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1. Introduction
Coastal lagoons are intermediate milieus between 
continental terrestrial and marine ecosystems that 
represent about 13% of the ecosphere’s coastlines 
(Pérez-Ruzafa et al., 2019). The coastal lagoons water 

is commonly calm, and is changed by high and low 
tidal, river flows, wind action, rainfall, and evaporation 
(Kennish, 2016; Pérez-Ruzafa et al., 2019). Coastal 
lagoons present a great position via biodiversity 
preservation and for the coastal human populations 
safety (Newton et al., 2018; Pérez-Ruzafa et al., 2019). 
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Abstract
Free-living nematofauna are valuable biological indicators for different environmental disturbances. Their 
taxonomic structure and biological traits often respond to environmental changes. In our study, meiobenthic 
nematodes, collected from the Bizerte lagoon on the Tunisia northeastern coast, were examined in terms of their 
structure composition and functional traits after treatment with the utmost detected micro-sized polyethylene 
microplastics (PE-MPs) in marine biota. Three environmental PE-polymers levels: [PE1 (0.1 µg/g Dry weight 
(DW)), PE2 (1 µg/g DW), and PE3 (10 µg/g DW)], were progressively added and experiment was conducted 
for 30 days in the presence or absence of meiofauna assemblages. A lesser nematodes taxonomic structure was 
detected in all compartments tested. The non-parametric metric-multidimensional scaling (nMDS-2D plots) 
and the biological trait (relative abundances) of nematode species indicated that the change of all abundance. 
Nevertheless, all functional traits such as feeding diet, adult length, c-p score, tail shape, and amphid shape, 
exhibited a clear modification between the untreated and the treated compartments. The average dissimilarity 
between nematofauna species and biological traits groups augmented with PE-MPs-supplemented sediments. 
The nMDS second-stage ordination for matrices including nematodes species and functional traits displayed 
that the feeding diet was the closest to the taxonomic species distribution. 
Keywords: PE-MPs Exposure, Nematodes Species, Population Response, Taxonomic Structure, Biological 
Traits.
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These aquatic ecosystems are interconnected with the 
terrestrial environment; therefore, subject to changes 
brought about by the increase in rapid urbanization and 
industrialization over the past century. They are under 
menace produced by the pollutants accumulation, the 
interact of toxic elements with each other (Huang et 
al., 2021), causing disappearance various ecological 
and commercial importance species (Vázquez-Rowe 
et al., 2021).
Numerous studies have revealed that plastic waste is 
considered a new emerging pollutant reaching coastal 
ecosystems via direct discharges or arriving via rivers 
(Paduani, 2020). These synthetic compounds have 
specific characteristics such as low cost, durability, 
and resistance to degradation, therefore usable in 
many applications such as packing, construction, 
electrical and electronics industry. A subcategory of 
plastics in the environment are microplastics (MP), 
that are plastic particles of sizes <5 mm to 1 μm, 
which are considered a widely dispersed pollutant in 
many countries (Anagnosti et al., 2021). They have 
had global concern due to their degradation resistance 
and possible risk to littoral ecosystems.
The Bizerte littoral lagoon located in northern Tunisia 
is exposed to anthropogenic pressures such as the 
development of industrial activities, urban releases 
and various pressures (Aydi et al., 2022; Hannachi et 
al., 2022; Nasri et al., 2022b, 2022d, 2022a), touching 
biodiversity, ecological equilibrium (Allouche et al., 
2021a; Nasri et al., 2021b, 2021a, 2020b, 2020a). 
This coastal lagoon has been considered as a sink 
for MPs, being a preferential shallow area for the 
accumulation of these polymers (Abidli et al., 2021). 
These compounds could come from discarded plastic 
that breaks down into smaller pieces (Julienne et al., 
2019), while the presence of fibers could be associated 
with the discharged untreated wastewater (Haddout 
et al., 2021). Also, the dissemination of PMs could 
also be due to the movement of suspended matter in 
coastal waters and rivers (Haddout et al., 2021).
Sediments are defined as the final MPs destination 
in marine environments (Woodall et al., 2014). In 
Bizerte lagoon, Abidli et al. (2017) are identified the 
MPs presence in sediments with the number was at the 
range of 3000–18,000 items kg-1 dry sediment. Due 
to their residence time in the environment estimated 
at 10 to 100 years (Zbyszewski and Corcoran, 2011), 
their location at 0-10 cm of sediments surface depth 
(Dong et al., 2020) with concentrations that can reach 
1 to 10 g kg-1 of dry sediment (Hurley et al.,2018), 
MPs consequently present a significant risk to 

organisms living in this biotope, in particular benthic 
invertebrates given their food habits and their close 
contact with sediments (Scherer et al., 2020). In this 
context, meiobenthic fauna, in particular marine 
nematodes, have been used as bio-indicators of the 
environment quality enriched experimentally with 
increasing doses of PE-MPs, the most frequently 
plastic detected in aquatic ecosystems, thanks to 
the evaluation of namatofauna species taxonomic 
structure and biological traits.

2. Materials and Methods
2.1. Polyethylene-MPs
Marine nematodes have been subjected to the most 
studied PE-MPs of size (ø 40–48 μm) (Tosetto et al., 
2016). The experimental environmental PE levels 
used were: 0.1 μg/g, 1 μg/g, and 10 μg/g with a control 
group was run in parallel with no PE-MPs.
2.2. Sampling Location and Experiment Onset
Sediment containing meiobenthic nematodes were 
collected from the Bizerte lagoon (Menzel Jemil), 
Tunisia (37° 21′83.77′′ N, 9° 93′ 58.83ˮE). Numerous 
cores were used to sample the top 10 cm of the 
sediment layer, at 60 cm water depth according to 
the method (Coull and Chandler, 1992). Then, once 
arriving at the laboratory, they were homogenized 
before being used for the PE-MPs addition or the 
microcosms filling. Then, a portion of sediment was 
defaunaed by freezing (-20°C for 12 h) and thawing 
(ambient T° for 48 h, 3 times) (Nasri et al., 2020c), 
so that quantities of 100 g of dry weight (DW) will 
be used for the addition of PE-MPs. After five days 
of acclimation, the water underlying the microcosms 
was removed and the 100 g (DW) of treated sediment 
was mixed with the 200 g of wet weight (WW) of 
sediment populated by meiofauna to obtain three 
environmental levels of PE-MPs: PE1 (0.1 µg.g−1), 
PE2 (1 µg.g−1) and PE3 (10 µg.g−1) (Hurley et al., 
2018).
At the end of experiment (30 days), sediment samples 
were fixed in a 4 % buffered formalin solution and 
marked with a rose Bengal solution (0.2 g.L-1) for 
>24 h (Nasri et al., 2016). The following day, the 
sediments were washed with filtered tap water and 
treated by flotation to extract the meiofauna by Ludox 
TM-50 centrifugation technique (Nasri et al., 2015). 
Then, the meiofauna was gathered on a 45 μm sieve 
and then sorted manually using a Nikon SMZ745 
stereomicroscope. The first 100 marine nematodes 
were mounted on permanent slides and identified to 
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specific scale by following pictorial keys from (Platt 
and Warwick, 1983, 1988), (Warwick et al., 1998) 
and NeMys online identification keys (Nemys, 2022) 
using an Olympus BX51 compound microscope 
(Olympus, Tokyo, Japan).
Feeding diet and four biological traits (c-p score, tail 
shape, adult length, amphid shape of each nematodes 
species were investigated. Therefore, based on the 
buccal cavity type according to (Wieser, 1953), 
feeding diet were identified as: non-selective deposit 
feeders (1B), omnivores/predators (2B), selective 
deposit feeders (1A), and epigrowth feeders (2A). 
The life history (i.e. c-p score) was ranked from 
c-p =1 (i.e., good colonizers, with short life cycle, 
high reproduction and tolerant to various types of 
stress) to c-p =5 (with long life cycle, few offspring 
and sensitive to stress), analogous to K/r strategists, 
following (Bongers et al., 1991). The tail shape 
was divided into four different types: conical (co), 
clavate/conico-cylindrical (cla), short/round (s/r), 
and elongated/filiform (e/f) (Thistle et al., 1995). The 
adult length was assigned to four groups (< 1 mm, 
1–2 mm, 2–4 mm, and > 4 mm) (Schratzberger et al., 
2007). The amphid shapes were grouped into eight 
categories, of which four categories were used in 
our study: circular (Cr), spiral (Sp), pocket (Pk), and 
indistinct (Id) (Semprucci et al., 2018).
2.3. Data Analysis
Data analyzes followed standard methods described 
by (CLARKE, 1993; Clarke and Warwick (2001) 
using STATISTICA (v5.1) software (Nasri et al., 2013, 
2022b, 2021a). Data were first tested for normality 
and homogeneity of variance. Then, one-way analysis 
of variance (1-ANOVA) was used to compare relative 
abundances of nematode functional traits, followed 
by Tukey’s HSD post-hoc tests. Multivariate analyzes 
were then carried out using Primer v5.0 software 

via the standard methods described by (CLARKE, 
1993; Clarke and Warwick, 2001). Non-metric 
multidimensional scaling (nMDS) ordination via 
the Bray-Curtis similarity matrix was performed 
to detect whether taxonomic structure or biological 
traits of marine nematodes responded to exposure to 
PE-MPs via spatial distribution. SIMPER analysis 
was investigated to determine the contribution of 
each nematode species or functional trait (cumulative 
contribution of 70%) to the dissimilarity between 
treatments.

3. Results
3.1. Nematodes Structure
All nematodes species abundance was significantly 
changed compared to the controls (Table 1). Twenty-
one species including 4 most abundant species 
were identified in the control conditions such as: 
Terschellingia longicaudata (15,33 ± 1,55 %), 
Paramonohystera pilosa (14,33 ± 1,11%), Daptonema 
trabeculosum (10,66 ± 1,77%), Metalinhomoeus 
setosus (16 ± 0,66%). In compartment PE1, eighteen 
species were recognized with five dominant 
named: Terschellingia longicaudata (13 ± 1,33 %), 
Cyatholaimus prinzi (6,66 ± 0,44%), Paramonohystera 
pilosa (5,33 ± 1,11%), Daptonema trabeculosum 
(8,33 ± 1,11%), and Metalinhomoeus setosus (11 
± 0,66%). In compartment PE2, seventeen were 
documented with five dominant named: Terschellingia 
longicaudata (11,66 ± 1,11%), Cyatholaimus prinzi 
(6,33 ± 0,44%), Paramonohystera pilosa (4,33 ± 
1,55%), Daptonema trabeculosum (6,66 ± 1,55%), 
and Metalinhomoeus setosus (6 ± 0,66%). In the 
high treated PE3 compartment, sixteen species were 
found including four abundant named: Terschellingia 
longicaudata (6 ± 0,66%), Paracomesoma dubium (4 
± 1,33%), Daptonema trabeculosum (4,33 ± 1,11%), 
Metalinhomoeus setosus (5,33 ± 1,11%) (Table 1).

Table 1.  List and biological traits of nematode genera identified in the control (C) and treated conditions with PE (PE1, PE2 and 
PE3). Feeding groups according to Wieser (1953) (FG): selective deposit-feeders (1A); epistratum-feeders (2A); non-selective 
deposit-feeders (1B); omnivores-carnivores (2B); Colonizers-Persisters scores (c-p); Amphid shape (Am): circular (Cr); pocket-
like (Pk); spiral (Sp); indistinct (Id); Tail shape (T): conical (co); elongated/filiform (e/f); clavate (cla); Adult length (AL); species 
absent (-).

Species Biologicals traits  Treatments    
FG c-p Am T AL C PE1 PE2 PE3

Terschellingia longicaudata 1A 3 Cr e/f 2–4 15,33 ± 1,55 13 ± 1,33 11,66  ± 1,11 6  ± 0,66
Terschellingia communis 1A 3 Cr e/f 2–4 1,66 ± 0,88 1,33 ± 1,11 0,66  ± 0,88 -
Anticoma acuminata 1A 2 Pk e/f 1–2 0,66 ± 0,44 3 ± 0,66 1,66  ± 1,55 1  ± 0,66
Prochromadorella longicaudata 2A 2 Id co 1–2 2,33 ± 1,11 1,33 ± 0,44 1  ± 0,66 1,66  ± 0,44
Cyatholaimus prinzi 2A 3 Sp co 2–4 4 ± 0,66 6,66 ± 0,44 6,33 ± 0,44 3,33  ± 0,44
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In the table 2, the simper analysis showed that 
the average dissimilarities between control 
and treated compartments increased ((29,89 – 
48,94%). Moreover, data indicated that the main 
modifications between the control and the PE-MPs 

treatments were a result of the lessening of species 
identified Paramonohystera pilosa, Metalinhomoeus 
setosus, Odontophora villoti, Paramonohystera 
wieser, Terschellingia longicaudata, Daptonema 
trabeculosum, Calomicrolaimus honestus. 

Paracomesoma dubium 2A 2 Sp cla 2–4 3 ± 0,66 1,33 ± 0,44 0,66 ± 0,88 4  ± 1,33
Calomicrolaimus honestus 2A 3 Sp co 1–2 3,66 ± 1,77 1,33 ± 0,44 0,66 ± 0,88 0,66 ± 0,88
Microlaimus cyatholaimoides 2A 2 Cr co 2–4 0,66 ± 0,44 - - -
Desmodora de Man, 1889 2A 2 REL co 1–2 1,33 ± 0,44 - - -
Paramonohystera pilosa 1B 2 Cr cla 1–2 14,33 ± 1,11 5,33 ± 1,11 4,33 ± 1,55 3,66 ± 1,11
Promonhystera Wieser 1B 2 Cr cla 1–2 3,33 ± 1,11 - - -
Daptonema trabeculosum 1B 2 Cr cla 1–2 10,66 ± 1,77 8,33 ± 1,11 6,66 ± 1,55 4,33 ± 1,11
Metalinhomoeus setosus 1B 2 Cr e/f 2–4 16 ± 0,66 11 ± 0,66 6 ± 0,66 5,33 ± 1,11
Odontophora villoti 1B 2 Cr co 2–4 6,33 ± 1,11 2 ± 0,66 1 ± 0,66 1 ± 0,66
Steineria pilosa 1B 2 Cr cla 1–2 1,33 ± 0,44 3 ± 1,33 3 ± 0,66 0,33 ± 0,44
Ascolaimus elongatus 1B 2 Cr co 2–4 1,33 ± 0,44 0,66 ± 0,88 1,33 ± 1,11 1 ± 0,66
Synonchiella edax 2B 4 Sp e/f 2–4 1,33 ± 0,44 1,66 ± 0,88 1,66 ± 0,44 1 ± 0,66
Viscosia cobbi 2B 3 Pk cla 1–2 1,66 ± 0,88 1,33 ± 0,44 0,66 ± 0,44 0,33 ± 0,44
Metoncholaimus pristiurus 2B 3 Pk cla 2–4 0,66 ± 0,44 1,33 ± 0,44 - -
Oncholaimus campylocercoides 2B 4 Pk cla 2–4 1,33 ± 0,44 1,33 ± 0,44 1,33 ± 0,44 1,66 ± 0,88
Oncholaimellus mediterraneus 2B 4 Pk cla 2–4 2,33 ± 0,44 1,66 ± 0,88 1,66 ± 0,88 1 ± 0,66

Table 2. Dissimilarity percentages (bold values) between control (C) and treated microcosms with PE (PE1, PE2 and PE3) and 
results of Similarity Percentage analysis (SIMPER) based on square-root transformed data. Species and functional groups accounting 
for ~70% of overall dissimilarity are ranked in order of importance of their contribution. More abundant (+); less abundant (–). 

 C vs. P1 C vs. P2 C vs. P3
Species 29,89% 38,69% 48,94%

Paramonohystera pilosa (-) Paramonohystera pilosa (-) Metalinhomoeus setosus (-)
Metalinhomoeus setosus (-) Metalinhomoeus setosus (-) Paramonohystera pilosa (-)

Odontophora villoti (-) Odontophora villoti (-) Terschellingia longicaudata (-)
Paramonohystera Wieser (-) Daptonema trabeculosum (-) Daptonema trabeculosum (-)

Terschellingia longicaudata (-) Terschellingia longicaudata (-) Odontophora villoti (-) 
Daptonema trabeculosum (-) Paramonohystera Wieser (-) Paramonohystera Wieser (-)

Cyatholaimus prinzi (-) Cyatholaimus prinzi (+) Calomicrolaimus honestus (-)
FG 21,33% 29,13% 43,97%

1B (-) 1B (-) 1B (-)
2A (-) 2A (-) 2A (-)
1A (-) 1A (-) 1A (-)

Adult length 17,68% 28,53% 43,97%
1–2 (-) 1–2 (-) 1–2 (-)
2–4 (-) 2–4 (-) 2–4 (-)

C-p score 19,57% 29,47% 43,97%
2 (-) 2 (-) 2 (-)
3 (-) 3(-) 3(-)

Tail shape 18,22% 28,53% 43,97%
cla (-) cla (-) cla (-)
co (-) co (-) co (-) 

 e/f (-) e/f (-) e/f (-)
Amphid shape 21,32% 30,05% 44,66%

Cr (-) Cr (-) Cr (-)
Pk (+) Pk (+) SP (-)

 SP (-) SP (-)  



Journal of Aquatic Science and Marine Biology V5 I1.2024          37

Is the Change in the Nematological Biological Trait an Indicator of the Benthic Ecosystem Disturbance Following Sedimentary Enrichment 
in Micro-Sized Polyethylene (Pe-MPs): A Specific Focus on Free-Living Marine Nematofauna?

3.2. Nematodes Biological Traits
The 2D-nMDS plots in Figure (1 – 6) shows that 
the functional traits indicating significant stress 
values fluctuating between 0.01 and 0.03, and a clear 
difference between control and treated compartments 
with PE-MPs, forming a cluster separated from the 
one comprising the uncontaminated communities.
Feeding diet were dominated by types 1B and 1A, 

representing 57.07 ± 1.8% and 19.02 ± 2.68% of 
the control nematode community, respectively. 
Contamination by PE-MPs induced significant 
decrease of trophic group 1B in PE2 and PE3. 
Conversely, an increase in trophic group 2A was 
reported only in the PE3 compartment. However, 
no effect was noticed for trophic groups 1A and 2B 
compared to controls (Fig. 1). 

Figure 1. Non-parametric metric-multidimensional scaling (nMDS) 2D plots (left) and relative abundances of functional groups of 
nematode assemblages (right) from control (C) and treated microcosms with PE (PE1, PE2 and PE3). Selective deposit feeders (1A); 
non-selective deposit feeders (1B); epigrowth feeders (2A); omnivores-carnivores (2B). Asterisks indicate significantly differences 

from the control (√-transformed data : * = p < 0.05 ; ** = 0.05 ≤ p < 0.001 ; *** = 0.001 ≤ p < 0.0001 ; **** = 0.0001 ≤ p).

Life history indices or c-p score showed that 
nematode communities were dominated by c-p2 (65.7 
± 2.25%) and c-p3 (28.96 ± 2.85%) species in the 

control compartment. Only c-p2 showed a significant 
decrease in only the PE1-treated weak compartment 
(Fig. 2). 

Figure 2. Non-parametric metric-multidimensional scaling (nMDS) 2D plots (left) and relative abundances of functional groups of 
nematode assemblages (right) from control (C) and treated microcosms with PE (PE1, PE2 and PE3). Asterisks indicate significantly 
differences from the control (√-transformed data:* = p < 0.05 ;** = 0.05 ≤ p < 0.001;*** = 0.001 ≤ p < 0.0001;**** = 0.0001 ≤ p).

The amphid shapes were dominated by the form Cr 
and to a lesser extent by the form Sp, representing 
76.1 ± 1.01% and 12.77 ± 2.18, respectively, of the 
nematodes community in control compartments. 
Sediment enrichment in MPs induced a significant 
decrease in the type of REL form in all treated 
compartments, and Cr only in PE3. However, the Sp 
form showed a significant increase in PE2 and PE3 
treatments compared to the control. The Id and Pk 
forms did not show any significant variation (Fig. 3). 

The tail shapes were dominated by the e/f type (37.65 
± 4.21%) and to a lesser extent by cla (41.23 ± 5.02%), 
from the control nematode community. No significant 
change was noticed for these two forms e/f and cla, as well 
as for the co form, after addition of the PE-MPs (Fig. 4). 
Finally, the adults were dominated by species with a 
body-size of 2–4 mm and 1–2 mm, comprising 58,03 
± 4,49 % and 41,96 ± 4,49 % of the control nematode 
population. However, these species did not show 
significant changes among treatments (Fig. 5).
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Dissimilarity values for all functional traits were 
recorded in the high PE-MPs-treated compartments 
and were in the range of 43.97%, 43.97%, 43.97%, 
43.97%, and 44.66%, respectively for Feeding diet, 
Adult length, c-p score, tail shape, and amphid shape. 
The table 2 indicated that the main change between 
the control and the treated compartments were a 
result of the all functional traits lessening such as 
FG: [1B↓, 2A↓, 1A↓] ; adult length: [1–2↓, 2–4↓] ; 

c-p score: [2↓, 3↓] ; tail shape: [cla ↓, co ↓, e/f ↓] 
; amphid shape: [Cr↓, SP↓]. The nMDS second-
step ordination revealed that nematode response to 
sediment PE-MPs enrichment mainly depended on 
trophic groups (92.09%), tail forms (90.85%), and 
d life history (90.12%). Adult body size (88.88%) 
and amphid shapes (88.71%) were at least affected 
and located farther from the species in the graphical 
representation (Fig. 6)

Figure 3. Non-parametric metric-multidimensional scaling (nMDS) 2D plots (left) and relative abundances of functional groups 
of nematode assemblages (right) from control (C) and treated microcosms with PE (PE1, PE2 and PE3). Circular (Cr) ; indistinct 
(Id) ; pocket-like (Pk); spiral (SP); REL. Asterisks indicate significantly differences from the control (√-transformed data : * = p < 

0.05 ; ** = 0.05 ≤ p < 0.001 ; *** = 0.001 ≤ p < 0.0001 ; **** = 0.0001 ≤ p).

Figure 4. Non-parametric metric-multidimensional scaling (nMDS) 2D plots (left) and relative abundances of functional groups 
of nematode assemblages (right) from control (C) and treated microcosms with PE (PE1, PE2 and PE3). Elongated/filiform (e/f); 
conical; (co) ; clavate/conical-cylindrical (cla). Asterisks indicate significantly differences from the control (√-transformed data : * 

= p < 0.05 ; ** = 0.05 ≤ p < 0.001 ; *** = 0.001 ≤ p < 0.0001 ; **** = 0.0001 ≤ p).

Figure 5. Non-parametric metric-multidimensional scaling (nMDS) 2D plots (left) and relative abundances of functional groups of 
nematode assemblages (right) from control (C) and treated microcosms with PE (PE1, PE2 and PE3). Asterisks indicate significantly 
differences from the control (√-transformed data:* = p < 0.05 ;** = 0.05 ≤ p < 0.001;*** = 0.001 ≤ p < 0.0001;**** = 0.0001 ≤ p).
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4. Discussion
Negative effects were recorded after one month 
of sediment enrichment experiment with PE-MPs 
using a microcosm approach. In detail, nematode 
community structure and biological traits were 
modified as found in the results of other papers 
(Hannachi et al., 2022; Nasri et al., 2021b, 2020b). 
Given their usefulness as ecological indicators and as 
signs of environmental quality for several ecosystems 
(Moreno et al., 2011), the nematodes used in our 
present study have been highlighted as good tools 
for monitoring anthropogenic disturbances in many 
studies (Allouche et al., 2021b; Hannachi et al., 2022; 
Nasri et al., 2022c, 2020c).

Several researchers have investigated in laboratories 
the effects of different MPs types and sizes on multiple 
parameters in several living beings. In fish, many 
effects were registered after plastic exposure. The 
swimming behavior was disturbed (Rist et al., 2016); 
the predation capacity and the larvae efficiency were 
reduced (de Sá et al., 2015) as well as a decreasing of 
acetylcholinesterase (AChE) activity in the nervous 
system, have been reported in the goby Pomatoschistus 
microps (Oliveira et al., 2013). A decreased microvilli 
number, and mitochondria number increased as the 
intestinal epithelial cell ultrastructure alteration 
consequence, as well as a metabolomics profiles 
changes and genes expression associated with a 
diverse set of functions, were recorded in zebrafish 
Danio. rerio (Lei et al., 2018). In addition of the 
vitellogenin (vtg 1) up-regulation in the liver, and his 
weak expression in intestine and gills, followed by 
slight cyp 1a up-regulation in the liver tissue (Wang et 
al., 2005). In European seabass Dicentrarchus labrax, 
microplastics induced a genes modification related to 

response to stress, immunity, reparation of DNA and 
signaling pathways of lipid metabolism (Brandts et 
al., 2018). All of these effects were associated with 
locomotor behavior velocity disruption (Barboza et 
al., 2018). In sole Solea. senegalensis, ingestion of 
PE-MPs resulted in physical damage associated with 
adverse physiological effects depending on their size 
(Lei et al., 2018) and particle density (Silva et al., 
2020).

In mollusks, exposure to MPs induced: diminishes 
byssus production, food clearance, and respiration 
by the green mussel Perna viridis.; oxidative 
damage, inflammatory responses, and neurotoxicity 
in Mytilus edulis (Brandts et al., 2018; Jeong et al., 
2018); oxidative stress, immune responses and cell 
apoptosis (Ogonowski et al., 2016), DNA damage 
and micronuclei production in hemocytes in  Mytilus 
galloprovincialis (Avio et al., 2015; Ribeiro et al., 
2017); an histopathological modifications including 
degenerated cilia, hemocytic infiltration, as well 
as changed of oxidative stress biomarkers alike 
SOD, CAT and GST in the tissue in the mussel 
Perna viridis ; neurotoxicity, increased activities of 
superoxide dismutase and catalase, reduction in lipid 
oxidative damage, inflammation, and destabilization 
of lysosomal membranes  in Scrobicularia plana 
(Ribeiro et al., 2017). In addition, MPs caused a larval 
development retardation (Sussarellu et al., 2016), 
feeding rate lessening (Xu et al., 2020), and energy 
reserve reduction (Wright et al., 2013) in bivalves.

In crustacean, a filtration process alteration causing 
food intake reduction and mortality was signaled 
globally (Jemec et al., 2016). An inhibition of both 
feeding activity and energy reserves (Besseling et 
al., 2013), as well as an increased of reactive oxygen 

Figure 6. Non-parametric metric-multidimensional scaling (nMDS) second-stage ordination of inter-matrix rank correlations. 
Values indicate average similarity percentages between nMDS related to species and those related to functional traits.
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content (Suman et al., 2020) were recorded in Artemia 
salina ;  a decreased reproductive output reported 
Ceriodaphnia dubia (Ziajahromi et al., 2017) ; a 
feeding capacity alteration as well as  the decline of 
reproductive output the result of diminished of egg 
size and success of hatching linked to decreased 
energy intake due to MP ingestion were recorded 
in the pelagic copepod Calanus helgolandics and 
Parvocalanus crassirostris (Cole et al., 2015; Heindler 
et al., 2017) ; growth and reproduction change in the 
amphipods Hyalella azteca (Syakti et al., 2019) ; an 
oxidative stress generation and energy metabolism 
alteration leaded a locomotor behavior disruption 
(Han et al., 2022; Mehennaoui et al., 2021) were 
observed both in gammarids and hepatopancreas.

In worm’s species, for example Arenicola marina, 
a lethality was reported after repression of energy 
reserves and feeding activity following MPs ingestion 
(Wright et al., 2013); for Lumbriculus. variegatus, 
the increased levels of biochemical markers such 
as glutathione, glutathione S-transferase known to 
play a greater role in antioxidant defense (Kristoff et 
al., 2008), appear to be triggered to protect against 
oxidative damage caused by MPs (Trestrail et al., 
2020). In meiofaunal taxa, the number of MPs 
ingested was high in nematodes who are considered 
the most consuming organisms, as Caenorhabditis 
elegans (Fueser et al., 2020), causing; (1) alteration 
of survival rates, body length, and reproduction (Lei 
et al., 2018) ; (2) free radicals formation leading 
to oxidative stress and glutathione S-transferase 
augmentation (Lei et al., 2018).

Microplastics effects on benthic taxonomic groups 
were universally negative (Wright et al., 2013). 
The taxonomic diversity in our study was changed 
and we have registered a gradual nematodes 
populations restructuring. As consequence, of the 
certain species abundance lessening after PE-MPs 
sediment enrichment, noting, Paramonohystera 
pilosa, Metalinhomoeus setosus, Odontophora 
villoti, Paramonohystera wieser, Terschellingia 
longicaudata, Daptonema trabeculosum, 
Calomicrolaimus honestus, respectively representative 
by functional groups [1B, 2, Cr, cla, 1–2], [1B, 2, Cr, 
e/f, 2–4], [1B, 2, Cr, co, 2–4], [1B, 2, Cr, cla, 1–2], 
[1A, 3, Cr, e/f, 2–4], [1B, 2, Cr, cla, 1–2], [2A, 3, Sp, 
co, 1–2]. In addition to the increased abundance of 
the species named Cyatholaimus prinzi [2A, 3, Sp, 
co, 2–4]. The second-stage nMDS ordination results 
exhibited that the response of nematodes to PE-MPs 

sediment enrichment depended on functional traits 
trophic group (FG = 92.09%), followed by tail shape 
(T = 90.85%) and life history indices (c-p score = 
90.12%).  These results show that the species which 
share in their biological traits a 1A or 1B diet, a tail 
type (cla, co, e/f) and a life history of type c-p 2, are the 
species responsible for this structural restructuring. 
population, due to their sensitivity to the enrichment 
of PE-MPs in the sediments. Moreover, our current 
data are in agreement with the results showing that 
the feeding strategy is the key explanatory of toxic 
effects in benthic organisms (Bertoli et al., 2022). It is 
the deposit-feeders feeding on particles incorporated 
into the sediments, and easily ingesting the MPs 
retained in the substrate (Bertoli et al., 2022), which 
accumulate more MPs and are the most affected 
compared to the other trophic groups, this is the case 
of selective deposit-feeders (1A) and non-selective 
deposit-feeders (1B) in our study (Table 1, 2) where 
a false diet of PE-MPs is the consequence of damage 
or blockages of the digestive tract leading to the 
progressive death of the species (de Sá et al., 2015). 
These deposit feeders, which nurse on detritus and 
microbes in the sediment (Levin, 2013), showed an 
enormous capacity to ingest plastic particles than 
those predators which were more selective in feeding 
on living organisms (Gérino et al., 2003).

5. Conclusion
Several studies have shown that the presence of MPs 
in biota is the apparent consequence of toxic effects 
at all trophic levels in many organisms; leading to 
impaired survival, respiration, growth, development, 
reproduction and other vital functions of organisms, 
resulting in large-scale degradation of biodiversity and 
ecosystem services (Silva et al., 2022). Our present 
study has just validated its effects but on the benthic 
nematofauna where a taxonomic restructuring as well 
as biological traits have been recorded following the 
enrichment of the sediments in PE-MPs, showing 
that the type of diet is the central explanatory key of 
these impacts and that the deposit-eating organisms 
are the most sensitive. These results support the use 
of these organisms as in vivo and in situ biological 
models to detect environmental variations following 
anthropogenic pressures (Nasri et al., 2022b, 2022a).
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