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Abstract: The Mediterranean Sea has the highest accumulation of microplastics in the world. Al-
though numerous studies about microplastic’s abundance and distribution have been conducted, the
majority sampled surface waters. Especially for the Eastern Mediterranean, there is no information
concerning the deeper strata. This study fills this gap by studying the microplastic spatial and tempo-
ral distribution along the coasts of Cyprus, utilizing zooplankton samples collected from the entire
0–50 m depth layer. The average microplastics’ abundance was 41.31 ± 22.41 items/m3 indicating
that the Eastern Mediterranean seems to be much more polluted than the western basin. The fibers
outnumbered the abundance of the fragments by a factor of ten. Most fibers were sized between 0.5
and 1.0 mm, and 81.24% were transparent. The average area of the fragments was ≤0.05 mm2, and
most of them were hard-rounded (53.38%). The microplastics to zooplankton ratio ranged between
0.021 and 0.241. A positive correlation was found between the abundance of microplastics and the
total zooplankton, especially the copepods. Studies of microplastics in zooplankton samples taken
from the water column are expected to provide better insights into the role of these pollutants in
marine ecosystems.

Keywords: fibers; fragments; abundance; vertical; copepods; correlation; size; color;
Levantine; oligotrophic

1. Introduction

Plastic, derived from petrochemicals, is among the greatest human inventions that
were brought into large-scale global production during the mid-20th century, altering our
lives [1]. However, large quantities of plastic debris, estimated to be from 4.8 to 12.7 million
tones [2] enter the sea, physically and chemically degrading in the water, breaking down
to minute fragments of plastic debris, termed microplastics [3]. Since the first reports of
plastic litter in the oceans in the early 1970s, microplastics account for about 92% of the
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total plastic [4]. They have been reported from almost all marine environments and have
been found in species spanning all levels of marine food webs. Although concerns have
been raised about the hazardous effects of microplastics [5], the understanding of these
effects in the marine environment is poor, mainly due to the lack of data on microplastics
distribution and dynamics in different parts of aquatic ecosystems [6].

Due to their low specific density, most of the microplastics are accumulating at the
sea surface, especially within the neustonic habitat [3], which is defined as the layer a few
centimeters below the air-water interface. This is the reason that most of the studies on
their abundance distribution have been confined to the surface layer [7]. However, recent
information has verified the transport of microplastics to deeper waters through physical
and biological processes [1]. Therefore, studies limited to collection in surface waters have
the potential to overestimate prevalence of debris in the water column [8]. Considering
that the surface water forms only a tiny proportion of the total water in the world’s oceans
and that the environmental conditions in this neustonic environment are not the same as
with those in the deeper waters, there is a need to investigate microplastics’ abundance in
the entire water column and their impacts on the biotic elements [8].

Semi-enclosed basins are especially vulnerable, since they retain pollutants for a
longer time, accumulating potentially hazardous substances in larger concentrations. The
Mediterranean Sea is the largest and deepest enclosed sea on Earth, accounting for one-
third of the world’s maritime traffic [9]. Moreover, due to the high population density
around the coastal areas, the intense fishing and touristic activities and the absence of
significant surface outflow, the Mediterranean Sea is exposed to the highest amount of
plastic pollution around the world [10–12], and thus it was characterized as “a large bowl
of plastic soup” [13]. This is probably the reason why the Mediterranean Sea is one of the
most sampled areas for floating microplastics [9]. However, most of these studies have been
confined to the surface layers. Furthermore, there are only a few studies conducted in the
Eastern Mediterranean [14–17], and there are limited studies in the Levantine basin [9,18],
where the waters are highly oligotrophic [19].

Microplastics are of the same size scale as that of planktonic organisms; thus, they are
potentially available for consumption by several plankton predators [20], which possibly
mistake them for food [21]. Therefore, it is relevant to address the size of microplastics in
the water column, as prey size is one of the main constraints that determines zooplankton
feeding [22]. Moreover, microplastics and zooplankton may drift and follow similar
distributional patterns driven by the hydrological conditions and the general seawater
circulation. Surprisingly, to the best of our knowledge, there are only two studies in which
quantification of microplastics in samples collected for zooplankton analysis has been
attempted [6,23].

Considering the above, the present study is the first attempt to record the microplastics
in the 0–50 m depth layer in the Eastern Mediterranean, utilizing zooplankton samples
collected around Coastal Cyprus during a three-year period. The objectives of this investi-
gation were to provide new insights concerning the following: (i) the spatial and temporal
abundance distribution of microplastics (types, sizes and colors) in an area of the Eastern
Mediterranean for which there is no previous information; and (ii) the relation of the
microplastics to zooplankton collected in the samples, which may suggest their potential
impact on various taxa and their incorporation into the marine food web.

2. Materials and Methods

The study was conducted in the coastal area of Cyprus between July 2017 and Septem-
ber 2019 (Supplementary Materials Table S1). Twenty-five zooplankton samples were
collected by the Department of Fisheries and Marine Research of the Ministry of Agri-
culture, Rural Development and the Environment of the Republic of Cyprus, from four
stations (Figure 1) corresponding to the areas of Latsi (Station 1), Amathounta (Station 2),
Meneou (Station 3) and Protaras (Station 4). The samples were collected as part of the
implementation of the Marine Strategy Framework Directive (2008/56/EC). The samples
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were collected by using a WP-2 (57 cm in diameter, mesh size 200 µm), conducting vertical
hauls from 50 m to the surface. A flowmeter was used to calculate the volume of filtered
water. The net was thoroughly washed before each sampling in order to remove any
possible contamination. After each haul, the zooplankton samples were kept in clean
250 mL plastic jars and preserved in 4% borax buffered formaldehyde.
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Figure 1. The map of Cyprus with the four sampling stations (St.1–St.4) situated in the areas of Latsi,
Amathounta, Meneou and Protaras, respectively.

In the laboratory, each sample was washed through a small conical net (50 µm mesh
size) to remove the formaldehyde. This small net was made by folding a square piece of
gauze, which was thoroughly rinsed with tap water each time. All samples were examined
in glass Petri dishes, under an inverted Leica DMIL microscope (Leica Microsystems,
Wetzlar, Germany) and an Optika SLX-3 stereoscope (OPTIKA ITALY, Ponteranica-BG,
Italy), by two different researchers, to reduce operator bias during sorting. Photos were
taken by using a microscope eyepiece camera Optika CB-5 (OPTIKA ITALY, Ponteranica-
BG, Italy) for most microplastic fragments. For each fragment found in the samples, the
length and width were measured, using the micrometric scale of the microscope, while, in
the case of the fibers, only the length was measured. All the plastic particles were carefully
hand-picked, using laboratory tweezers, and transferred to glass jars. The particles were
then counted and classified according to their shape and color. All the data were normalized
to the total volume filtered and expressed as items per cubic meter (n/m3).

The contamination risks were avoided as far as possible during the sample prepara-
tion by cleaning all the materials used for collecting and sorting samples and measuring
microplastics (i.e., glass plates and steel needles and forceps) and by working in controlled
conditions, while wearing cotton lab coats and nitrile gloves. Samples were kept covered,
except during microscopic investigation.

The classification of microplastics by size, shape and colour was performed according
to Doyle et al. (2011) [24] and Hidalgo-Ruz et al. (2012) [25]. The fibers were separated
according to their color and length, while, for the fragments, six different morphotypes were
recognized and recorded as follows (Figure 2): (1) ‘hard rounded’ (HR) = fragments having
irregular rounded shape, with smooth or rough surface (Figure 2a); (2) ‘soft rounded’ (SR)
= fragments having soft and flexible or sponge-like shape (Figure 2b); (3) ‘hard flattened’
(HF) = fragments having flat and hard surface with their thickness being proportionally too
small (Figure 2c); (4) ‘soft flattened’ (SF) = fragments having flat but soft surface with their
thickness being proportionally too small (Figure 2d); (5) ‘membrane like’ (ML) = fragments
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had a flat and too-slender shape, so light may penetrate them (Figure 2e); and (6) ‘cable
like’ (CL) = fragments having cable-like shape with much greater length than width, with
soft or hard surface being either smooth or rough (Figure 2f).
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Figure 2. Photos of microplastic fragments that belong to the six morphotypes. (a) HR = ‘hard rounded’,
(b) SR = ‘soft rounded’, (c) HF = ‘hard flattened’, (d) SF = ‘soft flattened’, (e) ML = ‘membrane like’,
(f) CL = ‘cable like’. Description of these morphotypes is provided within the text.

Due to the difficulty of discriminating the transparent plastic fibers from other fiber-
like organic material, specific needles with a curved top were used to exercise pressure in
the middle of the fiber. If a permanent deformation was noticed in the pressing spot, the
fiber was considered synthetic and counted [26]. Accordingly, in cases of doubt for some
fragments, a needle with a candescent top was used to perform a melting test; particles
that melted when heated by touching were considered plastics [6].

In the same samples, the zooplankton samples were analyzed by following the stan-
dard protocol of HELCOM Programme [27]. Results of the analysis of the zooplankton
organisms are not presented here. However, since the microplastics were recovered to-
gether with the zooplankton organisms for which the sampling was intended, it would
be interesting to explore the relation of the microplastics abundance with the respective
abundance of the total zooplankton, as well as the major groups. Data on the microplastics
abundance were analyzed by non-parametric statistics applying the Kruskal–Wallis test
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for comparisons between sampling sites, seasons and years. Pearson correlation analysis
between the abundance of the total zooplankton and the total number of fibers and frag-
ments was applied. Pearson correlation analysis was also applied to establish a possible
relation between microplastics and zooplankton. All the analyses were performed with
IBM SPSS 25, and the significance level was set at 95% (p = 0.05).

3. Results

The analysis of 25 zooplankton samples from four coastal areas of Cyprus revealed
the presence of microplastics in all the samples, mainly composed by fibers and, to a lesser
extent, fragments (Figure 3). The fibers outnumbered reaching a total number of 11,582 and
an average abundance of 37.13 items/m3 (Standard Deviation = ±21.33 items/m3). On the
contrary, 1124 fragments were found with an average abundance of 4.19 ± 7.29 items/m3.
Due to these differences, the results about the fibers and the fragments are presented
separately.
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Meneou and Protaras) during 2017–2019.

3.1. Microplastic Fibers

The fibers were found in various sizes and colors. The transparent fibers dominated in
all the samples accounting for 81.64%, with their percentage ranging from 36.1% to 93.4%
(Figure 4). Among the other colors, the purple fibers accounted for 13.93% and followed by
black (2.70%) and red (1.68%). Moreover, five blue and one green fiber were found. Most
of the fibers were small-sized, having a length up to 1 mm, and accounted for 51.34% of
the total number of fibers, with the size class of ≤0.5 mm accounting for 20.80% of the total
number (Figure 5). In addition, 87.54% of the overall fibers was shorter than 2 mm.
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Figure 5. Length size distribution of the overall microplastic fibers (as items/m3) recovered from
the total number of samples collected in the four sampling areas (Latsi, Amathounta, Meneou and
Protaras) during 2017–2019.

The maximum abundance of fibers was recovered in Protaras (St. 4) in July 2017
(88.5 items/m3, while the minimum in Amathounta (St. 2) in August 2018 (8.4 items/m3).
There were no statistically significant differences in the abundance of the total number of
fibers among the four sampling locations, neither among the three years or the four seasons
(Kruskal–Wallis test, p > 0.05).

3.2. Microplastic Fragments

The microplastic fragments recovered from the 25 zooplankton samples varied in
shape, color and dimensions. Most of them had the ‘hard rounded’ (HR) morphotype
(53.38%), followed by the ‘hard flattened’ (HF) morphotype (27.85%). The others, namely
the ‘membrane like’ (ML), the ‘soft rounded’(SR), the ‘cable like’ (CL) and the ‘soft flattened’
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(SF) fragments, accounted for 6.32%. 5.16%, 4.20% and 3.20%, respectively (Table 1). The
abundance (n/m3) of the fragments varied among the 25 samples taken in different months
and years in the four sampling sites. No statistically significant difference was found
among the abundance of microplastic fragments among the four sampling sites and years
(Kruskal–Wallis test, p > 0.05). However, statistically significant difference was found
among the four seasons, and specifically, in the winter samples, the fragments were present
in higher abundances than the other three seasons. These differences were observed for
the total fragments, but also for the HR morphotype (Kruskal–Wallis test, p = 0.032 and
p = 0.038, respectively)

Table 1. Abundance (items/m3) of the different morphotypes of microplastic fragments in each
of the samples collected from the four areas (Latsi—LA, Amathounta—AM, Meneou—ME and
Pro-taras—PR). The six morphotypes of fragments are HR = ‘hard rounded’, SR = ‘soft rounded’,
HF = ‘hard flattened’, SF = ‘soft flattened’, ML = ‘membrane like’, CL = ‘cable like’. Description of
these morphotypes is provided within the text. (The two first letters in the code name of each sample
refers to the area of sampling, followed by the sampling month and the sampling year.)

Sample HR HF SR SF ML CL Total

LA 8–17 0.21 0.31 0.14 0.00 0.03 0.03 0.72
LA 3–18 0.54 0.13 0.07 0.00 1.08 0.13 1.96
LA 7–18 0.46 0.98 0.05 0.10 0.00 0.15 1.75
LA 11–18 0.35 0.39 0.12 0.08 0.04 0.24 1.22
LA 3–19 1.03 0.41 0.31 0.00 0.00 0.00 1.75
LA 7–19 0.15 0.53 0.08 0.00 0.08 0.00 0.83

AM 7–17 0.45 0.45 0.25 0.00 0.00 0.15 1.30
AM 12–17 1.37 3.59 0.00 0.00 0.00 0.42 5.39
AM 3–18 0.10 0.76 0.10 0.00 0.00 0.00 0.96
AM 8–18 0.52 1.38 0.17 0.00 0.00 0.09 2.16
AM 11–18 1.08 0.83 0.17 0.17 0.08 0.58 2.92
AM 4–19 0.26 0.66 0.00 0.04 0.30 0.04 1.29

ME 7–17 0.88 0.96 0.16 0.00 0.00 0.16 2.15
ME 11–17 0.71 1.29 0.35 0.12 0.24 0.00 2.71
ME 3–18 0.98 0.98 0.42 0.00 0.00 0.00 2.39
ME 7–18 0.50 0.32 0.13 0.13 0.00 0.00 1.07
ME 2–19 17.17 2.28 0.22 0.54 0.00 0.11 20.33
ME 5–19 0.67 1.35 0.38 0.00 0.38 0.00 2.79
ME 9–19 0.77 0.77 0.14 0.07 0.00 0.21 1.96

PR 7–17 0.74 3.09 0.62 0.12 0.00 0.37 4.94
PR 10–17 0.30 1.80 0.10 0.00 0.20 0.00 2.40
PR 4–18 0.10 0.58 0.19 0.68 0.29 0.19 2.04
PR 8–18 0.35 0.18 0.00 0.00 0.00 0.44 0.96
PR 2–19 30.67 0.56 0.00 0.00 2.58 0.11 33.93
PR 6–19 0.42 1.56 0.52 1.25 0.94 0.10 4.79

Total 60.79 26.16 4.68 3.30 6.24 3.54 104.71

Utilizing the measurements of the fragments’ dimensions, we estimated their area
in mm2, and it is presented for all the sampling occasions (Figure 6). The results showed
that the area of the fragments varied considerably between 0.02 and 9.6 mm2. Almost
one-quarter of them were in the smallest category of 0.02 mm2, while a proportion of 62.3%
were in the size class of ≤0.05 mm2 (Figure 7). Generally, only a few fragments were large
enough to be distinguished with bare eye. The color that prevailed among the fragments
was the transparent (32.83% in total), followed by the black (22.15%), the white (18.15%)
and the yellow (10.68%), while all the remaining colors (blue, red, orange, green, brown
and silver) accounted for 16.19% (Figure 8).
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3.3. Correlation with the Zooplankton

The ratio of plastic abundance to zooplankton abundance varied between 0.021 and
0.241 and accounted on average for 0.088 ± 0.130. There were no statistically significant
differences of this ratio among the four sampling locations, neither among the three years
or the four seasons (Kruskal–Wallis test, p > 0.05). Pearson correlation analysis between
the abundance of the total zooplankton and the total number of fibers and fragments
(Figure 9A) proved positive and significant (r2 = 0.350, p = 0.002), while when only the
total copepods were considered (Figure 9B), the correlation decreases (r2 = 0.323, p = 0.003).
When the same correlations were performed using only the fibers (Figure 9C,D), there
was no actual distinction (r2 = 0.349, p = 0.002 and r2 = 0.351, p = 0.001, respectively).
However, when only the results from the Latsi area were considered (Figure 9E,F), there
was a powerful positive correlation in the interrelation of the total fibers with both the total
zooplankton and the total copepods (r2 = 0.923, p = 0.001 and r2 = 0.955, p = 0.001, respec-
tively). Moreover, this correlation remained almost identical when only the transparent
fibers and the total copepods were considered (r2 = 0.953, p = 0.001), while it was reduced
in the case of the total zooplankton (r2 = 0.851, p = 0.009).
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with (A) the total zooplankton and (B) the total copepods. Pearson correlation between the abundance
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4. Discussion

Most studies concerning the abundance of microplastics in the world’s oceans relied
on horizontal samplings in the surface layer to provide information about the floating
objects [1]; however, there is a need to investigate their distribution in the water column. In
the Mediterranean, there are only four studies concerning microplastic’s abundance in the
water column, with three of them conducted in the western basin [28–30]. Only the report
of Güven et al. (2017) [15] accounted for the Eastern Mediterranean (Turkish Coasts). In all
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these studies, the same field methodology in the collection of the zooplankton samples was
applied (e.g., WP-2 net, with the same size and porosity, conducting vertical tows); thus,
direct comparisons can be made. In contrast to the present study, Baini et al. (2018) [28]
reported that plastic debris was present in 37% out of total water column samples, with
a total number of 21 items isolated, having a mean abundance of 0.16 ± 0.47 items/m3.
Fossi et al. (2012) [29] reported the presence of microplastics in 13 out of 23 surface samples,
while they did not find any microplastic item in the water column samples. Lefebvre
et al. (2019) [30] found microplastics in all the water column samples, with an average
concentration of 3.08 ± 3.04 items/m3. On the other hand, Güven et al. (2017) [15] reported
numerical data concerning the microplastics abundance from only the surface samples.
This means that the present results are the first estimates of the abundance of microplastics
in samples collected vertically from 0 to 50 m depth in the Eastern Mediterranean. The
present abundance estimates for the microplastic pollution are at least ten times larger
than the highest values reported in the three reports of Fossi et al. (2012) [29], Baini et al.
(2018) [28] and Lefebvre et al. (2019) [30]. Moreover, microplastics were found in all the
samples of the present study, thus pointing out their continuous presence in the coastal
waters of Cyprus. Although such high differences across regions could be explained by
(i) differences in methodology to identify microplastics (e.g., polymer analysis); (ii) oceano-
graphic processes, such as local currents or winds; and (iii) sociogeographical factors, such
as coastal geography, coastal population, and distance from plastic source input [31], the
present report reveals that the Eastern Mediterranean seems to be, by far, the most polluted
area of the entire basin. The porosity of the nets used in the sampling of microplastics
seems to play a crucial role on the estimates of their abundance in the water. Most studies
of microplastic abundance are based on hauls with a mesh porosity of around 300 µm [32];
however, there is evidence of underestimation [6,22,33]. Thus, when a net with thinner
mesh size (e.g., 90 µm instead of 300 µm) was used, microplastic abundance was nearly
ten-fold higher [6]. This means that the actual abundance of microplastics in the water may
be greater.

Despite the large number of studies on the distribution of microplastics worldwide,
there is lack of a comprehensive understanding of their concentrations, cycling and fate in
the vertical axis of the marine environment, constraining our ability to implement effective
large-scale policy and conservation strategies. The sampling of the whole water column
provides more accurate information about the real density of the microplastics than surface
samplings; however, all microplastics, theoretically, could result from their presence at and
close to the surface. Despite the existence of a few studies in which microplastics have
been sampled and identified from subsurface depths [1], none of these studies conducted
sampling at constant depth intervals (e.g., at 10 m depth) to provide a real image of the
vertical distribution of microplastics. This is the correct way to identify accumulations
of microplastic particles in different strata of the water column, in order to evaluate their
implications in the marine ecosystem, and this should be considered in future investigation
plans.

Among the factors that complicate comparisons between studies is the difficulty in
the identification and verification of the plastic status of the fragments and especially the
transparent fibers that resemble biological structures. The chemical composition of the
microplastic polymers is usually confirmed with Raman spectroscopy or Fourier Transform
Infrared Microscopes [3], which were not available in the present study. Instead, simple
techniques were applied, such as testing the plastic status of the fibers by pressing each fiber
with a fine needle to see whether there is a permanent deformation, or the use of a needle
with candescent top to see whether particles are melted when heated by touching [6,26].
These applications were time-consuming processes and, in most of the cases, required the
use of high magnification (×100) in the inverted microscope. Given a potentially great
number of transparent fibers in the samples and that spectral analysis of all of them faces
time issues and budgetary constraints, this simple technique may be established for future
investigations.
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The fibers made most of the total microplastics found in the samples being an order
of magnitude more abundant than the fragments. Considering similar studies in the
Mediterranean, Güven et al. (2017) [15] found 70% of the ingested microplastics by fish
to be fibers. Moreover, Lefebvre et al. (2019) [30] reported that most of the debris and
absolutely all microplastics isolated from the water samples were observed under the shape
of fibers. Microfibers represent the dominant fraction of microplastic pollution in the marine
environment, contribute the largest portion of anthropogenic microparticle pollution in
the ocean and the most ingested type of anthropogenic particle by marine organisms [34].
After ingestion, fibers can cause blockages in the digestive tract and undergo accumulation
within the organisms [20], but also, they act as a vector for several dangerous components,
being able to release them into the environment or the organisms [35,36]. Textile fibers,
including common polymers, such as polyester, polyamide and acrylic, have a higher
density than that of seawater, which results to a greater participation than the fragments in
the deeper strata [37]. Generally, fibers are likely underestimated, because they are also
classified among aggregates, while they are not systematically considered as microplastics
and are sometimes excluded from datasets, as they may come from air contamination [38].
Lefebvre et al. (2019) [30] highlighted the need for a particular attention to fiber-shaped
microplastics due to their ubiquity in aquatic environments and re-current ingestion.

The size of the microplastics is a highly important parameter because it can affect
their ingestion by filter feeders or even predators from different trophic levels. The present
results showed that, in the coastal area of Cyprus, most of the microplastic fibers were
smaller than 1 mm, while most of the fragments had an area of less than 0.05 mm2, being
usually smaller than 0.3 mm2. In contrast to this study, Baini et al. (2018) [28] found that
the most abundant size class of microplastics in surface samples was 1–2.5 mm, while the
items with sizes below 0.5 mm represented the minor portion of the total microplastics
and claimed that this dimensional pattern has also been previously observed in studies
conducted in the Mediterranean Sea and in other ocean basins [28]. It seems then that, in
deeper strata, the average size of the microplastics is smaller. This can be explained by
considering that the smaller the microplastic, the bigger its area in which biofouling may
occur, which is a process that elevates the density of the particle [24]. Thus, considering that
microplastics are differentially distributed in water columns, sampling should be performed
both at the surface and column midwater, also because the presence of organisms that may
potentially ingest microplastics are not restricted only to the surface [22].

The color of microplastics is another parameter which may act as a cue to the or-
ganisms that may mistake the microplastics for their prey. In the present investigation,
the transparent hue dominated in the microplastic debris mainly in fibers rather than the
fragments. Van der Hal et al. (2017) [17] reported that light-colored (white or transparent)
fragments were, by far, more abundant than all other microplastic colors and types in the
coasts of Israel. On the other hand, Güven et al. (2017) [15], from the southern coasts
of Turkey, found the blue color to be the most frequent in the case of fibers (50.5%) and
the fragments (56.4%), but also in the stomach content of fishes. In other studies, outside
the Mediterranean, the most common colors were blue and white [22,39,40]. According
to Ory et al. (2017) [41], a positive selection of blue microplastics for ingestion has been
found for fish. However, information on color preference, especially among invertebrates,
remains uncertain and requires a closer attention. It is expected also that the colors of
the microplastics that prevail, as well as their composition, may reflect to their sources of
origin. However, the apparent dominance of the transparent fibers in the present study is
not supported by similar findings. Taking in mind that most of these transparent fibers
were also very small in size (<0.5 mm), which makes their identification hard, along with
the difficulty in the verification of their plastic origin, it seems probable that the transparent
fibers of this size are underestimated, or even missed from counting in most studies. This,
along with indifference about the fibers in the microplastic samples by several studies, may
pose a serious issue about the actual abundance of these particles in the marine ecosystems.
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While no spatial and temporal differences were found concerning the abundance of
the fibers, the fragments were more abundant in the winter samples. Factors influencing
the accumulation of plastic and microplastic items can be related to the distance from
input sources (e.g., rivers, wastewater-treatment plants and urban sewage), as well as
the distance to the coast [42,43]. The distance from the coast was more or less similar
for all sampling stations; however, the area investigated is characterized by a variety of
anthropogenic pressures. On the southern coasts of Cyprus, there are two main possible
pollution sources. The city of Limassol, hosting the largest commercial port of the country,
and the city of Larnaka are inhabited by 240,000 and 145,000 residents, respectively. The
climatic conditions of Cyprus have a considerably stable periodicity as far as the seasonal
rainfall is concerned; the period from late autumn to early spring is the most wet. Thus,
higher runoff from streams and torrents is expected in winter, which may explain a greater
outflow of microplastic debris to the sea. Particularly as the winter samples are concerned,
it must be pointed that the two of the three were taken in the winter of 2019, which was
one of the rainiest years in the recent history of the island. It is suggested, then, that in
certain cases, the land weather conditions may be able to alter the amount of microplastics
entering the oceans [44]. In this case, the microplastic outflow in the Mediterranean, as
well as in the world’s oceans, must be correlated with global climate change phenomena.

The ratio of microplastics to zooplankton abundance in the present study fluctuated
between 0.021 and 0.241. This comparison of the microplastic to zooplankton abundance
in depths other than the surface may be considered the first in the Mediterranean, while
only a few similar reports around the world existed. The present values are in the same
range with the reports of Frias et al. (2014) [23] for the Portuguese Coasts; however, the
investigators conducted surface sampling, and they did not find any fibers. Collignon
et al. (2014) [7] reported ratios between 0.002 and 2.63 in respect to size of the microplastics
from surface samples collected in the Bay of Calvi (Western Mediterranean). Lattin et al.
(2004) [45], in California, found ratio values less than 0.2 in mid-depth samples, while
Moore et al. (2001) [46] found the ratio to be nearly 0.2 in surface samples from the North
Pacific Central Gyre.

This study may be the first to correlate the abundance of zooplankton with microplas-
tics in the vertical axis; thus, comparable data do not exist. The results showed a significant
correlation between the total microplastics (fibers and fragments) with the total zooplank-
ton, as well as with the copepods, being the dominant group (unpublished data). Further
inspection showed that this correlation was ought to the very solid correlation of the fibers
with the zooplankton in the Latsi area. It is interesting to point that the data from this area
came from different years and seasons. Although it is difficult to interpret these findings, it
is suggested that this interrelation may be owed to the particular hydrodynamic of the area.
The presence of anticyclonic gyres, isolated eddies and the combined effect induced by
wind and water currents may create unstable plastic retention areas affecting the sampling
activities [28]. Water circulation around Cyprus is complex and influenced by permanent,
transient and recurrent circulation features. According to Hannides et al. (2015) [47],
the mesozooplankton along the southern coasts of Cyprus (Amathounta, Meneou and
Protaras) is primarily influenced by the eastward branch of the Mid-Mediterranean Jet,
as well as by eddies and local current systems that form south of the island. In contrast,
along the northwest coast of Cyprus (Latsi), the mesozooplankton is influenced by the
westward-moving Asia Minor Current and associated local flow phenomena [48]. Unfortu-
nately, except for surface measurements of temperature, salinity, pH and dissolved oxygen,
no vertical profiles of environmental parameters were taken in the sampling locations to
provide a solid basis about the hydrodynamics of the studied areas.

5. Conclusions

The present investigation is the first to provide data on the microplastics abundance
in the entire 0–50 m depth layer, being the most productive in the Eastern Mediterranean;
however, the lack of vertically stratified samples does not allow any statement on the
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vertical distribution of microplastics in this layer. The results show that, in comparison
with the western basin, the Eastern Mediterranean seems to be much more polluted with
microplastic debris, especially in the form of fibers. However, these comparisons may be
taken with caution since these differences may be owed to the lack of standardization on the
methods for the estimation of microplastics. On the other hand, the present investigation
highlights the use of zooplanktonic samples collected from the water column and not only
from the surface. Among the elements to support this are the following: (i) the evidence
that the microplastics can distribute in large quantities not only on the surface, but they
can sink in various depths; (ii) using the same samples one can conduct direct comparisons
with the biotic components that might be affected by the microplastics; (iii) since the typical
collection of vertical zooplankton samples is usually combined with vertical profiles of
hydrological parameters, this can assist in the understanding of the spatial distribution of
microplastics; and (iv) for logistic reasons, as the field excursions in the marine environment
are considered rather expensive. For all of these reasons, a uniform sampling protocol
according to which vertically stratified samples are collected by using the same apparatus
(closing plankton nets) as for the zooplankton samples should be considered in the future.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/w13162272/s1. Supplement material: Raw data. Table S1: The abundance (items/m3) of
the six morphotypes of microplastic fragments recovered from each of the 25 samples taken in Latsi,
Amathounta, Meneou and Protaras areas during 2017–2019. HR: ‘hard rounded’, SR: ‘soft rounded’,
HF: ‘hard flattened’, SF: ‘soft flattened’, ML: ‘membrane like’, CL: ‘cable like’. Table S2: The size
class distribution of the microplastic fragments recovered from each of the 25 samples taken in Latsi,
Amathounta, Meneou and Protaras areas during 2017–2019. The numbers of microplastic items are
given. Table S3: The calculated area (as mm2) of the total number of microplastic fragments found in
each of the 25 samples in the four sampling areas (Latsi, Amathounta, Meneou and Protaras) during
the years 2017–2019. Table S4: The abundance (items/m3) of the different colors of microplastic
fibers recovered from each of the 25 samples taken in Latsi, Amathounta, Meneou and Protaras areas
during 2017–2019. Table S5: The size class distribution of the microplastic fibers recovered from each
of the 25 samples taken in Latsi, Amathounta, Meneou and Protaras areas during 2017–2019. The
numbers of microplastic items are given.
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