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SUMMARY: The summer spatial distribution of the dinoflagellate community along an open coastal sea gradient in the 
Gulf of Gabes (Tunisia, Eastern Mediterranean Sea), together with environmental factors, were studied. The most dominant 
families were represented by Gymnodiniaceae (32%), Peridiniaceae (20%), Prorocentraceae (15%), Ceratiaceae (13%) and 
Ebriaceae (10%). The dinoflagellate community was spatially more concentrated along the coast of the gulf than in the open 
sea. Eight toxic dinoflagellates were recorded, including Karenia cf. selliformis (37% of total toxic dinoflagellates) which 
was evenly distributed in both the neritic and open sea areas. Dinocysts contributed 33% of the total motile cells and were 
more abundant along the coast than in the open sea. This high concentration may be ascribed to nitrogen inputs in the coastal 
waters of Gabes. The Modified Atlantic Water governed dinoflagellate development in the open sea. The degradation of the 
water quality due to eutrophication in the Gulf of Gabes may have significant socioeconomic consequences. We suggest that 
a management framework, similar to that used in freshwater ecosystems, should be developed for the Gulf coast in order to 
drastically reduce urban interferences.

Keywords: Gulf of Gabes, dinoflagellates, dinocysts, nutrients.

Resumen: Dinámica estival de dinoflagelados asociada con factores ambientales en el Golfo de Bages (Túnez, 
Mediterráneo Oriental). – Se estudió la distribución espacial de la comunidad de dinoflagelados junto con los factores 
ambientales a lo largo de un gradiente desde la costa a mar abierto en el Golfo de Gabes (Túnez, Mediterráneo oriental). Las 
familias dominantes de dinoflagelados estuvieron representadas por Gymnodiniaceae (32%), Peridiniaceae (20%), Proro-
centraceae (15%), Ceratiaceae (13%), and Ebriaceae (10%). La comunidad de dinoflagelados estuvo más concentrada a lo 
largo de la costa del Golfo que en mar abierto. Se detectaron 8 especies de dinoflagelados tóxicos entre los cuales, Karenia 
cf. selliformis (37% del total de dinoflagelados tóxicos) estuvo homogeneamente distribuida en la zona nerítica y en áreas de 
mar abierto. Dinocysts contribuyeron en un 33% del total de células móviles y fueron más abundantes a lo largo de la costa 
que en el mar abierto. Esta alta concentración puede adscribirse a los vertidos de nitrógeno dentro de las agues costeras de 
Gabes. Las corrientes Atlánticas gobiernan el desarrollo de los dinoflagelados en el mar abierto. La degradación de la cuali-
dad del agua que acompaña la eutrofización del Golfo de Gabes puede tener consecuencias socio-económicas significativas. 
Nosotros sugerimos que el tipo de gestión de las aguas, similar al usado en ecosistemas de agua dulce sea desarrollado en la 
zona costera del Golfo, para así reducir de forma drástica las interferencias urbanas.
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Introduction

Dinoflagellates represent a major part of the 
eukaryotic primary production in marine ecosys-
tems (Parsons et al., 1984; Schnepf and Elbrächter, 
1992). The ability of many strains to cause shellfish 
poisoning and/or to form resting cysts (Wall et al., 
1977; Matsuoka et al., 2003), has led to consider-
able attention being paid to the diversity and dis-
tribution of planktonic dinoflagellates in relation to 
environmental parameters including temperature, 
salinity and nutrients (Wall et al., 1977; Smayda 
and Reynolds, 2001). In this respect, the Gulf of 
Gabes (Southern Tunisia, 35°N and 33°N) which 
has been put under environmental pressure due to 
industrial and urban activities (Hamza-Chaffai et 
al., 1997; Zairi and Rouis, 1999), has experienced 
a substantial proliferation of microalgae and par-
ticularly toxic dinoflagellates (Turki et al., 2006). 
The proliferation of unwanted microalgae has been 
widely shown to be an increasing problem in both 
coastal and estuarine environments (Smayda, 1997; 
Leong and Taguchi, 2005), causing significant 
overfishing of demersal resources, and thus degrad-
ing benthic habitats (Turki et al., 2006). In addition, 
fish resources in the Gulf of Gabes have declined 
as a result of the degradation of Seagrass meadows, 
Posidonia oceanica. In the open sea, nutrient inputs 
in the Gulf of Gabes have been shown to be influ-
enced by both the frontal and the Atlantic-Mediter-
ranean water circulation (Font et al., 1995; Estrada 
et al., 1985). The model by Beranger et al. (2004) 
shows that the Algerian current brings the upper 
layer eastwards. It then splits into two branches at 
the entrance of the Sicily Strait; one branch flows 
to the Tyrrhenian Sea and the other flows into the 
Sicily Strait. The latter is composed of two streams, 
referred to as the Atlantic Ionian Stream (AIS) and 
the Atlantic Tunisian Current (ATC). These water 
movements may be crucial in supplementing dino-
flagellates with nutrients.

Our aims were to study, from the coast to the 
open waters, the horizontal and vertical dinoflagel-
late summer distribution across the Mediterranean 
waters to the Modified Atlantic Water (MAW) cou-
pled to various environmental factors. As the Gulf of 
Gabes not only contributes 65% of the national fish 
production in Tunisia (C.G.P., 1996), but also shelters 
Djerba island, which, economically, is Tunisia’s most 
important tourist attraction and is a famous habitat 
for marines turtles such as Caretta caretta and Che-

lonia mydas (Baran and kasparek 1989; Maffucci et 
al., 2006), our study can be useful for managing this 
ecosystem by helping to plan the best disposal op-
tions for anthropogenic wastes and the overall urban 
interferences. 

Materials and methods

Study site

This study was carried out in an area of the Gulf 
of Gabes where the climate is dry (average precipita-
tion: 210 mm) and sunny with strong easterly winds. 
The study area of the Gulf of Gabes (between 35°N 
and 33°N) extends from “Ras kapoudia” at the 35°N 
parallel level to the Tunisian-Libyan border (Fig. 1) 
and shelters various islands (Kerkennah and Djerba) 
and lagoons (Bougrara and El Bibane). It opens to 
the offshore and has a wide continental shelf. Along 
the Tunisian coast, and during the cold period (win-
ter-spring), the salinity of the MAW is low (37.3 to 
37.5 p.s.u), and is very close to that of superficial lay-
ers. Conversely, during the warm season, the salin-
ity increases strongly (38 p.s.u) and pronounced lo-
cal circulation patterns are detected, which are most 
probably linked to a decline in the MAW-induced 
advection in the east (Beranger et al., 2004).

Sampling

Samples (120) were collected in July 2005 in 33 
coast-to-offshore stations on one cruise (Fig. 1). Wa-
ter samples for physico-chemical analysis and ex-
amining phytoplankton were collected at 3 depths 
(surface, middle of water column and bottom) for 
stations <50 m deep and at 5 depths (surface, -10 m, 
-20 m, thermocline and bottom) for stations >50 m 
deep. 

Physico-chemical factors

In each station, measurements of temperature, 
salinity, dissolved oxygen and water density were 
collected with a Conductivity-Temperature-Depth 
profiler (CTD: SBE 9, Sea-Bird Electronics, USA) 
equipped with a 12 Niskin bottle rosette sampler 
lowered from the surface to the near bottom. pH was 
measured immediately after sampling using a Met 
Röhm type pH meter. Samples for dissolved inor-
ganic nitrogen (nitrite: NO2

–, nitrate: NO3
–, ammo-
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nium: NH4
+) and orthophosphates: PO4

3– were stored 
at -20°C before analysis with an automatic BRAN 
and LUEBBE type 3 analyzer. Concentrations were 
determined colorimetrically according to Grasshof 
(1983).

The concentration of the suspended matter was 
determined by measuring the dry weight of the resi-
due after filtration through a whatman GF/C mem-
brane. 

Phytoplankton

Phytoplankton was identified according to live 
cells to avoid cell destruction. Phytoplankton enu-
meration (including dinocysts) was performed with 
an inverted microscope following the method by 
Uthermöhl (1958) after fixation with a Lugol (4%) 
iodine solution (Bourrelly, 1985). Phytoplankton 
samples were identified according to Tregouboff and 
Rose 1957; Huber-Pestalozzi, 1968; Dodge, 1973; 
Dodge, 1975; Dodge, 1982; Dodge, 1985; Balech, 
1988; Balech, 1995; Tomas et al., 1993 and Tomas 
et al., 1996. Biovolumes were estimated from cell di-
mensions according to Lohman (1908) and converted 
to carbon biomass with the conversion factor 1 µm3 
= 0.12 10-6 µgC. Samples for chlorophyll-a analysis, 
were filtered by vacuum filtration onto a 0.45 µm 
pore size filter and 47 mm-diameter glass fibre fil-
ter Whatman, GF/F. Filters were then immediately 
stored at - 20°C. Pigment analysis was performed by 
HPLC according to Pinckney et al. (2001). 

The level of community structure was assessed 
according to the diversity index as described by 
Shannon and Weaver (1949). The phytoplankton 
dominance index δ was calculated with the formula 
δ = (n1+n2)/N, which expresses the relative contribu-
tion of the two most abundant species (n1+n2) to the 
total standing stock and N as the total cell abun-
dance.

Statistical analysis

The data recorded in this study were submit-
ted to a normalized principal component analysis 
(PCA) (Dolédec and Chessel, 1989). Simple log 
(x+1) transformation was applied to data in order to 
correctly stabilize the variance (Frontier, 1973). A 
multivariate analysis (PCA and cluster analysis) was 
used to relate the phytoplankton distribution pattern 
to environmental variables. Cluster analysis (CA) 
was performed using PRIMER v5.0 for Windows 
XP (Clarke and Gorley, 2001) to identify the stations 
and regroup the samples with similar phytoplankton 
species composition and nutrient parameters. The 
results were illustrated by a dendrogram showing 
the steps in the hierarchical clustering solution and 
the values of the squared Euclidean distances be-
tween clusters.

A Pearson test performed with XL-stat was used 
to determine the correlations between 19 observa-
tions composed of dinoflagellate phytoplankton 
groups and environmental variables.

Fig. 1. – Geographical map focussing on the phytoplankton sampling stations in the Gulf of Gabes.
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Results

Physico-chemical parameters

The water temperatures ranged from 16 to 26°C 
(mean ± s.d. = 23.07 ± 2.47°C) (Fig. 2a) and had a 
tendency to increase from the offshore to the coast 
and from the bottom to surface. The temperatures 
of coastal waters (mean ± s.d. = 24.92 ± 1.65°C) 
were warmer than the offshore ones (mean ± s.d. 
= 21.45 ± 1.85°C) (Fig. 2a). The dissolved oxygen 
concentrations ranged from 6.4 to 7.7 mg l-1 (mean 
± s.d. = 7.06 ± 0.52 mg l-1) with the highest con-
centrations being recorded in the open sea, espe-
cially in stations with a depth >50 m (Fig. 2b). The 
pH ranged from 8.34 to 8.47 (mean ± s.d. = 8.40 
± 0.03) with a homogenous distribution of values 
throughout the monitoring stations, both in the ner-
itic zone (mean ± s.d. = 8.41 ± 0.03) and the open 
sea (mean ± s.d. = 8.40 ± 0.03) (Fig. 2c). Salinity 
ranged from 37.2 to 38 p.s.u (mean ± s.d. = 37.52 

± 0.29 p.s.u). The lowest salinity (37.2-37.4 p.s.u) 
was recorded at a mean depth of 65 m between 
11°E and 13°E, and the highest salinity in coastal 
waters at a mean depth of 33 m between 10.5°E and 
11°E. The vertical distribution of salinity showed a 
surface longitudinal gradient (Fig. 2d). Water den-
sity ranged between 24 and 29 kg m-3 (mean ± s.d. 
= 25.6 ± 0.41 kg m-3) (Fig. 2e). At a depth of 50 m, 
in Stations 12, 16, 17, 20, 25, 26, 29, 30, and 31, the 
high water density coincided with low salinity, thus 
yielding significant negative correlations between 
the two parameters (Fig. 2d, e). This result indi-
cates that the Gulf of Gabes is subjected to Atlantic 
water currents which flow between two water lay-
ers with similar characteristics (high salinity and 
water density). However, the coast is characterized 
by low water density and high salinity probably as 
a result of water evaporation. The map of depth-
integrated density and temperature shows that den-
sity was essentially driven by temperature. Further-
more, it decreased from the coast (< 50 m) to the 

Fig. 2. – Contour plots of temperature (a), dissolved oxygen (b), pH (c), salinity (d), water density (e) and suspended matter (f).
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open sea, where strong stratification occurred dur-
ing the summer. Concentrations in suspended mat-
ter ranged from 2 to 588 mg. l-1 (mean ± s.d. = 24 
± 70 mg. l-1) with high levels recorded between 10 
and 20 m in depth (Fig. 2f).

Dissolved inorganic nitrogen (DIN) and ortho-
phosphate concentrations were higher near the coast 
than in the open sea (Fig. 3a, b, c and d). High nitrate 
(1.42 ± 0.26 µmol l-1) and ammonium (0.61 ± 0.21 
µmol l-1) concentrations were obtained at the bottom 
and thermocline (25 m) together with orthophos-
phates (0.06 ± 0.03 µmol l-1), whereas nitrite (0.36 

± 0.26 µmol l-1) was concentrated chiefly in coastal 
waters (Fig 3a, b, c and d).

N/P: DIN (DIN = NO2
– + NO3

–+ NH4
+) to DIP 

(DIP = PO4
3–) ratio varied from 10.87 to 106 (mean 

± s.d. = 43.61 ± 17.98) (Fig 3e). This average was 
higher than the Redfield ratio (16), which suggests 
potential P limitation. N/P ratios in coastal waters 
varied between 20.20 and 79.28 (mean ± s.d = 45.02 
± 15.29) but decreased in the open sea with levels 
ranging between 14.06 and 53.03 (mean ± s.d = 38.66 
± 9.80). This indicates that the coast was supplied 
with more DIN than the open sea.

Fig. 3. – Spatial distribution of nitrate (a), ammonium (b), nitrite (c), and orthophosphorus (d) concentrations and N/P ratios (e) along a lon-
gitudinal gradient in the 0-120 m layer.
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Phytoplankton community structure

The phytoplankton community of the Gabes 
Gulf consisted of five groups: Dinophyceae, Bacil-
lariophyceae, Cyanobacteria, Dictyophyceae and Eu-
glenophyceae, among which Dinophyceae and Bacil-
lariophyceae were the most diversified with a total of 
78 and 31 species respectively. Total phytoplankton 

abundance varied from 2.1 103 (in Station 2 at 52 m) 
to 2.3 105 cells l-1 (in Station 29 at 19.5 m) (mean ± 
s.d = 2.3 × 104 ± 4.0 × 104 cells l-1) (Fig. 4a). 

Chlorophyll-a concentrations ranged from 0 to 
2.6 × 102 ng l-1 (mean ± s.d. = 48.4 ± 54.2 ng l-1) 
with a Deep Chlorophyll maximum (DCM) at 10 m, 
especially in Stations 3 and 9 (Fig 4b). In the Gulf of 
Gabes, the highest chlorophyll-a concentrations were 

Fig. 4. – Spatial distribution of total phytoplankton abundance (a) contour plots of chlorophyll-a concentrations (ng. l-1) along a longitudinal 
gradient in the 0-120m layer (b) diversity index (bits. cell-1) for total phytoplankton (c) and relative abundance and biomass of the different 

phytoplankton groups (d) 

Table 1. – Correlation matrix (Pearson test) made with XL-stat for physical, chemical and biological variables under study in the Gulf of 
Gabes during summer 2005 (* p<0.05; ** p<0.001, *** p<0.0001; number of parameters = 19 and number of analyzed samples: n = 120).

	 Dinocysts	 Prorocentraceae	 Gymnodiniaceae	 Peridiniaceae	 Dinoflagellates	 Phytoplankton

Salinity	 0.441*	 -0.409*	 0.346*	 -0.050	 -0.080	 0.017
Temperature	 0.456*	 -0.403*	 0.379*	 0.015	 -0.058	 0.065
Water density	 0.439*	 -0.407*	 0.335	 -0.063	 -0.082	 0.001
NO2-	 0.357*	 -0.240	 0.422*	 0.286	 0.540*	 0.180
NO3-	 0.540**	 0.010	 0.296	 0.171	 0.289	 0.108
NH4+	 0.361*	 -0.110	 0.343	 0.270	 0.293	 -0.081
PO43-	 0.161	 0.054	 0.357*	 0.200	 0.200	 0.031
N-T	 0.598**	 -0.047	 0.365*	 0.215	 0.280	 0.142
P-T	 0.565*	 -0.140	 0.302	 0.056	 0.230	 0.020
N/P	 0.298	 -0.042	 0.382*	 0.255	 0.597*	 0.150
Si(OH)4	 0.245	 -0.138	 0.418*	 -0.027	 0.136	 0.451
Depth (m)	 0.340	 -0.299	 0.115	 -0.221	 -0.070	 -0.186
Suspended matter	 -0.129	 -0.164	 -0.172	 -0.026	 0.412*	 -0.107
Chlorophyll-a	 0.383*	 -0.074	 0.259	 0.487	 0.719***	 0.832***
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recorded along the coast (130 ng l-1), and correlated 
with dinoflagellate development (r = 0.719, n = 120, 
p<0.001) (Table 1). In the open sea, chlorophyll-a 
concentrations decreased (average: 30 ng l-1).

 Overall, we found higher phytoplankton abun-
dance in the nearshore than in the open sea. This also 
translated into a higher community diversification 
(H’ max: 4.2 bits cell-1) (mean ± s.d. = 3.04 ± 0.74 
bits. cell-1) due to the simultaneous presence of sev-
eral dinoflagellate species (H’ = 2.2 to 3 bits. cell‑1, 
17 species) (Fig. 4c). Although Dictyophyceae were 
only represented by one genus (Dictyocha sp.), they 
were the most abundant group (41% of total abun-
dance), followed by Dinophyceae (25%), Bacillari-
ophyceae (16%), Cyanobacteria (17%) and Eugleno-
phyceae (1%) (Fig. 4d). In terms of biomass, Diatoms 
and Dinophyceae contributed 45 % and 25% of the 
total carbon biomass respectively (Fig. 4d). 

Dinoflagellate community structure

Dinoflagellate abundance ranged from 1.6 × 103 
to 26 × 103 cells l-1 (mean ± s.d = 6.8 103 ± 4.7 103 
cells.l-1) (Fig. 5a). The most dominant families were 

Gymnodiniaceae (32%), Peridiniaceae (20%), Pro-
rocentraceae (15%), Ceratiaceae (13%), Ebriaceae 
(10%) and ‘others’ (10%) (Table 2, Fig. 5b). However, 
the Ceratiaceae family was the largest contributor to 
the total Dinophyceae carbon biomass (78%) (Fig. 
5b). The diversification of Dinophyceae increased 
from the open sea (H’ = 2.4 to 3 bits cell-1, 15 spe-
cies) in Station 4 to coastal waters, where H’ reached 
a maximum of 4.0 bits. cell-1 in Station 28 (mean ± 
s.d. = 2.4 ± 0.5 bits cell-1), due to the simultaneous 
presence of 20 different species (Fig. 5c). The Dino-
phyceae, like the entire phytoplankton community, 
was more concentrated along the Gulf coast than in 
the open sea, especially in Stations 23 and 27. In-
deed, a positive and significant correlation (r = 0.41, 
n = 120, p<0.05) was found between the dominance 
index and the distance from the coast (Fig. 6). The 
coastal zone was dominated by Ceratium and the off-
shore by Protoperidinium. We also recorded eight 
toxic dinoflagellates (6% of the total Dinoflagellates), 
among which, Karenia cf. selliformis (37% of total 
toxic dinoflagellates) was distributed homogeneously 
in both the neritic zone and open sea (Figs. 6, 7). Di-
nocysts contributed 33% of the total motile cells and 

Fig. 5. – Spatial distribution of the total Dinophyceae group (a) relative abundance and biomass of its different families (b) and Distribution 
of the diversity index for Dinophyceae (c)
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were more abundant along the coast than in the open 
sea (Fig. 8a). This was particularly clear in the 50 m 
isobaths in coastal Stations 20, 30 and 31 (Fig. 8a). 
In coastal waters, motile cells and cysts increased 

slightly with depth (Fig. 8b), whereas in the open sea 
their numbers did not change at the surface, at -10 m, 
or -20 m and at the bottom except in the thermocline 
where the highest Dinoflagellate and Dinocyst abun-

Table 2. – Taxonomic of the Dinophyceae group phytoplankton contributions.

Class	O rder	F amily	R elative percentage(%)	 Genus	S pecies

Dinoflagellates	 Gymnodinial	 Gymnodiniaceae	 32	 Gymnodinium	 sp., filum, abbreviatum, marinum, 
					     gliba, sanguinum, venificum, 
					     catenatum
				    Gyrodinium	 sp., fusiforme, spiralea, falcatum
				    Amphidinium	 sp., ovoideum, cataerae, sphenoïdes
				    Cochlodinium	 sp.
				    Karenia	 mirabile, cf selliformis, pappillionacea
		  Polykrikaceae	 2	 Polykrikos	 sp.
		  Warnowiaceae	 0.5	 Warnowia	 sp.
		  Prorocentraceae	 15	 Prorocentrum	 compressum, mexicanum, lima, mit, 
					     micans, triestinum, concavum, gracile, 
					     minimum
		  Dinophysaceae	 1	 Dinophysis	 accuminata, rotundata
				    Phalocroma	 sp.
				    Metaphalocroma	 sp.
				    Ornithocercus	 sp.
		E  briaceae	 10	 Ebria	 sp.
				    Hermesinium	 sp.
		  Protodiniferaceae	 0.5	 Pronoctiluca	 sp.
		  Peridiniaceae	 20	 Protoperidinium	 sp., depressum, thoranum, minitum, 
					     globulum, diabolus, ovum, curvipes, 
					     diabolum, splendes divergens 
					     quinquecorne teristinum
				    Scrippsiella	 sp., supselsa
				    Peridinium	 sp.
				    Heterocapsa	 sp.
		O  xytoxaceae	 0.5	 Oxytoxum	 sceptrum, constrictum, scolopax
		  Heterdiniaceae	 0.5	 Heterodinium	 milneri
		  Goniodomataceae	 0.5	 Gniodoma	 polydricum
		  Gonyaulacaceae	 2	 Alexandrium	 sp.
				    Gonyaulax	 sp., polygrama, polyedra, spinifera
				    Protoceratium	 reticulum
		  Ceratiaceae	 13	 Ceratium	 falcatum, macroceros, candelabrum, 
					     tripos, furca, fusus, lineatum, 
					     extensum
		  Ceratocoryacea	 0.5	 Ceratocorys	 sp.
		  Podolampadaceae	 2	 Podolampas	 sp., palmipes

Fig. 6. – Relationships between the dominance index and distance from the coast. The two most dominant species are indicated for each 
sampling station.



summer dinoflagellate in the gabes gulf • 67

SCI. MAR., 72(1), March 2008, 59-71. ISSN 0214-8358

dances were recorded (3.36 × 104 and 2.19 × 104 cells 
l-1 respectively ) (Fig. 8b). 

The principal component analysis (PCA) (first 
plot) allowed two groups to be discriminated  around 
the F1 and F2 axes (Fig. 9). Axis F1, which repre-
sents 57.55% of the variability and to which the en-
vironmental variables are small and equal contribu-
tors, positively selects group G1 which is composed 
of total phytoplankton and nutrient parameters (ni-
trate, nitrite, ammonium, orthophosphorus, N/P 
ratio, total nitrogen: Total-N and total phosphorus: 
Total-P). Axis F2 explains 12.7% of the variability 
and negatively selects group G2 formed by abiotic 
variables (temperature, salinity, water density and 
silicate) and depth. This association confirms our 
previous observations that phytoplankton abundance 
decreases with depth, and is more concentrated in 
coastal rather than open sea areas. In addition, the 
phytoplankton density was dependent on nutrient 

availability (nitrate, nitrite, ammonium, orthophos-
phates, Total-N, Total-P) and especially on N/P ra-
tios, which seemed to be the deterministic regulator 
of dinoflagellate dynamics.

The second plot allowed two groups to be dis-
criminated around the F1 and F2 axes (Fig. 9). Both 
axes represent 58.04% of the variability and posi-

Fig. 7. – Relative abundance of different toxic dinoflagellate species.

Fig. 8. – Spatial distribution of Dinocysts (a) spatial and vertical dis-
tribution of abundance of Dinocysts and total dinoflagellates (b) 

Fig. 9. – Principal Component Analysis (PCA) (Axis I and II) of the total phytoplankton abundance and that of the different dinoflagellate 
families and selected environmental variables (arrows) in the Gulf of Gabes during July (summer).
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tively select group G1 which is composed of all phy-
toplankton, with dominant Dinoflagellates families 
(Gymnodiniaceae, Peridiniaceae), Dinocysts and nu-
trient parameters (nitrate, nitrite, ammonium, ortho-
phosphates, Total-N, Total-P and N/P ratio). The F2 
axis, which explains 15.01% of the variability, nega-
tively selects group G2 formed by abiotic variables 
(temperature, salinity, density and water density) and 
depth. This association confirms our previous obser-
vations on the close links between the distribution 
of Dinoflagellates and Dinocysts (r = 0.597, n = 120, 
p<0.05) and between dinoflagellates and nutrients. 
We also found a significant correlation between ni-
trate concentrations and dinoflagellate abundance (r 
= 0.540, n = 120, p<0.05) (Table 1). Dinoflagellate 
abundance was higher along the nutrient-rich coast 
than in the open sea.

The dendrogram from the cluster analysis empha-
sizes 3 natural groupings. Cluster 1 groups the open 
sea stations (3, 4, 6, 10 and 12), Cluster 2 is com-
posed of stations situated between coastal and open 
sea areas (5, 9, 11, 16, 18, 21, 22 and 26), and Cluster 
3 exclusively groups the coastal monitoring stations 
(14, 15, 19, 20, 23 and 24) (Fig. 10a, b). Among these, 
Stations 23 and 24 near Djerba Island were home 
to enhanced dinoflagellate growth which coincided 
with high nitrogen availability. 

Discussion

The results indicate that the summer phytoplank-
ton community of the Gabes Gulf consisted of five 
groups: Dinophyceae, Bacillariophyceae, Cyanobac-
teria, Dictyophyceae and Euglenophyceae, among 
which Dinophyceae and Bacillariophyceae were the 
most diversified groups. In addition, we found high-
er cell abundances along the coast than in the open 
sea, which also translated into higher chlorophyll-a 
concentrations and community diversification. The 
range of total phytoplankton density found in the 
Gulf of Gabes was close to that reported in various 
temperate environments (Casotti et al., 2000; Denis 
et al., 2000, Gomez and Gorsky, 2003; Moran et al., 
2001; Turki et al., 2006). This is specifically evident 
for the distribution of dinoflagellates, which showed 
the same density pattern as the total phytoplankton 
but with more pronounced coastal-open sea gradi-
ents. The highest Dinoflagellate abundance (2.6 × 
104 cells. l-1) and species diversity (4 bits. cell-1) were 
recorded in the coastal sea areas near Djerba Island 
(Stations 23, 27, 28) (Fig. 1, 8a, 9) with Ceratium 
furca and C. fusus as dominant species, while off-
shore Protoperidinium spread abundantly. Ceratium 
and Protoperidinium were found to be dominant in 
November 1969 (Borgne-David, 1975) and Octo-

Fig. 10. – Dendrogram of the Euclidean distance between the sampling stations (a). The three identified clusters are highlighted on the map (b).
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ber 2000 (Turki et al., 2006) in the Gulf of Gabes. 
They were also the most abundant dinoflagellates 
in summer 2001 in lake Bizerte (Northern coast of 
Tunisia) (Turki et al., 2006). Ceratium furca and C. 
fusus were repeatedly observed in other Mediterra-
nean marine environments (Revelante and Gilmar-
tin, 1976). This might be ascribed to nitrogen inputs 
to the coastal waters of the Gabes Gulf. In addition, 
the continuous consumption of phosphate by grow-
ing phytoplankton resulted in low concentrations of 
this element. We found significant correlations be-
tween the dinoflagellate abundance and N/P ratios (r 
= 0.597, n = 120, p<0.05) and nitrate concentrations 
(r = 0.540, n = 120, p<0.05), but no significant cor-
relations with phosphate. This highlights the cru-
cial and openly accepted role played by nitrogen in 
sustaining the dinoflagellate proliferation in marine 
ecosystems (Fanning, 1992; Reul et al., 2005), and 
in enhancing its storage to face nitrogen shortage 
(Glibert et al., 2001; Badylak and Phlips, 2004). The 
low chlorophyll-a concentrations and higher than 
‘normal’ oceanic Redfield ratio of 16:1 recorded in 
the Gulf of Gabes indicate that this ecosystem is 
very highly-oligotrophic (Vollenweider et al., 1992). 
This seems in accordance with the oligotrophic sta-
tus, given that the Ionian Sea is based both on low 
nutrient concentrations (Bregant et al., 1992) and 
low primary production derived from chlorophyll-
a concentrations (Magazzù and Decembrini, 1995; 
Boldrin et al., 2002; Moutin and Rainbault, 2002). 
Growing evidence indicates that the Eastern Medi-
terranean basin is an “ultra-oligotrophic” ecosystem 
(Krom et al., 1991; Heurt et al., 2005) characterized 
by dinoflagellate dominance as shown for the Gulf 
of Gabes (Gomez et al., 2000). Moreover, due to the 
lack of deep mixing along the coast, which gives an 
advantage to motile cells over non-motile ones (e.g., 
diatoms) (Paerl, 1997), dinoflagellates spread along 
the coastal sea. Similar observations were reported 
in the Gulf of Tunis (Daly-Yahia, 1998); in the Bay 
of Ville-Franche (NW Mediterranean Sea) (Gomez 
and Gorsky, 2003); in hypertrophic costal waters of 
Tokyo Bay (Matsuoka et al., 2003) where C. furca 
was among the dominant Dinoflagellates (Matsuoka 
et al., 2003) followed by Protoperidinium. Ceratium 
was also among the dominant phytoplankton species 
observed in summer in Chinese lakes from 1991 to 
1999 (Chen et al., 2003). Large phytoplankton cells 
tend to dominate in nutrient-rich coastal waters, 
while small cells are likely to be characteristic of oli-
gotrophic oceanic systems (Kang et al., 2004). This 

result applies to the Gulf of Gabes in which coastal 
Ceratium had a biovolume ranging from 1.17 to 60 × 
103 µm (mean ± s.d. = 2.23 × 102 ± 18.56 µm), where-
as exclusively oceanic (>100 km) Protoperidinium 
cells were small, ranging from 10 to 85 µm (mean ± 
s.d. = 41.26 ± 18.56 µm). While dinoflagellate devel-
opment followed a coastal-open sea gradient, toxic 
species and especially Karenia cf. selliformis (37% 
of total toxic dinoflagellates) spread throughout the 
Gulf. This corroborates the observations reported by 
others in the Gulf of Gabes in October 2000, which 
show the presence of 10 toxic taxa, among which 
Karenia cf. selliformis was the most significant toxin 
producer (Turki et al., 2006). However, the distribu-
tion of this group is poorly indicated since, to date, 
there have not been any thorough studies carried out 
in this ecosystem. Earlier studies were mostly con-
ducted in a restricted zone without depth samplings 
(Balkis, 2003), so an attempt to compare them with 
other published results to assess how communities 
are changing, is impossible. Nonetheless, Chang et 
al. (2003) reported lower numbers of toxic Karenia 
offshore than inshore in a north-eastern New Zea-
land Gulf during the summer. In the Gulf of Gabes, 
we detected high numbers of dinocysts blocked in 
the thermocline. These may have been at least par-
tially brought by a fraction of the Modified Atlan-
tic Water (MAW) which detaches from the south of 
Lampedusa Island (Italy), invades the Gulf of Gabes 
and recirculates anticyclonally on the Tunisian shelf 
(Lecombe and Tchernia, 1972). The MAW may in-
oculate the Gulf of Gabes with phytoplankters, toxic 
Dinoflagellates and their cysts (Reul et al., 2002; 
Gomez, 2003; Gomez, et al., 2004). Additional dino-
flagellate cyst inocula may originate from other areas 
as they can survive being transported in ballast water 
from ships (Hallegraeff, 1993; Yoshida et al., 1996; 
Hallegraeff, et al., 1997).

Conclusion

Dinophyceae (both motile non-toxic and toxic 
cells and cysts) seems to be an important compo-
nent of the phytoplankton community in the Gulf 
of Gabes. They occur throughout the coastal-open 
sea gradient. The abundance of harmful species is 
of great concern because their presence can lead to a 
significant impact on the edibility and marketability 
of marine foodstuffs. In addition, monitoring Sta-
tions 23 and 24 near the socio-economically impor-
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tant Djerba Island reveal high numbers of toxic K. 
selliformis that coincides with enhanced DIN/P ra-
tios (25.25). This suggests that excess reactive nitro-
gen is derived primarily from fertilizer applications, 
animal wastes and fuel combustion. The dinoflagel-
late ecology in the Gulf of Gabes is complex due to 
the interaction of various factors (water movements, 
urban interferences, marine traffic…) and needs to 
be clarified through long term studies. Treating ur-
ban and industrial wastes is the essential cornerstone 
for controlling aquatic eutrophication in the coastal 
waters of the Gulf. In the open sea, the MAW occur-
rence is the main deterministic factor of dinoflagel-
late development.
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