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Abstract In addition to physicochemical methods, benthic
foraminifera have become an essential tool for the assessment
of polluted environments. The main objectives of the present
work were to study the distribution of benthic foraminifera
along the coastline of Skhira and Gabes (southern coast of
Gulf of Gabes) and to predict the impact of pollution on these
organisms. Thirty-one samples were studied and a polluted
area was delimited by chemical analysis, where heavy metal,
fluoride, phosphorus, nitrogen, and COT contents are very
high. Thirty-four species of benthic foraminifera were identi-
fied and their response to pollution is very remarkable, in
which their distribution shows barren area, corresponding to
the highly polluted area. Away from the contaminated area,
the density and the diversity of these organisms increase.
Statistical analyses (principal component analysis (PCA)/FA
and matrix correlation) show a possible control of these pol-
lutants on biotic indices (with negative correlation), in addi-
tion to the presence of tolerant and sensitive species to

pollution. A variety of test malformations were noticed espe-
cially in Ammonia beccarii, Peneroplis planatus, Sorites
variabilis, and Adelosina pulchella. Unpolluted stations were
dominated by species characteristic of shallow water environ-
ments with sandy sediment such Ammonia parkinsoniana,
Triloculina trigonula, Quinqueloculina agglutinans, and P.
planatus.
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Introduction

Foraminifera are unicellular Protista that construct shells of
one andmany chambers. They are the most abundant protozoa
in most marine and brackish water habitat with more than 40,
000 cited species (Loeblich and Tappan 1988). During the last
few decades, many studies dealing with benthic foraminifera
as bioindicators of marine pollution have been carried out.
Several factors such as (i) hard exoskeleton which records
fundamental environmental changes, (ii) small size and higher
abundance in small size sample, (iii) wide distribution over all
marine environments, (iv) high taxonomic diversity, and (v)
very short reproductive cycles can justify the use of those
Protista as biomarkers (Coccioni 2000). Studies of pollution
effects on benthic foraminifera were initiated by Resig (1960)
and Watkins (1961) (Armynot du Châtelet et al. 2004), al-
though effects on foraminifera had been investigated in all
kinds of areas exposed to different types of pollution such as
industrial, domestic, and agricultural waste, oil, or heavy met-
al contamination (Debenay et al. 2001; Armynot du Châtelet
et al. 2004; Bergin et al. 2006; Ferraro et al. 2006; Yalçýn et al.
2008; Aloulou et al. 2012; Donnici et al. 2012; Meriç et al.
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2012). The reaction of benthic foraminifera to pollutant may
be expressed by (i) morphological abnormalities of their test
structure (Yanko et al. 1994; Geslin et al. 1998), (ii) by a
change in the density and the diversity of the assemblage
(Bergin et al. 2006; Ferraro et al. 2006; Valenti et al. 2008;
Vilela et al. 2014), or (iii) by colored shells of specimens
(Yalçýn et al. 2008; Meriç et al. 2012).

Although recent benthic foraminifera have been widely
studied in the Mediterranean Sea, few studies have been
carried out on the Gulf of Gabes. They were reported, the
first time, by Glaçon (1963), then by Blanc-Vernet in
1974. During Mer Pélagienne campaign, Blanc-Vernet
(1974) studied both benthic and pelagic foraminifera in
the Gulf of Gabes sensu lato, but within a description or
the systematic of those species. However, studies on the
utilities of benthic foraminifera as bioindicators in the
Gulf of Gabes, Tunisia, have been neglected, and the only
published work in this issue was edited by Aloulou et al.
(2012). Through this study, the author showed a clear
relation between pollution mainly by phosphogypsum
sewage and fishing activities and the density and the di-
versity of the benthic foraminiferal assemblages in the
coastline of Sfax—Skhira (northern part of the Gulf of
Gabes).

The main objectives of this work were (i) to examine the
distribution of heavy metal, fluoride, total phosphorus, nitro-
gen, and total organic carbon (TOC) concentrations in the
surface sediment of the coast of Ghannouch—Gabes (south-
ern part of the Gulf of Gabes, Tunisia), in order to delimit
polluted area, (ii) to determine the assemblage of benthic fo-
raminifera, and (iii) to identify a possible relation between
pollutant concentrations and benthic foraminiferal distribu-
tion. This study is the first one on this area, and no similar
study was carried out before.

Study area

Geographical setting

The Gulf of Gabes is an eastward-facing embayment area
located in the Tunisia coast (Fig. 1). It is 100 km long and
100 km wide (Sanchez-Arcilla et al. 2010). The gulf basin
is very shallow, reaching only 50-m depths and 110 km
offshore (Hattab et al. 2013). It is boarded by a subdued
topography formed mainly by low plateaus (20–70 m) and
plains (1–5 m) (Oueslati 1992). The climate of this region
is character ized by tempera te , humid , and hot
Mediterranean air coming from the east part, beside the
subtropical, dry, and hot with Saharan dust coming from
the southwest part (Essersi et al. 2010). The average rain-
fall ranges between 250 mm/year in the north and 100–
150 mm/year in the south, although the rainfall rate is

highly irregular (Sanchez-Arcilla et al. 2010). The tide
in this region is semidiurnal; the tidal range is greatest
in the southern Gulf and decreases at the edges and its
amplitude is the highest in the Mediterranean Sea, which
gets to 1.7 m (Sammari et al. 2006). The gulf supports
high fishery productivity (which represents 65 % of the
national fish production in Tunisia) and serves as a nurs-
ery, feeding, and breeding ground for numerous popula-
tions of fish and crustaceans (Hattab et al. 2013).

Pollution condition

In the last years, the Gulf of Gabes has suffered high anthropic
pressures due to the huge industrial activity, in addition to
urban development. In Gabes city, quantities of phosphogyp-
sum, from the phosphoric acid and chemical product industry,
are released into the marine environment (Rabaoui et al.
2014). According to Drira (2009), production of dry phospho-
gypsum is estimated to be 5 tonnes per 1 tonne of P2O5. In
addition, other potential heavy metal sources such as lead,
ceramic, textile, building material factories, and harbor’s ac-
tivities exist in this area.

The coastline of Skhira City hosts also a phosphate
fertilizer factory. While phosphogypsum waste is stored
near the factory, effluents from treatment unit are released
into the sea and present risks of coast pollution (Aloulou
Ben Ayed 2010).

Materials and methods

In July 2010, superficial sediments samples were collect-
ed from 31 stations (Fig. 1); five from Skhira coastal shelf
(stations S) and 26 stations from Ghannouch—Gabes area
(stations L and R). Sampling stations BS^ and BL^ were
selected along the coast (about 10 m from the coastline),
which the depth of seawater not exceeding 0.5 m.
However, sampling station BR^ was taken around the
commercial port of Ghannouch and the fishing port of
Gabes, using a Peterson grab sampler where seawater
depth is ranged between 5 and 12 m (Table 1). Only the
top 2 cm of the surface sediment was sampled, sealed in
clean polyethylene bags, and stored at 4 °C until analysis
in laboratory.

Grain-size analysis

The samples for the grain-size analysis were treated with an
H2O2 solution, and then dried at 40 °C and sieved using
AFNOR mesh-type sieves varied from 2 mm to 63 microns.
Shepard (1954) grain size classification was followed. The
results of this analysis (gravels, sand, and mud percentages)
are reported in Table 1.
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Geochemical analysis

For the geochemical characterization, sediments samples
were dried at 50 °C and pass through a 63-μm sieve.
For heavy metal and total phosphorus concentrations,
samples were digested with HNO3 (65 %)/HCl (37 %)
solution. Pb, Zn, Cd, Cu, Cr, and Al concentrations
were measured using absorption atomic spectrometer,
and the detection limits (mg/l) were 0.005 for Cd,
0.05 for Cr, 0.022 for Cu, 0.05 for Pb, 0.008 for Zn,
and 0.013 for Al. Total phoshorus content was carried
out using a Hitachi U-2000 spectrometer, with a wave-
length of 880 nm following the NFT 90.023. For fluo-
ride determination, sediment samples (0.5–1 g) were
dissolved in 3 ml of HCl solution (6 M) and diluted
to 100 ml with deionized water and an aliquot of the
extract was used for the determination of fluoride by a
specific ion electrode (Abu Hilal 1985). The total organ-
ic carbon (TOC) content in superficial sediment was
determined by measurements of the amount of dichro-
mate which did not interact with the sample using

titration process (CEAEQ 2006). The content of total
nitrogen was determined by mineralization of sediment
sample by sulfuric acid, followed by a titration with
HCl solution (0.01 M), following NFT 90.110.

In order to establish further accuracy for the contam-
ination of the sediment, enrichment factor (EF) is used
to evaluate the degree of heavy metal contamination
sediments of the Gulf of Gabes. EF presents state of
natural or anthropogenic enrichments of sediment by
heavy metals, which is calculated as follows (Choi et
al. 2008; Garcia et al. 2008):

EF ¼
X½ Þ
.

Alð � sediment

� �,

X½ Þ
.

Alð � Earth0s crust

� �

where X/Al is the ratio of the concentration of element
X to Al in both contaminated and uncontaminated sed-
iment. The EF value of 1 indicates predominant natural
origin of the element in the sediment. The EF above 1.5

Fig. 1 Location map of the study areas and sampling stations
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indicates enrichment of natural processes (e.g., biota
contribution) or anthropogenic influences.

Foraminiferal analysis

For benthic foraminifera analysis, a constant volume of
50 cm3 of sediment was stored in 2 g/l ethanol-rose bengal
solution for 48 h to distinguish between living and dead fora-
minifera (Walton 1952). Then, samples were washed through
a set of sieves (63, 125, 250, and 500 μm) and oven-dried at
50 °C. At each station, three hundred specimens from all frac-
tion together were hand-picked and identified following the
generic classification of Loeblich and Tappan (1988),
Cimerman and Langer (1991), Hottinger et al. (1993), and
Sgarrella and Moncharmont-Zei (1993). According to Fatela

and Taborda (2002), this number is considered sufficient for
statistical analysis.

Due to low number of living individuals (1–10 in the 300
picked specimens), the total assemblage (dead and living)
showed to be the best to use for statistical purposes. The dead
foraminifera provide a large database, and the total popula-
tions are often statistically identical and only diverge when
living/total becomes large (Samir and El-Din 2001).
Therefore, Armynot du Châtelet et al. (2004) suggested the
use of total assemblage due to possible seasonal cycles affect-
ing living foraminifera.

Foraminiferal parameters were estimated using (a) forami-
niferal density defined as the number of specimens per
50 cm3, (b) species diversity (S) as the number of species in
samples (Murray 1991, 2006), and (c) the Fisher α index

Table 1 Geographical location
and seawater depth of the samples Station Latitude (N) Longitude (E) Seawater

depth (m)
Gravels (%) Sand (%) Mud (%)

L1 33° 53′ 15.096″ 10° 07′ 14.722″ 0.5 6.75 91.83 0

L2 33° 53′ 01.987″ 10° 07′ 24.100″ 0.5 1.41 98.9 0

L3 33° 54′ 26.829″ 10° 06′ 22.530″ 0.5 1.14 97.46 0

L4 33° 54′ 13.506″ 10° 06′ 29.285″ 0.5 0.835 97.64 0

L5 33° 54′ 04.035″ 10° 06′ 34.684″ 0.5 0.817 98.1 0.013

L6 33° 52′ 56.748″ 10° 07′ 27.549″ 0.5 5.55 93.86 0

L7 33° 53′ 47.401″ 10° 06′ 49.038″ 0.5 1.8 97.2 0.04

L8 33° 53′ 49.432″ 10° 06′ 45.742″ 0.5 1.76 94.785 0

L9 33° 56′ 01.058″ 10° 05′ 04.358″ 0.5 13.05 86.2 0

L10 33° 56′ 09″ 10° 05′ 00.209″ 0.5 1.71 97.66 0.04

R1 33° 54′ 00.92″ 10° 06′ 54.96″ 6 0 12.31 87.66

R2 33° 54′ 00.750″ 10° 07′ 30.120″ 8 4.8 92.08 0.33

R3 33° 54′ 00.298″ 10° 08′ 00.113″ 9 26.22 71.75 0.01

R5 33° 54′ 56.14″ 10° 06′ 42.43″ 6 0 28.76 71.51

R6 33° 55′ 00.23″ 10° 07′ 23.09″ 8 57.39 39.33 0.07

R7 33° 55′ 00.106″ 10° 07′ 50.749″ 10 88.4 10.46 0.13

R8 33° 55′ 00.917″ 10° 07′ 23.311″ 10 0 47.59 52.39

R9 33° 55′ 34.42″ 10° 07′ 18.00″ 9 0 34.63 65.34

R10 33° 55′ 51.84″ 10° 07′ 38.99″ 11 0 13.65 86.33

R11 33° 56′ 00.380″ 10° 08′ 4.48″ 12 3.92 92.22 3.37

R12 33° 56′ 12.33″ 10° 06′ 47.30″ 9.5 2.61 85.82 10.98

R14 33° 56′ 00.19″ 10° 06′ 00.38″ 10.5 1.17 92.99 4.86

R17 33° 57′ 40.13″ 10° 05′ 00.52″ 9 1.44 93.36 4.6

R18 33° 58′ 00.212″ 10° 05′ 00.210″ 9.6 56.03 40.78 0.64

R21 33° 57′ 00.56″ 10° 04′ 36.95″ 6.5 49.51 47.76 0.13

R22 33° 57′ 10. 26″ 10° 04′ 34.85″ 7.5 34.89 63.93 0.28

R23 33° 57′ 51.37″ 10° 04′ 19.26″ 9 0.11 97.81 1.8

S1 34° 20′ 21.685″ 10° 10′ 52.281″ 0.5 2.92 95.85 0.45

S2 34° 20′ 20.660″ 10° 10′ 51.145″ 0.5 0.32 98.61 0.56

S3 34° 20′ 14.980″ 10° 10′ 50.957″ 0.5 0.31 99.53 0.04

S4 34° 19′ 42.853″ 10° 09′ 27.005″ 0.5 1.2 97.79 0.82

S5 34° 19′ 41.484″ 10° 09′ 24.147″ 0.5 6.75 91.83 0
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which considers both the number of species and specimens in
an assemblage (Fisher et al. 1943).

The species diversity and the Fisher α index were calculat-
ed using the Palaeontological Statistics (PAST) data analysis
package (version 1.68).

Statistical analysis

For statistical analysis, species occurring in more than 5 % of
the total assemblage, at least one sample was taken into con-
sideration in order to reduce background noise (Armynot du
Châtelet et al. 2004). Infrequent occurring taxa (<5 % relative
abundance) were omitted as they have insignificant effects on
the formation of the major groups (Frezza and Carboni 2007;
Romano et al. 2008). Since the probability distribution of the
raw data, both biotic and abiotic, fails the Kolmogorov-
Smirnov test for normality, a logarithmic transformation Log
(1+X) was performed (Frontalini and Coccioni 2008). This
transformation was essential to remove the effects of orders
of magnitude difference between variables, to avoid negative
numbers, to normalize the data, and to increase the importance
of smaller values (Burone et al. 2006; Frontalini and Coccioni
2008).

Relationship among transformed variables (assemblage’s
parameters, heavy metals, fluoride, total phosphorus, N, and
TOC) was tested using Spearman’s rho correlation with sta-
tistical significance set at p<0.05.

Multivariate statistical analyses (Q-mode hierarchical clus-
ter analysis (HCA) and principal component analysis (PCA))
were performed using SPSS statistical software (version 16.0
for Windows).

The HCA, using Ward’s method as the amalgamation rule
and the squared Euclidean distance as similarity measurement
(Romano et al. 2008), was applied for the classification of
stations (Q-mode) into associations (clusters). Each cluster is
characterized by a similar spatial distribution pattern (Samir et
al. 2003). PCA was applied to experimental data in order to
examine the relationship among them. This statistical analysis
attempts to identify underlying factors that explain the pattern
of correlation within a set of observed variables. It is used to
reduce data, in a way to identify a small number of factors that
explain most of the variance observed in a much larger num-
ber of manifested variables (Frezza and Carboni 2007).

Results

Grain-size distribution patterns

Grain size analysis showed that superficial sediment of both
areas is composedmainly of sand (between 2mm and 63μm),
which widely ranges between 10.46 and 99 %. The mud frac-
tion (<63 μm) is dominant in stations in front of commercial

harbor of Ghannouch (Table 1). The coarser fraction was mad
up, primarily, of gravels and/or fragments of mollusks and
gastropods. This sandy facies can be the result of the hydro-
dynamic proprieties of the intertidal area, where the combina-
tion of the wave and tide action produces high energy
preventing the deposition of fine fraction (Aloulou et al.
2012).

Chemical analysis

The results of the chemical analysis are given in Table 2.
The concentration in each studied element varied highly
among the sampling sites in both areas. Ranges of heavy
metals in sediments are 0–11 ppm for Pb, 6.22–10,
175 ppm for Zn, 1.76–120 ppm for Cr, 1.5–58 ppm for
Cu, and 0–1225 ppm for Cd. Fluoride concentrations var-
ied from 0.003 to 7.2 %, while total phosphorus content
ranges between 0.17 and 25,100 ppm. The highest con-
centrations of Cd, Cr, Cu, Zn, F, and P were found be-
tween the commercial harbor of Ghannouch and the fish-
ing harbor of Gabes, both in offshore and coastline sta-
tions. In addition to this area, lead showed maximum con-
centrations at stations L9 and L10. Total organic carbon
(TOC) concentration of the superficial sediment varied
between 0.1 and 4 %, with a general tendency for higher
values in fine- to silt-sized fraction. The spatial distribu-
tion of nitrogen showed high contents in stations of the
southern sector of Ghannouch—Gabes area, compared to
other sampled sites.

Benthic foraminifera

Total foraminiferal assemblages were made up almost of
benthic species usually living in shallow water as the study
area. On the whole, 34 species (24 porcelaneous, 7 hyaline,
and 3 agglutinated) have been identified, belonging to 15
genera and 11 families (Plate 1 and 2). Benthic foraminifera
were found in 24 of the total 31 samples, where foramini-
fer’s density varies from 87 to 37,720 specimens per 50 cm3.
Species diversity (S), Fisher’s alpha (α) index, Simpson in-
dex, and evenness index were determined for each site
(Fig. 2). Species richness (S) and Fisher alpha index show
higher values in the extremities of the study area. Simpson
index and equitability index vary respectively from 0.823 to
0.932 and from 0.765 to 0.90, while evenness ranges be-
tween 0.49 and 0.733. Those indexes feature the same dis-
tribution patterns, in which the lowest values are observed in
stations L2, R3, and R8.

Only 19 species show relative abundances exceeding 5 %
in at least one sample. Among them, six species are more
abundant: Ammonia parkinsoniana, Ammonia beccarii,
Adelosina longirostra, Peneroplis planatus, Quinqueloculina
agglutinans, and Triloculina trigonula.
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The abundance of abnormal specimens in the total assem-
blage does not exceed 5 % in all samples (4.60 % at station
R9), and only four species showed morphological deforma-
tion: A. beccarii, P. planatus, Sorites variabilis, and Adelosina
pulchella. According to Sharifi et al. (1991), Yanko et al.
(1994), and Frontalini and Coccioni (2008), four modes of
abnormalities have been identified: (i) Siamese twins, (ii) re-
duced chambers size, (iii) aberrant chambers chaps, and (iv)
distorted chamber arrangement or change in coiling (Plate 3).
In addition to morphological deformation, porcelain worn test
were distinguished in the southern part of Ghannouch—
Gabes area.

Statistics

Spearman’s rho correlation was calculated in order to establish
relationships among geochemical parameters, foraminiferal
taxa, and biotic parameters (Table 3). This matrix shows high
coefficient of correlation (up to 0.9) among geochemical pa-
rameters such as Zn, Cd, Cu, C, Pb, P, F, and N, suggesting an
association possibility between them and a similar source in-
put. However, biotic parameters (density, specific richness,
and Fisher α index) are negatively correlated with chemical
elements except for P and pH of the sediment, indicating the
toxicity of those elements. Few species show strong

Table 2 Pollutant concentration
in surface sediment of the study
areas

Stations Heavy metals (ppm) P (ppm) F (%) TOC (%) N (%)

Pb Zn Cr Cu Cd

L1 nd 8.5 3 2 nd 229.5 0.02 1.95 0.0491

L2 nd 6.75 3.5 2 nd 173.4 0.023 2.05 0.0315

L3 2 10,175 35.25 6.75 1225 1495 5 2.3 0.0589

L4 4.75 5725 45 6.5 825 1418 4 2.7 0.03

L5 2.25 3675 30.5 8 550 2010 2.6 2.25 0.0556

L6 nd 7.5 4 1.5 nd 2.025 0.045 2.25 0.036

L7 6.5 375 37.75 6.75 54 1562 3 2.4 0.036

L8 3.5 365 31.5 7.5 56 3450 2.9 2.35 0.0294

L9 9.5 14 4.75 7 nd 83.25 0.2 2.35 0.0245

L10 7 10 3.75 3.5 nd 2.25 0.112 2.3 0.0315

R1 8 4925 70 28.75 700 12,575 7.2 3.5 0.1225

R2 3.25 50 17.75 5.5 3.5 2562 0.5 2.3 0.063

R3 2 34.5 13.75 10.25 2 2922 0.3 2.2 0.0875

R5 nd 5075 65 20.5 725 12,725 6.5 2 0.14

R7 3.5 50 15 4.5 3.5 6345 0.23 2.5 0.091

R8 2.25 30 12.5 4 2 616 0.16 2.85 0.0805

R9 10 1200 120 58.75 167.5 25,100 6.8 4 0.273

R10 10.25 625 75 39 60 5625 3 3 0.273

R11 11 475 37.5 41.5 45 5650 2.6 2.6 0.248

R12 4.75 45 10.75 5.75 4 860 0.232 1.5 0.063

R14 1.25 31.25 8.25 5.25 2.75 976 0.152 1.5 0.0595

R17 nd 9 5 3.75 nd 300 0.11 1.5 0.042

R18 2.5 7.75 4.5 3.75 nd 240 0.12 1.5 0.0525

R21 2.5 21.25 6 5.75 1.25 660 0.144 2 0.091

R22 2 11.5 4.25 3.25 0.5 415 0.096 1.65 0.091

R23 3 17.5 5.75 4 1.25 448 0.112 2.15 0.091

S1 1.485 11.1975 1.765 2.4725 0.9325 47.75 0.008 0.11 0.03

S2 0.5275 12.25 2.2675 1.765 1.14 41.25 0.005 0.07 0.026

S3 0.285 6.2275 2.36 2.3425 0.5025 80 0.009 0.13 0.024

S4 0.645 20.99 5.8125 2.09 2.1675 223.25 0.008 0.11 0.007

S5 0.7025 9.505 5.9825 3.01 0.3325 305 0.0035 0.05 0.03

ERL 47 150 81 34 1.2

ERM 220 410 370 270 9.6

ERL effect range-low, ERM effect range-median, nd not determined
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correlation (both positive and negative) with one or several
chemical parameters. Total organic carbon presents negative

correlation with A. beccarii (r=−0.600), Ad. longirostra (r=
−0.424), and Quinqueloculina rugosa (r=−0.503), none for

Plate 1 Scale bar 100 μm. 1: Ammonia beccarii Linné, 1758. 2:
Ammonia parkinsoniana d’Orbigny, 1839. 3: Elphidium crispum Linné,
1758. 4: Elphidium aculeatum d’Orbigny, 1846. 5: Elphidium advenum,
Cushman, 1922. 6: Peneroplis planatus Fichtel and Moll, 1798. 7:
Peneroplis pertusus Froskal, 1775. 8: Coscinospira hemprichii
Ehrenberg, 1839. 9: Sorites variabilis Lacroix, 1941. 10: Rosalina

bradyi Cushman, 1915. 11: Massilina secans d’Orbigny, 1826. 12:
Lachlanella variolata d’Orbigny, 1826. 13: Quinqueloculina lata
Terquem, 1876. 14: Quinqueloculina agglutinans d’Orbigny, 1839a.
15: Quinqueloculina variolata d’Orbigny, 1826. 16: Quinqueloculina
berthelotiana d’Orbigny, 1839. 17: Quinqueloculina berthelotiana
d’Orbigny var. wiesneri, Le Calvez et Le Calvez, 1958
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the opportunistic aspect of those species in the marine envi-
ronment. However, Rosalina bradyi is positively correlated
with TOC (r=0.411), indicating an opportunistic behavior
by taking advantage of nutrient availability under adverse
conditions due to pollution (Romano et al. 2009). Peneroplis
planatus, Elphidium crispum, and S. variabilis show negative

relationships with all elements, except Pb and TOC. The pH of
the sediment has a negative correlation coefficient with
Buccella granulata (r=−0.527), while Q. agglutinans is neg-
atively correlated only with fluoride (r=−0.443).
Spiroloculina antillarum has negative coefficients with all el-
ements studied, except the pH of the sediment. Thus, these

Plate 2 Scale bar 100 μm. 1:Quinqueloculina rugosa d’Orbigny, 1839.
2: Quinqueloculina vulgaris d’Orbigny, 1826. 3: Quinqueloculina
costata d’Orbigny, 1826. 4: Quinqueloculina limbata d’Orbigny, 1826.
5: Triloculina trigonula Lamarck, 1804. 6: Clavulina angularis
d’Orbigny, 1826. 7: Adelosina longirostra d’Orbigny, 1826. 8:
Adelosina mediterranensis Le Calvez, J. & Y., 1958. 9: Adelosina

italica Terquem, 1878. 10: Adelosina pulchella d’Orbigny, 1846. 11:
Spiroloculina excavata d’Orbigny, 1846. 12: Spiroloculina antillarum
d’Orbigny, 1839. 13: Spiroloculina depressa d’Orbigny, 1826. 14:
Spiroloculina cf. S. angulata Cushman. 15: Sigmoilinata costata
Schlumberger, 1893. 16: Buccella granulata Di Napoli Alliata, 1952.
17: Textularia agglutinans d’Orbigny, 1839
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species could be considered as sensitive species to pollution.
In fact, the presence of pollutants inmarine environment could
play an important and negative role in the distribution, in the
fulfillment, and even in the biological functions of these spe-
cies. However, R. bradyi, Quinqueloculina berthelotiana var.
weinsri, and Sigmoilinata costata have positive correlations
with most of the chemical elements. Thus, Pb has a high
correlation with R. bradyi (r=0.568) and Q. berthelotiana
var. weinsri (r=0.560). Sigmoilinata costata is positively cor-
related with the Zn (r=0.542), Cr (r=0.510), Cu (r=0.579),
NTK (r=0.627), P (r=0.515), Cd (r=0.500), and F (r=0.443).
The positive correlation ofR. bradyi,Q. beth. var.weinsri, and
S. costatawith Pb and S. costatawith Cd shows the resistance
aspect of these species towards those elements, which are
considered non-essential. Nevertheless, positive affinity of es-
sential elements (Cu, Cr, Zn), F, P, and N with these species
suggests their important roles in the biological functions of the
metabolism of these species (Donnici et al. 2012).

Despite their relative abundances in the samples, A.
parkinsoniana, Ad. longirostra, and T. trigonula show no sig-
nificant correlation with contaminants. Therefore, these

species cannot be regarded as appropriate indicators for pol-
lution in our study area.

Principal component analysis (PCA) is an effective method
to evaluate biotic and abiotic parameters obtained from sedi-
ment samples and to identify the factor influencing each one.
Two principal components have been identified, explaining
together 54.83 % of the data variance, especially the first
and the second PC account for 38.11 and 16.71 % of the total
variance (Fig. 3). The dominant elements in the first PC were
the pollutants (heavy metals, F, TOC, N, P), along with some
foraminiferal species such as R. bradyi, S. costata, and
Quinqueloculina berthelotiana var. weinsri. On the opposite,
the highest values of component 2 were recorded by biotic
parameters (density, richness, and Fisher α index), in addition
to P. planatus, S. variabilis, A. beccarii, Ad. longirostra,
Adelosina mediterranensis, and Q. rugosa. Ammonia
parkinsoniana, E. crispum, Q. berthelotiana, and pH sedi-
ment are negatively correlated with both components 1 and 2.

The Q mode HCA (Ward method) has identified two
major clusters A and B, based on chemical parameters and
benthic foraminifera distribution and abundance (Fig. 4).

Morphological deformities of benthic foraminiferal tests 

1- Peneroplis planatus (reduced chamber(s) size); 2- Sorites variabilis (aberrant chamber size); 3- Sorites 
variabilis (distorted chamber arrangement);  4- Adelosina pulchella et Sorites variabiilis (siamese twins); 5-

Adelosina pulchella (aberrant chamber shape). 

Plate 3 Morphological deformities of benthic foraminiferal tests
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The cluster A is associated with stations R9, R10, and
R11, located next to the Ghannouch commercial port.
This cluster is mainly known by the high concentrations
of pollutants and the significant percentage of the fine
fraction of the sediment (68 % on average). The most
abundant species between the three stations are Ad.
longirostra and T. trigonula, with a mean of 14.41 and
10.81 %, respectively.

The cluster B, containing all other stations, is divided
into two clusters of lower hierarchical order B1 and B2:
The subgroup B1, associated with coastal stations, is also
divided into two subgroups; B1a and B1b. B1a consists of
the coastal sites in Skhira (S1, S2, S3, S4, S5), in addition
to L1 and L2 points. These points are characterized by low
fluoride concentration relative to other stations. Abundant
foraminifera species are A. parkinsoniana (14 % on
average), followed by Ad. longirostra, A. beccarii, and P.
planatus (13, 11.95, and 9.66 %, respectively). B1b is
formed by L6, L9, and L10, whose abundant species are
A. parkinsoniana (18.33 %), P. planatus (13.11 %), Ad.
longirostra (10.11 %), and T. trigonula (7.67 %).
Subgroup B2 is also divided into two sub groups B2a

and B2b. B2a, associated with R12, R14, R17, and R18
stations, is characterized by the abundance of Q.
agglutinans (11.83 % on average) and S. variabilis
(6.33 %), in addition to Ad. longirostra (13.08 % on
average). Finally, B2b subgroup consists of stations R2,
R3, R7, R8, R21, R22, and R23. The dominant species in
those stations are P. planatus, A. beccarii, and Ad.
longirostra with average 12.76, 10.71, and 10.47 %,
respectively.

Discussion

The obtained results in this study can be used for the charac-
terization of the state of Skhira and Ghannouch—Gabes coast-
line, in terms of chemical properties, and their impacts on
benthic foraminifera.

The study areas have undergone environmental stress for
several years. The discharge of different types of effluents
has influenced directly or indirectly on marine ecosystem.
Chemical analysis showed important accumulation of pollut-
ants between commercial harbor of Ghannouch and fishing

Fig.2 Biotic parameters of benthic foraminifera; (a) Species Richness; (b) alpha Fisher index; (c) Simpson and Evenness index
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harbor of Gabes. This accumulation can be due to the pres-
ence of drainage channel of the chemical group in this zone.
Both harbor have acted as barriers and transformed the area
into a confined space, so the dispersion of pollutants was
limited, and their concentrations tended to decrease with
increasing distance away from the source of pollution.
Similar pattern was observed in Skhira coastline, where high
values of heavy metals, fluoride, and phosphorus were de-
tected in stations S5 and S4, located near the chemical plane
of Skhira.

To evaluate metallic contamination in sediment samples,
enrichment factor determination was carried out (Table 4).
EF values were higher than 1.5, suggesting anthropogenic
impacts on the metal levels in the whole area. Heavy metal
concentrations were compared to the effect range-low (ER-L)
and effect range-median (ER-M) values (Table 2) reported for
the sediment guideline of USEPA (Ferraro et al. 2006;
Frontalini and Coccioni 2008). Pb, Cr, and Cu show median
concentration values lower than ER-L. However, only two
stations (R9 and R10) exceeded the ER-L value for Cu and
Cr, but not the ER-M. Median concentration values of Zn and
Cd are widely higher than the ER-M level. The highest level
of heavy metals is found, where mud fraction constitutes the
important fraction, which can be explained by the adsorptive

proprieties of clay minerals and the large specific surface area
of finer particles (Coccioni et al. 2009).

Several factors control the levels of organic matter (or
TOC) in sediments such as the rich contributions of terrestrial
organic matter (OM), low oxygen concentrations, and particle
size (Aloulou Ben Ayed 2010). In fact, over the grain size is
finer, their specific surfaces is small, increasing their retention
capacity of the OM. However, remarkable concentrations
were observed in stations with both sandy and silty facies.
To note, the absence of vegetation in those samples, in addi-
tion to the harbor’s activities and maritime traffic, could be the
cause of this organic pollution. The highest concentrations of
TOC correspond to the highest values of heavy metals.
According to Donnici et al. (2012), organic matter can be
identified as a geochemical carrier of metals due to its capacity
of absorbing metals of both terrestrial and marine origins.

The statistical analysis (BC and PCA) has identified
significant correlations among studied elements, especial-
ly Cd, Cu, Cr, Zn, TOC, F, and P, suggesting possible
association between them and a similarity of the input
source. Despite the presence of multitudes of industries
in the study area and different types of effluents, the pos-
itive association between heavy metals, phosphorus, and
fluoride showed that pollution generated by the chemical

Table 3 Correlation matrix (Spearman’s rho)

Pb Zn Cr Cu Cd F P N TOC pH of sediment

A. beccarii −0.291 −0.385 −0.438′ −0.394 −0.357 −0.512′ −0.196 −0.348 −0.600″ −0.424′
A. parkinsoniana −0.169 −0.192 −0.162 −0.215 −0.188 −0.107 −0.293 −0.138 0.187 0.209

A. longirostra −0.098 −0.174 −0.290 −0.286 −0.128 −0.256 −0.168 −0.201 −0.424′ −0.123
T. trigonula −0.133 −0.1 −0.150 −0.185 −0.115 −0.119 −0.197 −0.079 −0.139 0.288

P. planatus -.295 −0.668″ −0.627″ −0.691″ −0.715″ −0.783″ −0.473′ −0.695″ −0.341 0.333

Q. agglutinans −0.40 −0.280 −0.304 −0.236 −0.325 −0.443′ −0094 −0.255 −0.404 0.098

E. crispum −0.406′ −0.598″ −0.509′ −0.591″ −0.612″ −0.550″ −0.561″ −0.567″ −0.121 0.337

Q. rugosa −0.056 −0.242 −0.276 −0.222 −0.202 −0.300 −0.197 −0.275 −0.503′ −0.215
S. variabilis −0.170 −0.587″ −0.552″ −0.549″ −0.641″ −0.604″ −0.478′ −0.558″ −0.223 0.492

Q. berthelotiana −0.136 −0.428′ −0.450′ −0.483′ −0.442′ −0.381 −0.655″ −0.419′ −0.067 0.481

A. pulchella 0.257 0.033 0.152 0.100 −0.052 −0.052 0.292 0.098 0.181 0.089

B. granulata 0.177 0.038 −0.015 0.091 0.080 0.023 −0.056 0.015 −0.325 −0.527″
A.mediterannensis 0.089 −0.127 −0.008 −0.072 −0.231 −0.308 0.150 −0.198 0.056 0.011

R. bradyi 0.568″ 0.403 0.381 0.488′ 0.343 0.442′ 0.102 0.461′ 0.411′ 0.228

Q. berth. var wei. 0.560′ 0.383 0.345 0.425′ 0.300 0.249 0.151 0.434′ 0.338 0.340

S. costata 0.408′ 0.542″ 0.510′ 0.579″ 0.500′ 0.443′ 0.515′ 0.627″ 0.232 −0.073
E. acculatum 0.213 0.006 −0.091 0.052 0.016 0.162 −0.360 0.051 −0.004 0.387

S. antillarum −0.622″ −0.612″ −0.598″ −0.603″ −0.653″ −0.425′ −0.730″ −0.572″ 0.223 0.699″

S. cf S. angulata 0.021 −0.015 0.109 0.016 0.022 −0.019 0.103 −0.197 0.158 0.259

Density −0.548″ −0.800″ −0.751″ −0.783″ −0.818″ −0.883 −0.550″ −0.856″ −0.655″ 0.185

Richness −0.431′ −0.662″ −0.660″ −0.712″ −0.664″ −0.793″ −0.373 −0.631″ −0.598″ 0.027

Fisher alpha −0.425′ −0.612″ −0.607″ −0.692″ −0.588″ −0.713″ −0.293 −0.590″ −0.583″ −0.096

The vaues in bold are the most important values of the correlation matrix
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group Ghannouch is the most dominant compared to other
existed sources.

Since 1959, benthic foraminifer’s reaction towards pol-
lution was the subject of several studies, covered different
types of environments. This relationship differs depending
on the contaminants nature, the type of marine environ-
ment, and the benthic foraminifera assemblage. According
to Debenay et al. (1996), a total disappearance of benthic
foraminifera was observed only in areas under a direct
influence of effluent discharge, while at the periphery of
the highly polluted and virtually barren zone, both density
and diversity increase gradually. This phenomenon has
been observed by other authors (Ferraro et al. 2006;
Bergamin et al. 2009), where they suggested that high
concentrations of heavy metals can strongly influence
the mortality of species in the Gulf of Naples. The change
that occurred in density and diversity of benthic
foraminifera towards pollution has not been limited to
the study of surface sediments in the contaminated areas.
Vilela et al. (2014) have shown, through the study real-
ized in cores at Guanabara Bay, that Ammonia tepida and
Buliminella elangantissima are inversely proportional.
Indeed, A. tepida is dominant in upper intervals of cores,
while B. elangantissima dominates at deeper intervals.
Thus, the change is explained by the degradation of the
ecosystem quality during the late Holocene and the influ-
ence of human occupation.

Fig. 3 PCA ordination diagram of samples based on biotic and abiotic
selected parameters. Abec: Ammonia beccarii; Apark: Ammonia
parkinsoniana; Along: Adelosina longirostra; Amedit: Adelosina
mediterranensis; Apul: Adelosina pulchella; Bgran: Buccella granulata;
Ecris: Elphidium crispum; Eacul: Elphidium aculeatum; Ppla: Peneroplis
planatus; Qagg: Quinqueloculina agglutinans; Qrug: Quinqueloculina
rugosa; Qberth: Quinqueloculina berthelotiana; Qberthvarwie:
Quinqueloculina berthelotiana var. wiesneri; Rbrad: Rosalina bradyii;
Scost: Sigmoilinata costata; Svar: Sorites variabilis; Sant: Spiroloculina
antillarum; ScfSang: Spiroloculina cf. S. angulata; Ttrig: Triloculina
trigonula

Fig. 4 Dendrogram classification of stations produced by Q-mode cluster analysis using Euclidean distance (letters identify single clusters)
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In the present work, lowering in density and diversity of
benthic foraminifera was clearly observed. It has been noted
that as higher concentrations of heavy metals and other con-
taminants are detected, the number of species and specimens
decreased, leading to a barren zone located between the com-
mercial harbor of Ghannouch and the fishing harbor of Gabes.
The influence of pollution on benthic foraminifera distribution
has been proved by BC, where biotic parameters have negative
correlation with most of contaminants. Besides density and
diversity variations, statistical correlation matrix showed the
presence of both tolerant and sensitive species. Rosalina
bradyi, Q. berthelotiana var. weinsri, and S. costata were con-
sidered significant at stations R9, R10, and R11, and they
showed very low abundance in Bunpolluted sites.^ Thus, those
species have positive correlations with most of the chemical

elements. Rosalina bradyi correlates positively with heavy
metals, indicating tolerant behavior towards pollution, despite
its low abundance in sediment samples. Conversely, R. bradyi
was considered as sensitive species, according to Bergamin et
al. (2009) and Romano et al. (2009), and showed significant
abundance in the Gulf of Naples, Italy. The Quinqueloculina
population expresses both tolerant (Q. berthelotiana var.
weinsri) and sensitive (Q. berthelotiana) behavior towards pol-
lution. Nevertheless, Quinqueloculina lata, Quinqueloculina
stelligera, andQuinqueloculina parvula showed only a tolerant
aspect towards pollution in the coastal area of Bagnoli (Italy).
In addition, they exhibit an opportunistic behavior by taking
advantages of nutrient availability under adverse condition due
to the pollution (Romano et al. 2009).

The genus Ammonia, present in the studied areas, was com-
posed mainly of A. parkinsoniana and A. beccarii. A.
parkinsoniana, known as typical for shallow water environ-
ment, was found at depth of 10–45 m in the Gulf of Naples
and can reach 107-m water depth in the Rhône delta
(Rasmussen 2005). Frontalini and Coccioni (2008) reported
that A. parkinsoniana was strongly affected by heavy metals.
According to their results, this species is very sensitive and un-
tolerant to heavy metal pollution and prefer a clean to slightly
polluted environment. The same result was observed in
Rodrigo de Freitas lagoon (Brazil), where A. parkinsoniana
density decreased as heavy metal concentrations increase
(Vilela et al. 2011). The multivariate analysis (HCA) showed
the dominance of A. parkinsoniana in sediment samples of
cluster B. This cluster consists of coastal stations from
Skhira and Ghannouch—Gabes areas, characterized by low
concentrations of heavy metals, fluoride, and phosphorus.
However, BC revealed the absence of correlation (negative
or positive) of this species with toxic elements.

In the Guanabara Bay (Brazil), A. beccarii possesses an
opportunistic aspect. In fact, this species has a high potential
to survive with high inputs of nutrients and trace metal con-
centrations, especially chromium (Donnici et al. 2012).
According to Thomas et al. (2004), the relative abundance
of A. beccarii may reflect an increase in nitrates. Though, in
the present study, A. beccarii showed a sensitive behavior
towards chromium and fluoride and a negative correlation
with TOC.

In the literature, test deformation of benthic foraminifera
could be caused either by natural or anthropogenic effects.
According to Yanko et al. (1998), this phenomenon could
occur in cold or hot water, regardless of latitudes, taxonomic
affinity, nutriment strategy, or test morphology. A detailed
analysis of test abnormalities and their possible causes was
given by Boltovskoy et al. (1991) and Alve (1995a, b).
According to those authors, test deformation can be the result
of multiple effects and it would be difficult to isolate a single
specific cause (Burone et al. 2006). In experimental analysis,
under normal conditions, 1 % of deformed Ammonia is

Table 4 Enrichment Factor of heavy metals values in sediment from
the Gulf of Gabes

Stations Pb Zn Cr Cu Cd

L1 0 5.47 1.65 3.66 0

L2 0 6.18 2.74 5.2 0

L3 5.27 6430 19 12.11 610,725

L4 12.07 3485 23.43 11.23 396,197

L5 9.66 3780 26.84 23.37 446,400

L6 0 6.1 2.78 3.46 0

L7 21.3 294 25.35 15.05 33,447

L8 9.18 229 16.92 13.38 27,753

L9 23.65 8.34 2.42 11.85 0

L10 23.91 8.17 2.62 8.13 0

R1 5.78 860 10.63 14.56 106,366

R2 12.08 44.86 13.85 14.31 2732

R3 4.66 19.41 6.73 16.72 978

R5 0 1080 12.03 12.65 134,234

R7 10.61 36.6 9.55 9.55 2229

R8 8.14 26.22 9.5 10.13 1520

R9 5.87 170 14.79 24.14 20,648

R10 5.44 80.21 8.37 14.51 6699

R11 7.13 74.35 5.1 18.83 6128

R12 17.03 38.94 8.09 14.43 3012

R14 5.08 30.67 7.045 14.94 2348

R17 0 5.11 2.47 6.18 0

R18 7.34 5.49 2.77 7.71 0

R21 7.3 14.98 3.68 11.75 766

R22 8.78 12.19 3.92 9.99 461

R23 16.7 23.52 6.72 15.59 1461

S1 6.806 12.314 1.676 7.734 812

S2 1.7 9.836 1.565 4.022 721

S3 1.233 6.45 2.103 6.891 410

S4 2.361 18.41 4.383 5.202 1499

S5 2.57 8.148 4.4 7.324 224
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observed (Stouff et al. 1999), while Morovan et al. (2004)
found 1.75 % of abnormal test in a single specific culture of
A. tepida, living in unpolluted environment (Frontalini et al.
2009). Nevertheless, Samir and El-Din (2001) and Burone et
al. (2006) revealed a strong correlation between number of
deformed tests and heavy metal concentrations, in El Mex
Bay (Egypt) and Montevideo coastal area (Uruguay).

In the present work, besides the negative assemblage re-
sponse to the presence of important concentrations of different
chemical parameters, abnormal test were observed in the sur-
veyed areas, where the percentage of deformed specimens
varies between 1 and 4 %. Important deformed test numbers
were observed at stations with high concentrations of pollut-
ants, suggesting that pollution is the main cause of those
deformities.

Many studies have focused on the relationship between
sediment grain size and benthic foraminifera distribution
(Samir and El-Din 2001; Armynot du Châtelet et al. 2009).
Armynot du Châtelet et al. (2009) noted that both density and
richness of the specimens are clearly related to the size of the
sediment, considered as the main factor limiting the
distribution of benthic foraminifera. Nevertheless, few
authors have confronted this issue from a quantitative
viewpoint. Alve and Murray (1999) found a significant corre-
lation between relative abundance of species and the percent-
age of fine sediments (<63 μm). Mendes et al. (2004) reported
the abundance of some species into the granulometric ternary
diagrams of Folk (1954), indicating the preference of some
species to a selected type of sediment (Celia Magno et al.
2012). Gabes and Skhira areas were characterized, generally,
by sandy sediment, coarse to very fine. Observations of ben-
thic foraminifera density and diversity do not show any pref-
erence for the particle size of the sediment. According to
Armynot du Châtelet et al. (2009), density and species rich-
ness decrease when the size of sediment increases due to the
oligotrophic nature of coarse sediments. In our case, the
minima of density and diversity were observed at stations
R9, R10, and R11, where fine fraction (<63 microns) var-
ied between 52.39 and 86.33 %, suggesting the impor-
tance of pollution control on benthic foraminifera distri-
bution compared to the particle size of sediment.
Sigmoilinita costata showed remarkable relative abun-
dance in sites R10 and R11 with respectively 11 and
14 %. These two stations were characterized by high per-
centage of mud fraction (R10 (65 %) and R11 (86 %)).
Celia Magno et al. (2012) also found a positive correla-
tion between S. costata and clay fraction in the area of
Augusta (Sicily, Italy). Taking into account the tolerant
behavior of S. costata, we have come to conclude that
obtained results are matching those of Bergamin et al.
(2003) and Romano et al. (2008, 2009). These authors
found that resistant species to pollution are well correlated
with muddy fraction.

Conclusion

In this paper, we aimed to present the contribution of benthic
foraminifera in the evaluation of coastal environment state.
Geochemical analysis show different levels of contamination
and helped to restraint the most polluted area which is located
between both harbors of Ghannouch and Gabes. Important
concentrations of chemical elements can be due to the pres-
ence of multiple sources of pollution in this area. A compar-
ison between the distribution of pollution pattern and biotic
indices results is then preceded. We have come to conclude a
possible relationship between those two factors. This link is
demonstrated by low density and diversity towards increasing
pollutant concentrations. On the basis of statistical analysis,
we showed the presence of both tolerant and sensitive species
to pollution. Besides, unpolluted to moderately polluted sta-
tions were dominated by species resulted from shallow water
environments with sandy sediment. High percentages of mor-
phological abnormalities were found at stations with high con-
centrations of pollutants, indicating the role of pollution in
those deformities.

This study showed that benthic foraminifera may be used
as bioindicators for monitoring coastal pollution of the sedi-
ment of Skhira and Gabes (Tunisia). Our results suggest more
analysis on deformed benthic foraminifera to identify the prin-
cipal cause of abnormalities in tests of benthic foraminifera.
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