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1  General framework  

R. Mosetti , A. Barbanti  

This  report has t o be considered a ñwork in progress documentò in the sense that as the state 

of the ADRIPLAN project is evolving, it will be updated accordingly. This first version 

summarises the results and findings for the contextual analysis and initial assessment of t he 

Adriatic - Ionian Macro -Region (AIR) as well as of the two focus areas. It constitutes  a first 

guidance for developing a cross -border MSP.  Thus this deliverable is a building block for the 

future work in those components where example cross -border marine spatial plans  and a 

framework for the assessment of their performance will be developed. The contents comprises 

a comprehensive description of current state of maritime uses and environmental state of the 

AI region stressing the needs for cross -border MSP.  

More precisely the borders, goals, operational objectives and targets, relevant policy 

frameworks, mayor human activities and bio -physical features were described moving from  the 

maritime uses relevant for the study area to the environmental state through  the descriptors 

of The Marine Strategy Framework Directive.  

In addition, the strength and weaknesses were defined based on current experience, and the 

opportunities for cross -border MSP. Further most of the national processes are specific to the 

area and activities and therefore fully satisfy the first EU principle for MSP. The definition of 

objectives and the strong data and knowledge base showed the least deviations across the 

countries in the AI region. Further the principles on stakeholder participatio n and the 

achievement of a coherent  marine spatial planning have been identified as fundamental for 

future MSP processes.  

From this first analysis for a process of cross -border MSP we identified some key issues to be 

further explored in ADRIPLAN  i) defini ng the regional basis for cross -border MSP, ii) testing the 

appropriateness of existing conventions, networks and institutions to facilitate cross -border 

MSP, iii) scoping the willingness of regional stakeholder groups to participate in a MSP process, 

iv) assessing the feasibility of a central data and knowledge base, and v) assessing the 

feasibility for a coherent planning and permitting system.  

Going into details , the Initial assessment  is based on the analysis of existing conditions of the 

different doma ins involved in the process of MSP. The report contains a recollection all 

information related to the topics as follows:  

(i) Maritime uses: description of the human activities per sector, considering type, location, 

dimension and magnitude of the activity  in AIR, as well as in the NA and SA;  

(ii) Socio -economic aspects related to maritime uses;  

(iii) Legal issues: international and national legislation on AIR;  

(iv) planning regimes and tools: spatial planning, sectoral planning, permit issuing and 

concessi ons; the area of analysis consists in the inland, in the area related to the tools in 

forced from the coast line according to different sectors and level of planning.  

(v) Environmental characteristics for AIR: spatial location of main environmental and eco logical 

values present in the AIR and in the two Focus Areas. The main goal is to map the 

environmental, biophysical and ecological conditions of the planning areas. Environmental 

categories used to describe AIR, NA and SA are discussed within technical pa rtners. The aim is 

to put the basis to a complete spatial description of AIR, aiming at covering with different level 

of precision (scale) the entire AIR.  

There is a clear connection between ICZM and MSP. since the sea is included into the coastal 

zone. Si nce spatial planning of the managed area is one of the most important tools of 

integrated management of that area, then maritime spatial planning is a part of ICZM. This 

should also ensure that solutions of the developed spatial plans will be implemented i n 

accordance with the principles of ICZM and by means of the ICZM decision making structure. 

On this matter in March 2011 the European Commission organised a consultation to gather 
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stakeholder feedback about the status and future of Maritime Spatial Planni ng (MSP) and 

Integrated Coastal Zone Management (ICZM). Respondents recognise the need for a close link 

between MSP and IZCM initiatives. A majority of the respondents (98 respondents, 43%) say 

that they would like to see coordination of MSP and ICZM but t hat the processes themselves 

should be kept separate. 52 respondents (23%) are in favour of a full linkage between ICZM 

and MSP. The separate question whether MSP and ICZM should be addressed through separate 

(legal) instruments yields 68% (115 respondents ) against a separation of the two, with 38% 

(70 respondents) are in favour of separating the two tools. In this context, coordination and 

harmonization of approaches related to Integrated Coastal Zone Management (ICZM) and 

Marine Spatial Planning (MSP) nee d to be efficiently implemented.  

2  Baseline knowledge on the Adriatic Sea  

The following section presents the main morphological, physical, chemical and ecological 

features for the Adriatic ï Ionian Macroregion (AIM) and for the two Focus Areas (Focus Area 

1: northern Adriatic ï FA1, and Focus Area 2: southern Adriatic and northern Ionian ï FA2) 

(Figure  2-1).  

 

Fig ure  2 - 1 Map of ADRIPLAN study area.  

2.1  Brief overview on state of Adriatic - Ionian basin: main ecological 
process and sources of pollution  

R. Mosetti, P.K. Karachle, V. Vassilopoulou  

The Adriatic Sea is a semi -enclosed basin that communicates with the Ionian Sea through the 

Otranto Strait. Its northern part is the largest shelf area of the entire Mediterranean, while the 

southern part is characterized by  the presence of a circular pit (South Adriatic Pit) having the 

maximum depth of 1200 m. The Otranto Sill on the other hand, is up to 800 m deep. Eastern 

coast is characterized by large number of islands, bays and caps with a rather steep coast, 

while the western coastal area is very smooth with a gentle sloping bottom.  

The southern boundary of the sea ends in the Strait of Otranto between Albania and Italy's 

Salento Peninsula. Immediately south of that strait the Ionian Sea begins  (Figure  2-2) . 
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Fig ure  2 - 2  The boundaries of the Ionian Sea (source: www.fao.org, modified)  

 

The Ionian Sea is the deepest sea of the Mediterranean Sea (Hersey, 1965) and lies 

immediately to the south of Otranto Strait which forms the boundary with the Adriatic Sea. Its 

dominant physiographic feature is the West Hellenic Trench (Ryan et al., 1970) that starts at 

the base of the complex continental margin of West Greece, southwest of the Greek Ionian 

islands and continues south of mainland Peloponnesos and the islands of Kithira An tikithira and 

Gavdos continuing further east into the Levantine Sea.  

The southernmost exit of the Adriatic Sea (Ferentinos & Kastanos, 1989) connecting into the 

Ionian Sea forms at the southernmost limit of the Strait of Otranto (minimum width of 75 km 

and  with sill depth of around 780m) separating the 1200m deep South Adriatic basin (Savini & 

Corselli, 2010) from the much deeper Ionian Sea. Effectively this is achieved through the 

submarine Kerkyra (Corfu) Fault Valley that starts forming NW of the Othonoi  islands with 

water depths over 1000m deepening southwards. The orientation of the longitudinal axis of the 

Otranto Strait extends southwards along the longitudinal axis of the Kerkyra Fault Valley. The 

SE end of the shelf of the Adriatic Sea abruptly ends  west of the Othonoi -Kerkyra islands.  

The Greek part of the Adriatic Sea and the north Ionian Sea are typical coastal Mediterranean 

areas, where the air temperature and the rainfall are the main drivers for the sea temperature 

and salinity variations.The G reek part of Ionian Sea is composed by warm and high salinity 

water while the Italian part has colder and slightly lower salinity (D' Onghia et al. 2003).  

 Concerning the coastal morphology, the Adriatic and Ionian coastal landscapes hosts a 

diversity of g eomorphological features that can be generally divided into two major groups 

providing a useful distinction for coastal management and planning: ñcliffed and rocky coastsò 

and ñcoastal plainsò. The two categories are not mutually exclusive, nor restricted to particular 

geographical areas of the Adriatic - Ionian Macroregion.  

Cliffs and more gently sloping rocky shores are often composed of various types of limestone 

which form the basis for the landscapes of the hinterland. The eastern side of the Adriatic 

basin is characterised by the close proximity of the Dinaric Alps, while in the western side the 

main orographic reliefs (the Apennine) are more distant from the coast. The combination of 

thin limestone soils, climate and the long history of grazing and burn ing of the natural 

vegetation has helped to create the low shrubby drought -  and grazing - resistant vegetation 

which covers large areas of the coastline.  

Deltas and narrow coastal plains, generally occupied by wetlands and lagoons define the 

landscape of the  north -western coastal area. It includes the Po Delta, a human -controlled 

environment, as the excavation of artificial channels started from the 17th century. This 
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alluvial territory has always been interested by natural subsidence problems, made worse in 

the ó40 and ó50 by the extraction of natural gas, finally stopped by Italian government in 1961. 

Currently the Delta is completely below sea level (except for banks, sandbars and fossil dunes) 

and water management is operated with a huge system of drainage . 

There are more than 20 other rivers flowing into the Adriatic Sea in Italy alone, also forming 

alluvial coastlines, including the lagoons of Venice, Grado and Caorle, all of high ecological 

relevance. There are also smaller eastern Adriatic alluvial coas tsðin the deltas of the 

Dragonja, Bojana and Neretva rivers. The dunes associated with these sedimentary areas may 

also be extensive, often supporting a shrub vegetation similar to that of the hinterland.  

A part from the peculiar geomorphology of lagoons and delta, the Italian Adriatic coasts are 

relatively low, smooth and regular, in particular in the north -western part of the basin, while 

further south along Apulia coast long sandy or pebble beaches are alternated with 

mountainous promontory (Gargano) or  sea-sculpted rocky cliffs.  

On the other side, the Croatian coast is characterized by an irregular bottom that increases 

sharply in the offshore direction and a high number of islands, along the Istria and Dalmatia 

coasts. The Dalmatian islands, which are long and narrow (the long axis lying parallel with the 

coast of the mainland), rise rather abruptly from the sea, with the exception of a few larger 

and flater islands like Brac or Krk.  

The east Adriatic shore's Croatian part is the most indented Mediterra nean coastline, 

characterised by a karst topography, developed from the Adriatic Carbonate Platform's 

exposure to weathering. Similarly, karst developed in Apulia from the Apulian Carbonate 

Platform. The largest part of the eastern coast consists of carbon ate rocks, while flysch (a 

particular type of sedimentary rock) is significantly represented in the Gulf of Trieste coast, 

especially along Slovenia's coast where the 80m Strunjan cliff ðthe highest cliff on the entire 

Adriatic and the only one of its type on the eastern Adriatic coast ðis located, on the Kvarner 

Gulf coast opposite Krk, and in Dalmatia north of Split. Rocks of the same type are found in 

Albania and on the western Adriatic coast.  

The Albanian coastal zone is characterized by versatile structu res such as cliffs, grottoes, 

caves, slopes, natural harbours, bays and wetland areas. The alluvial plains and wetland areas 

of the northern coast between Shkodra and Vlora have been considerably altered to support 

human settlement and activities, while th e rugged constitution of the southern coast has so far 

preserved its wild character.  

Considering this general framework for the AIM coastal zones, fundamental issues for Maritime 

Spatial Planning has to be addressed. Indeed, many of the antrophic pressures  coming from 

maritime activities can lead to different impacts on the coasts, adding to those of human 

activities often developed together in the narrow shoreline strip. Moreover, the population 

density on the coast is very high: half of the population of EU countries with a sea border is 

located in coastal regions and this number keeps increasing (Eurostat 2013) while all the 

Adriatic and Ionian countries face a strong seasonal increase due to tourist activity.  

Main freshwater sources are on the western an d northern coast, the Po river being the largest 

one of the entire Adriatic with an average discharge of 1500 m3/sec.  

Basin -wide thermohaline circulation is cyclonic and driven by an interplay of the longitudinal 

and transversal density and pressure gradie nt  (Figure  2-3) . Both pressure gradients are 

controlled by salinity; northern and western shore being characterized by the presence of a 

relatively fresh water coming from the river run -off. The salinity influence is reinforced by the 

temperature gradient during the summer time when warmer water can be found along the 

shallow northern and western shores. During the winter the thermal conditions weakens the 

longitudinal and transversal pressure gradients, however rather rarely invert the general 

cyclonic cir culation. Annual negative heat balance and the prevalence of the freshwater 

discharge (precipitation plus rainfall) over evaporation makes of the Adriatic on one hand, a 

source of the cold and dense water while on the other, it releases freshwater to the E astern 

Mediterranean.  
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Fig ure  2 - 3 General circulation scheme of the Adriatic Sea (from :  Artegiani et al. 

1993) .  

During the winter, Adriatic Sea area is under influence of passages of synoptic perturbations 

that generate sequences of relatively warm and h umid SE wind (called scirocco, jugo in 

Croatian), and cold and dry NE wind bringing continental air masses. This catabatic wind called 

bora (bura in Croatian) is responsible for the vertical mixing of the water column and 

generates strong heat losses due t o both sensible and latent heat air -sea heat exchange. 

Summer season is characterized by the permanence of the Azorian high over the area, winds 

are relatively weak and diurnal sea -breeze regime is well pronounced in the coastal area. In 

open sea weak etes ian winds have been observed.  

Coastal circulation differs between the eastern and western coast due partly to the coastal 

topography so that the western coastal current is rather narrow, swift and continuous, 

controlled by the freshwater discharge. Mesosc ale instabilities are formed along the coastal 

front resulting in the formation of eddies that detach from the alongshore stream and 

contribute to the exchange between the coastal and open sea areas. Eastern circulation branch 

is slightly larger and occupi es the area outside the Croatian island belts. No instabilities have 

been observed whatsoever except for the wind induced filaments occurring at location of 

straits between some islands and trapped at the open sea bathymetric features. In bays and 

channels  between islands and the shore the thermohaline circulation is generally less 

important with respect to time -varying flow. The temporal variability on synoptic time -scales 

forced mainly by local winds are very prominent, while tidal currents are generally weak. Thus, 

water exchange and residence times in semi -enclosed bays are determined by the intensity 

and duration of local wind forcing.  

Rather good knowledge of the wind -driven circulation within the Croatian coastal area exists 

especially in the vicinit y of large cities and/or industries so the area of Zadar, Sibenik and 

Rijeka are very well studied. Also, coastal circulation along the western coast of Istria is rather 

well known. In the Split area for example it has been shown that bora is the most freq uent 

wind with a frequency exceeding 30% especially in the period October -  December. In the 

same period, the sirocco is of a slightly lower frequency and thus the two winds determine 

major portion of the current field variance. It was shown from intensive  studies in the Split 

area (Kastela Bay) that the local wind forcing accounts for about 70% of the variance in the 

low - frequency current variability at the bay inlet. Vertically the wind - forced flow field can be 

described by a two layer structure, drift cu rrents prevail close to the sea surface while upwind 

currents predominate in deeper layers. In front of Dubrovnik there are no islands and the shelf 
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is rather smooth and thus the alongshore flow is determined either by local winds and to a 

larger extent th an at the rest of the coast, by a remote forcing. Moving northward the relative 

importance of bora becomes prevailing and thus its influence on the coastal circulation 

predominates. In Rijeka Bay the northernmost basin of the Croatian coast, the cyclonic f low 

prevails with an out -of -phase behaviour of the two inlets. Both bora, more frequent wind, as 

well as sirocco enhance this circulation pattern however generating either transient and quasi -

steady water exchange pattern. Vertically in this case the flow structure is a barotropic - like 

with a negligible vertical shear. Coastal circulation along the western Istrian coast is driven by 

the general basin -wide cyclonic circulation. However, important contributions are evident from 

the local wind forcing. Bora ha s a strong importance also because of the large curl in the wind 

field that can result in diverging coastal current associated to two counter - rotating gyres. The 

divergence area seems to be near Rovinj where the bora wind attains a minimum. Recently 

during  a summer season, the occurrence of a semi -permanent counter -current flowing 

southward in some years has been observed and the phenomenon was named Istrian Coastal 

Counter Current. It has not yet been clear what is a mechanism responsible for the generatio n 

of this coastal current reversal and whether this circulation change has an impact on ecological 

conditions in the Northern Adriatic especially in relation to mucilage events.  

The formation of mucilage in the Adriatic Sea has been recorded since 1729 and  occurred at 

irregular intervals in time from at least the 19th century until the first -half of the 20th century. 

In the summer of 1988, apparently after more than 30 years, mucilage re -appeared 

throughout the Northern Adriatic Sea. The phenomenon was obse rved again in 1989, 1990, 

1991, 1997, 2000, 2001, 2002 and 2004 with different temporal and spatial distribution. 

Mucilage is constituted by organic gelatinous material which forms aggregates characterised by 

varying sizes and shapes and by their vertical distribution along the water column. Researches 

of this phenomenon have been dominated by the idea that organic matter is copiously exuded 

or released by diatoms or dinoflagellates during phosphorus (P) - limited conditions, during 

scarce riverine inputs, un balanced nutrient availability, low grazing pressure, and or massively 

released by lysis during virus infection. Bacteria also play multifaced, varied and dominant 

roles in the production of long - lived organic matter. In either case, the sudden appearance of 

the huge mucilage carbon pool suggests the dissolved organic matter (DOM) as its proximal 

source; it is a sufficiently large and seasonally variable pool with potential for transformation 

into particle or gel phases. Essential environmental conditions f or the accumulation of organic 

matter to form mucilage at nuisance levels include the development of  stable vertical 

stratification of the water column. In fact, mucilage episodes generally occur during summer 

causing significant impacts on recreational us es of coastal waters.  

Both toxic and non toxic harmful algae bloom events (HABs) occur in the Adriatic Sea. Of the 

toxic species Dinophysis spp. is the most serious problem because of its impact on mussel 

mariculture but more recently Ostreopsis, causing healty problems along the Thyrrenian 

coasts, is detected in the Adriatic Sea.   

Seasonal hypoxia occurs in several regions of the Adriatic Sea. These include waters affected 

by discharge of the rivers, open waters of the NAS extending over 1999s of square k ilometers, 

the central Adriatic Depression in years when dense winter water is not formed, and some 

bordering estuaries and bays, including Krka estuary, Pula and Split harbors, Rogoznica and 

Mljet ñlakesò. Hypoxia can cause mass mortalities of marine life, altered migrations of 

demersal fish and invertebrates, loss of biodiversity, disruption of reproductive cycles, and loss 

of structure and function of benthic ecosystems in the Adriatic, Hypoxia occurs as the result of 

biological production, organic matte r degradation, and physical processes that restrict 

reaeration from the atmosphere.  

Coastal systems are subjected to high nutrient loading that supports high phytoplankton 

production and to high organic matter input. Vertical flux and decomposition of org anic matter 

of autochthonous or allochthonous origin coupled with physical oceanographic conditions that 

prevent flushing of bottom waters culminate in reduced dissolved oxygen concentrations.  

Mucilage events, oxygen depletion of bottom water, harmful alga l bloom, outbreaks of 

gelatinous zooplankton, invasion of non indigenous species may be indicative of a pattern of 

environmental stress that threatens the health of coastal ecosystem of the Adriatic. This basin 

supports extensive and economically viable fi sheries. In recent years, annual landing have 
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been about 100,000 tons. Clupeid fishes, which occupy a lower trophic level and feed primarily 

on zooplankton, dominate much of fishery. Total catches of small pelagic fishes have ranged 

from 40,000 to 100,000 tones over the past 20 years. Such wide fluctuations reflect year to 

year variations in recruitment which may be related to the abundance of their food supply.  

The sustainability of the fisheries of the Adriatic Sea are threatened by over fishing and 

chang es in water quality that may be related to high nutrient loads. Three species contribute 

to the yields of the small pelagic fishery: anchovy (Engraulis encrasicolus), sardine (Sardina 

pilchardus) and sprat (Sprattus sprattus). The Croatian fishery mainly t argets sardines for the 

canning industry. S.pilchardus inhabits the whole Mediterranean but the main spawning area s 

are along the Croatian coast (Lastovo -Palagruģa, Biġevo-Vis-Svetac -Pelagrin, Dugi Otok, 

Istria), but eggs can be found almost in the whole basin. Thermal fronts have been associated 

with spawning activity. In the southern Adriatic a special trawl fishery  close to the coast yields 

a few hundred tons of sardine larvae highly appreciated by national market. A positive 

correlation in primary production and a negative correlation of mean water temperature with 

yearly class strength of sardines three years late r have been observed.  

As in many coastal environment throughout the world, the watersheds of the Adriatic Sea are 

regions of rapid population growth and changing land use patterns that have lead to the 

increases in nutrient loading and changes in freshwat er flow patterns to coastal waters that 

have been especially pronounced during the last 100 years. The Adriatic region is characterized 

by intensive land -based and sea -based activities, including urban growth and development, 

agriculture, commercial and re creational fisheries, tourism, and multinational commerce. 

Changes in these activities are widely believed to have elicited significant degradation of water 

quality, manifested as mucilage events, oxygen depletion of bottom water, harmful algal 

bloom, outb reaks of gelatinous zooplankton, invasion of non - indigenous species, loss of habitat 

and instability of fishery. Individually, these phenomena may not be caused for concern. But 

taken as a whole, they may be indicative of a pattern of environmental stress that threatens 

the health of coastal ecosystem of the Adriatic.  

 

2.1.1 Focus Area 1  

The typical near surface circulation in the northern Adriatic inferred from hydrographic 

(Artegiani et al., 1997; Hopkins et al., 1999; Malanotte -Rizzoli and Bergamasco, 19 83) and 

drifter (Poulain, 2001; Poulain et al., 2001; Ursella et al., 2006) includes (1) a Eastern Adriatic 

Current (EAC) flowing towards the northwest along the Croatian coast, veering across the 

basin following approximately the 50 -m isobath south of the  Istrian Peninsula, and joining the 

Western Adriatic Current (WAC); (2) a cyclonic gyre, the North Adriatic Gyre (NAG), occupying 

most of the northernmost shallow area; (3) a WAC flowing southeastward along the Italian 

coast south of the Po delta area; and  (4) smaller anticyclonic features tugged between the 

above -mentioned structures, one near the Istrian coast and the other south of the Po delta. As 

revealed by numerical simulations (Kuzmic and Orlic, 1987; Bergamasco and Gacic, 1996; 

Pullen et al., 2003)  and by drifter data (Ursella et al., 2006), this circulation is strongly 

influenced by the local wind forcing. During Bora events, the across -basin flow, the double 

vortex (the large NAG to the NW and the small anticyclone near southern Istria) and the WA C 

are reinforced. In contrast, during Sirocco southeasterly winds, the EAC flows to the NW as far 

as the end of the basin, veers cyclonically and continues to the SE as a weak WAC. Besides 

this wind -driven variability, the currents also show variations at shorter scales of a few days 

and a few kilometers, related to barotropic and baroclinic instability processes. These 

mesoscale structures are mostly visible under weak wind conditions.  

The wind -driven variability described above for the near -surface curren ts can also be seen in 

the distribution of water mass properties such as the sea surface temperature (SST), the near -

surface chlorophyll concentration (<Chl>) and the sea surface salinity. Indeed as described in 

Barale et al. (1986), Mauri and Poulain (200 1) and Mauri et al. (2006), the SST and <Chl> 

fields respond significantly to the wind forcing and to the advection by the currents, resulting 

in patterns such as the cold, low -salinity and nutrient - rich Po River plume being advected 

across the basin and t he cold, low -salinity and nutrient - rich Western Coastal Layer (WCL) 
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collocated with the WAC near the Italian coast. Salinity in the northern Adriatic ranges from 

about near zero near the mouth of the rivers to a maximum of about 38.4 in the southeastern 

area where salty modified Levantine Intermediate Water (LIW) is inflowing (Artegiani et al., 

1997).  

The Adriatic SST has been studied by various authors, mainly using satellite -derived 

measurements. Using Advanced Very High Resolution Radiometer (AVHRR) imag es in the early 

1980ôs, Phillipe and Harang (1982) described the thermal front associated with the WCL in 

winter, with Po - influenced cold water inshore and relatively warmer Adriatic water offshore. 

They also showed a persistent front crossing the northern  Adriatic south and southwest of 

Istria, separating colder water to the north from warmer water to the south. This front is 

referred to as the Istrian front in this paper.  These SST frontal structures are also present in 

the results of  Gacic et al. (1997 ), Bohm et al. (2003) and Barale et al. (2006). In summer, the 

SST gradient is essentially reversed with colder (upwelled) water to the east and warmer 

waters in the open sea and along the Italian coast. A cold -offshore flowing filament rotted 

south of the  Istrian Peninsula (in Kvarner Bay), and therefore collocated with the winter Istrian 

front, was documented Borzelli et al. (1999). Due to its continental nature, the northern 

Adriatic experiences large SST variations at seasonal scale, with temperature mi nima near 8°C 

in winter and temperature reaching 28°C in summer (Gacic et al., 1997; Bohm et al., 2003; 

Barale et al., 2006).  

Outside the areas directly influenced by the river discharge, including the WCL and the Po river 

plume occasionally extending acro ss the basin, the chlorophyll - like pigment concentration in 

the northern Adriatic (in its central and southeast sectors) vary seasonal between a maximum 

in winter (<Chl> > 1 mg/m 3) and a minimum in summer (<Chl> < 0.5  mg/m 3). This seasonal 

variability was  studied using satellite data by Bohm et al. (2003), Barale et al. (2006) for the 

whole Adriatic basin using Sea -viewing wide field -of -view (SeaWiFS) satellite data. The 

variability of the near -surface chlorophyll concentration in the northern Adriatic der ived from 

the Moderate Resolution Imaging Spectroradiometer  (MODIS) for the period 2002 -2005 was 

studied statistically by Mauri et al. (2006). Chlorophyll concentration values and patterns in 

both the open sea and in the Italian coastal waters were shown t o be influenced by both the 

river discharge and the local wind forcing. As seen in SeaWiFS images in late summer 1997 

(Mauri and Poulain, 2001), during Bora and under stratified conditions, the nutrient - rich Po 

water can expand in most areas of the norther n Adriatic north off the Po River delta where 

<Chl> is in excess of 1 mg/m 3 (Poulain  et al., 2007).   

 During winter the mean temperature in the basin is of 11.56 °C (12.23 °C is the median). A 

thermal gradient is present both along the longitudinal and tra nsversal axis, with mean 

temperature below 7 °C in the north and above 13 °C in the south -eastern area. This is also 

due to the cyclonic circulation of the basin, that brings in warmer waters from the southern 

basin, while the northernmost waters, subjecte d to large heat losses due to Bora winds (strong 

katabatic winds coming from NE), are transported to the south -east along the Italian coast 

(Dorman et al., 2006)  (Figure  2-4) . Colder waters are also found in the sea region in the 

proximity of the  Dalmatian  islands and eastern coast, an area that is directly exposed to the 

cold Bora wind action. During spring time the situation is more variable.  
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Fig ure  2 - 4 Left: Example of circulation from Bora event: near - surface circulation map 

in winter 2003 derived f rom the drifter low - pass filtered velocities averaged in bins 

of 0.1º x 0.1 º bins. The arrows are depicted only for bins with more than three 6 -

hourly velocity observations. Right:Color - coded map of winter averaged near - surface 

MODIS chlorophyll concentra tion (January, February and March 2003).  

Mean temperatures in the region are comprised between 14 -23 °C (mean value 17.3 °C, 

median 17.07 °C), with maxima found in the western region and minima in the Dalmatian 

islands area. In the summer time the thermal  variability is much lower, with mean values 

bracketed between 21 and 27 °C (mean 24.47 °C, median 24.44 °C), and maxima in the 

south -west region, minima in the eastern one (also because of upwelling phenomena). During 

the fall season the surface waters ge t cooled down, and this happens faster in the north -east 

and south -west part of the basin, with values between 13 and 22 °C (averaged values in the 

area being 18.14 °C, median 18.37 °C  (Figure  2-5)  
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Fig ure  2 - 5 Seasonal climatological maps (winter top lef t, spring top right, summer 

bottom left, autumn bottom right) of 20 m depth temperature (°C) in the northern -

central Adriatic Sea (note that a small area close to the Italian coasts is actually 

shallower than 20 m). (FROM:; Russo, Aniello; Carniel, Sandro;  Sclavo, Mauro; and 

Krzelj, Maja, "07 Climatology of the Northern - Central Adriatic Sea" (2012). Modern 

Climatology. Book 8. http://digitalcommons.usu.edu/modern_climatology/8 )  

 

Maxima salini ties are reachedduring winter and minima ones in summer, that is not perfectly 

matching Po river discharge, whose maxima are reached in spring -autumn and minima in 

summer. During winter, the mean salinity is 37.40 (median 38.18); along the coastal region 

there exists a band of low salinity waters, which largest extension is found in front of the Po 

delta area The whole northern area between the Po river delta and Istria peninsula has salinity 

values lower than 38.00, while higher values (up to 38.40) are ob served in the central -eastern 

region of the basin  (Figure  2-6).  

 

http://digitalcommons.usu.edu/modern_climatology/8
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Fig ure  2 - 6 Seasonal climatological maps (winter top left, spring top right, summer 

bottom left, autumn bottom right) of surface salinity in the northern - central Adriatic 

Sea.  

 

 

2.1.2 Focus Area 2  

In the Ionian Sea d uring the warm period the surface temperature reaches 24° C, while in the 

deeper layers the temperature falls at 16° C. There is strong thermocline formation at about 

50 m depth ( Figure  2-7a). During the cold period of the year th ere is mixture of the water 

masses and the surface temperature is about 16° C while the in the deeper layers is about 15° 

C. 
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Salinity presents a surface minimum (at about 34.5) psu during the cold period, mainly near 

Kalamas River mouth ( Figure  2-7b ). But this signal is very superficial and local. The summer 

salinity profile is typically stable at 38° C.  

 

  

 

Figure 2 - 7a  Sea temperature profile during winter (blue line) and during summer 

(red line) ; f igure 2 - 7b:  Salinity profile, during winter (blue line)  and during summer 

(red line)  

 

In the coastal region between the Island Kerkyra and the Hellenic mainland, the local fresh -

water input is very low through the whole year.  

The temperature of the surface waters of the coastal areas has a strong annual cycle  reaching 

26.0° C or even 28.0 -30.0° C in more enclosed areas such as the Amvrakikos gulf. In contrast, 

the temperatures in the winter can reach the 11.0 -12.0° C. This leads to strong seasonal 

thermoclines during the summer in depths between 30 and 60m (So HelME 2005). Table 2 -1 

summarises the ranges in temperature and salinity values of some coastal regions during 

summer and winter (SoHelME 2005).  

 

Table 2 - 1  Typical surface - to - bottom ranges of temperature and salinity in several 

coastal areas of the Ionian Sea during winter (February, March) and summer 

(August, September), and representative surface/bottom standard deviation values 

of them (based on CTD data from the Medar Group 2002).  

  WINTER  SUMMER 

  Temperature ° C  Salinity  Temperature ° C  Salinity  

  

(Surface -

Bottom)  

(Surface -

Bottom)  

(Surface -

Bottom)  
(Surface -Bottom)  

Corfu  11 -15  37 -38  25 -14  38 -39  

Epirus coasts  12 -15 (at 50m)  37 -38 (at 50m)  23 -16 (at 50m)  37.5 -38.8 (at 50m)  

Amvrakikos 

Gulf  10 -15  26 -38  30 -14  26 -38  

Patraikos Gulf  

12.5 -12.5 (at 

50m)  

38.5 -38.5 (at 

50m)  

25.5 -15.2 (at 

50m)  38.4 -38.5 (at 50m)  

W. 

Peloponnisos  15 -15 (at 30m)  

38.5 -38.5 (at 

30m)  25 -20 (at 30m)  38.7 -38.8 (at 30m)  
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The knowledge of the circulation of Hellenic Ionian coastal areas is rather limited ( Figure  2-8). 

The circu lation in the open sea of Ionian is determined by the general circulation of the central 

Mediterranean Sea as well as the bottom topography and the local interaction with the 

atmosphere.  

 

Figure 2 - 8  Surface circulation of the Ionian Sea and the Central M editerranean 

(Source: Malanotte - Rizzoli et al., 1997. Modified)  

 

Water masses are well oxygenized (about 5 -6 ml/l) with the exception of some very coastal 

areas near river mouths or human activities (e.g. aquaculture), where some low oxygen values 

(about 3 ml/l) are measured during the worm period of the year.  

The inflowing Atlantic Water (AW) mass, which is characterised by low salinities and is being 

modified by mixing and air - sea interaction along the African coast, occupies a 150 -200 m thick 

layer in the  Ionian Sea. The thickness of this surface layer decreases as it flows eastwards. The 

Eastern Mediterranean Deep Water (EMDW) mass is formed in the Ionian Sea, where the 

intermediate waters are being mixed with the deep cold and dense winter Adriatic water s that 

are outflowing through the Otranto Strait.  

Until 1987 the Ionian sub -basin scale circulation consisted of a number of cyclonic and 

anticyclonic gyres and a meandering jet ( Figure  2-8) (POEM group 1992, Malanotte -Rizzoli et 

al. 1997). According to th is dynamic structure, the Atlantic Ionian Stream jet is formed by the 

North African Current which enters the Sicily Strait. It consists of two main branches: the 

Ionian Anticyclones (IA) in the central of Ionian Sea with multiple centers and a second branc h 

which crosses the entire Ionian from north to south, advecting AW on its left side and Ionian 

Sea surface Water (ISW) on its right. Then, this jet meanders further eastward and forms the 

Mid -Mediterranean Jet (MMJ) while crossing the Cretan Passage carry ing AW to the east. 

Between the late 1980s and the late 1990s the circulations changed due to the decrease of AW 

into the Aegean and Levantine basins and the rising salinities in these areas (Malanotte -Rizzoli 

et al., 1997).  

The upper - layer cyclonic/antic yclonic circulation in the Ionian Sea is determined by the 

mechanism of the Adriatic - Ionian Bimodal Oscillating System (BiOS) ( Figure  2-9). This 

changes the circulation of the North Ionian Gyre (NIG) from cyclonic to anticyclonic and vice 

versa, on decadal  time scale. The variability in the upper - layer Ionian circulation of the last 20 

years has been primarily driven by changes in the thermohaline processes associated with 

modifications in the properties of Adriatic Dense Water (AdDW) (Gacic et al., 2010). It has 

been shown, that this internal mechanism can also shape the biogeochemical conditions in the 

Southern Adriatic. Depending on the circulation regime in the Ionian Sea the nutricline and the 
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oxygen minimum/nutrient maximum layer are either upwelled or  downwelled. This determines 

significant variations in the biogeochemical concentration of the water column moving towards 

the Adriatic through the Strait of Otranto (Civitarese et al., 2010).  

 

Figure 2 - 9  Anticyclonic (left) and cyclonic (right) circulat ion modes and the 

consequent pathways of the major water masses according to the BiOS mechanism 

(Civitarese et al. 2010).  

According to General Fisheries Commission for the Mediterranean (GFCM), the Ionian Sea 

(Division 37.2.2) is geographical defined in th ree sub -areas: the Western Ionian Sea ( sub -

area 19), Eastern Ionian Sea (sub -area 20) and Southern Ionian Sea (sub -area 21) (FAO 

2011). The Ionian Sea is located at the Eastern part of the Mediterranean and bounded at west 

by the Italian coast and from ea st by the Greek coast (D' Onghia et al. 2003).  

The Western Ionian Sea geomorpologicy is characterized by the Taranto Valley (2200 m in 

depth) and the Apennine thrust sheets (Cataudella & Spagnolo 2011). Many submarine 

canyons are located along the Western  Ionian coasts.They are important for the biodiversity in 

the Mediterranean Sea because they can be a refuge for many bathyal and endemic species 

(Gili et al.1998). The deepest point (Vavilov Deep 5121 m) is located at the Eastern Ionian 

Sea, which is the maximum depth in the Mediterranean (FAO 2006). The Greek part of the 

Ionian Sea is composed by narrow continental shelf and the deep Hellenic Trench.  

The coastlines consist mainly of alluvial or deltaic sediments, sandstones, mudrocks and marls 

as well as calcareous rocks. The Ionian Sea recieves freshwater and suspended sediment 

supply from the rivers Kalamas, Acherontas and Acheloos. These rivers discharge affects the 

total mass flux of the Ionian Sea especially during the winter (high mass flux). The tot al mass 

flux is furthermore influenced by eolian inputs and biological production. Most of the gulfs of 

Ionian Sea have a tectonic origin. The sedimentation is being controlled by the fault and 

tectonic movements (SoHelME 2005).  

The Amvrakikos Gulf is main ly affected by agricultural activities. The Patraikos Gulf is affected 

by the industrial and agricultural activities as well as the port of Patras. The rivers Glafkos and 

Acheloos also transfer polluted waters. The marine environment of Astakos Gulf is aff ected 

mainly by the existing fish farms in the vicinity with dissolved and particulate form of metals 

(SoHelME 2005).  

The Greek part of the Adriatic - Ionian region is in general oligoptophic. At t he surface layers the 

nitrate concentration is about 0.10 ȉg-at/L, but near river mouths or areas of human activities 

(e.g. acusculture) is about 10 times higher. Phosphates follow a similar pattern, varying from 

0,1 to 0,3 ȉg-at/L. Both Italian and Greek waters are oligotrophic except some coastal areas 


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































