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ABSTRACT 

Our work was aimed to study the phytoplankton communities in two coastal sites placed in Natural Reserve “Lake of 
Tarsia-Mouth of river Crati” in Northern Ionian Sea-Calabria (Italy). This zone represents a wetland area of high natural 
interest populated by different organisms (animals and plants) living in a transitional ecosystem characterized by a great 
biodiversity. The sampling was performed in two different seasonal periods (summer and autumn 2012) and in two dif- 
ferent sites (marine site vs fluvial one). Different algal genera/species were recognized and analyzed by Utermöhl in- 
verted microscope method and also qualitative and quantitative measures of biomass were performed. The results 
showed that the dominant group was the Diatoms with exclusive species in such periods in both the sampling sites; we 
also observed the presence of genera and/or species of potentially toxic algae (Pseudo-nitzschia sp., Alexandrium tay- 
lori, Prorocentrum micans, Skeletonema sp.), mostly in summer. Complessively, the phytoplankton biomass was al-
ways higher in marine site than in the fluvial site. The results were also processed considering the context of the chemi-
cal-physical parameters (such as temperature, pH, salinity, nutrients). The high concentration of the nutrients N and P in 
such periods indicated a state of meso-eutrophic waters both in the proximity of river site as well as in the marine zone. 
The data represent the first contribution to the knowledge of the phytoplankton structure in this area, which results in a 
very variable environment with a high recovery capacity. 
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1. Introduction 

The study of phytoplankton derives from the importance 
that this plays as a major primary producer in aquatic 
environment. In fact, the phytoplankton is at the base of 
the food chain and it allows the livelihood of entire bio- 
logical community of the ecosystem to which it belongs. 
Furthermore, the phytoplankton is one of the most 
important structural components, upon which scientific 
attention focuses when a management plan or an assess- 
ment of ecosystem health is required [1]. Aquatic envi- 
ronments are subject to high temporal variability, with 
frequent reorganization of the relative abundance and 
species composition of phytoplankton as a result of the 
interactions between physical, chemical and biological 
variables [2]. The study of changes in phytoplankton 
densities, biomass, species composition and primary pro- 
duction is essential to define the quality of marine and 

coastal waters, which are often altered by excessive ur- 
banization and human activities, such as tourism, agricul- 
ture, aquaculture, etc. [3]. Over the last centuries, differ- 
ent direct and indirect human activities have modified the 
loads and fluxes of nutrients and sediments in surface 
waters, ground waters and through the hydrographic sys- 
tem towards the marine coastal ecosystem [4]. So, the 
knowledge of the different phytoplankton communities is 
critical to establish both the tropic structure and the bio- 
diversity of ecosystem. Regarding the phytoplankton 
community of the Calabria water (both marine and fresh 
water), the literature data are very poor and fragmentary, 
and, as regards the transition zones, they are totally absent. 
In this study we performed a first approach to define the 
general features of the phytoplankton communities and 
their dynamics in a transitional environment of the Cala- 
bria coast. The mouths of large rivers are special envi-  
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ronments, where the transition between land and sea and 
freshwater mixing with salted ones occurs, creating a mo- 
saic of different habitats (reedbeds, ponds, lagoons, san- 
dy islands, sandbars, flooded forests) of high natural in- 
terest. These habitats are highly sensitive ecosystems, with 
an ecology that depends strongly on both freshwater in- 
puts and seawater exchanges; they are also under consi- 
derable natural stress because of the great variability in a 
large number of environmental factors, such as tempera- 
ture, salinity and nutrients that mostly influence the phyto- 
plankton composition and dynamics [5]. The phytoplank- 
ton variability is a primary driver of the chemical and bi- 
ological dynamics of the coastal zone because it directly 
affects the water quality, the biogeochemical cycling of 
reactive elements and the food supply of consumer orga- 
nisms [6]. Therefore, the data provided by monitoring phy- 
toplankton are very useful indicators of environmental 
quality [7]. In this perspective, we performed a prelimi- 
nary study on the composition and abundance of the phy- 
toplankton communities and the trophic state of two sites 
near the mouth of the river Crati (Northern Ionian Sea). 
The analysis involved the identification of phytoplankton 
populations living at the mouth of the river Crati in two 
different seasonal periods (summer and autumn 2012). 
The results showed that the structure of the phytoplank- 
ton communities reflects the great variability of the exa- 
mined environment, especially in relation to the river dis- 
charge, in turn, related to meteorological events. 

2. Material and Methods  

2.1. Study-Area  

The selected area is placed in the Regional Natural Ris- 
erve “Lake of Tarsia-Mouth of river Crati”, which in- 
cludes several wetlands located along the river Crati. The 
establishment of the Regional Natural Reserves Lake of 
Tarsia-Mouth of the Crati is a site included in the Rasmar 
Convention and it is an Important Bird Area and a Site of 
Community Importance; the same Reserve aims to pro- 
tect biodiversity and to implement specific projects im- 
proving the environmental quality of territory. The 
Natural Reserve extends over an area of approximately 
600 hectares and it includes, in the North, the mouth of 
the river Crati, in the South the Tarsia Dam Reservoir; 
both the zones represent important wetland areas of great 
natural interest for the presence of different ecosystems 
and for a wide variety of plant and animal species. In this 
Regional Reserves we selected two sampling areas: the 
first named “fluvial site” located very close to the the 
mouth of river Crati (39˚43'26''N, 16˚31'48''E); the sec- 
ond one named “marine site” located in the coastal zone, 
outside the mouth of the river and next to the accumula- 
tion of debris released by the delta of the river (Figure 1).  

2.2. Phytoplankton Sampling and Laboratory 
Analyses 

The phytoplankton sampling was carried out in June and 
October 2012 using nets of 20 µ mesh; we sampled at a 
depth of 2 m, along a transect about 1 km length. Water 
subsamples of 500 ml were fixed in paraformaldehyde 
solution at 5% in dark glass bottles and they were trans- 
ported to the laboratory, stored at 4˚C and subsequently 
analyzed using the Utermöhl inverted microscope me- 
thod [8]. After, each sample was thoroughly mixed and 
variable volumes of water (5 - 10 ml), depending on phy- 
toplankton density, were transferred into sedimentation 
chambers and allowed to settle. Cell counts were made 
with a Leica DML inverted microscope at magnification 
of 20× and species belonging to the major taxonomic 
groups were identified. Identification was predominantly 
based using the taxonomic keys [9,10]. The cell abundance 
(ind L-1) and the Shannon-Wiener diversity index (SWDIV) 
were calculated [11]. Water temperature (T˚C), total dis- 
solved salts (TDS ppt ‰), electrical conductivity (EC 
µS), dissolved oxygen (DO %) and pH were measured in 
situ with a multiparameter probe (MAR-3-Idromaram- 
biente-Italy) at the superficial layers (30 cm depth). Wa- 
ter samples were also collected in dark bottles and stored 
in cold conditions for the laboratory analysis of ammo- 
nium (N–NH4), nitrite (N–NO2), nitrate (N–NO3) and to- 
tal phosphorus (TP) according to Strickland and Parsons, 
1972 [12]. In the same sampling areas the Shannon-Wie- 
ner diversity index (H’) was applied in order to evaluate 
the species diversity [13].  

3. Results and Discussion 

3.1. Environmental Context  

The epilimnetic temperature showed a seasonal dynamic, 
typical of Northern Ionian Sea, with minima in winter 
and maxima in summer. In both the sampling sites, the 
maximum value was detected in July, with a slight shift 
 

 

Figure 1. Map of mouth of the river Crati in the Natural 
Reserve “Lake of Tarsia-Mouth of river Crati”—Northern 
Ionian Sea, Calabria-Italy. Sampling sites: fluvial site (1); 
marine site (2). 
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between the two sites: max 28.6˚C in the marine site on 
July 18th and max 28.1˚C in the fluvial one on July 31st 

(Figure 2(a)). The observed variations in water tem- 
perature in the two analyzed areas depend mainly on the  

 
  Marine site     Fluvial site

 

 
(a)                                           (b) 

         
(c)                                           (d) 

         
(e)                                           (f) 

          
(g)                                           (h) 

Figure 2. Temporal dynamic of the environmental parameters considered and their monthly variability in the sampling sites 
of Regional Natural Riserve “Lake of Tarsia-Mouth of River Crati” Epilimnetic temperature (a); air temperature (b); Sali- 

ity (c,d); electrical conductivity (e,f); Dissolved oxygen (g); pH (h). n 
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sampling period and they are strictly correlated to the at- 
mospheric temperature (Figure 2(b)). The decrease and 
increase in water temperature depend also on the climatic 
conditions and the specific characteristics of water envi- 
ronment such as turbidity, wind force, plant cover af- 
fected these values [14]. 

The salinity values, related to the quantity of dissolved 
salts in the two sampling areas, respectively fluvial site 
vs marine site, show a ratio of 1:100 (Figures 2(c) and 
(d)). In particular, there are abrupt falls in salinity of ma- 
rine site between July and September (from 35‰ to 
23‰), probably caused by strong rainfall and the biggest 
river flow (Figure 2(d)); in the fluvial site the abrupt 
falls were detected between September 13th and 18th 
(from 0.25‰ to 0.16‰) and between September 21st and 
October 2nd (from 0.16‰ to 0.28‰), also in relation to 
higher rainfalls (Figure 2(d)).  

The electrical conductivity values are found in the 
same trend of the salinity in the both sampling areas be- 
cause of the close correlation between these two parame- 
ters (Figures 2(e) and (f)). However, in this case, the 
values of electrical conductivity in the marine site show a 
ratio of 1:150 than the river site (Figure 2(e)). Several 
factors influence the conductivity including temperature, 
ionic mobility and ionic valences. In turn, conductivity 
provides a rapid mean of obtaining approximate knowl- 
edge of total dissolved salts concentration and salinity of 
water sample [14]. 

The dissolved oxygen data (expressed as % of satura- 
tion) showed high values of 123% and 120% in the ma- 
rine site (respectively in June and October 2012) and 
critical values of 51.4% and 52.3% in the fluvial site (re- 
spectively in July and October 2012) (Figure 2(g)). The 
dissolved oxygen is a parameter correlated to trophic sta- 
tus; values close to 100% saturation are optimal condi- 
tions, lower values indicate worst environmental quality 
until reaching zero for anoxia conditions; even higher va- 
lues of 150% indicate critical conditions. The increase in 
dissolved oxygen levels might be the result of runoffs 
accounted for by autumn rains. At last, dissolved oxygen 
thus shows inverse relationship with water temperature 
(Figure 2(g)). As far as the pH, it constitutes an impor- 

tant factor that determines the suitability of water for va- 
rious purposes [15]. The temporal trend of pH in the 
sampling sites showed the greatest variations in the flu- 
vial site (max 8.9 in July, min 6.2 in October) probably 
due to the instability of the river flow which can also 
vary in the dissolving organic material; more pronounced 
changes (7.45 to 8.65) were observed between June and 
July in marine area (Figure 2(h)), while pH maintained 
more stable (around 7.5 on average) during the period 
from September to October 2012 (Figure 2(h)).  

The concentration of total azote (TN) and total phos- 
phorous (TP) have been analyzed in four field sampling 
(Table 1) and compared with the reference values for 
trophic state of the water [16]. The concentrations of N 
(as ammonium, nitrites and nitrates) and the total P, show 
variable values depending on the sampling period (Table 
1). The hydrochemical data showed a great variability of 
the examined environment: in fact, we observed periods 
in which the values are significantly higher than those of 
reference values and other periods in which the amount 
of nutrients are below the limit of detection (not de- 
tectednd in Table 1). Complessively the nutrient con- 
centrations referred the study-area as high trophic state 
(Table 1). In particular, as far as ammonium (N-NH4+) 
is concerned, we detected rather high values in marine 
area (3 mg/l from July to October) compared to the ref- 
erence values for oligotrophic water (< 0.01 mg/l); in the 
fluvial site concentration of N-NH4+ varied between 
0.17 - 0.27 mg/l, indicating probably a recent organic 
contamination (Table 1). As far as the nitrites (N-NO2) is 
concerned, there was a very high value (35 mg/l) in June 
in the fluvial site, while in the marine one there is a rela- 
tively high value only in the sample of October 2012 (3.7 
mg/l) compared to the reference values for oligotrophic 
water (< 1 mg/l) indicating a high trophic level (Table 1). 
The concentrations of nitrates (N-NO3) showed a very 
high variability with values below the limit of detection 
in some periods and with very high values in other ones 
(Table 1). In particular, in the marine area, in the sam- 
pling of October, a value of 13.9 mg/l was found com- 
pared to 33.2 mg/l founded in the fluvial site, probably 
indicating a source of organic pollution. 

 
Table 1. Nutrients values (mg/l) recorded in the two sampling areas (marine site vs fluvial one) during the seasonal periods 
(nd: not detected value). 

Date NH4+ mg/l Nitrites (N-NO2) mg/l Nitrates (N-NO3) mg/l Total P (TP) mg/l 

 Marine site Fluvial site Marine site Fluvial site Marine site Fluvial site Marine site Fluvial site 

June 27 nd nd nd 35 nd nd nd 0.08 

Sept 13 3 0.26 nd 8 nd nd 0.12 0.07 

Oct 02 3 0.17 3.7 nd 13.9 nd 0.1 2.27 

Oct 15 3 0.27 nd nd nd 33.2 0.04 0.11 
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Complessively, the variations in the total N detected in 

the study areas, may be mainly due to the atmosphere, 
surface runoff, sewage discharges, agricultural fertilizers 
and organic wastes. The highest recorded values may be 
due to the increased phytoplankton excretion, oxidation 
of ammonia and the reduction of nitrate and also by the 
recycling of nitrogen and bacterial decomposition of 
planktonic detritus which are present in the environment 
[17]. Finally, high concentration of total phosphorus (TP) 
(2.27 mg/l) was observed in the fluvial site in October, 
compared to the reference values for oligotrophic water 
(< 0.02 mg/l) indicating a high trophic level (Table 1) 
(reference value for high eutrophy is ˃ 0.2 mg/L).  

3.2. Phytoplankton Composition, Abundance 
and Diversity  

A total of 38 phytoplanktonic genera/species, belonging 
to three taxonomic groups (Dinophyceae, Bacillariophy- 
ceae and Chloropyceae), were recorded during the survey 
(Table 2). In this study 9 genera/species of Dinophy- 
ceae, 22 genera/species Bacillariophyceae (Diatoms) and 
2 genera/species of Chloropyceae (green algae) were 
identified. In particular, 31 phytoplanktonic genera were 
recorded in the samples of the marine area and 24 genera 
in the fluvial one; furthermore 6 genera of Dinophyceae 
and 4 genera of Bacillariophyceae were exclusive of the 
marine area (Table 2). The most diverse and abundant 
group was Bacillariophyceae, which contributed 86% - 
91% of the total assemblage of phytoplankton in marine 
area, and 94% - 99% of the total assemblage of phyto- 
plankton in fluvial one, respectively in both seasonal 
sampling periods (June and October 2012) (Figures 3(a)- 
(d)). As far as the Bacillariophyceae, in the sampling of 
June Pseudo-Nitzschia sp., Leptocilindrus sp., and Ske- 
letonema sp. were the most dominant diatoms genera in 
the marine zone while the genus Leptocilindrus sp. and 
Lytodesmum danicus were the most dominant in the flu- 
vial area; in the sampling of October, the diatoms genera 
Leptocilindrus sp., PseudoNitzschia sp., and Lythodes- 
mum danicus decreased drastically in both analyzed areas. 
In the same sampling period, the diatoms Haslea wa- 
wrikae, Nitzschia longissima, Pseudo-Nitzschia sp., Ly- 
thodesmum danicus, Hemiaulus hauckii, Proboscia alata, 
Asterionellopsis sp., Guinardia flaccida, Talassiotrix sp., 
Tricotoxon sp. and Amphora sp. were exclusive species 
of the marine area, even if at low-density; while, Fra- 
gilariopsis sp. and Manguinea sp. and Fragilaria stria- 
tula appeared in both analyzed areas and, among these F. 
striatula was the most dominant, especially in marine 
sample (Table 2). The second most dominant taxonomic 
group was the Dinophyceae which contributed 12% - 8% 
of the total identified phytoplankton communities in ma- 
rine samples and 2% - 1% of the total phytoplankton 
communities in fluvial ones, respectively in the two 

Table 2. Floristic list of genera and/or species detected in 
the sampling periods in the two study-areas (marine site vs 
fluvial one). Legend: + = almost absent; ++ = little abundant; 
+++ = abundant; ++++ = very abundant; (*) = genera that 
include potentially toxic species. 

 June 27 Oct 02 

 
Marine 

site 
Fluvial 

site 
Marine

site 
Fluvial

site 

Genera/Species     

Dinophyceae     

Alexandrium taylori (*) +++ - - - 

Ceratium furca + - ++ + 

Ceratiumtrichoceros - - + - 

Ceratocoryshorrida + - - - 

Dinophisis sp. + - - - 

Mesoporos sp. + - - - 

Prorocentrum micans ++ + - - 

Protoceratium sp. + - - - 

Protoperidinium sp. + - - - 

Bacillariophyceae     

Amphora sp. - - + - 

Asterionellopsis sp. + + - - 

Fragilaria striatula + + +++ + 

Fragilariopsis sp. - - + + 

Guinardia flaccida + + + - 

Gyrosigma sp. + + + + 

Haslea wawrikae ++ ++ + - 

Hemialus hauckii + + + - 

Leptocilindrus sp. ++++ +++ + + 

Licmophora gracilis - + - - 

Lythodesmum danicus +++ +++ + - 

Manguinea sp. - - + + 

Navicula sp. + + ++ ++ 

Nitzschia longissima ++ + + - 

Plagiotropis sp. + + - + 

Proboscia alata ++ + + - 

Pseudo-Nitzschiasp. (*) ++++ + + - 

Rhizosolenia sp. + + - - 

Sinedropsis sp. + + + + 

Skeletonemasp. (*) ++ + - - 

Thalassiosira sp. - + - - 

Thalassiotrix sp. - - + - 

Chlorophyceae     

Pediastrum sp. + + + - 

Scenedesmus quadricauda + + + - 
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  Dinophyceae    Bacillariophyceae     Chlorophyceae 

 
(a)                                           (b) 

 
(c)                                           (d) 

Figure 3. Abundance (%) of phytoplankton communities in the sampling sites at June 2012 marine site (a) and fluvial site (b); 
at October 2012 marine site (c) and fluvial site (d). 
 
seasonal sampling periods (June and October 2012) (Fi- 
gures 3(a)-(d)). As far as the Dinophyceae are concerned, 
Prorocentrum micans was identified in the two studied 
areas in June, while the genera Dinophisis sp. Protope- 
ridinium sp., Mesoporos sp., Protoceratium sp. and the 
species Ceratocory horrida, Alexandrium taylori were 
exclusive of the marine area (Table 2). In the sampling 
of October, a seasonal variation in species composition 
was observed: all the genera, identified in the marine 
area in June, were absent in October, except for Ceratium 
furca, identified in the both sampling areas; furthermore, 
Ceratium thricoceros was observed for the first time only 
in the marine area and Alexandrium taylori, a potentially 
toxic species, disappeared completely in October (Table 
2). The Chloropyceae were the under-represented group 
which covered only 2% - 1% of the total assemblage of 
phytoplankton in the marine site and 3% - 0% in the 
fluvial one, respectively in the two seasonal sampling 

periods (June and October 2012) (Figures 3(a)-(d)). Sce- 
nedesmus quadricauda and Pediastrum sp. were the only 
detected Chloropyceae in both study-areas in June, while 
they were no longer found in the mouth area in the sam- 
pling of October (Table 2). The total phytoplankton bi- 
omass, expressed as total densities (cell/ml), is always hi- 
gher in marine area vs fluvial area in both sampling pe- 
riod (Figures 4(a) and (b)); a significant reduction in the 
phytoplankton density of the fluvial area was observed in 
October (Figure 4(b)). As far as the dominant species, in 
the sampling of June, in the marine area, the diatoms 
Pseudo-Nitzschia sp. and Leptocilindrus sp. showed a 
density of 10,926 cell/ml and 8849 cell/ml respectively, 
representing 33.6% and 27.2% of the whole Diatoms 
group (Table 3); on the contrary, the genera Sinedropsis 
sp., Plagiotropis sp. and Rhizosolenia sp. show the low- 
est density (0.1%) (Table 3). In the same sampling pe- 
riod, in the fluvial area, the higher density was supported    
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    Marine site     Fluvial site 

 
(a)                                           (b) 

Figure 4. Total phytoplankton biomass (cell/ml) in the sampling sites at June 2012 (a) and October 2012 (b). 
 
by the diatom Leptocilindrus sp., although with a lower 
density respect to the marine area (5660 cell/ml vs 8849 
cell/ml); also Pseudo-Nitzschia sp. density was greatly 
reduced in the fluvial area (170 cell/ml vs 10926 cell/ml) 
(Table 3). The lowest density was achieved by genera 
Rhizosolenia sp., Gyrosigma sp., Sinedropsis sp. and the 
species Fragilaria striatula (Table 3). Regarding Dino- 
phyceae, the dominant species was Alexandrium taylori 
(2077 cell/ml) representing 64% of the total number of 
Dinophyceae (Table 3); Dinophisis sp. and Ceratium 
furca showed the lowest density (24 cell/ml) (Table 3). 
Complessively, in the sampling of June, the Dinophyceae 
communities were very different in the two sampling 
areas: all genera/species identified in sea area, were ab- 
sent in the fluvial one, except for Prorocentrum micans, 
assesed at a reduced density than half compared to ma- 
rine sample (340 cell/ml vs 617 cell/ml) (Table 3). In 
October, the density of different phytoplankton genera 
decreased noticeably in the samples of marine area, and 
Fragilaria striatula showed the highest density, repre- 
senting the 69.2% of total number of Diatoms (20,694 
cell/ml) (Table 3); it was followed by the genera Navi- 
cula sp. (2292 cell/ml) and Sinedropsis sp. (11,179 cell/ml) 
(Table 3). In the samples of mouth, many genera/species 
such as Nitzschia longissima, Pseudo-Nitzschia sp. and 
Guinardia flaccida were absent; the higher density were 
achieved by Navicula sp. (840 cell/ml; 39% of the total 
number of Diatoms); Fragilariopsis sp. and Fragilaria 
striatula (22% and 16% respectively) (Table 3). As far 
as the Dinophyceae, in the marine samples, all genera/ 
species detected in June disappeared in October, except 
for Ceratium furca (2448 cell/ml) which represented 
94% of the total number of Dinophyceae; C. trichoceros 
wasn’t prominent (Table 3). In the samples of mouth 
Prorocentrum micans disappeared and Ceratium furca 
was the only present species (22 cell/ml) (Table 3). The 

Shannon-Wiener diversity index (H’) based on the rela- 
tive species abundance, showed the higher value (2.1) in 
the marine site on June 2012, when the Diatoms reached 
a high variety in species; the lowest value (1.5) was in 
the fluvial area on October when 10 genera/species of 
Diatoms disappear. Complessively, comparing the diffe- 
rences between ecological communities in marine site vs 
fluvial one, the diversity was relatively high in the ma- 
rine area which indicates good environmental conditions 
and a moderate trophy of waters. 

4. Conclusion 

The primary objective of this study was to investigate the 
phytoplankton communities in a coastal site of the Natu- 
ral Reserve “Lake of Tarsia—Mouth of the river Crati”. 
Phytoplankton is a useful indicator of water quality, be- 
cause these communities develop and exist under the 
influence of environmental biological and physical fac- 
tors [18,19]. Moreover, the Natural Reserve “Lake of 
Tarsia-Mouth of the river Crati” is a very interesting 
transitional coastal ecosystem and, as deltas, estuaries 
and lagoons, is characterized by important environmental 
gradients such as water replacement, salinity, turbidity, 
structure of sediments and nutrient loading [20,21]. This 
study was carried out in two seasonal periods (June-Oc- 
tober 2012) and in two different sites (fluvial vs marine 
area). The hydrochemical data showed that studied areas 
were relatively eutrophic with high concentrations of 
total N and total P in both sampling sites. However, the 
two examined sites showed a very sudden change in nu- 
trient concentrations and availability, depending on the 
river regime and meteoric events. This probably induces 
the fast changes in phytoplankton composition that we 
observed. Phytoplankton communities are in fact, the 
first to suffer the effect and/or to draw any benefits from 
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Table 3. Taxa identified in two study-areas (marine site vs fluvial one) and their average abundance (cell/ml and %) during 
the sampling periods. 

 June 27 Oct 02 

 Marine site Fluvial site Marine site Fluvial site 

Genera/Species Abundance 

Dinophyceae cell/ml % cell/ml % cell/ml % cell/ml % 

Alexandrium taylori 2077 66.0 0 0.0 0 0.0 0 0.0 

Ceratium furca 25 0.8 0 0.0 2448 94.0 22 100.0 

Ceratium trichoceros 0 0.0 0 0.0 149 5.7 0 0.0 

Ceratocorys horrida 267 8.5 0 0.0 0 0.0 0 0.0 

Dinophisis sp. 25 0.8 0 0.0 0 0.0 0 0.0 

Mesoporos sp. 0 0.0 0 0.0 0 0.0 0 0.0 

Prorocentrum micans 617 19.0 341 100.0 0 0.0 0 0.0 

Protoceratium sp. 0 0.0 0 0.0 0 0.0 0 0.0 

Protoperidinium sp. 123 3.9 0 0.0 0 0.0 0 0.0 

Bacillariophyceae         

Amphora sp. 0 0.0 0 0.0 149 0.5 0 0.0 

Asterionellopsis sp. 222 0.7 296 2.1 66 0.2 0 0.0 

Fragilaria striatula 267 0.8 22 0.2 20694 69.2 346 16.0 

Fragilariopsis sp. 0 0.0 0 0.0 445 1.5 469 22.0 

Guinardia flaccida 197 0.6 123 0.9 66 0.2 0 0.0 

Gyrosigma sp. 49 0.2 22 0.2 594 2.0 49 2.3 

Haslea wawrikae 2373 7.3 741 5.3 1037 3.5 0 0.0 

Hemialus hauckii 494 1.5 123 0.9 289 10 0 0.0 

Leptocilindrus sp. 8849 27.2 5660 40.7 890 3.0 22 10.0 

Licmophora gracilis 0 0.0 49 0.4 0 0.0 0 0.0 

Lythodesmum danicus 3288 10 4796 34.5 133 0.4 0 0.0 

Manguinea sp. 0 0.0 0 0.0 594 2.0 123 5.7 

Navicula sp. 118 0.4 296 2.1 2292 7.7 840 39.0 

Nitzschia longissima 2893 8.9 689 5.0 66 0.2 0 0.0 

Plagiotropis sp. 24 0.1 49 0.4 0 0.0 22 10.0 

Proboscia alata 840 2.6 667 4.8 890 30 0 0.0 

Pseudo-Nitzschia sp. 10926 33.6 170 1.2 222 0.7 0 0.0 

Rhizosolenia sp. 24 0.1 22 0.2 0 0.0 0 0.0 

Sinedropsis sp. 24 0.1 22 0.2 1179 3.9 272 12.7 

Skeletonema sp. 1903 5.9 49 0.4 0 0.0 0 0.0 

Thalassiosira sp. 0 0.0 123 0.9 0 0.0 0 0.0 

Thalassiotrix sp. 0 0.0 0 0.0 222 0.7 0 0.0 

Chlorophyceae         

Scenedesmus quadricauda 24 4.4 314 58.6 149 50.0 0 0.0 

Pediastrum sp. 519 95.6 222 41.4 149 50.0 0 0.0 
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periods characterized by high presence of nutrients; the 
high trophy, detected especially in some periods, feeds 
phytoplankton growth with likely positive effects even 
for upper trophic rings [22,23]. Moreover, it is necessary 
to highlight that phytoplankton biodiversity and dynamo- 
ics in transitional waters are controlled by different fac- 
tors, such as flushing rate, residence time, depth, salinity, 
light and nutrient concentrations; the relevance of each of 
these factors to the dynamics of phytoplankton guilds is 
modulated by specific geo- and hydrodynamic properties 
of each singular transitional system, which determine the 
differentiation of phytoplankton assemblages [24]. 

Climatic variations affect phytoplankton directly by 
eliciting physiological and adaptive responses, and indi-
rectly by inducing hydrological and biological changes, 
which influence both bottom-up and top-down processes 
involving phytoplankton variability [25]. Recent studies 
have shown that long-term climate variability may also 
induce changes in the magnitudes and positions of phy- 
toplankton blooms, and in their composition and phenol- 
logy. The associated consequences may be propagated to 
higher trophic levels [26]. 

In our study, the estimated density has been used to 
describe the contribution of each taxon in algal community 
structure. The phytoplankton communities are dominated 
by Diatoms, pleased by reduced alkalinity and high nu- 
trient content [27]; they are also indicators of good water 
quality. In particular, the pennate diatoms bloomed espe- 
cially in summer in the marine area, when the fluvial in- 
put (mainly N-NO2) acts as feeding for the phytoplank- 
ton growth. The major phytoplanktonic biodiversity de- 
tected at June was coincident with the major variability 
in all the environmental parameters considered, particu- 
larly in nutrients and salinity. A large number of Diatoms 
were simultaneously present with the dominance of Pseu- 
donitzschia sp. in marine area; in October, when the strong 
rainfall began, the phytoplankton composition become 
less variable, with the completely dominant specie Fragi- 
laria striatula. Qualitative analyses indicated also the 
presence of genera that include potentially toxic species, 
such as Alexandrium taylori, Skeletonema sp., and Pseu- 
do-Nitzschia sp., in both sampling sites, with a higher 
percentage in June. Subsequent studies will provide a 
more detailed picture and clear seasonal dynamics of phy- 
toplankton communities and its relationship with the tro- 
phic chain. The intrinsic complexity of the phytoplankton 
system in transitional environments makes the analysis of 
long-term series particularly useful, allowing exploitable 
reconstructions of seasonal cycles of phytoplankton [28]. 
So, further sampling plans and monitoring programs could 
allow detecting any early blooms of these toxic algal spe- 
cies in the studied area. Nevertheless, this study may also 
serve as a baseline to investigate this transitional ecosys- 
tem that, in spite of this extreme variability in the nutrient 

input from local farmers and urban discharges to the river 
Crati, is able to maintain a good trophic status and a dis- 
crete biodiversity.  
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