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The lagoon of El Bibane (Tunisia) is a Mediterranean coastal area that is affected by an increasing human impact. Thus, an
estimation of its biodiversity and an ecological quality assessment are very urgent. This study investigates the meiofaunal and
nematode communities of the El Bibane lagoon both from a taxonomic and a functional point of view. Nematodes were the
dominant group as is common in brackish water systems. The nematode community was made up of 62 genera in 22 families.
Xyalidae, Chromadoridae and Cyatholaimidae were the richest and most abundant families. The taxonomic composition
and biodiversity of nematodes were comparable to those found in other European and Mediterranean transitional areas.
Both meiofauna and nematodes showed a clear subdivision between marginal and central areas. The central stations, repre-
sented by fine sediments and higher amounts of organic carbon, seemed to be characterized by low meiofaunal densities,
nematode diversity and a strong dominance of 1B and 2B trophic guilds. These trends could be related not only to the
grain size and organic load, but also to a possible influence of tidal currents that can transport pollutants in the central
area of the lagoon coming from the adjacent coastal areas. Shannon diversity and life strategies are not always in agreement
in defining the ecological quality, but an overall worse ecological quality was detected especially at S6. The results of this study
are an important starting point for the future monitoring of the potential and actual human impact on the El Bibane area
over time.
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I N T R O D U C T I O N

Meiofaunal organisms are benthic components that play a
central role in the seas both as consumers and prey (Leduc
& Probert 2009; Zeppilli et al., 2015). They are also the
most diversified and abundant component of the marine
benthic domain (Balsamo et al., 2010). An increasing interest
in the ecology of the benthic meiofauna began in the 1980s
(see Balsamo et al., 2012 for review), but the small size and
the difficult identification of meiofaunal taxa were the main
obstacles in their extensive use in biomonitoring (Austen
et al., 1994; Balsamo et al., 2010). Nonetheless, meiofauna
appear very useful as bioindicators since the community
may contain information that macrofauna, the most used
benthic compartment, cannot provide (Mirto & Danovaro,
2004; Gyedu-Ababio & Baird, 2006; Moreno et al., 2011;
Semprucci et al., 2013). They show widespread distribution,
short life and reproductive cycles, direct development, high
abundance and biodiversity, and species with specific eco-
logical requirements, all of which are important advantages

for biological indicators (e.g. Balsamo et al., 2012). Among
the meiofaunal taxa, phylum Nematoda has been widely and
efficiently used in monitoring assessment because they hold
all of the above cited advantages of meiofauna as bioindicators
(Vanaverbeke et al., 2011; Balsamo et al., 2012; Semprucci
et al., 2015).

In the Mediterranean Sea, there is a high variety of wet-
lands (e.g. lagoon, lake, sebkhas, hill reservoir and dam) that
are considered to be among the most biologically diverse
and productive ecosystems (Medail & Quezel, 1999). In par-
ticular, coastal lagoons occupy �13% of the world’s coastline
(Barnes, 1980). They are generally shallow and isolated, with
low water renewal rates, and exhibit spatial and seasonal var-
iations of salinity and temperature that are significantly differ-
ent from marine habitats (Barnes, 1980). Their setting within
the coastal landscape leaves them especially vulnerable to pos-
sible physical, ecological and even global climate changes
(Abigail et al., 2009). They also act as sinks for organic de-
tritus, fine sediments and pollutants entering the system that
can affect benthic organisms (Semprucci et al., 2016).
Furthermore, their role as habitats for specialist species
make them of significant value to nature conservation.
There are more than 50 Mediterranean lagoons for which
some hydrological or ecological data have been published in
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the scientific literature, but these are only a part of the existing
ones (Pérez-Ruzafa et al., 2011).

Lagoon size, degree of communication with the open sea,
salinity gradients and trophic status are among the features
that best explain the distribution of the benthic communities
(Pérez-Ruzafa et al., 2011), but other elements may also be im-
portant. Among environmental parameters, sediment grain
size (Vanaverbeke et al., 2002; Semprucci et al., 2010, 2016)
and quantity and quality of organic matter (OM) are key
factors that lead biodiversity and abundance of meiofauna
and nematode communities both in coastal and lagoon eco-
systems (Pusceddu et al., 2007, 2011; Ingels et al., 2009),
while salinity has a great importance only in the transitional
environments characterized by a relevant salinity gradient
(Barnes et al., 2008, Semprucci et al., 2014a). In a Tunisian
lagoon system, Mahmoudi et al. (2002a) reported that salinity,
water dissolved oxygen and sediment ammonia content
affected nematode diversity, abundance and biomass in the
northern sector of Tunisia (Ghar El Melh lagoon), while
Essid & Aı̈ssa (2002) documented relevant effects of the OM
on nematode abundance and biomass derived from domestic
and industrial discharges at the close lagoon of Bizerta. In con-
trast, heavy metal, organic carbon and hydrocarbon content of
sediments appeared the main factors negatively influencing
communities in the southern Tunisian sector (i.e. Bou
Ghrara lagoon) (Mahmoudi et al., 2002b). Accordingly, the
complexity of the lagoon systems as habitats makes the
study of the possible factors driving faunal distribution
crucial. El Bibane is the second largest lagoon in Tunisia,
but it is among the lagoons about which ecological informa-
tion is almost absent (Pérez-Ruzafa et al., 2011). It offers
a wide variety of natural habitats for benthos such as
meadows of Cymodocea nodosa, Posidonia oceanica and
Caulerpa prolifera as well as the longest algal reef of
Neogoniolithion notarsii in the Mediterranean, but it is
subject to an increasing anthropogenic impact and a possible
risk of pollution especially from Libya and the Gulf of Gabes
(BRL Ingenierie Idea Consult, 2008). Accordingly, an evalu-
ation of the ecological quality of this lagoon is urgent. Both
meiofauna and nematodes have been successfully used for bio-
monitoring programmes in several Mediterranean lagoons re-
vealing the great importance of their study in such vulnerable
ecosystems (e.g. Vitiello & Aı̈ssa, 1985; Beyrem & Aı̈ssa, 2000;
Mahmoudi et al., 2002a, b; Frontalini et al., 2014; Semprucci
et al., 2014b, 2016). Thus, the present study aims to character-
ize the meiofauna and free-living nematode communities of
this lagoon both from a taxonomic and functional point of
view and give the first ecological data that will make possible
an assessment of the ecological health of the El Bibane lagoon
as well as open up new perspectives for its conservation.

M A T E R I A L S A N D M E T H O D S

Study area
The Tunisian lagoon of El Bibane is located to the south-east
of the city of Zarzis and north of Ben Gardene, in an arid en-
vironment (Figure 1). The lagoon belongs to the Gulf of Gabes
and is located on the south-east coast of Tunisia, near the
Tunisian –Libyan border. El Bibane lagoon (longitude
11805′ –11830′E and latitude 33811′ –33818′N) is the second
largest lagoon in Tunisia with 23,000 hectares, which can be

increased to 30,000 if we include the Sebkhat Boujmel that
adjoins it in its northern part and is connected by a small
channel and El Mekhada that leaves transit waters of very
high salinity. El Bibane lagoon has an elliptical shape and is
directly influenced by the nearby Gulf of Gabes, which is con-
sidered among the rare areas with significant continental
shelves in the Mediterranean (Medhioub & Perthuisot, 1977;
Lemoelle et al., 1984). It has a surface area of about 230 km2

and a maximum depth of 6 m (Guelorget et al., 1982). The
lagoon is characterized by an increasing salinity level in
the sea inlet and southern margins of the lagoon with a
maximum of 50 reached during summer (Medhioub, 1979;
Guelorget et al., 1982). The lagoon is rich in benthic habitats
and is mainly dominated by meadows of Cymodocea nodosa,
Posidonia oceanica and Caulerpa prolifera (Guelorget et al.,
1982; Pergent & Zaouali, 1992). El Bibane lagoon hosts the
longest algal reef of Neogoniolithion notarsii in the
Mediterranean (Jelassi et al., 2015). It is also known for its
valuable economic resources and is actively exploited by trad-
itional fisheries (Guelorget et al., 1982) despite suffering a
decline in fish productivity in the last 10 years. Significant
human impact is not documented in the area with the excep-
tion of some organic pollutants of agricultural run-off origin
and disturbances related to overfishing and poor fishing prac-
tices, including non-selective gear and hazardous state of the
fixed gear (Romdhane, 2002). However, El Bibane lagoon is
subject to a possible risk of pollution especially from neigh-
bouring areas (BRL Ingenierie Idea Consult, 2008). The
major sea currents or littoral drift have an east–west direction
that may make important pollution by the Libyan petrochem-
ical complex. Furthermore, the Gulf of Gabes is reported to be
very exposed to pollution through huge industrial activity, and
thus may be another pollution source. Large quantities of
phosphogypsum (calcium sulphate) from the phosphoric
acid and chemical product industry of Gabes are released
into the Gulf of Gabes (Rabaoui et al., 2013).

Furthermore, the terrestrial ecosystems of the lagoon per-
iphery are engaged in steppe and desertification processes.

Sampling strategy
The sediment samples were collected in January 2012. The
station depth ranged from 0.8 to 5 m. Station S1 was close to
the sea, situated at the entrance of the lagoon; S2 and S4 were
the nearest to urban areas with high human activity; S3 was
located at the mouth of the Sebkhat Boujmel; S5 is on the
south coast of the lagoon, which is known for attracting a

Fig. 1. Geographic location of the stations sampled in EL Bibane lagoon
during winter 2012.
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significant number of tourists; while stations S6 and S7 are the
deepest ones and occupy the centre of the lagoon (Figure 1).

At each sampling station, meiofauna were collected in four
replicates using Plexiglas hand-cores (area 10 cm2), preserved
in neutralized formalin (5% formaldehyde) and stained with
Rose Bengal (0.2 g l21).

Sediment analyses
A granulometric analysis was carried out on the sediments
collected using a vibro-sifter for fractions larger than 63 mm
and an X-ray analyser for pelite (silt and clay) fractions
(Sedigraph 5200 micrometer). Wentworth scale (Buchanan,
1984) was used for the classification of sediment particle
sizes. Total organic carbon (TOC) was determined
calorimetrically using Coulomat 702.

Meiofaunal and nematode analyses
In the laboratory, sediment samples were washed through
1 mm and 40 mm sieves and the fraction retained by the
40 mm sieve was used to extract meiofaunal organisms by cen-
trifugation using Ludox-HS40 (Mirto & Danovaro, 2004).
Then, meiobenthic groups were identified and counted at a
higher taxonomic level. Nematodes were counted under a
microscope and 100 individuals picked at random in each
replicate (Kotta & Boucher, 2001). Identification at the
genus level was performed using the pictorial keys of Platt &
Warwick (1983, 1988) and Warwick et al. (1998), NeMys
online identification key and literature therein (Guilini et al.,
2016). Shannon’s diversity (H’, log2) and richness were calcu-
lated to describe the structure of the nematode community.
Furthermore, according to the trophic and the life strategies,
the nematode functional traits were considered. In detail,
nematode genera were classified into four feeding groups to
investigate the trophic structure of the community: selective
(1A) and non-selective (1B) deposit feeders, epistrate feeders
(2A) and predators/omnivores (2B) (Wieser, 1953). The
Index of Trophic Diversity (ITD) was calculated following
Heip et al. (1985): ITD ¼

∑
u2, where u is the percentage con-

tribution of each feeding type according to Wieser (1953). ITD
values range from 0.25 (highest trophic diversity; i.e. the four
trophic groups account for 25% each) to 1.0 (lowest trophic
diversity; i.e. one feeding type accounts for 100% of total
nematode assemblage). Furthermore, Maturity Index (MI,
Bongers, 1990; Bongers et al., 1991) was calculated as the
weighted average of the individual colonizer-persistent (c-p)
values. In detail, Bongers (1990) distinguished r-strategist

species (colonizers or c-p 1), which are more tolerant to envir-
onmental variations, and k-strategist species (persisters or c-p
5), which are more sensitive. The contribution of each life-
strategy group (c-p 1 to 5) to the total nematode assemblage
was then calculated.

Statistical analysis
Cluster analysis derived from Bray–Curtis similarity matrices
(square-root transformed) was used to view spatial differences
in the meiofaunal and nematode community structures.
Furthermore, the formal significance of the differences was
tested by means of the Analysis of Similarity (ANOSIM).
SIMPER test (cut-off of 50%) was used to determine the con-
tribution of each taxon to the total dissimilarity. All of the
multivariate analyses were performed with the PRIMER v6
software (Clarke & Gorley, 2006).

Possible differences of the univariate measures (i.e. meio-
faunal and nematode abundances, nematode H’, MI, trophic
groups and c-p classes) between stations were evaluated
using the Analysis of Variance (One-way ANOVA). Prior to
analysis, the normality and homoscedasticity assumptions
were checked using the Kolmogorov–Smirnov and Levene’s
tests, respectively. Tukey HSD multiple comparisons test
was used to check the significance of the differences in
pairwise comparisons between stations (significance level
P , 0.05). Principal component analysis (PCA) was carried
out on environmental data in order to visualize the trend of
the main abiotic variables. The faunal data were projected
on the factor-plane as additional variables without contribut-
ing to the results of the analysis. This can provide an insight
into the possible influence of the environmental variables
upon each benthic group (STATISTICA v.8 computer
program).

R E S U L T S

Sedimentological parameters
In the El Bibane lagoon, the sediments of the stations studied
revealed a highly variable grain size (Table 1). Gravel amount
was higher at S3 (station 22.2%), followed by S5 (19.9%), S4
(19.1%), while the lowest values were detected at S7 station
(5.5%). The highest sand values were observed at S5 station
(64.5%), followed by S1 (63.5%), S4 (57.3%), while the
lowest ones were revealed at S7 (16.6%). Pelite fraction was
higher at S7 station (77.9%) followed by S6 (61.1) and S3

Table 1. GPS coordinates and environmental parameters measured at each sampling station.

Station S1 S2 S3 S4 S5 S6 S7

Longitude 33811′4.35′′N 33817′16.18′′N 33818′4.03′′N 33812′36.30′′N 33811′52.91′′N 33813′13.94′′N 33815′24.49′′N
Latitude 11818′46.87′′E 11815′6.21′′E 1187′30.55′′E 11811′4.00′′E 11817′51.42′′E 11821′16.60′′E 11812′56.40′′E
Depth (m) 0.6 0.7 0.6 0.8 0.5 5.2 4.5
Gravel (%) 6.5 18.7 22.2 19.1 19.9 8.6 5.5
Sand (%) 63.5 49.2 35.9 57.3 64.5 30.3 16.6
Pelite (%) 29.9 32.1 41.8 23.5 15.6 61.1 77.9
TOC (%) 0.87 + 0.4 0.67 + 0.3 1.7 + 0.1 1.5 + 0.3 1.8 + 0.1 3.9 + 0.6 5.05 + 0.8
O2 (mg l21) 8.62 9.89 8.73 7.71 8.18 5.35 4.11
Chl-a (mg l21) 1.25 1.72 1.03 1.01 1.00 0.50 0.43
Sal. ( psu) 42.8 41.1 43.6 43.4 42.2 44.9 45.2
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(41.8), while the lowest values were detected at S5 (15.6%).
TOC ranged from 0.67 + 0.3 to 5.05 + 0.8% (dw), the
highest values were observed at S7 and S6, while the lowest
ones at S2 (Table 1). Among the environmental variables,
salinity showed high values at S7 and S6, followed by S3,
while the lowest value was detected at S2. Chl-a showed the
highest values at S2 and S1, while the lowest ones at S7 and S6.

Meiofaunal and nematode community
Meiofaunal richness was higher at S1, S2, S3, S4 and S5 (five
taxa); and lower at S6 and S7 (four). Meiofaunal abundance
ranged from 158.75 + 47.8 to 1927 + 80.03 ind. 10 cm22

(S7 and S2, respectively). The highest abundance values
were found at S2 (Tukey HSD test, P , 0.05), while S6 and
S7 stations revealed the lowest differences (Tukey HSD test,
P , 0.001).

The dominant taxon was represented by nematodes, which
represented on average 87% of the total meiofauna (Figure 2).
The next most abundant taxa were copepods (adults and
larvae; on average: 6.9%); followed by oligochaetes (2.9%)
and polychaetes (2.6%). The contribution of the remaining
taxa was less than 1% and therefore they were considered as
‘Others’.

ANOSIM analysis showed significant differences of the
meiofaunal community between the stations (R ¼ 0.87; P ¼
0.001) showing the greatest dissimilarities between central
lagoon (namely S6 and S7 stations) and coastal stations (S1,
S2, S3, S4 and S5). This was also revealed by the cluster ana-
lysis (Figure 3A) that highlighted the presence of two main
groups: the first represented by S6 and S7 (G1); and the
second one by S1, S2, S3, S4 and S5 (G2). SIMPER routine
revealed that the differences of meiofaunal community
between these stations were mainly due to the higher abun-
dance of nematodes and to the total absence of copepods in
G1 than in G2 group.

PCA was used to visualize the trends of the communities in
relation to the main environmental variables (Figure 4). Two

principal components were identified that together explained
91% of the data variance. PC1 explained 79.4% of the variance
and was primarily affected by salinity (0.94), TOC (0.92),
Chl-a (20.92), sand (20.92) followed by pelite (0.87), while
PC2 explained 11.6% of the variance and was mainly
explained by gravel (20.47). Projection of the cases on the
factor-plane (1 × 2) showed a clear separation of the S6 and
S7 stations from the rest (Figure 5). In detail, S6 and S7 sta-
tions were distinguished by their higher TOC, salinity and
pelite values, while higher gravel percentage mainly distin-
guished S5 and S4 from the S1, S2 and S3 stations. Among
the meiofaunal variables, nematodes, copepods and poly-
chaetes were the main taxa negatively related to the PC1,
while oligochaetes were positively related to PC2 (Figure 4).

The nematode community was made up of a total of 62
genera belonging to 22 families. The nematode richness was
higher at S3 and S5 stations (39 and 29 genera, respectively),
than at S1 (27), S2 (17), S4 (22), S6 (10) and S7 (8) (Figure 6).
Xyalidae family was represented by nine genera, followed by
Chromadoridae (seven genera), Cyatholaimidae (six) and
Oncholaimidae (five). Xyalidae was also the most abundant
family, representing 14% of the total nematode fauna, fol-
lowed by Chromadoridae (12%), Cyatholaimidae (10%) and
Oncholaimidae (8%). The highest nematode abundance was
found at S2 (Tukey HSD test, P , 0.05), while the lowest
was at S6 and S7 (P , 0.001).

H’ ranged from 2.3 + 0.22 to 4.8 + 0.14 and was signifi-
cantly different between stations (ANOVA, P , 0.001). S3
was characterized by a significantly high H’ (Tukey’s test,
P , 0.01), while S6 and S7 showed the lowest diversity
(Tukey’s test, P , 0.01) (Figure 6).

ANOSIM detected significant differences in the nematode
community between the stations (R ¼ 0.98; P ¼ 0.001)
showing the two main groups documented by meiofaunal
community. However, G2 was further subdivided into two
sub-groups: G2a (S3) and G2b (S1, S2, S4 and S5) (Figure 3B).

The genera that mainly distinguished (being more
abundant) G1 (S6 and S7) were: Metoncholaimus,

Fig. 2. Abundance of the main meiofaunal taxa in the study area.
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Metalinhomoeus, Paracomesoma, Viscosia, Daptonema and
Theristus (SIMPER 50%), while genera that were more abun-
dant in G2 were mainly Trichotheristus, Paramonohystera,
Marylynnia, Synonchiella and Terschellingia. Furthermore,
the genera that mainly distinguished G2a vs G2b were
Metoncholaimus, Daptonema, Bathylaimus all more abundant
at G2a and Terschellingia, Ammotheristus, Prochromadorella,
Dorylaimopsis, Promonhystera, Scaptrella, Sabatieria that were
more abundant at G2b (SIMPER 50%).

On average the dominant trophic group was represented by
1B at all stations, followed by 2B, 2A and 1A (Figure 7). All the

trophic groups had significantly different results in the station
comparisons with the only exception being 1B. In particular,
1A was significantly higher at S3 (ANOVA, P , 0.001,
Tukey’s test, P , 0.05), 2A was lower at S6 and S7
(ANOVA, P , 0.001, Tukey’s test, P , 0.05 and P , 0.001),
while 2B was lower at S3 and higher at S7 (ANOVA, P ,

0.001, Tukey’s test, P , 0.01). ITD ranged from 0.28 + 0.01
(S3) to 0.45 + 0.02 (S7). S7 showed significantly higher ITD
values (Tukey’s test, P , 0.05) compared with the other
stations, while S3 had lower values especially if compared
with S4, S5 and S7 (Figure 7).

Fig. 3. Cluster analysis (A) on meiofaunal and (B) on nematode assemblages in each sampling station.
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Maturity index (MI) ranged between 2.33 + 0.06 (S6) and
2.66 + 0.07 (S4) due to the clear dominance of c-p 2 and c-p 3
genera (Figure 8). MI showed significant differences between
stations (ANOVA, P , 0.001). In detail, it was significantly
lower at S3, S5 and S6 than S1, S2, S4 and S7 stations
(Tukey’s test, P , 0.05). ANOVA revealed a significant
difference also of the c-p classes: c-p 1, c-p 2, c-p 4
(ANOVA, P , 0.001) and c-p 3 (ANOVA, P , 0.05). C-p 1
was particularly abundant at S3 (Tukey’s test, P , 0.001),
while c-p 2 was significantly higher at S5 and S6 (Tukey’s
test, P , 0.01). C-p 3 revealed significantly higher abundances
at S2 and lower at S5 (Tukey’s test, P , 0.01), while S7 and
S4 stations showed the highest amount of c-p 4 (Tukey’s
test, P , 0.05) and lowest at S6.

PCA showed that the main nematode variables related to
the PC1 were: Trichotheristus (20.94), Theristus (0.91),
Metalinhomoeus (0.75), H’ (20.74), Bathylaimus (20.72) and
Marylynnia (20.66) and ITD (0.40). Instead, Paracomesoma
(0.50), Enoploides (20.45), Terschellingia (0.41) and MI (0.30)
were mainly related to PC2 (Figure 9).

D I S C U S S I O N

El Bibane is a Tunisian lagoon with a high conservation value,
but pollution from industrial and municipal waste waters, pes-
ticides and chemical fertilizers, through soil erosion, water
run-off and sea currents need to be mentioned (Barhoumi
et al., 2016). In particular, because of the significant exchanges
with the sea, the waters of the lagoon are subject to a risk of
contamination by pollutants from industrial sites located
mainly in Libyan petrochemical complexes, but also at the
Gulf of Gabes (Barhoumi et al., 2016). As such, the estimation
of the benthic biodiversity of this area is urgent as is an evalu-
ation of the ecological quality of the sediments.

Environmental parameters revealed a clear zonation of the
lagoon with a subdivision of the marginal stations from those
located in the central area. The factors that led this first zon-
ation were mainly salinity, TOC, Chl-a, followed by sand and
pelite. In particular, salinity is higher in the central sector
according to the salinity trends documented in El Bibane
lagoon during the winter period (Lemoalle, 1986). In

Fig. 5. PCA ordination diagram of study area based on the main
environmental variables.

Fig. 4. Principal component analysis (PCA) plot based on the abiotic (active)
and biotic (supplementary) variables. AN, abundance of nematodes; AO,
abundance of oligochaetes; AC, abundance of copepods; AP, abundance of
polychaetes; TOC, total organic carbon; Sd, Sand; Plt, Pelite; Grl, Gravel;
Chl-a, chlorophyll ‘a’.

Fig. 6. Number of nematode genera (S) and Shannon diversity index (H’) at
each sampling site.

Fig. 7. Percentage of contribution of the different trophic groups and Index of
Trophic Diversity (ITD + standard deviation) in each sampling station. 1A –
selective deposit feeders; 1B – non-selective deposit feeders; 2A –epigrowth
feeders; 2B – omnivores/predators.
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accordance with the same author a low Chl-a and O2 percen-
tages were found at S6 and S7 stations, probably related to the
low water transparency of this area of the lagoon. As reported
by Medhioub & Perthuisot (1981), fine sediments and TOC
derived from the sea were mainly deposited in the central
sector where a decrease of the hydrodynamic energy may be
inferred. This may also confirm the influence of tidal currents
coming from sea that along with the fine component of the
sediments and OM could deposit pollutants. The association
between mud and OM is frequently reported in literature
(Pilarczyk & Zeidler, 1996; Semprucci et al., 2014a, 2016) as
well as the adsorptive properties of pollutants by clay and
silt particles (Bernardello et al., 2006). A further subdivision
of the marginal stations in northern and southern zones,
mainly due to the coarser-grained sediments detectable in
the southern lagoon area and probably due to exceptional
flood events of the Fessi River, was observed (Affouri et al.,
2016).

Meiofaunal abundance was comparable to studies carried
out in Tunisian lagoons (e.g. Vitiello & Aı̈ssa, 1985;
Mahmoudi et al., 2002b; Mahmoudi, 2003) as well as in
other transitional environments located in the eastern

Mediterranean area (Fabbrocini et al., 2005; Cibic et al.,
2009; Semprucci et al., 2016). Nematodes were the dominant
taxon in the El Bibane lagoon in agreement with the meiofau-
nal structure found worldwide in brackish-water systems (e.g.
Guerrini et al., 1998; Cibic et al., 2012; Boufahja et al., 2014;
Semprucci et al., 2014a, 2016). Contrary to the general
trends reported in literature (Danovaro et al., 2004;
Semprucci et al., 2010; Fonseca et al., 2014), the stations char-
acterized by the finest sediments (S6 and S7) showed the
lowest meiofaunal abundances. Thus, although OM deposited
in the sediments potentially has nutritional value for benthic
consumers (Neira et al., 2001), all the meiofaunal major
taxa appeared negatively affected by it. This effect on
meiofauna was reported by other authors (Schratzberger &
Warwick, 1998; Essid & Aı̈ssa, 2002; Mahmoudi et al.,
2002a, b) and could be due to the higher sulphide concentra-
tions that can negatively affect benthic communities
(Sutherland et al., 2007) or could confirm a possible accumu-
lation of pollutants in the central area of El Bibane lagoon. At
the nearby lagoon of Bizerta, Essid & Aı̈ssa (2002) documen-
ted relevant effects of the OM on nematode abundance and
biomass derived from domestic and industrial discharges. In
particular, nematodes (with the exception of deposit feeders)
appeared strongly affected by the creation of an organic-
mineral complex between smectite and organic compounds
and they reacted through a migration to the deeper layers.
Mahmoudi et al. (2002b) also observed a negative correlation
between nematode abundance, biomass and diversity and
TOC at the Bou Ghrara lagoon.

Nematode richness was higher than that revealed in other
Mediterranean transitional areas (Guerrini et al., 1998;
Fabbrocini et al., 2005; Semprucci et al., 2014a) and comparable
to that documented in the European systems (e.g. Hendelberg &
Jensen 1993; Barnes et al., 2008; Ferrero et al., 2008). From a
taxonomic point of view, the nematode community appeared
to be represented by typical brackish-water nematode genera
(Remane, 1933; Gerlach, 1954; Ferrero et al., 2008) and
showed a clear zonation that perfectly mirrored the habitat fea-
tures. This was evident analysing the results of both cluster and
PCA analyses. In particular, a shift of typical muddy to coarse
sand communities was detectable observing the PCA plot
from central stations (S6 and S7, mainly dominated by
Metalinhomoeus, Theristus, Viscosia) to the northern ones (S3,
S1 and S2, by Daptonema, Metoncholaimus, Paracomesoma,
Terschellingia, Marylynnia) up to the southern lagoon sector
(S4 and S5, by Trichotheristus, Bathylaimus and Enoploides).
The majority of the genera named above are typical of fine-
grained sediments, while Trichotheristus may be regarded as
highly related to sand and Bathylaimus and Enoploides to
gravel. A strict relation between coarse sands and these two
latter genera is, in fact, reported by several authors (e.g.
Gheskiere et al., 2005; Fonseca et al., 2014).

Shannon diversity was particularly lower at the S6 and S7
according to the known negative relation between biodiversity
and grain-size decreasing (Vanaverbeke et al., 2002; Steyaert
et al., 2003; Semprucci et al., 2010). However, a possible syn-
ergistic impact of OM and pollutants cannot be excluded
(Essid & Aı̈ssa, 2002; Mahmoudi et al., 2002b). ITD values
also showed in this area a dominance of trophic guilds, a
phenomenon observed in stressed habitats (Essid, 2008;
Schratzberger et al., 2009; Netto & Valgas, 2010) and mainly
due to the dominance of 1B (i.e. Metalinhomoeus and
Theristus) and 2B (i.e. Viscosia). Non-selective deposit

Fig. 8. Percentage of contribution of the different c-p classes and Maturity
Index (MI + standard deviation) in each sampling station.

Fig. 9. Principal component analysis (PCA) plot based on the abiotic (active)
and nematode (supplementary) variables. TOC, total organic carbon; Sd, Sand;
Plt, Pelite; Grl, Gravel; Chl a, chlorophyll ‘a’.
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feeders are a common and dominant trophic group in muddy
sediments rich in organic detritus (Essid & Aı̈ssa, 2002;
Michiels & Traunspurger, 2004; Adão et al., 2009; Sandulli
et al., 2014), while 2B were generally more related to coarse
sediments (Netto et al., 1999). Their greater abundance in
the fine sediments of the lagoon was mainly due to Viscosia
genus (Oncholaimidae) that is a facultative predator able to
exploit a wide range of food resources (Moens & Vincx,
1997). All the genera detected at the central area are well
recognized as opportunistic species (Millward & Grant,
1995; Gyedu-Ababio et al., 1999; Beyrem et al., 2011;
Gyedu-Ababio, 2011; Sandulli et al., 2014; Semprucci et al.,
2014b) and all appeared highly correlated to TOC. When
MI was analysed, it showed good ecological quality at S7
in contrast to H’ and ITD. The high MI value was mainly
due to Oncholaimidae genera such as Viscosia and
Metoncholaimus. These genera are c-p 3 and c-p 4 according
to Bongers et al. (1991) (i.e. intermediate colonizer and sensi-
tive genera, respectively), but are also described as opportun-
istic genera under organic enrichment in several studies
(Warwick, 1993; Danovaro et al., 1995; Beyrem et al., 2011;
Ürkmez et al., 2014). It is noteworthy that MI does not
show a clear effect of the anthropogenic activity in the transi-
tional environments of Cienfuegos Bay (Caribbean Sea) and
Varano Lake (Mediterranean Sea) (Armenteros et al., 2009;
Semprucci et al., 2014a). This could be related to the
‘Estuarine Quality Paradox’ (Elliot & Quintino, 2007) that
may be generalized to all the transitional environments.
This hypothesis states that the community features under
human stress may coincide with those under natural stress
as a consequence of the high fluctuations of the physico-
chemical parameters of the habitats and that species living
in such environments adapt to these fluctuations, becoming
tolerant to further changes (Adão et al., 2009). Thus, the par-
ticularly high ability of the communities of these habitat types
to withstand environmental stress could make MI and c-p
classes unsuitable for the detection of human stress, these
being exclusively based on nematode life strategies.

According to Viaroli et al. (2004) and Nixon (1995), the
ecological quality (EcoQ) status of El Bibane lagoon may be
classified as alerting only at S7. In agreement with Moreno
et al. (2011) and Semprucci et al. (2014a, b), Shannon diversity
revealed the worst conditions at S7 and S6 (poor and moder-
ate EcoQ), while the best was at S3 (high EcoQ). Instead, MI
highlighted the worst conditions at S3, S5, S6 and the best ones
at S4 and S7. C-p classes revealed poor EcoQ at S5 and S6,
while the other stations showed moderate EcoQ.

The present results, showing the high complexity, vulner-
ability and environmental value of El Bibane lagoon, highlight
the need for periodical monitoring of the benthic communi-
ties of the lagoon to detect possible alterations of the EcoQ
status of El Bibane sediments and develop sustainable man-
agement strategies.
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Essid N. (2008) Caractérisation de la pollution organique et minèrale des
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Medhioub K. and Perthuisot J.P. (1981) The influence of peripheral
sabkhas on the geochemistry and sedimentology of a Tunisian
lagoon: Bahiret el Biban. Sedimentology 28, 679–688.

Michiels I. and Traunspurger W. (2004) A three year study of seasonal
dynamics of a zoobenthos community in a eutrophic lake.
Nematology 6, 655–669.

Millward R.N. and Grant A. (1995) Assessing the impact of copper on
nematode communities from a chronically metal enriched estuary
using pollution-induced community tolerance. Marine Pollution
Bulletin 30, 701–706.

Mirto S. and Danovaro R. (2004) Meiofaunal colonisation on artificial
substrates: a tool for biomonitoring the environmental quality on
coastal marine systems. Marine Pollution Bulletin 48, 919–926.

Moens T. and Vincx M. (1997) Observations on the feeding ecology of
estuarine nematodes. Journal of the Marine Biological Association of
the United Kingdom 77, 211–227.

Moreno M., Semprucci F., Vezzulli L., Balsamo M., Fabiano M. and
Albertelli G. (2011) The use of nematodes in assessing ecological
quality status in the Mediterranean coastal ecosystems. Ecological
Indicators 11, 328–336.

Neira C., Sellanes J., Soto A., Gutiérrez D. and Gallardo V.A. (2001)
Meiofauna and sedimentary organic matter off Central Chile: response
to changes caused by the 1997–1998 El Niño. Oceanologica Acta 24,
313–328.

Netto S.A. and Valgas I. (2010) The response of nematode assemblages to
intensive mussel farming in coastal sediments (Southern Brazil).
Environmental Monitoring and Assessment 162, 81–93.

Netto S.A., Warwick R.M. and Attrill M.J. (1999) Meiobenthic and
macrobenthic community structure in carbonate sediments of Rocas
Atoll (North-east, Brazil). Estuarine Coastal and Shelf Science 48,
39–50.

Nixon S. (1995) Clean coastal waters: understanding and reducing the
effects of nutrient pollution. Washington, DC: National Research
Council, Committee on the Causes and Management of
Eutrophication, Ocean Studies Board, Water Science and
Technology Board. 428 pp.
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