for 52.81% to 64.62%, indicating that the majority of MPs
identified in this study were small MPs (Fig. 2B). Fibers had a much
wider size range (100.03 to 4632.27 pm) and comprised 100% of the
large MPs, while fragments were all small MPs (range 80.75 to 451.89
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pm). Six color groups of MPs were found in the studied D. gigas speci-
mens. Black-gray and blue were the dominant forms, accounting for
more than 33.85% and 31.58% of MPs in squid tissues, respectively
(Fig. 3A). The other colors of items recovered were green, red, and
yellow-brown. Interestingly, we also found one and four multicolored
fragments in the intestine and stomach samples, respectively (Figs. 3A,
4). Out of 403 MPs initially recovered, a total of 216 common items
(consisting of 209 fibers and 7 fragments to reflect the overall pattern of
potential MPs) were randomly selected for chemical composition veri-
fication by ATR FT-IR. Of these, 163 items were confirmed to be poly-
mers. Five polymer types were determined: cellophane, polyacrylic acid
(acrylic), alkyd, polyethylene terephthalate, and polypropylene. The
most frequent polymers were cellophane (79.33%) and acrylic
(10.06%). The predominant colors of cellophane MPs were black-gray
and blue, while all acrylic MPs were black-gray (Fig. 3B). Each
remaining polymer represented less than 5% of the items detected.

4. Discussion

MPs are frequently found in high-trophic-level marine taxa, such as
dolphins (Novillo et al., 2020), sharks (Maes et al., 2020; Parton et al.,
2020), and tunas (Markic et al., 2018). It is well accepted that MPs may
be ingested through a pathway of trophic transfer from contaminated
prey (Hipfner et al., 2018). As a highly migratory pelagic squid, D. gigas
undertakes ontogenetic migration between the continental shelf and
open ocean (Stewart et al., 2013b; Alegre et al., 2014). During this
migration, D. gigas consumes a wide range of prey from both neritic and
oceanic food webs, including pelagic and demersal forage fish, cepha-
lopods, and crustaceans (Argiielles et al., 2012; Alegre et al., 2014; Gong
et al., 2020). Cephalopods (including cannibalism) and myctophids (or
lanternfish) were reported to be the main prey of D. gigas from the
central Gulf of California (Markaida et al., 2008) and waters off Ecuador
and Peru (Alegre et al., 2014; Rosas-Luis, 2016; Rosas-Luis and
Chompoy-Salazar, 2016). Several studies have demonstrated that
mesopelagic fish, including myctophids (Boerger et al., 2010; Gassel and
Rochman, 2019) and cephalopods (Oliveira et al., 2020; Daniel et al.,
2021; this study), had been contaminated by MPs. Moreover, a small
fraction of planktivorous fish species from the South American Pacific
coast reportedly contain MPs in their digestive tracts (Ory et al., 2018).
Although direct trophic transfer has not been seen in pelagic squid,
laboratory feeding studies have demonstrated the trophic transfer of
MPs in invertebrates (Farrell and Nelson, 2013), as well as in a top
marine predator, the gray seal Halichoerus grypus (Nelms et al., 2018).
There is no doubt that the stomach and intestine tissues of D. gigas
specimens contain MPs (as discussed below). Moreover, MPs identified
in tissues independent of the digestive system (i.e., gills) indicate that
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other mechanisms may be significant for the uptake and, potentially, the
translocation of MPs in pelagic squid. It has been suggested that
adherence is probably a novel pathway for the accumulation of fibrous
MPs in the gills of marine animals, since gills have permanent contact
with the aquatic environment (Watts et al., 2014; Kolandhasamy et al.,
2018; Zhang et al., 2019). Alternatively, several studies have reported
mechanisms for the translocation of MPs from the intestine to other
tissues (Von Moos et al., 2012; Collard et al., 2017; Barboza et al., 2020).
For example, the detection of MPs in the liver of European anchovy
(Engraulis encrasicolus) was explained by the agglomeration of smaller
particles which pass through the intestinal barrier by intracellular or
paracellular endocytosis (Collard et al., 2017). However, the MPs found
in our gill samples were of a larger size (70% larger than 500 pm) than
those found in previous studies (438 pm or smaller); thus, the exact
mechanism of transfer of larger MPs in this case remains to be explored.

Our results show that MPs were found in all sampled squid from the
waters of the northern Humboldt Current ecosystem. This high detection
rate indicates that the studied region is commonly contaminated by
MPs. At the tissue level, however, the percentage of individuals con-
taining MPs was reduced to 76.39% (ranging from 66.67% in the gill
samples to 83.33% in the stomach samples). The tissue-specific detec-
tion rate presented here suggests that one tissue alone cannot be used to
evaluate the true incidence of MP accumulation in a species (Zhang
et al., 2019). Moreover, these findings somewhat contradict the results
of studies of D. gigas specimens found exclusively in the California
Current (Braid et al., 2012) and Ecuador (Rosas-Luis, 2016). These au-
thors reported that a much lower percentage of D. gigas specimens
contained plastic items (<27% using the visual analysis of stomach
content); however, the occurrence of MPs was not explicitly evaluated.
To the best of our knowledge, there are no published reports identifying
MPs in pelagic squid available for direct comparison with our results.
However, recent studies investigating MPs in coastal cephalopods can be
used to put our data into context. The MP detection rate of our study is
similar to that reported by Oliveira et al. (2020) for common cuttlefish
Sepia officinalis, with 100% of the digestive system samples containing
MPs, and higher than the results reported for Indian squid Uroteuthis
duvaucelii, with 18% edible tissue (soft tissue without gut and viscera)
samples containing MPs (Daniel et al., 2021). This may be explained by
the hypothesis that only small MPs can translocate or be absorbed into
the edible tissues of squid (Von Moos et al., 2012; Barboza et al., 2020).
Indeed, the size of MPs in the edible tissues of U. duvaucelii was esti-
mated to be less than 300 pm (Daniel et al., 2021), while 39.46% of the
MPs identified in our study were larger than 1000 pm. Moreover, a high
MP detection rate has been reported in other high-trophic-level marine
predators, such as the Western Mediterranean striped dolphin Stenella
coeruleoalba (90.5%, Novillo et al., 2020) and demersal sharks from the

waters of the United Kingdom (67%, Parton et al., 2020). However,
given the site-specific dietary sources and environment-driven switch in
the prey selectivity of D. gigas (Portner et al., 2019; Gong et al., 2020), it
is unknown whether the high detection rate in our study would also
occur in other geographical locations and environmental conditions.
Of the MP items detected in D. gigas tissue samples, fiber was the
predominant shape observed, which corresponds with previous studies
on cephalopods (Rosas-Luis, 2016; Oliveira et al., 2020; Daniel et al.,
2021) and high-trophic-level marine predators (Alomar and Deudero,
2017; Parton et al., 2020). Several other studies have also identified
fiber as the most abundant shape of MPs in the marine environment
(Taylor et al., 2016; Murphy et al., 2017; Li et al., 2019). The source of
the fibrous MPs found in D. gigas specimens may be plastic fishing tools,
such as fishing nets and ropes, which would be consistent with previous
results reported for marine animals from fishing grounds (Rosas-Luis,
2016; Zhu et al., 2019; Zhang et al., 2019, 2021). Black-gray and blue
were the most frequent colors of MPs recovered, a result that has also
been reported in several other studies of seawater and organisms (Zhang
et al., 2019; Parton et al., 2020). The MP size-frequency distributions
indicated that small-sized MPs were the most abundant in D. gigas tis-
sues, which is also in agreement with several previous studies performed
on cephalopods (Daniel et al., 2021) and fish (Markic et al., 2018; Zhu
etal., 2019; Zhang et al., 2019). This is likely due to the peculiar feeding
behavior of cephalopods: ingested food particles must pass through a
relatively narrow esophagus, which is located in the middle of the brain.
Prey of any size is bitten and sliced by the beak, while the radula shreds
them further (Hanlon and Messenger, 2018). This feeding behavior may
also break up large plastic items into small pieces, especially large
fragments. For example, small-sized plastic fragments with similar
characteristics were found in one of the D. gigas stomach samples
(Fig. 4). Considering the size-dependent toxicity of fibrous MPs (Jeong
et al., 2016; Rebelein et al., 2021), we concluded that the MPs detected
may represent adverse effects on the tissues of D. gigas. However, there is
no evidence at present that MPs have toxic effects on cephalopods, and
further research is necessary. Material analysis through ATR FT-IR
determined that cellophane (CP) was the most abundant polymer
found in D. gigas tissues. CP is employed primarily as a packaging ma-
terial, with applications in food and cigarette wrappers, and can be
manufactured in coatings that are combined with synthetic polymers. It
is known that polymers (e.g., CP, 1.42 g/cm®) with a density higher than
seawater (1.025 g/cm3) tend to sink (Woodall et al., 2014). Thus, once
CP packages degrade into MPs in the marine environment, they can sink
into deeper water layers or sediments, making themselves available to
organisms living in these areas. CP has been highlighted as a commonly
identified polymer in benthic fish species (Alomar and Deudero, 2017;
Zhu et al., 2019; Zhang et al., 2020) and invertebrates (Li et al., 2019;
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Fig. 4. Photographs showing examples of the types of microplastics found in
jumbo squid Dosidicus gigas from the northern Humboldt Current ecosystem. (A)
Blue fiber, (B) red fiber, (C) blue fragment, and (D-F) multicolored fragments
found in the stomach of a 54.2 cm mantle length D. gigas specimen. (For
interpretation of the references to color in this figure legend, the reader is
referred to the web version of this article.)
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Feng et al., 2020; Zhang et al., 2019, 2021). This pattern could also have
resulted in the high amount of CP items in our study, since D. gigas
spends the vast majority of its time in the deep-sea hypoxic environment
(Gilly et al., 2006; Stewart et al., 2013b), which provides a refuge from
predators and is favorable for D. gigas when foraging for prey (Davis
et al.,, 2007; Stramma et al., 2010). This also explains the absence of
polymers with a low density (e.g., polyethylene, 0.96 g/cm>); however,
several items of polypropylene (0.95 g/cm®) were found in our D. gigas
samples, possibly because of biofouling and subsequent vertical trans-
port (Kooi et al., 2017; Hipfner et al., 2018).

The average MP abundance in D. gigas tissues was 5.60 + 5.05 items/
individual and 0.42 + 0.54 items/g. However, these results should be
treated with caution, given that similar fragments were found in tissues
within the same individual, especially in the intestine and stomach
samples. This could lead to an overestimation of the amounts of MPs in
D. gigas, as they probably came from the fragmentation of a larger item.
Comparisons with results reported for other cephalopods and high-
trophic-level marine predators suggest that our findings are similar to
the results reported for demersal sharks (2 to 7 items/individual, Parton
et al., 2020), but lower than those reported for wild common cuttlefish
(39 items/individual and 1.85 items/g digestive gland, Oliveira et al.,
2020), striped dolphin (14.9 items/individual, Novillo et al., 2020), and
porbeagle shark Lamna nasus caught in the Celtic Sea (9.5 items/g, Maes
et al., 2020), while they are higher than those reported for Indian squid
(0.18 items/individual and 0.008 items/g, Daniel et al., 2021). These
differences are probably due to interspecific variations in biometric and
ecological characteristics (e.g., movement pattern, trophic ecology, and
habitat use). Compared with offshore waters, higher MP abundance is
associated with a high level of anthropogenic activity in nearshore
waters or urbanized areas (Murphy et al., 2017; Chan et al., 2019). As
mentioned above, D. gigas uptakes food resources from both neritic and
oceanic food webs (Gong et al., 2020); these foraging strategies may
result in a lower MP abundance than that found in predators that hunt
for prey mainly in nearshore waters or close to urbanized areas (e.g.,
common cuttlefish; Oliveira et al., 2020). In addition, D. gigas exhibits
diel vertical movements between surface waters and a low dissolved
oxygen environment, i.e., the upper regions of oxygen minimum zones
(Gilly et al., 2006; Stewart et al., 2013a). It has been shown that large
pelagic fish (e.g., sharks) cannot enter the oxygen minimum zones, since
they are not adapted to anoxia (Davis et al., 2007; Stramma et al., 2010);
thus, D. gigas may ingest prey containing MPs from deeper water layers
than other predators are able to reach (Bazzino et al., 2010). Another
possible explanation of such heterogeneity and variability in MP abun-
dance relates to differences in the methodology used to quantify MP
abundance (Covernton et al., 2021), including the different chemicals
used to digest organism tissues and the tissue types investigated (Pro-
vencher et al., 2017). For example, the extraction of MPs from common
cuttlefish (Oliveira et al., 2020) and D. gigas specimens in this study were
performed using acid digestion and alkaline digestion techniques,
respectively. Moreover, the digestive gland and edible tissues were used
to evaluate the MP abundance in common cuttlefish and Indian squid,
respectively (Oliveira et al., 2020; Daniel et al., 2021), while three tissue
types (i.e., gill, intestine, and stomach) were used in this work. For
sharks, spiral valve tissue samples were used to estimate MP abundance
in the porbeagle shark (Maes et al., 2020), while Parton et al. (2020)
examined MPs in the stomachs and digestive tracts of demersal sharks.
Indeed, differences in MP abundance between tissues have been recog-
nized in crustaceans, echinoderms, and fish (Abbasi et al., 2018; Zhang
et al., 2019; Feng et al., 2020). This phenomenon is also supported by
our results, and higher abundances of MPs were found in D. gigas gill and
stomach tissues by individual, and in intestine tissues by tissue weight.
Therefore, further efforts are required to finalize and adopt standardized
methods that can be used to quantify MP contamination in different
marine organisms.
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