
Open Journal of Marine Science, 2013, 3, 120-130 
http://dx.doi.org/10.4236/ojms.2013.32013 Published Online April 2013 (http://www.scirp.org/journal/ojms) 

Physical, Biochemical and Biological Characterization of 
Two Opposite Areas in the Southern Adriatic Sea  

(Mediterranean Sea) 

Alessandra Campanelli1, Marina Cabrini2, Federica Grilli1, Daniela Fornasaro2, Pierluigi Penna1, 
Zoran Kljajić3, Mauro Marini1* 

1CNR Institute of Marine Science, Ancona, Italy 
2OGS National Institute of Oceanography and Experimental Geophysics, Trieste, Italy 
3Institute of Marine Biology Kotor, University of Montenegro, Podgorica, Montenegro 

Email: *m.marini@ismar.cnr.it 
 

Received November 23, 2012; revised February 19, 2013; accepted March 2, 2013 
 

Copyright © 2013 Alessandra Campanelli et al. This is an open access article distributed under the Creative Commons Attribution 
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 

ABSTRACT 

The Drini and Manfredonia Gulfs were investigated in May 2008 and April 2009, respectively. The gulfs are located in 
the South Eastern (Gulf of Drini) and South Western (Gulf of Manfredonia) Adriatic Sea. The areas are partially influ- 
enced by two main Adriatic surface currents: the Eastern Adriatic Current-EAC that flows north-westward along the 
eastern side, and the Western Adriatic Current—WAC that flows south-eastward along the western side of the basin. 
The spatial variations of temperature, salinity, fluorescence, dissolved oxygen concentration, Coloured Dissolved Or- 
ganic Matter—CDOM, nutrients, chlorophyll a and phytoplankton composition parameters in the two areas were ob- 
served and compared. CDOM regulates the penetration of UV light into the sea and plays an important role in many 
hydrological and biogeochemical processes on the sea surface layer including primary productivity. The phytoplankton 
specific diversity of the Gulf of Manfredonia showed a spring community with dinoflagellates (21 taxa) as the main 
important fraction, coccolithophorales (6 taxa) and diatoms with 10 identified taxa. The phytoplankton distribution 
along the eastern coast showed a different biodiversity: a prevalence of dinoflagellates (58 taxa) included harmful mi- 
croalgae such as Alexandrium, Dinophysis and Lingulodinium genus. Diatoms were less abundant, among them 
Pseudo-nitzschia was also reported which could include some potentially toxic species. Nanoplankton are ever abun- 
dant in offshore waters and an exceptional bloom of cyanobacteria was registered in Buna-Boyana estuary due to strong 
industrial impact. The gulfs showed similar physical and biochemical characteristics despite the WAC carried out along 
the western Adriatic Sea the water rich in nutrients from the major northern Italian rivers. No correlations were found 
between CDOM and chlorophyll a in the two areas and this implied that, probably, the primary source of CDOM might 
come from terrestrial input rather than the biological production from phytoplankton. The Gulf of Drini is impacted by 
the runoff of the Buna-Bojana River that makes this gulf an eutrophic area despite the mostly eastern side of the Adri- 
atic being an oligotrophic basin. 
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1. Introduction 

The Southern Adriatic Sea extends approximately from 
the Pelagosa sill to the Otranto Strait [1]. It is character- 
ized by a wide depression more than 1200 m deep and 
exchanges water with the Mediterranean Sea through the 
Otranto Strait where the sill depth is about 800 m. The 
general circulation of the Southern Adriatic Sea is char- 
acterized by two coastal currents of surface waters flow- 

ing from the North along the western side and from the 
South along the eastern side [2,3]. The current along the 
western side transports relatively fresh water along the 
western boundary from the North Adriatic (WAC— 
Western Adriatic Current), one of the most productive 
areas of the Mediterranean [4,5]. The current along the 
eastern coast (SEAd—South Eastern Adriatic Current 
and EAC—East Adriatic Current) comes from the central 
Mediterranean Sea (Ionian Sea), one of most oligotrophic 
areas in the world [6], and it transports the Ionian Surface *Corresponding author. 

Copyright © 2013 SciRes.                                                                                OJMS 



A. CAMPANELLI  ET  AL. 121

Water (ISW, at the surface) and the Levantine Intermedi- 
ate Water (LIW; 200 m depth) along the eastern bound- 
ary northward into the Adriatic Sea [7]. Such water 
masses have different features, as the Adriatic surface 
waters show lower salinity and higher nutrient concen- 
trations, while the Ionian surface waters are saltier and 
warmer [8-11]. As a consequence, the South Adriatic Sea 
is distinctly oligotrophic, except for the Italian coastal 
areas affected by the nutrient-rich waters descending 
southward [12]. On the other hand, [3] show that the 
eastern coastal side (Montenegrin and Albanian areas) 
also presents eutrophic waters. Deeper water, Modified 
Levantine Intermediate Water (MLIW), contains high 
levels of nitrate, but is deficient in phosphorus [13]. 

The quality of coastal waters is a very important and 
sensitive issue. The chemical, physical and biological 
processes occurring in coastal zones can modify the ma- 
rine ecosystem conditions. The enrichment of water with 
nutrients (primarily nitrogen, silicon and phosphorus 
compounds) may result in the growth of algal biomass. 
In particular, light and nutrient levels in the surface layer 
were sufficient to sustain active phytoplankton growth in 
similar basins [14]. 

Light entering the ocean is absorbed by water, living 
and detrital particles, and dissolved materials (0.2 µm). 
Absorption by the latter component, also known as Coul- 
ored Dissolved Organic Matter (CDOM), is almost ex- 
clusively attributable to humic substances. It is well 
known, that the abundance and distribution of CDOM in 
many coastal waters is dominated by terrestrial inputs 
from rivers and runoff as decomposition of terrestrial 
organic matter yields light-absorbing compounds such as, 
humic and fulvic acids [15-17]. In particular, CDOM is 
produced near the surface of the open ocean as a result of 
a heterotrophic process [18-21] and is destroyed by solar 
bleaching in stratified waters [17,22-25]. Despite this, the 
optical activity of CDOM is (almost) never completely 
eliminated by solar bleaching or other natural processes, 
indicating the presence of a pool of CDOM that is at least 
partially resistant to solar bleaching and microbial deg- 
radation. CDOM regulates the penetration of UV light 
into the sea and mediates photochemical reactions, 
therefore playing an important role in many biogeoche- 
mical processes on the ocean surface including primary 
productivity and the air-sea exchange of radiatively im- 
portant trace gases [26-29]. The absorption of blue light 
by CDOM overlaps the phytoplankton absorption peak 
near 440 nm, resulting in a competition between CDOM 
and phytoplankton for light in this region of the visible 
spectrum [30-32]. To define the relationship between 
phytoplankton abundances and the absorption by disso- 
lved materials, CDOM absorption coefficients (aCDOM (λ)) 
are compared with chlorophyll concentrations [31,33].  

Significant correlations between chlorophyll a and aCDOM 
(λ) have been observed in eutrophic waters [34]. Gener- 
ally, however, aCDOM (λ) does not covary linearly with 
instantaneous estimates of pigment concentrations or 
phytoplankton productivity in coastal regions [35]. [33] 
hypothesized that such a covariation might exist if bio- 
logical activity were averaged over a seasonal time period. 
[14] found that if CDOM concentrations in the surface 
layer were reduced, then the euphotic zone would extend 
to the bottom and conditions would be favourable for the 
substantial growth of the phytoplankton population. The 
trophic features of the water column directly influence 
the structure of the plankton communities [36] and, for 
the Adriatic, this result is evident in the East-West and 
South-North gradient of the primary production [37]. 

The main goal of this study is to characterise two op- 
posite marine coastal areas located in the South West- 
ern (Gulf of Manfredonia) and in the South Eastern (Gulf 
of Drini) Adriatic Sea by using hydrological, biochemi- 
cal, biological and CDOM data. 

2. Methods 

In the framework of the ADRICOSM-STAR (ADRIatic 
sea integrated river basin and COstal areaS management 
system: Montenegro coaSTal ARea and Bojana river 
catchment) and the MEDPOL (MEDiterranean POL- 
lutants) projects two oceanographic surveys were carried 
out in May 2008 and April 2009 respectively. The phy- 
sical, biochemical and biological sampling was done in 
each station of the two areas Gulf of Manfredonia and 
Gulf of Drini (Figure 1) from the surface to the bottom 
depth. The two areas were sampled in different years and 
were slightly offset seasonally, but simultaneous obser- 
vations for the two regions do not yet exist. 

2.1. Study Areas 

The Gulf of Manfredonia is a shallow area located in the 
western part of the southern Adriatic Sea characterized 
by peculiar biochemical and hydrological characteristics 
due to the coastal morphology and rivers input. It is lo- 
cated in a transition zone between the northern and 
southern Adriatic circulation. The offshore circulation in 
the southern Adriatic sea is characterized by a cyclonic 
current [38,39] with seasonal variability [40,41]. Inside 
the gulf the circulation is mainly affected by winds, 
mainly N-NW and S-SE directions that generate cyclonic 
and anticyclonic gyres. The gulf is located in a sheltered 
area characterized by eutrophic water [42,43] compared 
to the southward area with a lower concentration of nu- 
trients [44]. The biochemical and hydrological character- 
istics of the gulf are affected by the coastal morphology, 
land inputs and Adriatic general circulation. The main  

Copyright © 2013 SciRes.                                                                                OJMS 



A. CAMPANELLI  ET  AL. 

Copyright © 2013 SciRes.                                                                                OJMS 

122 

 

 

Figure 1. Study area showing the station locations in the Gulf of Manfredonia and in the Gulf of Drini stations (blue dots) and 
the bathymetry (colour shading). 
 
river flowing into the gulf is the Ofanto with an average 
flow of 13.9 m3·s−1 [45]. Other minor rivers that flow 
into the gulf are torrent-like and practically dry in sum-
mer. The gulf of Manfredonia can be considered a com-
plex area under the potential threats of various wastes 
mainly deriving from urban and agricultural activities 
[46]. 

On the other hand, the river discharges of Northern It- 
aly, mainly Po (monthly mean discharge 1500 m3·s−1, 
28% of the total annual runoff in the Adriatic Sea; 
[47,48]), also have a strong impact on the physical and 
biochemical conditions of the western side of the Adri- 
atic Sea. 

The Gulf of Drini is a shallow area located in the east- 
ern part of the southern Adriatic Sea. It is characterized 
by significant eutrophic freshwater inputs particularly 
from the Buna/Bojana river [3]. The Buna/Bojana river 
has the largest single discharge (about 700 m3·s−1) and 
the combined discharge of all Albanian rivers is about 
1250 m3·s−1 [49]. [3] shows that during spring the south 
eastern Adriatic coastal circulation is characterized by a 
northward current (SESC—South Eastern Shelf Coastal 
current). This current is at the seaward edge of the 
Buna/Bojana area and it is parallel but distinct from the 
SEAd current which hugs the shelf slope and to which it 
reconnects after the Boka Kotorska Bay, when the ex- 
tended shelf of the south eastern Adriatic ends. The com- 
bination of natural and anthropogenic nutrients dis- 
charged from the south eastern Adriatic have the effect 
that the gulf of Drini may be considered an euthropic 
area like the areas located in the north western Adriatic 
in front of the Po River [3]. 

2.2. Water Analysis 

Oceanographic measurements were collected in the Gulf 
of Drini and in the Gulf of Manfredonia at several stations 
inside the gulfs (Figure 1) during two cruises, carried out 

aboard the R/V G. Dallaporta in May (10 - 17) 2008 and 
in April (21 - 26) 2009, respectively. 

The CTD (Conductivity-Temperature-Depth) data were 
collected at all the stations with a SeaBird Electronics 
SBE 911-plus CTD, equipped with additional sensors for 
dissolved oxygen (SBE43) and in situ fluorescence + 
turbiditimetry (Turner-SCUFA). The 24 Hz CTD data 
were processed according to [50] standards, and pres-
sure-averaged to 0.5 db intervals. Water samples were 
obtained by the upcasts with a SeaBird Carousel rosette 
water sampler equipped with 10-litre Niskin bottles.  

Samples of CDOM, chlorophyll a, nutrients and phy- 
toplankton at the suitable depths and stations were col- 
lected. 

To measure CDOM absorption, water samples were 
filtered through 0.2 µm Nucleopore membrane filters, 
then stored in the dark under refrigeration (4˚C to 8˚C) 
and analysed on board within 24 hours using a Perkin 
Elmer spectrophotometer 550 A model (10 cm cuvette 
pathlength). Absorbance data are converted to absorption 
coefficient (aCDOM) according to [51]: 

 CDOM( ) (2.303 ) AB ( ) AB ( ) AB ( )s bs nulla l       
where l is the cuvette pathlength, ABs(λ) is the optical 
density of the filtrate sample relative to purified water, 
ABbs(λ) is optical density of a purified water blank treated 
like a sample relative to purified water, and ABnull(λ) is 
the apparent residual optical density at a long visible or 
near infrared wavelength where absorption by dissolved 
material is assumed to be zero. 

Chlorophyll a is measured by filtering 3l samples 
through 47 mm GF/F filters and immediately extracted 
with 5 ml of acetone at -22˚C. The analyses were carried 
out at the ISMAR-CNR laboratory with a Dionex 
UHPLC equippoand a 100 µl sample injection loop. 
Pigment concentrations were determined by em- ploying 
a modification of the procedure developed by [52]. 

Nutrient samples were filtered (GF/F Whatman), 
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stored at -20˚C in polyethylene vials and analysed at the 
ISMAR-CNR laboratory of Ancona. The nutrients (ni- 
trate-NO3, orthophosphate-PO4 and orthosilicic acid- 
Si(OH)4) were analysed with a Bran+Luebbe Autoana- 
lyzer QUAATRO system, and the resulting data proc- 
essed with the AACE 6.0 (Automated Analyzer Control 
and Evaluation) software. Nutrient concentrations were 
determined by applying a modification of procedures 
developed by [53]. 

Micro and nanophytoplankton samples (250 ml) were 
fixed with Ca(HCO3)2 buffered formaldehyde (4% final 
concentration). Samples were processed using sedimen- 
tation chambers according to [54,55] and observed with a 
light inverted microscope (Zeiss, Axiovert 100) at 320 
magnifications to determine and count all the cells be- 
longing to both fractions. 

3. Results and Discussion 

3.1. Surface Distribution of Physical,  
Biochemical and Biological Parameters 

The Gulf of Manfredonia (Figures 2(a)-(c)) show sur- 
face water with low temperature (14˚C - 16˚C) and low 
salinity values (34 - 36). Surface salinity increases from 
the coast to offshore waters and all the area is undersatu- 
rated (about 90% of oxygen saturation). 

Nitrate concentrations show high values in inshore 
waters (15 - 20 µmol·l−1) as opposed to orthosilicates 
concentrations which show the highest values in offshore 
waters. This feature points to the continental origin of 
nitrogen. Orthophosphates concentrations (not shown) 
are low in all the area (0.02 - 0.05 µmol·l−1). 

Fluorescence and Turbidity (not shown) show high 
values close to the coast probably due to the river dis-  

 

 (a) 
 

(b) (c)

(d) (e) (f)

 

Figure 2. Surface ((a)-(c)) and bottom ((d)-(f)) distribution of temperature (˚C), nitrate (µmol·l−1) and orthosilicate (µmol·l−1) 
concentration (colored shading) in the Gulf of Manfredonia. The black contours represent the salinity ((a); (d): contour in-
terval 0.2) and percentage of oxygen saturation ((b); (c); (e); (f): contour interval 0.5), and the dots represent the sampling 
points. The position of the stations is plotted in Figure 1. 
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charges that could increase the primary production of the 
area [11,56,57]. The satellite image of chlorophyll (Fig- 
ure 3) shows high values inside the gulf and a decrement 
of concentration from the coast to off-shore. 

The biodiversity of phytoplankton functional groups 
shows a typical spring community with dinoflagellates as 
the most fraction (21 taxa) with Scrippsiella trochoidea, 
Oxytoxum variabile, Gonyaulax spinifera, Lessardia 
elongata as some significant species, while among the 
potentially toxic Prorocentrum minimum and Alexan- 
drium spp. Diatoms are present with 10 taxa in which 
dominant are Cylindrotheca closterium, C. fusiformis and 
Navicula sp. and among coccolithophorales (6 taxa) Emi- 
liania huxleyi, Rhabdosphaera claviger and Syra- 
cosphaera pulchra. In terms of abundance nanoflagel- 
lates, including criptophyceae, euglenophyceae, primne- 
siophyceae, prasinophyceae and undetermined forms, 
represent the main fraction almost in all the station. At 
the surface layer in station 8, located in front of the river 
mouth, the total phytoplankton density reaches 2,654,264 
cells·l–1 mostly sustained by nanoflagellates (93%); 
dinoflagellates reaches a maximum value of 142,895 cells·l–1  

 

 

Figure 3. Modis-Aqua images of chlorophyll a concentra- 
tion (provided by NASA; 4 km resolution) for the periods 
1th April to 30th April 2009 showing the sub-basin Gulf of 
Manfredonia. 

due to undetermined naked and thecatae forms (Table 1). 
In the same station, coccolithophorales also occur in 
higher abundance with 42,232 cells·l–1. Diatoms abun- 
dance is very scarce (Table 1) in all the stations. In the 
other stations total phytoplankton ranges from between 
240 and 430,000 cells·l–1 including some heterotrophic 
forms (such as Protoperidinium) (Table 1). In fact, the 
satellite image shows a typical maximum value of chlo- 
rophyll in this area close to the river mouth (Figure 3). 

In the gulf of Manfredonia [58] also show how the ac- 
tive phytoplankton is characterized by phytoflagellates in 
autumn, which are quantitatively the most important 
fraction, followed by diatoms, while dinoflagellates and 
coccolithophorids are less abundant groups. 

The surface distributions of temperature and salinity in 
the Gulf of Drini (Figures 4(a)-(c)) show surface water 
which is less salty and warmer in comparison with the 
surface waters of the Gulf of Manfredonia. The area is 
characterized by inshore waters which are less salty than 
off-shore ones. In particular, this water mass, with a sa- 
linity lower than 36.5, is found at the mouth of the river 
Buna-Bojana (700 m3·s–1) located in the Drini Bay. 

The highest values of oxygen and fluorescence (not 
shown) are recorded in the southern parts of the moni- 
tored area. Nutrient uptake by phytoplankton, especially 
diatoms, produce probably low nutrient concentrations in 
nearly all the area [59,60]. 

The surface distributions of nutrients shows relatively 
high values only near the coast and, in particular, close to 
the Buna-Bojana mouth. For example, at the station 6 - 3 
it is observed that low diatom abundances are coupled 
with relatively high nutrient values (nitrates: 2 - 4 
µmol·l–1; orthosilicates: 4 - 6 µmol·l–1). 

Satellite image (Figure 5) shows lower chlorophyll 
concentrations in all the area in comparison with the Gulf 
of Manfredonia area. Furthermore, the highest concentra- 
tions of chlorophyll a found at the Gulf of Drini are con- 
fined closer to the coast than at the Gulf of Manfredonia. 
This feature could be due to the presence of gyres inside 
the Gulf of Manfredonia inducted by the winds that re- 
distributes the chlorophyll concentrations towards off-shore.  

 
Table 1. Distribution of bacillariophyceae, dinophyceae, coccolithophorales and phytoflagellates (cells·l−1) in the five moni- 
tored stations (3, 8, 15, 19 and 21) in the gulf of manfredonia during May 2009. 

st. 3 st. 8 st. 15 st. 19 st. 21 
 

Surface Bottom Surface Bottom Surface Bottom Surface Bottom Surface Bottom

DIATOMS 2721 1200 1440 840 40 1080 5240 3480 3080 800 

DINOFLAGELLATES 21,972 1240 142,895 320 8564 200 10,040 760 25,440 480 

COCCOLITHOPHORALES 4923 880 42,232 280 11,286 0 720 360 3680 240 

PHYTOFLAGELLATES 399,954 268,720 2,467,697 248,040 221,610 306,000 350,248 180,320 398,416 260,120

TOTAL 429,570 272,040 2,654,264 249,480 241,500 307,280 366,248 184,920 430,616 261,640
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(a) (b) (c)

 (d)  (e) (f)

 

Figure 4. Surface ((a)-(c)) and bottom ((d)-(f)) distribution of temperature (˚C), nitrate (µmol·l−1) and orthosilicate (µmol·l−1) 
concentration (colored shading) in the Gulf of Drini. The black contours represent the salinity ((a), (d): contour interval 0.1) 
and percentage of oxygen saturation ((b); (c); (e); (f): contour interval 2), and the dots represent the sampling points. The 
position of the stations is plotted in Figure 1. 
 

 

Figure 5. Modis-Aqua images of chlorophyll a concentra- 
tion (provided by NASA; 4 Km resolution) for the periods 
1st May to 31st May 2008 showing the sub-basin Gulf of 
Drini. 

[61]. 
The distribution of phytoplankton in the Gulf of Drini 

during May 2008, shows a different surface biodiversity: 
among dinoflagellates 58 taxa were found including po- 
tentially harmful microalgae such as Alexandrium, Di- 
nophysis and Lingoludinium. Diatoms diversity included 
9 taxa in which Thalassionema nitzschioides was the 
most frequent species. The abundance of the total mi- 
crophytoplankton community was generally scarce and 
ranged from between 920 and 4260 cells·l–1 (Tables 2(a) 
and (b)). 

The nanoplankton fraction was generally more abun- 
dant in offshore waters in all the transects. An excep- 
tional bloom of cyanobacteria with 5,720,000 cells·l–1 
was registered in station 3.1 in the Buna-Bojana estuary; 
this value represents the highest concentration observed 
during the whole period and it was probably triggered by 
the river discharges in an area with a strong anthropic 
impact that influences the coastal waters particularly in  
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Table 2. (a) Distribution of bacillariophyceae, dinophyceae and phytoflagellates (cells·l−1) in the four monitored stations (3 - 1, 
3 - 5, 4 - 1, 4 - 4) in the Gulf of Drini during April 2008; (b) Distribution of bacillariophyceae, dinophyceae and phytoflagel- 
lates (cells·l−1) in the five monitored stations (6 - 1, 6 - 3, 6 - 5, 7 - 1 and 7 - 4) in the Gulf of Drini during April 2008. 

(a) 

st. 3 - 1 st. 3 - 5 st. 4 - 1 st. 4 - 4 
 

Surface Bottom Surface Bottom Surface Bottom Surface Bottom 

DIATOMS 400 160 100 0 300 - 220 380 

DINOFLAGELLATES 20 40 140 140 60 - 180 0 

PHYTOFLAGELLATES 600 2000 800 2260 680 - 1000 1720 

TOTAL 5,721,040 2200 1040 2400 1060 - 1400 2100 

(b) 

st. 6 - 1 St. 6 - 3 st. 6 - 5 st. 7 - 1 st. 7 - 4 
 

Surface Bottom Surface Bottom Surface Bottom Surface Bottom Surface Bottom

DIATOMS 2440 1380 60 220 220 320 680 - 280 300 

DINOFLAGELLATES 380 220 260 40 260 0 140 - 300 0 

PHYTOFLAGELLATES 1440 2800 600 3180 1600 1200 600 - 1400 1620 

TOTAL 4260 2400 920 3440 2080 1520 1420 - 1980 1920 

 
spring, when the contribution of freshwater is intense. 
Cyanobacteria are typical in estuarial and transitional 
waters and some species can sometimes produce toxic 
bloom [62] (Tables 2(a) and (b)). These taxa were pre- 
viously described by [58,63,64]. 

3.2. Bottom Distribution of Physical,  
Biochemical and Biological Parameters 

The temperature and salinity distributions at the bottom 
in the Gulf of Manfredonia showed a bottom layer which 
was colder and saltier in comparison with the surface 
distributions (Figures 2(d)-(f)). The temperature decrea- 
ses from the coast to off-shore while salinity increases. 
The oxygen saturation is quite similar at the surface layer 
with a value of about 90% - 95% and the lowest oxygen 
saturation was detected in station 15 (80%). The nitrate 
concentrations showed a gradient with values that de- 
creased towards off-shore, as observed in the surface 
layer. The freshwater signal was less evident on the bot- 
tom layer. This feature was evidenced by nitrate concen- 
trations which were lower in comparison with the surface 
ones (4 - 7 µmol·l−1 alongshore). Orthosilicates showed a 
similar distribution and values compared to the surface (2 
- 10 µmol·l−1). Orthophosphate values (not shown) were 
very low in all the area (0.02 - 0.05 µmol·l−1). The area 
did not seem to be characterized by processes of miner- 
alization, probably due to the shallowness of the stations 
and to the water mixing. Furthermore, the cruise took 
place in early spring during the formation of thermocline 
and halocline which separates the different water masses 

[10]. 
Microalgal fraction in the gulf of Manfredonia (Table 

1) reaches lower abundances than at the surface. This is 
substantially due to phytoflagellates, while diatoms and 
dinoflagellates present both very low specific diversity 
and abundance (Table 1). The highest phytoplankton 
abundance is found in station 15 with 307,380 cells·l−1 
sustained by nanoflagellates (99%) which is a typical 
community of deep and offshore waters. Diatoms are 
mainly found in coastal station 19 with a concentration of 
3480 cells·l−1 due to Cylindrotheca closterium and C. 
fusiformis and in station 3 with 1200 cells·l−1 mainly cha- 
racterized by the same species. Dinoflagellates are al- 
ways very scarce with a maximum of 1240 cells·l−1 re- 
ported in station 3 (Table 1). These observations were 
previously recorded by [58] in the same area.  

The distribution of bottom temperature and salinity in 
the Gulf of Drini (Figures 4(d)-(f)) is more homoge- 
neous in comparison with the surface ones. The station 
depths range from between 20 m and 200 m (Figure 1). 
At the stations close to the coast the highest values of 
temperature (16.2˚C - 17.7˚C) and the lowest values of 
salinity (37.9 - 38.4) were detected. The seasonal ther- 
mocline separates the surface layer, less salty and 
warmer, from the bottom layer. The off-shore and deep- 
est stations detected the salinity values (38.8) charac- 
teristic of the LIW described by [65] and which flows 
northward in this area [3,7]. 

Nutrient distributions show values that increase from 
the coast to off-shore. The deeper stations show the high- 
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est values of nitrates (4 - 5 µmol·l−1) , orthosilicates (4 - 
6 µmol·l−1) and orthophosphates (0.1 - 0.2 µmol·l−1, not 
shown) corresponding to the lowest oxygen saturations 
(73% - 78%). These high nutrient values confirm the 
presence of the LIW [3] at depths of up to 120 m. 

The phytoplankton community (Tables 2(a) and (b)) 
in the Gulf of Drini is composed of low densities of dia- 
toms and dinoflagellates while phytoflagellates are nu- 
merically the most important fraction. The abundance of 
total phytoplankton reaches a maximum of 4400 cells·l−1 

in station 6.1 due prevalently to phytoflagellates and 
diatoms with mainly Pseudo-nitzschia seriata, while the 
minimum value is found in offshore station 6.5 with 
1520 cells·l−1 sustained almost totally from phytoflagel- 
lates. The specific diversity of diatoms includes 10 taxa 
as in the surface layer and 8 for dinoflagellates including 
potentially toxic genuses, such as Alexandrium as previ-
ously observed by [66,67] and [58]. 

3.3. Colored Dissolved Organic  
Matter Absorption 

Absorbance of Colored Dissolved Organic Matter 
(CDOM) at 440 nm ranged from between 0.01 and 1.42 
m−1 in the Gulf of Drini (May 2008) and between 0.04 
and 0.97 m−1 in the Gulf of Manfredonia. Destruction of 
CDOM by exposure to sunlight releases compounds used 
for organism growth. CDOM was correlated with salin- 
ity and chlorophyll a to try to understand its primary 
source. CDOM did not show a significant relationship 
with chlorophyll in the two gulfs as is sometimes ob- 
served in coastal areas [68]. In the Gulf of Manfredonia a 
positive correlation between aCDOM440 and salinity was 
found (n = 13, R2 = 0.5, p  0.01) and that corresponding 
to a negative correlation between salinity and nitrate (n = 
20, R2 = 0.7, p  0.01). This is linked to the importance 
of the continental inputs (mainly coming from the river 
discharge) in the distribution of organic matter inside the 
gulf. The input of pore waters during sediment resuspen- 
sion events may also be locally important [69]. The cor- 
relation found between aCDOM440 and salinity, however, 
supports the hypothesis that the local continental inputs 
are not the primary source of CDOM in this area as well 
as the primary production. Probably the detritus coming 
from the northern part of Italy is the source of CDOM 
found in the area and carried out by the WAC [10]. In 
fact, the primary source of CDOM along coast comes 
from the rivers and groundwater but the coastal water can 
also contain anthropogenic compounds coming from the 
river runoff, sewage discharge and other effluents [70]. 
Furthermore, during January-April 2009 the monthly Po 
River discharge, which has a strong impact on the condi- 
tions of the western Adriatic side [5], was 2295 m3·s−1 
and nearly two times superior to the monthly mean of 
January-April 1989-2008 which was 1250 m3·s−1 [11] 

show how the filaments rich in nutrients and chlorophyll 
a are detached from the coast north of the Gargano 
promontory. This kind of water mass, which could trig- 
ger the primary production and consequently the CDOM 
produced by phytoplankton, is carried toward the gulf of 
Manfredonia by the WAC and it mixes with the water 
mass present in this area [1,12,39,40]. 2009 was charac- 
terized by a strong freshwater discharge from northern 
Italian rivers and so the physical and biochemical char- 
acteristics detected in the gulf were probably influenced 
by these peculiar conditions. 

In spite of the fact that the Gulf of Drini did not show 
a clear correlation between salinity and CDOM, the sour- 
ce of CDOM probably came from the biological produc- 
tion by phytoplankton as well as from continental inputs 
of the river discharges. In [68] other similar correlations 
made in the Boka Kotorska Bay are described and, in that 
case, a positive correlation was found between CDOM 
and chlorophyll a showing that in this area the biological 
production by phytoplankton appears to be the primary 
source of CDOM. 

4. Conclusions 

The two gulfs show similar physical and biochemical 
characteristics despite the fact that the Western Adriatic 
Current carries out, along the western Adriatic Sea, water 
rich in nutrients from the major northern Italian rivers. 

The Gulf of Drini is impacted by runoff from the 
Buna-Bojana river which makes this gulf an eutrophic 
area in spite of the mostly eastern side of the Adriatic 
being an oligotrophic basin. The composition of phyto- 
plankton in the two gulfs presents different biodiversity. 
The Gulf of Manfredonia shows a spring community 
with dinoflagellates as the most important functional 
group. The Gulf of Drini shows the prevalence of dino- 
flagellates including harmful microalgae such as Alexan- 
drium, Dinophysis and Lingoludinium. Furthermore, a 
bloom of cyanobacteria was recorded in the Buna-Bojana 
estuary triggered by the strong anthropic impact. 

No correlations were found between CDOM and chlo- 
rophyll a in the two areas and this implies that, probably, 
the primary source of CDOM could have come from a 
terrestrial input rather than from the biological produc- 
tion from phytoplankton. Moreover, the positive correla- 
tion between salinity and CDOM in the Gulf of Manfre- 
donia suggests that the CDOM does not come from local 
continental input but probably from the continental input 
coming from the northern Italian coast. These features 
show how the Gulf of Manfredonia is influenced by local 
inputs as well as input coming from northern Italian Riv- 
ers (mainly Po) that could have an impact on the physical 
and biochemical characteristics of the area, especially 
when the Po River discharges exceptional floods. 
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