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Abstract: The Bizerte lagoon, Tunisia, undergoes notable environmental shifts caused by 

both natural factors and human activities, disrupting its natural dynamics. Meiofaunal 

bioindicators, focusing on the diversity and functional traits of free-living marine nematodes, 

were used in biomonitoring at 5 characteristic lagoon sites. The analysis of meiofaunal 

abundance and specific diversity of nematodes revealed that the "M. Ab" station exhibits the 

highest overall abundance of various meiobenthic taxa, while the "MG" and "M.B" stations 

show comparatively lower abundances. 

The specific inventory of nematodes highlighted the dominance of certain species at specific 

stations, suggesting an adaptation to particular types of pollution, providing them with 

greater opportunities for multiplication in these environments. Furthermore, the observed 

functional variations underscore the complexity of ecological interactions within these 

ecosystems. They also attest to the adaptive capabilities of nematodes to environmental 

conditions characteristic of each station in the Bizerte Lagoon. This study offers important 

insights for environmental management and the preservation of biodiversity in these 

sensitive environments. 

 

Keywords: Meiofauna; Nematodes; Meiofaunal abundance; Environmental pollution; 
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1. Introduction 

For several decades, pollution has been 

one of the most serious problems facing 

 

our modern world (Nivedita et al., 

2022).The pollution of marine 
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environmentsworldwide is more than ever 

the main concern (Thushari & 

Senevirathna, 2020; Kvamsdal et al., 

2023). Significant contamination of 

hydrosystems by various chemical 

substances (heavy metals, persistent 

organic pollutants, etc.) can lead to 

acidification, eutrophication, degradation of 

biodiversity, and disruption of the 

equilibrium of these ecosystems. 

Ecotoxicological risk assessment requires 

the development of tools for early 

detection, hence the importance of 

biomonitoring. Biomonitoring is based on 

the measurement of parameters reflecting 

the toxicity of contaminants and enabling 

the identification of compounds 

responsible for observed biological effects. 

The bioindicators are one of the tools most 

often used in biomonitoring. These are 

organisms that, through their presence or 

absence, abundance, or rarity, can be 

used to assess the degree of 

environmental pollution. Various studies 

already pointed out that these organisms 

respond to sudden changes in important 

combinations of factors (Steyaert et al., 

2007; Moreno et al., 2008). 

 
Environmental shifts in Tunisia's Bizerte 

lagoon result from the interplay of natural 

and human factors, impacting its 

ecosystems. Pollutants, depending on their 

contamination levels and bioavailability, 

can adversely affect various biological 

levels, from cells to individuals, 

populations, and communities. (Hannachi 

et al., 2022). 

Studies carried out over many years have 

highlighted the environmental risks and 

damage threatening the Bizerte lagoon, 

including hydrocarbons and heavy metal 

pollution due to the proximity of several 

industries such as the Bizerte cement plant 

and the Elfouleth steel plant. In this 

context, this study aims to evaluate and 

update the database of environmental 

conditions at various stations in the Bizerte 

lagoon, based on both biotic and abiotic 

data. 

The bioindicators considered in this study 

were mainly marine free-living nematodes, 

whose importance in the functioning of 

benthic ecosystems and their relevance as 

bioindicators of environmental conditions 

have already been highlighted by 

numerous studies (Aïssa, 1991; Fichet & 

Miramand, 1996; Beyrem & Aïssa, 2000; 

Schratzberger et al, 2000; Guo et al., 2001; 

Mahmoudi et al., 2002; Mahmoudi et al., 

2003; Ferris & Bongers, 2006). Other 

meiofaunal bioindicators were also 

considered, such as copepods, 

polychaetes, oligochaetes and amphipods. 

 

2. Materials and Methods 

2.1. Sediment collection 

 
Sediment samples were collected on July 

5, 2023, from five stations representative of 

the various anthropogenic pressures. The 

Menzel Jemil station, noted, as "M.J" 

(37.221672N, 9.934730E), receives 

discharges from urban runoff and sewers. 

The Chaara station noted as "CH" 

(37.248546N, 9.856975E) and the Menzel 

Abderahmane station noted as "M.Ab" 

(37.232211N, 9.861177E) are influenced 

by the passage of commercial cargo ships 

through the Bizerte canal and cement plant 

activity. Maghrawa station noted as "MG" 

(37.184088N, 9.929782E) influenced by 

agricultural inputs. Finally, the Menzel 

Bourguiba station noted as "M.B" 

(37.140800N, 9.820312E) is influenced by 

water inflows from Ichkeul Lake and 

receives industrial effluents from the "El 

Fouledh" steel plant. 

The sediment was sampled following the 

method reported by Mahmoudi et al., 

(2007) using several hand cores (surface 

of 10 cm2, inner diameter of 3.6 cm) to 

collect the first 5 cm at 50 cm water depth, 

known to host 90% of the meiobenthos 

(Mahmoudi et al., 2007). The collected 

sediments were stored in hermetically 

sealed jars. 
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2.2. Meiobenthic descriptors 

 
The levigation-decantation-sieving method, 

as described by Vitiello and Dinet (1979), 

was used to extract the meiofauna. The 

meiobenthos is defined as any organism 

that passes through a 1 mm mesh sieve 

and is retained by a 40 µm mesh sieve. The 

contents collected by the 40 µm sieve were 

then fixed in 4% formalin solution 

(Schratzberger et al., 2004) and a few 

drops of Rose-Bengal were finally added 

(0.2 g·L−1) (Elarbaoui et al., 2015). 

One hundred individuals were randomly 

picked from each station sample under a 

dissecting microscope, transferred in 21% 

glycerol, and mounted on microscope 

slides for taxonomic identification based on 

morphological features (Seinhorst et al., 

1959). The identification of genera and 

species was based on the keys provided by 

Platt and Warwick (1983, 1988), Warwick 

et al. (1998), as well as the Nemys 

database available on the website 

developed and regularly updated by 

experts in meiobenthological nematology 

from Ghent University in Belgium Ghent 

(Bezarra et al. 2021). 

 
The nematode's functional traits categories 

considered in this study were (1) the 

amphid shapes according to the 

Semprucci et al. (2018) classification: 

circular (Cr), spiral (Sp), pouch (Pk), and 

indistinct (Id) ; (2) the tails shapes 

according to Thistle et al.,(1996) the 

classification: conical (co), clavate/conico- 

cylindrical (cla), short/round (s/r), and 

elongated/filiform (e/f) ; (3) trophic groups 

according to Wieser (1953) classification: 

epigrowth feeders (2 A), selective deposit 

feeders (1 A), non-selective deposit 

feeders (1B), and omnivores/predators 

(2B); life history (c–p scale) according to 

Bongers et al., (1991, 1995) classification, 

from c–p = 1 (i.e. good colonizers: short life 

cycle, high reproduction rates, tolerant to 

various types of stress) to c–p = 5 (i.e. 

resilient: long life-cycles, few offspring, 

sensitive to stress). 

 

2.3. Statistical data processing 

 
Community metrics for nematofauna in 

each station were analyzed using PRIMER 

5.0 software (Clarke, 1993; Clarke and 

Warwick, 2001). Abundance (N), 

taxonomic richness (S), Margalef’s species 

richness (d), diversity (Shannon-Weaner 

index) (H’), and evenness (Pielou) (J’) 

were calculated. Normality tests 

(Kolmogorov–Smirnov test) and 

homogeneity of variance (Bartlett test) 

were conducted, and log10 (x + 1) raw data 

transformation was applied (Clarke, 1993). 

One-way ANOVA, with post-hoc Tukey’s 

HSD tests, was employed to analyze 

overall differences and multiple pairwise 

comparisons among treatments using 

STATISTICA (v5.1) software. Non-metric 

multidimensional scaling (nMDS) plots 

were generated from species and 

functional traits abundance data, 

employing square root transformation and 

Bray-Curtis similarity measures (Bray and 

Curtis, 1957). SIMPER analysis (Clarke, 

1993) allowed the assessment of the 

contribution of each species and functional 

trait to the average dissimilarity between 

treatments. 

3. Results 

3.1. Meiobenthic abundance 

 
The nematode counts revealed significant 

variations between stations. The "M.Ab" 

station stands out with a high abundance 

of 1980 ± 120.66 individuals, closely 

followed by "CH" with 1328 ± 119.62 

individuals and "M.J" with 1007 ± 50.40 

individuals. In contrast, "MG" and "M.B" 

exhibit lower numbers (675.66 ± 86.40 and 

246 ± 118.60 individuals, respectively) 

(Figure 1). 
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Figure 1. Comparative analysis of nematode 

abundance at different stations; CH: Charaa, M.Ab: 

Menzel Abdrahmene, MG: Maghrawa, M.B: 

Menzel Bourguiba M.J: Menzel Jemil. 

The copepod counts reveal that the "MG" 

station has the highest copepod 

abundance (149 ± 9 ind). Statistical 

comparisons were significant between 

"MG" and all other stations, and between 

"M.B" and all other stations (Figure 2). 

 

Figure 2. Comparative analysis of copepods, 

amphipods, polychaetes, and oligochaetes 

abundance at different stations (see Figure. 1 for 

the meaning of the abbreviations coding). 

 
The amphipod counts showed that the 

stations "M.Ab" (5 ± 1 ind and "M.J" (5 ± 3 

ind) exhibit the assemblages with the 

highest numbers. Statistical comparisons 

were significant only for “MG” vs. “M.J” and 

“MG” vs. “M.Ab” (Figure 2). Based on 

polychaete counts, it could be seen that the 

"CH" station (32 ± 5 ind), closely followed 

by the "M.Ab" station (28 ± 5 ind), exhibits 

the highest abundances. Statistical 

comparisons were significant between 

“M.Ab” and all the remaining stations 

except for the “CH” station (Figure 2). 

The oligochaete counts revealed that 

"M.Ab" station has the most numerous 

copepod assemblage (43 ± 5 ind). It was 

closely followed by the “CH” station (42 ± 4 

ind). Statistical analysis revealed 

discernible differences between all 

stations, except for the comparisons "CH" 

vs. "M. Ab" and "MG" vs. "M.B" (Figure 2). 

 

3.2. Nematode diversity 

 
The species numbers recorded at the 

various stations investigated were 

considerably close to one another. 

Furthermore, none of the statistical 

comparisons between the number of 

species, the Shannon index (H'), 

Margalef's species richness (d), and 

Pielou's equitability (J') of each station 

showed any significant difference (Figure 

3). 

 

Figure 3. Comparative analysis of nematode 

diversity at different stations (see Figure. 1 for the 

meaning of the abbreviations coding). 

 

3.3. Specific inventory 

 
The nematodes collected from the 

sampled stations belong to 7 orders and 15 

families. The latter were represented by 31 

genera comprising 34 species. The most 

diverse families were Oncholaimidae (5 

species), Xyalidae (5 species), and 

Cyatholaimidae (4 species) (Table 1). 

 
The species Marylinnia stekoveni and 

Oncholaimus campylocercoides were 

present at all stations. The numbers of 

these cosmopolitan taxa fluctuated 

depending on the station. M. stekoveni 

dominated at the stations "M.Ab" and 

"M.B", accounting for 59.43 ± 12.45% and 

52.74 ± 13.19% of nematode communities, 

respectively. 
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Conversely, M. stekoveni was very poorly 

represented at the "CH" and "MG" stations, 

accounting for only 1.35 ± 1.54% and 1.38 

± 2.4% of the population, respectively. The 

same results were also obtained for O. 

campylocercoides, which more or less 

dominated the "CH" station (39.9 ± 5.25%) 

and was poorly represented at the "MG" 

station (2.22 ± 2.27%). 
 

Table 1. Relative abundances (%) of free-living nematode species and corresponding functional traits 

identified at 5 different stations in Bizerte lagoon, Tunisia. CH: Charaa, M.Ab: Menzel Abdrahmene, MG: 

Maghrawa, M.B: Menzel Bourguiba M.J: Menzel Jemil. Colonizer-Persistent (C-P) scores; tail shape: conical 

(co); elongated/filiform (e/f); clavate (cla); amphid shape: circular (Cr); poket-like(Pk); spiral (Sp); indistinct (Id); 

trophic groups : selective deposit-feeders (1 A); epistrate-feeders (2 A); non-selective deposit-feeders (1 B); 

omnivores-carnivores (2 B). 
 

Genres & species 
C- 
P 

Tail Amph Troph CH M.J M.B MG M.Ab 

Ascolaimus sp. 2 co cr 1B 0.33 ± 0.58 0 0,66±1,15 0 0 

Odontophora villoti 2 co REL 1B 0 0 3,84±3,77 0 0 

Dorylaimopsis sp. 2 cla sp 2A 1,36±2,36 5,57±1,17 0,83±1,44 0 0 

Paracomesoma dubium 2 cla sp 2A 1,21±1,07 47,06±8,80 0 0 0 

Sabatieria splendens 2 cla sp 1B 1,68 ±2,91 0 0 0 0 

Chromadora nudicapitata 2 co id 2A 0 0 0 2,88±3,23 0 

Chromadorina sp. 2 co id 2A 0 0 0 5,10±4,50 0 

Prochromadorella longicaudata 2 co id 2A 0,81±1,41 0 0,83±1,44 0 8,11±7,17 

Longicyatholaimus 
longicaudatus 

3 e/f sp 2A 0 1,24±1,23 2,29±2,52 0 0 

Cyatholaimus prinzi 3 co sp 2A 2,04±2,04 0,88±0,76 0 0 0 

Marylynnia stekoveni 3 e/f sp 2A 1,35±1,54 13,24±4,22 52,74±13,19 1,38±2,40 59,43±12,45 

Marylynnia sp. 3 e/f sp 2A 0 2,17±1,93 7,58±11,44 0 2±3,46 

Synonchiella edax 3 cla sp 2B 0,33±0,58 3,06±1,57 0 1,46±1,27 0 

Spirinia parasitifera 2 cla sp 1B 0,27±0,47 0 0 5 ±3,12 1,32±1,14 

Calamicrolaimus honestus 3 co sp 2A 0 0 0 0 6,39±2,33 

Anticoma acuminata 2 e/f pk 1A 0,94±1,01 0 0 0 0 

Anticoma eberthi 2 e/f pk 1A 0,33 ±0,58 0 0 0 0 

Metoncholaimus pristiurus 3 cla pk 2B 44,20±3,77 0,89±0,77 2,55±2,87 0 0 

Oncholaimus campylocercoïdes 4 cla pk 2B 39,90±5,25 5,17±2,11 27,97±1,83 2,22±2,27 5,32±2,91 

Oncholemellus calvadocicus 4 cla pk 2B 0 0,41±0,71 0 0 0 

Pontonema subtilis 4 cla pk 2B 0 0 0   

Viscosia cobbi 3 e/f pk 2B 1,42±1,67 0 0 0 0 

Enoploides sp. 5 cla Id 2B 0 0 0 1,41±2,45 0 

Mesacanthion sp. 5 cla Id 2B 0 0 0 0 0 

Metalinhomeus numidicus 2 e/f cr 1B 0,27±0,47 3,93±3,41 0 0,70±1,22 0,65±1,13 

Terschellingia longicaudata 3 e/f cr 1A 0 12,94±4,21 0,66±1,15 0 0 

Terschellingia sp. 3 e/f cr 1A 0 1,31±1,26 0 0 0 

Daptonema trabeculosum 2 cla cr 1B 1,62±0,69 1,67±1,93 0 2,17±2,12 0 

Paramonohystera pilosa 2 cla cr 1B 0,27±0,47 0 0 0 0 

Steineria sp. 2 cla cr 1B 0 0,41±0,71 0 0 0 

Stylotheristus sp. 3 e/f cr 1A 0,33±0,58 0 0 0 0 

Theristus flevensis 2 co cr 1B 0,61 ±0,54 0 0 63,34±12,70 0 

Leptolaimus sp. 1 cla cr 1B 0 0 0 0,70±1,22 0 

Diodontolaimus sp. 2 co REL 1B 0,95±0,11 0 0 0 0 

Rhabditis sp. 1 co Id 1B 0 0 0 0,70±1,22 0 
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The specific inventory revealed that other 

opportunistic species were only able to 

survive to a limited extent. Theristus 

flevensis, for example, was highly 

represented at the "MG" station (63.34 ± 

12.7%), whereas it was absent from most 

of the other stations. The same status may 

be applied to Paracomesoma dubium, 

which was absent from most stations but 

dominates at "M.J" (47.06 ± 8.8%). 

 
The specific inventory also revealed that 

certain species are characteristic of certain 

stations. For example, Vicosia cobbi, 

Anticoma accuminata, and Anticoma 

eberthi were sampled only at the "CH" 

station, with very low numbers: only 1.42 ± 

1.167%, 0.94 ± 1.01% and 0.33 ± 0.58% of 

the inventory, respectively. Similarly, 

Calomicrolaimus honestus was found only 

at the "M.Ab" station (6.39 ± 2.33%), and 

the species Chromadora nudicaputatus, 

Chromadorina sp. Enoploides sp. 

Leptolaimus sp. Pontonema subtilis and 

Rhabditis sp. were sampled only at the 

"MG" station. 

 
3.4. Multivariate analysis 

 
The results of MDS ordination of the 

nematode replicas showed significant 

differences in the specific the composition 

of the different communities (stress = 0.1), 

especially in the "MG" station. Replicates 

for this nematofauna were placed further 

away from all the others. 

 

It’s also worth noting that "CH" is 

somewhat out of step with the closer group 

formed by the replicates relating to stations 

"M. J", "M. B" and "M.Ab". (Figure 4). 

 

 
Figure 4. Non-metric multidimensional scaling 

(nMDS) 2D plot based on square-root transformed 

nematode species abundances at different stations 

in Bizerte lagoon, Tunisia 

 

The dissimilarity values revealed 

significant differences in the specific 

composition of the considered stations. 

The highest dissimilarities were found 

between station "MG" and the rest of the 

stations (> 94%), with a maximum 

dissimilarity of 96.43% noticed between 

"MG" and "M.B" (Table 2). 

 

The SIMPER outcomes showed that the 

presence of T. flevensis highly contributed 

to the taxonomic difference between "MG" 

and "M.J", "M.B" and "M.Ab". On the other 

hand, the absence of Metoncholaimus 

pristiurus from "MG" contributed most to 

dissimilarity with "CH". Other species also 

contributed to the dissimilarity of the "MG" 

station with the rest of the stations, hence, 

M. stekovni contributed to dissimilarity with 

"M.Ab" and "M.B", while P. dubium 

contributed to dissimilarity with "M.J". 
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Table 2. Dissimilarity percentages (bold values) between “MG” and the other stations and results of 

Similarity Percentage analysis (SIMPER) based on square-root transformed data.(see Table. 1 for the meaning 

of the abbreviations coding). 
 

 MG vs. CH (95,64 %) MG vs. M.J (94,95%) 

Species Metoncholaimus pristiurus (32.13 %) Paracomesoma dubium ( 30,85 %) 
 Oncholaimus campylocercoides (28,22 %) Theristus flevensis ( 25,08 %) 
 - Terschellingia longicaudata (8,51 %) 

Trophic groups 2B 1B 

Tail shapes co Co 

Amphid shapes Pk Sp 

Life histories cp2 cp3 
 MG vs. M.B (96,43%) MG vs. M.Ab (94,92%) 

Species Theristus flevensis ( 32,47%) Theristus flevensis ( 34,17 %) 
 Marylinnia stekoveni (26,66 %) Marylinnia stekoveni ( 33,38 %) 

Trophic groups 1B 2A 

Tail shapes Co e/f 

Amphid shapes Cr Sp 

Life histories c-p2 c-p3 

 
 

3.5. Functional trait analysis 

 
The analysis of the 4 functional traits 

considered in this study, namely, trophic 

groups, amphid and tail shapes, and life 

history showed fluctuations depending on 

the considered station. 

 

3.5.1 Trophic groups 

 
The stations "M.J", "M.B", and "M.Ab" 

showed the predominance of the epistrate 

herbivores (2A), constituting more than 

65% of the nematode composition. In 

contrast, "CH" was dominated by the 

omnivore-carnivores (2B), while "M.B" had 

a prevalence of non-selective deposit 

feeders (1B). MDS ordination confirmed 

distinct nematode assemblages, with 

"M.J", "M.B", and "M.Ab" grouped 

separately from "CH" and "MG", indicating 

clear dissimilarities between replicates 

(figure 5). 

 

3.5.2 Amphid shapes 

 
The stations "M.J", "M.B", and "M.Ab" 

exhibit a predominant spiral amphid shape 

(sp) exceeding 60%. In contrast, "CH" is 

characterized by a prevalence of the 

pocket amphid shape (pk), while "MG" 

showed the dominance of the circular 

amphid shape (cr). MDS ordination 

analysis confirmed distinct amphid 

characteristics, grouping replicates from 

"M.J", "M.B", and "M.Ab" separately from 

"CH" and "MG", indicating clear disparities 

between replicates (figure 5). 

 

3.5.3 Tail shapes 

 
The "CH" and "M.J" stations exhibit a 

dominant clavate/conico-cylindrical (cla) 

tail shape, exceeding 60%. Conversely, 

the "M.B" and "M.Ab" stations are 

characterized by an absolute dominance 

(more than 60%) of the elongated/filiform 

tail shape (e/f). The station "MG" is 

dominated (over 60%) by nematodes with 

conical tails (co). The results given in 

nMDS ordination confirm distinctions in tail 

shapes among stations, notably placing 

"MG" replicates apart from the others 

(figure 5). 

 

3.5.4 Life cycles 

 
The "M.J" and "MG" stations are 

dominated (over 60%) of species with short 

life cycles (c-p2). Conversely, the "M.B" 

and "M.Ab" stations are mostly populated 

by species with longer life cycles (c-p3). 

The station "CH" has particularly the 

highest proportion of long-lived species (c- 
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p3, ~50% of the community; c-p4, ~40%). 

The nMDS ordination analysis further 

confirmed the dissimilarity in terms of 

species life cycles among stations, 

 

grouping "MG" and "M.J" replicas 

separately from "CH", "M.B", and "M.Ab" 

replic (figure 5). 

 

 

 
 

Figure 5. Non-metric multidimensional scaling (nMDS) 2D plots (right) and graphical summary (left) based on 

abundances of functional groups of nematode assemblages at different stations 
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4. Discussion 

The main objective of this work was to 

highlight the influence of environmental 

variations on the meiobenthic community 

distribution across five stations in Bizerte 

lagoon: Chaara (CH), Menzel Jemil (M.J), 

Maghrawa (MG), Menzel Bourguiba (M.B) 

and Menzel Abdrahmene (M.Ab). Our 

findings were based on the abundance of 

the overall meiofauna and the specific 

diversity and functional traits of free-living 

marine nematodes to determine the quality 

of the environment and the magnitude of 

anthropogenic impact on it. 

The results showed that the "M.Ab" station 

had the highest overall abundance of the 

various meiobenthic taxa, as well as a 

fairly significant nematode diversity. These 

results suggest there are more favorable 

and probably more stable environmental 

conditions at that location than at the other 

stations. In contrast, the "MG" and "M.B" 

stations showed lower abundances, 

coupled with relatively high variability. The 

meiofaunal abundance pattern also 

suggests that nematodes prefer less 

stressful environments, while copepods 

are more abundant under conditions of 

moderated stress intensity, as observed at 

the "MG" station. Finally, amphipods and 

polychaetes showed higher abundances at 

less stressed stations, such as "M.Ab" and 

"M.J". 

Shannon's diversity index (H') revealed a 

distinct trend, with the "M. J" station 

showing the highest diversity (H' = 1.74 

bits), followed by "CH" (H' = 1.33 bits), 

"M.G" (H' = 1.27 bits), "M.B" (H' = 1.19 

bits) and "M.Ab" (H' = 1.09 bits). These 

results highlighted the close relationship 

between nematode diversity and 

environmental stress intensities, with the 

"M.J" station displaying the highest 

diversity. 

The specific nematode inventory 

associates the predominance of certain 

species in specific stations. Thus, species 

such as T. flevensis, dominant in the "MG" 

 

 
station, or P. dubium, dominant in the "M.J" 

station, were characteristic of the station. 

Previous work has shown that these 2 taxa 

were tolerant of global pollution of harbor 

areas (Ridal & Ingels 2021). These results 

therefore suggest a certain correlation 

between the environmental conditions of 

the considered stations and the species' 

sensitivity to stress. The inventory also 

revealed more cosmopolitan species such 

as M. stekoveni and O. campylocercoides, 

which dominate in the more stable stations. 

Previous studies have shown that, over a 

long period, high granulometry causes a 

proliferation of the trophic group 2A 

(genus: Marylynnia) due to increased 

bacterial activity (Semprucci et al., 2013; 

Boufahja et al., 2016). Similarly, it has 

already been shown that O. 

campylocercoides can tolerate 

hydrocarbons (Elarbaoui et al., 2015; Soto 

et al., 2017; Allouche et al., 2020) and 

heavy metals (Mahmoudi et al., 2005; 

Hermi et al., 2009; Rosner et al., 2023) and 

is probably adapted to harbor pollution. On 

the other hand, some species that were 

less competitive but more tolerant to 

pollution, such as T. flevensis and P. 

dubium, were able to survive in polluted 

sites. 

The dissimilarity values clearly defined the 

"MG" station as the one with the most 

distinguished nematode community from 

the other stations surveyed (dissimilarity 

higher than 94%), mainly due to the 

presence of T. flevensis inventoried only at 

this station. Although this station is 

considered to be close to all sources of 

industrial pollution, it is nonetheless 

influenced by several lotic water flows, 

notably the Oued Gueniche, which carries 

pesticides from nearby agricultural 

activities. The results also suggest a 

dissimilarity between the "CH" station and 

the rest of the stations, due to the influence 

of the cement plant and its location at the 

mouth of the canal linking Bizerte lagoon to 
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the Mediterranean Sea. The nMDS 

analysis confirms this dissimilarity, placing 

the "MG" replicates far away, and the "CH" 

replicas slightly distinguished from the 

other replicates. 

Functional variations underline the 

complexity of ecological interactions within 

these ecosystems. The nMDS analysis 

confirms these differences, highlighting a 

clear separation between stations. The 

study conducted by Ferris and Bongers 

(2006) has shown that nematode trophic 

groups varied considerably depending on 

the environmental quality. Thus, some of 

the collection stations were dominated by 

epistrate herbivores (2A), while others 

were dominated by omnivores-carnivores 

(2B) or non-selective deposit feeders (1B). 

These feeding differences reflect without 

doubt the quantity and quality of food 

resources available in each location. 

The "M.J" and "MG" stations are 

characterized by a predominance of 

species with short generation times, 

reflecting probably an unstable 

environment, while "M.B" and "M.Ab" 

sheltered longer life spans, reflecting 

relatively a more stable environment. 

Darby and Neher (2007) highlighted the 

importance of nematode life histories as 

bioindicative tools that mirror of 

environmental conditions. However, these 

findings prompt inquiries (1) the precarious 

stability of the "M.J" station, despite its 

apparent taxonomic diversity, renders it 

inhospitable to species incapable of quickly 

adapting to rapid surrounding 

environmental changes; (2) the surprising 

stability of the "M.B" station, despite it is 

exposed to heavy metals released by the 

"El Fouleth" steel plant, suggests the 

presence of a nematode community 

adapted to this type of contamination. 

 
The amphid is the nematode's main 

chemosensory organ, and some amphid 

forms are known to be linked to a higher 

sensitivity to pollution than others. The 

 

results obtained for amphids revealed that 

the "M.B" station is more polluted, as it has 

the lowest percentage of species with the 

circular amphid (cr) shape, known to be 

related to over-pollution (Wakkaf et al., 

2020) 

Nematode tail shapes reflect mobility and 

the distances they cover through 

locomotion. Diversity in tail shapes within 

the community signifies adaptations in 

response to sediment quality. The results 

showed that the clavate (cla) and conical 

(co) shapes were mainly dominant at the 

"CH" and "MG" stations, reflecting the need 

of these communities to explore their 

environments. Hedfi et al. (2023) indicate 

that the clavate (cla) and conical (co) tail 

types were probably related to better 

jumping efficiency. 

 

5. Conclusion 

 
To sum up, this study has enabled us to 

reach a better understanding level of the 

effects of environmental stress on 

meiobenthic nematodes. Ultimately, the 

investigation of the various nematode 

assemblages revealed that the 

dissimilarities observed were mainly due to 

the existence of possible functional 

interactions between worms and 

environmental conditions. 

With more details, the results obtained 

indicated notable distinctions among the 

stations, where the "M.Ab" station stood 

out for more favorable environmental 

conditions, while 'MG' and 'M.B' were more 

under stress based on their lower 

abundances and high quantitative and 

qualitative variability. 

 

The specific inventory associated with the 

predominance of certain species at 

particular stations, suggests a correlation 

between environmental conditions and the 

degree of sensitivity of these species. The 

dissimilarity values confirmed significant 

differences between stations, highlighting 

the influence of  various factors such as 
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agricultural pollutants at “MG” or the impact 

of the cement plant at “CH”. 

The functional changes made clear the 

complexity of the ecological interactions 

within Bizerte lagoon, Tunisia. The life 

history of nematodes has particularly 

shown specific adaptations to the ambient 

conditions. 
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