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Abstract

The population dynamics of harmful microalgae was
investigated in the semi-enclosed shallow lagoon, Tunis northern
lagoon (South Mediterranean), during a 1l-year period from
January to December 2007. A total number of 16 potentially
toxic dinoflagellates were identified. Density of each species was
analyzed in time and space and in relation to environmental
parameters. Some species such as Alexandrium catenella, A.
psendogonyanlax, A. tamarense, Dinophysis sacculus, Prorocentrum lima,
P. minimnm and  Gonyaulax  spinifera  developed high cell
concentrations, particularly during spring and summer seasons.
Other species such as A. nsuetum, A. lee, A. minutnm, Coolia
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monotis, D. acuminata, D. candata, D. fortii, Ostregpsis siamensis and P.
concavum wete detected in this coastal ecosystem, but they were
rare or appeared in very low densities.

Densities of the most abundant species were closely
associated with spring and summer conditions, being positively
correlated with water temperature and salinity. These species
performed well in this lagoon, but the specific species-dependent
affinity to each of the environment factors determined which
organisms proliferated. The spatial distribution of the abundant
species exhibited a marked increase towards the western and
southern parts of the lagoon represented by sites C, D and E.
Examination of the temporal distribution revealed that the
species more prone to bloom are those with extensive spatial
distribution and frequent presence throughout the year such as
D. sacculus.

Statistical analysis of D. sacculus density dynamics showed a
significant difference between summer and winter assemblages.
It presented a positive correlation with water temperature and
salinity, but it seems to be tolerant to all levels of nutrients.

INTRODUCTION

Coastal ecosystems are ever more becoming
susceptible to harmful phytoplankton increases
especially in enclosed coastal embayments (Anderson
et al. 2002, Hallegraeff 1993). In most cases, these
increases are related to anthropogenic activities. This
includes nutrient enrichment (Anderson et al. 2002),
and enlargement of confined areas is generally
associated with construction of jetties, leisure
harbors, etc. (Garcés et al. 2000). The increase of
harmful phytoplankton events applies to the
Mediterranean Sea, where they are mainly associated
with locations characterized by a restricted water
exchange, such as harbors (Vila et al. 2001), small
bays and protected beaches (Garcés et al. 1999), and
coastal lagoons (Sarno et al. 1993, Cabrini et al. 1995,
Giacobbe et al. 2000).

Especially interesting are the Mediterranean
semi-enclosed lagoons, which remain isolated for
most of the year and concentrate phytoplankton to a
very high biomass.
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Generally, these coastal lagoons have negligible
tidal inputs (Britton and Crivelli 1993), but they are
occasionally flooded during sea storms, after which
they usually recover their confined character without
marine exchange (Picot et al. 1990, Quintana et al.
1998, Pérez-Ruzafa et al. 2002). During periods of
confinement, water levels tend to decrease,
subsequently enhancing the salinity, nutrient levels
and phytoplankton concentration.

Mediterranean coastal lagoons may, therefore,
act as an accumulator of neritic phytoplankton.
Moreovet, connections of these lagoons with coastal
waters can introduce phytoplankton, which can
include harmful species, where they could growth
and become more concentrated. However, high
variation of environmental characteristics associated
with the lagoons’ confinement process may lead to
significant modifications of the phytoplankton
composition (Lépez-Flores 2005). Stability and
nutrients’ levels are known as determinant factors of
the phytoplankton succession in temperate coastal
waters (Margalef 1983, Reynolds et al. 2002, Smayda
and Reynolds 2003). Nevertheless, little is known
about the factors influencing the phytoplankton
temporal patterns in confined coastal lagoons
(Quintana and Moreno-Amich 2002, Loépez-Flores
2005).

Tunis northern lagoon, located in the
neighborhood of the city of Tunis, was undoubtedly
one of the most polluted and eutrophic
Mediterranean lagoons since it received great amount
of waste waters (Zaouali 1977). This eutrophication
had led to progressive degradation and ecological
disturbances marked by major changes in sediments
and lagoon fauna and flora decreasing the species
diversity. To address this problem, a project
improving the water circulation was elaborated and
applied in 1985 (Ben Charrada 1992). The project
aimed at improving the ecological factors in
particular  hydrological conditions. The whole
lagoon’s water residence time was reduced to about
17-20 days. Furthermore, all wastewater dumping
into the lagoon had been stopped, so only urban
stormwater runoff is permitted to prevent floods.
Following the completion of the restoration in 1988,
the decrease in nutrient concentrations and the
development of vegetation communities were the
most important changes recorded in this ecosystem
(Ben Charrada 1992, Ben Maiz 1993).

Researches  carried out on  harmful
phytoplankton communities in this lagoon are few
and very recent (Turki 2004, Turki & Balti 2005,

Armi et al. 2009, 2010a) showing the dominance of
diatoms and dinoflagellates.

In the present study, the taxonomic structure of
phytoplankton populations was evaluated in this
lagoon in 2007. The main objectives were to
determine composition and dynamics of potentially
toxic dinoflagellates in this coastal area and to
establish the common water physicochemical
variables that favor proliferations of specific harmful
species in this ecosystem.

MATERIALS AND METHODS
The study site

Tunis northern lagoon is a shallow water plane
located in the North-East of Tunisia (36°45-
36°52’N and 10°10°-10°20’E) at the bottom of the
Gulf of Tunis, in the proximity of both Rades and la
Goulette harbors and Tunis southern lagoon.

After the establishment of a natural renewal
system adapted to the lagoon conditions in 1984-
1988 (Ben Charrada 1992), the aspect of Tunis
northern lagoon has radically changed in comparison
with its status during the last centuries. The surface,
previously estimated at 2.800 hectares (Zaouali 1977)
was reduced to 2.600 hectares after restoration works
(Arjen & Oostinga 1992). Consequently, new
hydrological conditions have been created; the depth
at the northern part (dredged) varies from 2 to 4 m
and reaches 1 m in the southern part. Moreover,
physicochemical parameters have been monitored in
Tunis northern lagoon in many studies carried out
before and after the management. Nowadays, after
the construction of the bridge on the navigation
channel of Tunis close to the lagoon, the surface was
further reduced to 2.400 hectares. In rainy periods of
autumn and winter, freshwater runoff can reach the
lagoon from point-source origins (Ben Charrada
1995).

Average salinity ranged between 30 and 40 PSU.
Maximum water temperature reaches 30°C in
summer. The substratum is mainly covered by the
seagrass Ruppia cirrbosa (Petagna) Grande in the
northern part and the green alga Chacetomorpha linum
(O.F. Muller) Kiitzing in the southern part, with
other seasonal and ephemeral species sporadically
distributed on different sediment types (Trabelsi et al.
2001).
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Sampling

Between January and December 2007, five main
sites along this area were selected to collect water
samples bi-weekly. The sampling sites (Fig. 1) were
located using a Garmin GPS 45. This lagoon was
virtually divided into five sections and our sites were
located at the central point of each section; site A
(mean depth 2.3 m) is characterized by water
exchange from the Bay of Tunis; site B (2 m)
corresponds to the northern part of the lagoon; site
C (2.5 m) is the western part of the lagoon; site D (1
m) represents the southern and the most shallow
section of this lagoon and site E (2.5 m) is located
opposite site A.

Abiotic parameters measurements

Environmental variables were measured in the
field using a WTW multiparameter (Multi 3401) for

water temperature (°C) and salinity (PSU), pH and
dissolved oxygen concentration (mg 1'). For
nutrients analysis, water samples were collected at 30-
50 c¢cm under the water surface, in polypropylene

bottles of 1 1. Samples were analyzed according to
Parsons et al. (1984).

Phytoplankton study

Samples for phytoplankton analysis were
collected from the whole water column using a PVC
tube sampler of variable length provided with a
closing valve (Lindahl 1986).

Aliquots were preserved with acid Lugol
solution (1% final concentration), and analyzed using
an inverted microscope following Uthermdhl’s
technique (Utermohl 1958). Cells were expressed as
cells I' (Throndsen 1995).

Dinoflagellates species were generally identified
with a2 BH2 Olympus microscope with a

Fig. 1. Location of the sampling sites in Tunis northern lagoon.
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magnification  of  1000X.  Identification  was
performed according to the descriptions established
by Balech (1988), Sournia (1995) and Steidinger and
Tangen (1997). Alexandrium species were identified
according to the work of Balech (1995).

Statistical analysis
Clustering and MDS analysis

The majority of data analysis followed standard
community analysis methods described by Clarke
(1993) and Clarke and Warwick (2001), using the
Plymouth Routines in the Multivariate Ecological
Research (PRIMER) software package (PRIMER 5).

Hierarchical cluster analysis was used to
establish similarity between dinoflagellate species
densities dynamics. Data used in this case consisted
of abundance obtained for each species from all
sampling sites during the whole study period. Data
were log transformed [log (x+1)], the Bray-Curtis
index was used as a similarity measure and the group
average was selected for the cluster method.

Hierarchical cluster analysis was also used in
addition to multivariate data analysis, by non-
parametric  multi-dimensional ~ scaling ~ (MDS)
ordination with the Bary-Curtis similarity measure
(performed on square-root transformed Dingphysis
sacenlus species abundance data), in order to establish
similarities between samples and months (Table 1).

Table 1

Symbols used in cluster and MDS analyses.

| month I code
January Ja
February ' Fe
March [ Mr
April ' Ap
Mai ' Ma
June Jn
July ' JI
August ' Au
September Sp
October Oc
November | Nv
December Dc

Correlation analysis

Possible relationships between potentially toxic
dinoflagellates species and environmental parameters
were tested by Pearson’s correlation analysis,

performed at p<0.05 and p<0.001, using data from
all the sampling sites and for the whole period. Data
were also log transformed for assessing the
homogeneity of variances and assumption. This
analysis was performed using the software Statistica
(Statistica 6, StatSoft).

RESULTS
Temporal variation of environmental parameters

Temporal variation of various environmental
parameters measured in Tunis northern lagoon is
presented in Figure 2. Lowest values of temperature
were detected during the winter months, especially in
December (7.3°C), the highest value, was 29.1°C
unregistered in August at site E. The annual average
value in the lagoon was about 19.1°C.

The extreme values of salinity were recorded at
sites D and E (33.6°C and 46.8 PSU respectively).
Annual averages values of pH and dissolved oxygen
were about 8.4 and 7.7 mg 1! respectively.

Dissolved  Inorganic ~ Phosphorus  (DIP)
concentrations increased during spring months and
picked up in March with a maximum concentration
of 0.25 pM at site B. The lowest concentration was
measured in summer (June 2007) at both sites B and
C with a concentration of 0.011 uM.

At the beginning of the rainfall period
(September 2007), Dissolved Inorganic Nitrogen
(DIN) concentrations were low, but increased during
winter and peaked up in October with a maximum
concentration of 45 uM at site B. This increase in
DIN nutrients concentrations, associated with an
increase in the input flow rate, resulted in a
maximum nutrient load in the receiving water body
during autumn 2007.

The low DIN concentrations (2 uM) were
measured in the lagoon in March 2007 at site D.

Potentially  toxic
dynamics

dinoflagellates  species

The taxonomic structure of phytoplankton
populations in Tunis northern lagoon during this
year-long study showed a composition of 58% of
Bacillatiophyceae (diatoms) mainly represented by
Chaetoceros and Navienla species, 41% of Dinophyceae
(dinoflagellates) essentially  represented by
peridiniales and gymnodiniales species and 1% of
Cyanophyceae, Euglenophyceae, Dictyophyceae,
Chlorophyceae and Cryptophyceae.
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Fig. 2. Temporal variation
January to December 2007.

Most dinoflagellate species detected in the
present study have been described in the literature as
harmful and/or toxic. Among these species, 16 are
potentially toxic (Table 2) out of the total number of
48 dinoflagellates identified in this aquatic ecosystem
during the vyear-long study from January
December 2007.

A pattern of increased abundance during
summer was observed for most species (Fig. 3), this
being more pronounced in July and August months
for all sampling sites.

During this year-long study, the genus
Alexcandrium was represented by 6 different species;
Alexcandrium catenella, A. insuetum, A. lee, A. minutum,
A. psendogonyanlax and A. tamarense.

In particular, A. insuetum, A. lee and A. minutum
were almost totally absent in the lagoon throughout
the year, except for late spring and early summer
when they were sporadically detected in very small
numbers (the maximum detected concentration was
about 180 cells I for A. insuetum at site E in July
2007.

to

of environmental parameters within each sampling site in Tunis

northern lagoon from

Table 2

The list of potentially toxic dinoflagellates identified in
Tunis north lagoon from January to December 2007,
their maximum abundance in cells I'l, and maximum
abundance dates.

. Impact Max. abundance .
- Dat: tati

Species (Toxins) (cells | 1) ate / Station
Alexandrium catenella Balech PSP 1.3x10° 04/12/2007/C
Alexandrium insuetum Balech PSP 180 17/07/2007/E
Alexandrium lee Balech PSP 10 22/05/2007/D
Alexandrium minutum Halim PSP 60 20/11/2007/8B
Alexandrium pseudogonyaulax Balech PSP 2.2x10° 19/06/2007/E
Alexandrium tamarense Balech PSP 7x10° 28/08/2007/C
Coolia monotis Meunier Cooliatoxin 620 24/04/2007/D
Dinophysis acuminata Claparéde & DSP 80 27/03/2007/C
Lachmann
Dinophysis caudata Saville-Kent DSP 30 11/09/2007/B
Dinophysis fortii Pavillard DSP 40 05/06/2007/D
Dinophysis sacculus Stein DSP 4.6x10" 16/01/2007/B
Gonyaulax spinifera Diesing YTX 10° 30/01/2007/A
Ostreopsis siamensis Schmidt YTX, PLTX 120 27/03/2007/B
Prorocentrum concavum Fukuyo DSP 40 17/07/2007/B
Prorocentrum lima (Ehrenberg) Dodge DSP 1.4x10° 28/08/2007/D
Prorocentrum minimum (Pavillard) Neurotoxin 11 x 10° 14/08/2007/E

Schiller

DSP - Diarrheic shellfish poisoning; PSP - Paralytic shellfish poisoning; PLTX — Palytoxin; YTX -
Yessotoxin
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A. psendogonyaniax was more commonly present
in the water column particularly in June 2007, when it
peaked up at site E with 2.3 X 103 cells I'%.

A. catenella species was present at all sites almost
throughout the year, with the maximum abundance
only during winter. This cell concentration was about
1.2 X 103 cells I'! in December 2007.

The species A. tamarense was also detected at all
sampling sites with low densities, except for late
August 2007 when it peaked up abruptly with 7 X 103
cells I'* at site C.

Gonyanlax spinifera species was recorded almost
throughout the year and in all parts of the lagoon. It
reached the highest densities in the winter season
with the maximum of 103 cells I'! in January at site A.

Prorocentrum minimum was also recorded roughly
throughout the year showing a different trend,
especially in the summer season where it reached its
maximum concentrations. The highest density was
detected at site E with more than 10* cells 1! in
August 2007.

The species Coolia monotis was detected especially
during the spring season, and reached its maximum
concentration in late April at site D (620 cells I'). On
the other hand, Ostregpsis siamensis, was detected in
very low density throughout the study period with
the maximum of only 120 cells I'! in March at site B.

The dynamics of potentially diarrheic toxin
producers, Prorocentrum and Dinophysis genera, were
very diverse in this area. Prorocentrum conavum,
Prorocentrum lima, Dinophysis acuminata, Dinophysis fortii
and Dinophysis caudata were rare and recorded only
sporadically with low cell densities. The majority of
these species had their high abundances during
spring and summer seasons, however the maximum
density did not exceed 120 cells 1!, except for P. lima,
which suddenly proliferated with 1.4 X 103 cells I'! in
August 2007 at site D (Table 2, Fig. 3).

Dinophysis sacenlus Stein 1883 was the most
abundant species, which was present in all collected
samples, with a peak during winter (4.6 X 104 cells 1!
at site B, January 2007).

This species was present in high densities for a
long period in the summer season; from June to
August 2007, especially at sites A, B and D (Fig. 3).

In the hierarchical cluster analysis (Fig. 4), the
potentially toxic species, according to their density
dynamics, are divided into several groups. At 60%,
only two small groups are distinguished. The species
D. saccnlns and  G. spinifera, which are the most
abundant species, are grouped together (group A);
the second group (group B) contains the two species

E
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Fig. 3. Temporal variation of cell densities of the
potentially toxic dinoflagellates species within each
sampling site, exceeding 100 cells I, in Tunis northern
lagoon from January to December 2007.

Potay o decflapes

Fig. 4. Cluster analysis of potentially toxic dinoflagellate
species. Bary-Curtis similarity and group average were
used.
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D. fortii and A. le. These two species are nearly
absent during the study period. Whereas, all other
species are separated in the cluster.

At 10%, the subgroup (A) with the species P.
minimum, A. catenella, D acuminata, A. minutum, C.
monotis, P. lima, A. tamarense and O. siamensis defined
the group (I), whereas the group (II) includes only
the species P. concavnm, A. psendogonyaniax and A.
insuetum (Fig. 4). These results show that the species
composition of the potentially toxic dinoflagellates
detected in the present study, and their
corresponding densities appeared indeed highly
variable and they could not be classified in a single
category. There is a high significant difference
between species concentrations during this period.

Spatial  distribution &
environmental parameters

relationship  with

Correlation analysis between the studied species
abundance and the environmental parameters
revealed that the increase in the abundance of most
potentially toxic species is associated with specific
environmental conditions (Table 3).

An exception is observed for A. catenella, which
was positively correlated with nitrogen nutrients,
whereas all other studied species had no significant
correlations with nutrients.

An increase in the abundance of A. catenella was
associated with a rise in pH (8.7) (r = 0.22; p<0.05),
dissolved oxygen (10.1 mg I'") (r = 0.21; p<0.05) and
nitrogen nutrients (NOz and NOj3) concentrations
(t = 032 p<0.001 and r = 0.40; p<0.001

Table 3

Pearson’s correlation coefficient for the potentially
toxic dinoflagellate species and environmental
parameters in Tunis north lagoon from January to
December 2007 (N = 120).

| 1T | s | pH | 0, INH,] NO, | NO; [PO,
G. spinifera -0.31*%* -0.29* -0.18* - - - - -
A. catenella -0.27* 0.22* |0.21* | - 0.32** 0.40**| -
A. insuetum - o2 - - - 1 -1
A. lee - - L
A. minutum - - - |021*
A. p-gonyaulax - -t - -y -
A. tamarense 0.21* 0.26* - |-021* - - | -020 -
P. lima - - - -
P. minimum - lo02a*
P. concavum 0.21*  0.27* - - -
D. sacculus 0.36** 0.45%* - [-022% - |
D. acuminata - -0.23* - -
D. fortii - | -
D. caudata 0.21*
C. monotis -
O. siamensis

(-) no significance; (*) p < 0.05; (**) p < 0.001

respectively) and a drop in water temperature
(r = -0.27; p<0.05).

High A.  tamarense cell concentration was
positively correlated with temperature (r = 0.21;
$<0.05) and salinity (r = 0.26; p<0.05) and low levels
of NOs (r = -0.20; p<0.05).

A. insuetum was weakly positively correlated with
salinity (r = 0.22; p<0.05), whereas other Alexandrium
species (A. ke, A. minutum and A. psendogonyanlax), as

well as P. Jima, D. fortii, C. monotis and O.
siamensis, had no significant correlations with the
environmental factors.

The abundance of the species G. spinifera was
correlated with a decrease in water temperature
(r = -0.31; p<0.001) and salinity (r = -0.29; p<<0.05)
and had a low negative correlation with the variable
pH (& =-0.18; »p<0.05)

Both P. winimum and D. acuminata had a
significant correlation with salinity, which was
positive (r = 0.24; p<0.05) and negative (r = -0.23;
$<0.05), respectively.

P. concavum was positively correlated with both
water temperature (r = 0.21; p<0.05) and salinity (r =
0.27; p<0.05), whereas the species D. candata was only
correlated with the temperature parameter (r = 0.21;
$<0.05).

The most abundant species, D. sacculus, had a
significant correlation with temperature (r = 0.36;
$<0.001) and salinity (r = 0.45; p<0.001) and a
negative correlation with dissolved oxygen (r = -0.22;

<0.05).
The case study of Dinophysis sacculus

As evidenced previously, Dinophysis sacculus was
the most abundant species, in this study petiod. It
was detected at all the sampling sites. Based on these
results, we proposed to study the case of this species
in the following part of this work.

A general pattern can be deduced from the
clustering of the samples data (Figs 5, 0); seasonal
groups of samples showed that spring, winter and
autumn are clustered together (group 1) and samples
of the summer season are clustered together (group
II). The linkage distance is, on average, indicating low
dissimilarity between the two groups (at 75%).

Morteovert, at the similarity of 85%, the cluster
analysis indicates the separation of smaller groups of
samples: the first sub-group includes samples of
spring, winter and late autumn (group IA); the
second one consists of samples of early autumn
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o D. sacculus

75

80
a5

Similarity

Fig. 5. Cluster analysis of Dinophysis sacculus density;
classification of the total sampling and seasonal data.
Bary-Curtis similarity and group average were used.

Stress: 0.06

D. sacculus

Fig. 6. Non-metric MDS ordination of square-root
transformed Dinophysis sacculus abundance data from
Tunis northern lagoon, from January to December
2007.

(group IB). The two sub-groups constitute the group
L

The samples collected during early summer,
except for one sample from early June (Jni), are
clustered together in the third sub-group (group IIA).
On the other hand, the fourth sub-group (group 1IB)
clustered samples of late summer. The two last sub-
groups form the group II.

DISCUSSION

It has been commonly recognized that
collection of data on the characteristics, causes and
dynamics of HABs, especially toxic species,
contributes to the development of appropriate
monitoring programs and preventative measures
against the occurrence of such harmful events in

coastal ecosystems (Cembella et al. 2005, Ranston et
al. 2006, Riegman 1991, Todd 1993, Work et al.
1993). A prerequisite for this is the detailed
investigation of the spatial and temporal dynamics of
the species involved across the extensive temporal
scales along with the corresponding environmental
conditions (ICES 2005).

The water of Tunis northern lagoon appears
characterized by the high DIN/DIP ratio and greater
potential for phosphorus limitation. Overall, N-
NH4* was the most abundant nutrient throughout
the lagoon. According to Harrison (1976), Nedwell et
al. (2002) and Badylak & Philips (2004), these
conditions may favor the growth and proliferation of
dinoflagellates species. Collos et al. (2004) and Imai
et al. (2006) showed also that deficiency of
phosphorus in coastal areas can favor the
development of some toxic dinoflagellates, such as
the Alexandrinm genus.

In the present study it was observed that the
species  _Alexcandrinm  pseudogonyantax, Alexandrinm
tamarense, Coolia monotis and Prorocentrum minimum co-
occurred and proliferated mainly during the late
spring and summer season as a result of calm
weather conditions, stagnant water and relative high
water temperature and salinity.

It was evident that higher abundance of
potentially harmful dinoflagellate species commonly
occurred during spring-summer and early autumn
periods, coinciding with an increase in salinity In fact
during this period, high barometric pressure
conditions permitted the stability of the shallow
water column and likely favored the formation of
potentially harmful dinoflagellate assemblages.

The species D. sacculus had the highest density in
winter at site B (4.6 X 104 cells I'! in January 2007)
but it proliferated also for a long period during spring
and summer seasons at all sampling sites. According
to Delmas et al. (1992) and Godhe et al. (2002), it has
been demonstrated that the dinoflagellate Dinophysis
spp. was favored by low salinity.

Almost all studied species occurred with
extremely low abundance or were completely absent
in the main period, whereas at most of the sites the
abundant species, Dinophysis  sacculus, Gonyanlax
spinifera and  Prorocentrum minimum, were present in
rather high concentrations compared with all other
species. The occurrence of these three species
throughout the year may be explained by their
tolerance to the lagoon hydrological and
environmental conditions, whereas Dingphysis sacculus
and  Prorocentrum minimum favor summer conditions.
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According to Jacobson and Andersen (1994) D.
sacculus is considered as a mixotrophic species, partly
independent of the ambient nutrient conditions.

Benthic potentially toxic dinoflagellates Coolia
monotis, Ostreopsis siamensis and Prorocentrum lima were
infrequently observed in the water column, and their
presence may be attributed to the shallowness of the
lagoon and the continuous sediment re-suspension
by the blowing winds, because they were often
detected at site D, the most shallow section in this
lagoon. This result is confirmed by the work of Armi
et al. (2010a) describing Coolia monotis dynamics in
this lagoon during spring 2006.

The environmental conditions enhancing the
growth and proliferation of the most abundant
species in the lagoon are in accordance with those
observed in the previous studies (Annabi-Trabelsi et
al. 2003, Armi et al. 2008, Armi et al. 2010b).

The majority of the population sizes of
potentially toxic species in Tunis northern lagoon are
significantly correlated with physical and weather
conditions, such as salinity and temperature, but
show no significant correlation with nutrient
enrichments. The fact that this trend seems to be
recurrent, indicates that environmental conditions in
the lagoon favor the proliferation of dinoflagellate
species and their suppressed blooms suggest a
potential threat to the ecosystem, demonstrated also
by the cover-abundance relationship (Dolapsakis et
al. 2008).

Most  of the potentially toxic species
encountered in Tunis northern lagoon appear to have
established populations. Some of the dinoflagellates
investigated in the present study, such as Alexandrium
species, Coolia monotis, Ostreopsis siamensis, P. concavum
and P. /ima are known cyst-forming species
(Matsuoka and Fukuyo 2000). Dinoflagellate
encystment and excystment are known to play a
crucial role in the ecology and blooming potential of
species (Pefia-Manjarrez et al. 2005), and support the
view that occurrence and proliferations may have
resulted from cyst germination under favorable
resource supply and environmental conditions
(Anderson and Keafer 1985).

The assumption that the majority of the studied
species have established populations in the lagoon is
also supported by their continuous presence in the
water column throughout the year. One possible
explanation for this trend is that species developing
dense populations are more likely to have established
local populations (possibly widespread) in a given
area, thus enhancing their ability to bloom under

favorable conditions. Furthermore, Tunis north
lagoon is especially suitable for species establishment
and blooming, because it is a semi-closed shallow
area, affected by nutrient-rich freshwater inputs
during rainfall periods and stagnant climatic
conditions for a long time each year (Armi et al.
2008, 2010a), offering a diverse aquatic proliferation
environment.  The  probability —of  species
establishment is further supported by the fact that
species’ densities used in the current study were
averaged not only in space but also in time.
Therefore, it seems that species which tend to be
present throughout the year (i.e. established species)
are likely to proliferate and form blooms.

The cluster analysis of the data set, which
consisted of 120 samples distributed throughout the
lagoon area, resulted in high dissimilarity related to
the studied species densities. In fact, according to the
potentially toxic dinoflagellates densities, results of
the hierarchical cluster analysis indicated the presence
of a few similar groupings, which indicates a large
difference and no significant similarity between
individuals’ concentrations during this year-long
period.

D. sacculus sampling cluster analysis showed a
significant difference between summer and winter
groups. The difference between the summer and
winter communities could largely be ascribed to
changes in the relative abundance of this species
during the two seasons.

CONCLUSION

The results of the survey indicate that the
potentially toxic dinoflagellates community structure,
species composition and biomass within Tunis
northern lagoon  conditions are  determined
essentially by the interactive effects of temperature,
salinity, water column stability and nutrients status.
The lack of any significant spatial variability in the
species densities and dynamics throughout the
lagoon can be ascribed to the virtual absence of a
vertical gradient in temperature and salinity and
daylight due to the shallow area.

It is important to mention that nutrients were
not among the most significant factors that
previously affected the defined community types
when data from all locations were combined. While
the analysis of the phytoplankton community
structure covering all seasonal successional stages
confirmed it to be sensitive to nutrient
concentrations at the location level.
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This  year-long  study  indicates  that
phytoplankton community in Tunis northern lagoon
was dominated by dinoflagellates in the seasons of
spring, summer and early autumn.

It was clear that among these species, the
potentially DSP  species, Dinophysis  sacculus  is
considered as an omnipresent species in this lagoon.
It occurred throughout the year at all sampling sites.
This species was positively correlated with water
temperature and salinity, nevertheless it has no a
significant correlation with nutrients levels.

It seems that temperature and salinity influenced
the distribution of the majority of potentially toxic
dinoflagellates species. It was evident that higher
abundance of potentially toxic dinoflagellates species
commonly occurred during spring, summer and early
autumn, the periods coinciding with an increase in
salinity and temperature in this area. During this
period, essentially climatic conditions favored the
proliferation of dinoflagellate assemblages, including
the toxic species.

Detailed analyses and comparisons of
ecosystems are needed to understand why only
specific lagoons are susceptible to development of
harmful microalgae events.
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