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PREFACE

This book aims to compile all types of information starting from its biodiversity,
fisheries, pollution, conservation and governance on the Turkish part of the
Mediterranean Sea. Needless to say, this confirms how important for Turkish people the
Mediterranean Sea is in many ways, tourism, fisheries, alien species, climate change,
coastal development and to protection of the biodiversity for future generations. We
know that recently the eastern Mediterrnean Sea has become a so-called an alien species
sea, thus regional and national monitoring is needed.

“The Mediterranean Sea Biodiveristy, Fisheries, Conservation and Governance”
which is a part of the series of Turkish Marine Reseaerch Foundation (TUDAV),
reflects some current topics covered in 38 articles, 4 chapters by 73 authors from
various institutions, universities and disciplines.

The publication of this book was decided by the editors at the begining of 2016
and the book has been completed in the same year. We hereby thank all of the authors
and editors for their full support and valuable contribution to this book. We are also
thankful to Ms. Tugge Giil for her assistance in editing this volume.

Finally, we believe that this work is unique in many ways due to its content
based on a wide range of information and with original outputs of many surveys for the
Turkish part of the Mediterranean Sea. We are pleased to present this publication to the
scientific community, decision makers, fishermen and all stakeholders who are
interested in saving the Mediterranean Sea for future generations in a sustainable way.

Prof. Dr. Bayram OZTURK
Director, Turkish Marine Research Foundation (TUDAV)
December 2016
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PHYSICAL OCEANOGRAPHY OF THE EASTERN MEDITERRANEAN SEA

Anil AKPINAR, Elif YILMAZ, Bettina A. FACH and Barig SALIHOGLU

Institute of Marine Sciences, Middle East Technical University, Erdemli, Turkey

1. Introduction

The Mediterranean basin-scale circulation can be described in terms of a surface
inflow of Atlantic Water from the Atlantic Ocean entering through the Strait of Gibraltar
and flowing eastward at the surface towards the eastern basin, and a return flow of
intermediate water originating in the Levantine Basin at subsurface, proceeding towards
Gibraltar and finally exiting into the Atlantic (Malanotte-Rizzoli et al. 2014). However,
the circulation of Atlantic Water in the eastern basin of the Mediterranean Sea is still
debated (Hamad et al. 2005).

The Turkish part of the Mediterranean Sea is located in the Eastern Mediterranean
Sea and the Levantine Basin in one of the two major basins of the Eastern Mediterranean.
Recent advances in both observations and modeling have allowed better understanding
of the factors that influence the circulation in the Eastern Mediterranean and its impacts
on physics and ecosystem over a range of spatial and temporal scales. This study is a
review of the present understanding of the Eastern Mediterranean in terms of flow and
water mass characteristics.

In the following sections, after reviewing basic geographical features and
atmospheric setting of the Eastern Mediterranean relevant to its physical oceanography,
we present the current knowledge on the circulation, water masse structure and climatic
changes occurring in this basin.

2. Geographic Setting and Bathymetry

The Levantine Basin is the easternmost part of the Mediterranean. The Levantine
Basin is bounded by the Cretan Archipelago and Asia Minor to the north, the Middle East
to the east, and north-eastern Africa to the south occupying a total volume of 7.5x10° km?3
with a maximum depth of ~4300m (Figure 1). It has three sub-basins in the north: the
Latakia (1000-1500 m depth), Cilician (1000 m depth) and Antalya (2000 - 3000 m
depth) sub-basins.

With a generally narrow continental shelf (except for the Gulf of Iskenderun, Bay
of Mersin and the Nile Fan), the Levantine Basin displays various bathymetric features
including seamounts: Anaximander (1500m) and Eratosthenes Seamounts (1000m) and



troughs: Rhodes (~4000m), Latakia (1000-1500m), Cilicia (1000m), Antalya (2000-
2500m), Hellenic Trench (3000-3500m) and Herodotus Abyssal Plain (3000m). The
Mediterranean Ridge (2500m) is another important bathymetric feature separating the
Hellenic Trench and the Herodotus Abyssal Plain (Ozsoy et al. 1989). The Cilician basin
and Latakia basin are two shallow basins of the Levantine, which are connected via a
narrow channel of 700m depth (Ozsoy et al.1989; Ozsoy et al. 1993).

Figure 1. Bathymetry of the Levantine basin. Data obtained from
(http://lwww.gebco.net). Abbreviations: RT-Rhodes Trough, AB-Antalya Basin,
CB-Cilician Basin, LB- Latakia Basin, 1B-Iskenderun Bay.

3. Atmospheric Conditions

The meteorological conditions of the region are highly variable as a result of
different atmospheric systems and topographic features interacting. The regional
Mediterranean climate is composed of hot, humid summers and mild winters.
Surrounding the Eastern Mediterranean are the Taurus mountains and Amanos mountains
that have only narrow coastal plains, except for the river deltas of the Seyhan and Ceyhan
rivers. The steep mountain ranges influence the atmospheric conditions considerably. In
summer and autumn, Etesian and Westerlies are the common wind systems, which
interact over the southern Aegean Sea, resulting in west-northwesterly winds over the
Levantine Basin (Figure 2) whereas winter and spring are dominated by Poyraz and
Sirocco winds (Ozsoy 1981; Ozsoy et al. 1989) resulting in a modified climatic wind
regime (Figure 3). In winter, cyclones intensifying in the Northern Levantine are followed
by cold and dry Poyraz winds pumped through river valleys and gaps in Taurus mountains
(Ozsoy 1981; Ozsoy et al. 1989; Ozsoy et al. 1993). These cold and dry outbreaks were
suggested to be the source of extensive heat and buoyancy losses leading to the formation
of the Levantine Intermediate water (Wust 1961), which has been verified in various
studies (Ozsoy and Unliiata 1983; Ozsoy et al. 1989; Onken and Yice 2000).


http://www.gebco.net)/

Figure 2. Summer (JJA) climatological wind pattern in the Levantine basin.
Climatology represents 1988-2011 mean obtained from Cross-Calibrated Multi-
Platform Ocean Surface Wind VectorL 3.0 First-Look Analyses dataset (CCMP).

Figure 3. Winter (JFM) climatological wind pattern in the Levantine basin.
Climatology represents 1988-2011 mean obtained from Cross-Calibrated Multi-
Platform Ocean Surface Wind VectorL3.0 First-Look Analyses dataset (CCMP).

4. Water Masses

Water in the Eastern Mediterranean basin is connected to the North Atlantic Ocean
through the Western Mediterranean and lonian Basin as well as to the Black Sea through
the Turkish Strait System and Aegean Sea. There is continuous water exchange between
these basins as a result of thermohaline processes and mass and salt conservation. Four
major water masses are found in the Eastern Mediterranean Sea, namely the Levantine



Surface Water (LSW), Modified Atlantic Water (MAW), Levantine Intermediate Water
(LIW), and Eastern Mediterranean Deep Water (EMDW).

The Mediterranean Sea is a concentration basin, that is evaporation exceeds
precipitation and river runoff. To conserve mass and salt, there is a continuous low
salinity water inflow from North Atlantic Ocean that continues through the basin and
returns as high salinity Mediterranean water outflow (Figure 4). Even though Eastern
Mediterranean is not directly connected to the North Atlantic Ocean, its hydrographic
features are highly affected by fresh Atlantic Water Mass. Atlantic Water enters the
Mediterranean the upper 150m of the Strait of Gibraltar with salinity of about 36.15 and
temperature ~15 °C first penetrating the Western Mediterranean. As it flows eastward it
becomes saltier and denser (Wiist 1961; Malanotte- Rizzoli and Hecht 1988; Malanotte-
Rizzoli and Bergamasco 1989; Pinardi and Masetti 2000), enters the Eastern Basin and is
named as Modified Atlantic Water (MAW). Since it travels just below the Levantine
Surface Water, it is protected from the atmospheric exposure and its properties are
conserved to some degree. It can be observed as far as the eastern boundary of the
Levantine Basin with a salinity minimum of around 38.6 near the 50 — 150m depth (Ozsoy
et al. 1981). Together with highly saline (>39 psu) and temperate (~28°C) LSW, it is
known to play a crucial role in the formation of Levantine Intermediate Water.

Evaporation >P+R Evaporation >P+R

Atlantic - 36. =390]

r Levantine =
; Intermediate)Water, \

1000

‘ 38475,

B L Eastern|Mediterranean|  / J
: ater /

Gibraltar Sill
Albaoran Sill
Sicilian Sill
Malta Sill

2000 - Western Mediterranean

Deep Water

Cretan Sill
Sl

3000

Figure 4. Longitudinal cross-section through the Mediterranean Sea showing
water mass circulation during the present-day winter (reproduced from Rohling et
al. 2009). Isolines indicate salinity values and arrows the direction of water
circulation.

Information on the formation region and dispersal of LIW in the Eastern
Mediterranean was limited in the past years and the processes still are yet to be fully
understood. The main formation site of the LIW is widely accepted as Rhodes Cyclonic



Gyre. High salinity surface waters of the Levantine Basin are exposed to winter cooling,
become denser than the MAW which are upwelled in the core of the gyre. As a result, the
surface water sinks to the periphery of the gyre following the isopycnals, is trapped at
depths around 150 - 200m and is found to accumulate in the core of anti-cyclonic eddies
near the vicinity of the Rhodes area (Ozsoy et al. 1989). Ozsoy and Unliiata (1983)
observed that LIW formation intervals in this area coincide with Poyraz events. LIW
formation can also occur in the cyclonic circulation that takes place in southern coasts of
Turkey, around Asian Minor Current and during extreme cooling events, by deepening
of the local mixed layer. (Sur et al. 1993)

Table 1. Water mass characteristics of Levantine Intermediate Water from
Lascaratos et al. (1993a)

Temperature (°C) Salinity ct
Wiist (1961) 155 39.10 29.05
Lacombe and Tchernia (1972) 15.7 39.10 28.98
Ozturgut (1976) 16.2-16.4 39.12 - 39.15 28.85 - 28.87
Ovchinikov (1984) 14.7-14.9 39.03 - 39.06 29.12-29.15
Palkhin and Smirnow (1984) 14.5 38.85 29.06
Hecht (1986) 155+0.4 39.02 +0.05 28.91-29.01
Hecht et al. (1988) 155+0.5 38.98 + 0.06 28.86 - 28.99

LIW is located below MAW with a salinity maximum (~39.1) in the entire
Mediterranean Sea between 200m to 600m depth (Table 1), comprising approximately
26% of the net water volume of the Mediterranean Sea (Ovchinnikov 1984). The renewal
time of the LIW is 25 years, meaning only 4% of its total volume is renewed annually
(Ovchinnikov 1984). After flowing westward into the lonian Basin and Western
Mediterranean, it finally exits from the Strait of Gibraltar (Wu and Haines 1996). It is
generally identified by a scorpion-tail form in the T-S diagram (Figure 5). Millot (2013)
however, claims that this form could be biased since there are other known water masses
that display this form. She also states that the water masses that flow out from the Strait
of Gibraltar may be deep waters of Western Mediterranean instead of LIW.
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Basin. (reproduced from Malanotte-Rizzoli 1999)

Eastern Mediterranean Deep Water is found at ~800m depth and below. It
originates in the southern Adriatic Sea during the dense water formation processes which
occur at several sites in the north of the Mediterranean Sea through convective mixing in
the shelf waters (Wist 1961; Klein et al. 1999). After its formation, these water masses
flow eastwards through the lonian Basin and enter the Eastern Mediterranean Sea (Pollak
1951; Lascaratos et al. 1993b). This path is also observed by the study of Roether et al.
(1994), where tritium and sHe tracers are used to follow the dispersal of the Adriatic dense
waters. Nielsen (1912) suggested that EMDW is also produced in the southern part of the
Aegean Sea. During the late 80’s and early 90’s massive dense water formation occurred
in the Aegean Sea due to extended dry periods and extreme winter cooling events. This
dense deep water mass named Eastern Mediterranean Transient Water (EMTW) flowed
eastwards from the south of Crete, entering the Levantine Basin and effectively blocking
the intrusion of the Adriatic water into the Eastern Mediterranean (Klein et al. 1999;
Lascaratos et al. 1999; Sayin and Besiktepe 2010; Sayin et al. 2011). The effect of this
water mass on hydrographic structure (i.e. changes in thermohaline circulation) of the
Eastern Mediterranean as well as its occurrence interval is still unknown.



5. Circulation

The general circulation of the Eastern Mediterranean Sea is a complex system
including basin scale, sub-basin scale and mesoscale variabilities. It consists of permanent
and recurrent eddies, gyres and jets, arising from different driving forces like topography,
seasonal changes, and internal dynamical processes. Prominent features of the general
surface circulation are the mid-basin jet and the Asia-Minor current along the Turkish
coast, along with quasi-permanent anticyclonic eddies in the Eastern Mediterranean
(Wiist 1961; The POEM Group 1992; Ozsoy et al. 1993).

The basin-wide surface circulation is mainly driven by the intrusion of AW into
the basin and the Coriolis effect. The entrance and transport of Atlantic waters into the
Levantine basin was a controversial issue over historical and recent studies. First studies
were describing counterclockwise circulation over the basin entering from southern
Eastern Mediterranean. Flowing parallel to the Egyptian coasts, it is deflected northwards
following the eastern boundary of the Levantine basin then joins in Latakia basin and
Asia Minor Current (AMC) parallel to the south coast of Turkey (Nielsen 1912). Later
on, in light of the coarse data collected in POEM (Physical Oceanography of the Eastern
Mediterranean) cruises, Robinson (1991) came up with a new picture of the direction of
the AW into the EMED. He proposed Atlantic water was entering the basin in
offshore/middle of the basin as Mid-Mediterranean Jet. Flowing through the basin
eastwards, it bifurcates in south of the Rhodes Island and one branch flows to the north,
joining Rhodes cyclonic gyre, and another one to the south to the Mersa-Matruh anti-
cyclonic gyre. The remaining part of the jet flows through the Israel coasts, and splits to
2 parts with directions north and south. Northern branch enters the Latakia Basin, joins
the Cilician Current and then AMC whereas southern branch joins Shikmona eddies (see

Robinson and Golnaraghi 1994).
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Figure 6. Schematic upper thermocline general circulation in the Eastern
Mediterranean Sea after Robinson et al. 1991 (redrawn from Onken and Yuce
2000).



In 2005, Hamad hypothesized that the Atlantic originated waters enter the basin
through southern part, further moving cyclonically following the south coasts, then curl
northwards until they join the AMC. Comparing available CTD data with relevant
satellite SST images, he confirmed the POEM results for the area where the data
availability is enough to explain in the northern and middle part of the basin. However,
he states that POEM cruise data were not sufficient to resolve the circulation in the
southern part of the basin, where vast amount of Atlantic Water is found. He also
questions the existence of Rhodes, Mersa Matruh and Shikmona eddies. Also, Millot and
Gerin (2010) suggested that the Mid-Mediterranean Jet (MMJ) is a data analysis artefact.

However, Menna et al. (2012) used drifters and satellite altimetry data to show
that the MMJ exists; Rhodes Gyre persists steadily; Mersa-Matruh eddies are generated
recurrently and the Shikmona eddy has a periodic nature displaying higher intensities
during cold months providing an updated schematic of the circulation scheme (Figure 7).
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Figure 7. Mean absolute geostrophic velocities (1992-2010). Black lines represent
the main currents and sub-basin eddies (redrawn from Menna et al. 2012).
Abbreviations: IE-lera Petra, RG-Rhodes Gyre, CE- Cyprus Eddy, LEC-Libyo-
Egyptian Current, AMC- Asian Minor Current, MME-Mersa Matruh Eddy, CC-
Cilician Current, ShE-Shikmona Eddy, MMJ-Mid Mediterranean Jet.

Flow in the Cilician Basin as derived from satellite data (Figure 8) shows the
southern branch of the Mid Mediterranean Jet flowing along the southern coast of Cyprus



and further northward along the Lebanese-Syrian coasts. The current is then turning
westwards towards Mersin Bay. Due to the protruding coastline topography the current
does not penetrate the inshore waters of the Mersin Bay and only few fluctuating weak
eddies are found there (Unliiata et al. 1983). Owing also to the coastline topography
freshwater input into the bay by rivers are trapped in the inshore waters of the bay. The
circulation of Iskenderun Bay cannot be resolved by satellite sea surface height data
alone, but a previous study by Collins and Banner (1979) combined the satellite imagery
and secchi depths data and hydrographic observations and found a cyclonic and an
anticyclonic eddy occurring in Iskenderun Bay.

Figure 8. Map of climatological absolute dynamic topography (ADT) in the
Cilician basin and derived geostrophic flow pattern indicated with black arrows.
Climatology represents 1993-2014 mean calculated from sea surface height data
obtained from AVISO (Archiving, Validation and Interpretation of Satellite
Oceanographic data) absolute dynamic topography regional product for the
Mediterranean Sea (http://www.aviso.altimetry.fr/index.php?id=1275).

Further downstream from Mersin Bay the Asia Minor Current flows westward,
meandering and joining some permanent and quasi-permanent gyres and eddies on the
southern coast of Turkey. Significant ones are the persistent anticyclonic Anaximander
Anticyclone (AXAC) located between the Anaximander Seamounts and Anatolian coast,
the Antalya Anticyclone (AyAC) and West Cyprus Cyclone (WCC) located in the
western part of the Cilician Basin and West Cyprus cyclonic eddy located in the west of
the Cyprus Island (Ozsoy et al. 1993). Onken and Yuce (2000) also claim that there are



seasonal variations in the occurrence of these currents that are strongly dependent on the
flow of the AMC (Figure 9). They present evidence that if the AyAC is present, the AMC
is confined to a path about 100 km offshore, while if the AyAC is not present, the AMC
flows immediately offshore. AMC then joins the permanent cyclonic Rhodes Gyre and
eventually flows westwards along the southwest Anatolian coast.
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Figure 9. Near-surface circulation patterns of the Antalya Basin redrawn from
Onken and Yuce (2000).

6. Effect of climatic variability

The main parameter in quantifying climatic variability and warming in the oceans
is the sea surface temperature (SST), considering it is the longest measured parameter and
has a wide spatial coverage, especially in the satellite era (1980’s till today). SST changes
of the Mediterranean have been subject to various studies and the Mediterranean Sea has
been denoted to be a climate change hotspot (IPCC 2007). Marullo (1999) and Marullo
et al. (2011) investigated the seasonal and interannual variability of the Eastern
Mediterranean and found a positive trend 0.15°C/year. Criado-Aldeanueva et al. (2008)
investigated the steric contribution to sea level in the Mediterranean and found a positive
SST trend of 0.061 °C/year for 1992-2005. Nykjaer (2009) has found warming trend
0.03°C/year and 0.05 °C/year for 1985-2006 in the Western and Eastern Mediterranean
respectively. Skliris et al. (2012) has calculated warming trends as 0.037 °C/year for the
whole Mediterranean and 0.042 °C/year for the Eastern Mediterranean for 1985-2008.
Shaltout et al. (2014) investigated the trends in the whole Mediterranean Sea and sub-
regions and found a similar trend 0.042 °C/year for the Levantine sub-basin for 1982-
2012. Increased temperatures contribute to steric component of the sea level, which
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corresponds to 55% of total sea level trend (Criado-Aldeanueva et al. 2008), resulting in
alterations of the circulations field. Sea surface height however is not only influenced by
thermal expansion. Through modelling (Fukumori et al. 2007), zonal wind stress over the
Strait of Gibraltar and Atlantic Ocean was suggested to be the reason for non-seasonal
sea level fluctuations in the Mediterranean Sea. Extreme sea level anomalies during
winter of 2009/2010 and 2010/2011 were shown to be correlated with the wind stress
anomalies (Landerer and Volkov 2013), practically proving the previous theoretical
model study.

The circulation patter in the Mediterranean Sea is regulated by the salinity
differences between the inflowing Atlantic Water and the return flow of Eastern
Mediterranean waters (mainly Levantine Intermediate Water). This salinity difference is
preserved even through evaporation far exceeds precipitation (Malanotte-Rizzoli et al.
2014). Deep closed circulation cells are directly linked to the dense water formation,
which is regulated by air-sea heat fluxes and the intensity of the preconditioning phase
(Malanotte-Rizzoli et al. 2014). Thus variability of the circulation cells is strongly
dependent on the air-sea heat fluxes. Considering the general warming scheme presented
above, changes in dense water formation are to be expected, resulting in alterations in
circulation.

The circulation of the Eastern Mediterranean has been studied by the POEM
(Physical Oceanography of the Eastern Mediterranean) group via both in-situ and
modelling studies (Ozsoy et al. 1989, 1991, 1993). The POEM derived scheme of
circulation for the Eastern Mediterranean is generally accepted by scientists today,
however there is still on-going debate on the main pathway of the Atlantic water through
the Mediterranean and the basin-scale surface current (Hamad et al. 2005; Amitai et al.
2010; Ciappa 2014). Steric effects (mainly of thermal origin) on sea level trends in the
basin will most likely alter the surface circulation (Criado-Aldeanueva et al. 2008) and
aggrandize the debate on the issue. Recently, Volpe et al. (2012) showed a reduction in
the cyclonic circulation of both the lonian and the Levantine basin between 2003 and
2006.

SST variability directly influences the dense water formation and the steric sea-
level rise, which modify the circulation. Variability in the Mediterranean SST and its
links with teleconnection patterns have been subject to various studies as detailed above.
Variability in the Mediterranean SST was found to be modulated by the Atlantic
Multidecadal Oscillation (AMO). Marullo et al. (2011) has shown that AMO and
Mediterranean SST have similar oscillations and it was suggested that AMO variability
is transferred to the Mediterranean through atmospheric processes (Mariotti and
Dell’ Aquila 2011). Another study suggested that AMO is responsible for more than half
of total warming in the Mediterranean (Macias et al. 2013). Skrilis et al. (2012) has shown
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that the North Atlantic Oscillation (NAO) displays fairly low correlations with
Mediterranean SST, displaying lowest correlations in the Northern Levantine.

7. Conclusions

In this chapter the water mass formation, circulation and the possible impact of
climatic variability on the physical dynamics of the Eastern Mediterranean Sea has been
reviewed. The general characteristics of physical dynamics is well documented, the
general circulation and water mass characteristics have been identified, however their
temporal and spatial variability, especially in the southern Eastern Mediterranean is not
yet well understood and still debated. In addition, the variability of the Asia Minor
Current, as well as in the Levantine Intermediate Water formation are still poorly known.

It is of importance to realize that the Eastern Mediterranean is especially
vulnerable to climatic variability, not only over long time scales due to global warming,
but also abrupt, short-term changes in water mass formation and properties such as the
Eastern Mediterranean Transient observed in the Aegean Sea. It is therefore an ideal
environment to study these processes with important implications for the global ocean.

Long-term warming trends are likely going to influence surface circulation
patterns and already abrupt changes in surface circulation and water mass have been
recognized that already results in modifications in the hydrology and dynamics of the
entire Eastern Mediterranean. In addition, the effect of dense deep Eastern Mediterranean
Transient Water entering the Levantine Basin and blocking the intrusion of the Adriatic
water into the Eastern Mediterranean, on hydrographic structure (i.e. changes in
thermohaline circulation) of the Eastern Mediterranean as well as its occurrence interval
is still unknown.
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1. Introduction

The salty eastern Mediterranean open sea (Figure 1) is one of the well known
basins of low productivity among the world’s seas due to limited nutrient supply to its
euphotic zone (EZ) layer from external (rivers and precipitation) and internal sources
(Dugdale and Wilkerson 1988; Markaki et al. 2003). Its hydro-dynamical and bio-
chemical properties exhibit spatial and temporal variability, extending from the near
surface layer down to at least 1000-1500 m depth (Y1lmaz and Tugrul 1998; Kress et al.
2003; Garcia et al. 2006). A cyclonic circulation in the eastern Mediterranean dominates
the mean current system (Wiist 1961). Accordingly, along-shore currents with the
associated bio-chemical properties follow the coast of Isracl, Lebanon and Syria and
turns west to flow along the southern Turkish coast, by showing regional eddies and
meandering features (Ozsoy et al. 1993).

Figure 1. Annual average surface chlorophyll distribution in the eastern
Mediterranean based on the MODIS satellite data for the year 2009.

The upper layer of the oligotrophic eastern Mediterranean is renewed by the less
saline Atlantic surface water with the modified physical and bio-chemical properties
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during its flow through the western basin (Robinson et al. 1991; Malanotte-Rizzoli et al.
1999). The surface water salinity of the eastern Mediterranean increases markedly from
39.0-39.1 in winter to 39.5 - 40 levels in late summer due to excessive evaporation and
limited freshwater input to the eastern basin. On the other hand, Levantine Intermediate
Water (LIW) evolved in the NE Mediterranean and with slightly enriched nutrient
concentrations (Yilmaz and Tugrul 1998), flows at intermediate depths (200-500 m)
western basin through the Cretan (Ozsoy et al. 1993). The Levantine deep water is
isolated from the western basin by the shallow sill depth of the Sicily Straits.

The NE Mediterranean shelf zone is relatively wide in the Cilician Basin (Figure
2) and receives large volumes of nutrient-laden river inflows (about 27 km®/yr).
Nutrient inputs by the Goksu, Lamas, Tarsus, Seyhan, Ceyhan and Asi rivers markedly
enhance primary productivity (Figure 1-2) and thus fisheries in the Cilician basin shelf
waters. In addition, large amounts of chemicals of different origins (domestic,
agricultural, industrial) are introduced by point and diffusive discharges to the Mersin
and Iskenderun Bay coastal waters having limited exchanges with the open sea (Figure
2). Therefore, the inner bay waters become more polluted and highly productive,
leading to the formation of sharp contrasts between the bio-chemical properties of inner
bay waters and the oligotrophic open sea (Figure 1). In such semi-enclosed marine
environments, interactions between coastal and open sea systems determine the spatial
variations in the bio-chemical properties of bay/coastal ecosystems. However, the
atmospheric inputs of nutrients and essential trace metals have important roles for the
Cilician open sea ecosystem during the spring-autumn period when the internal supply
from deeper water layers remains at minimal levels in the Eastern Mediterranean
(Kocak et al. 2010). They estimated that atmospheric deposition of reactive phosphate
in the Cilician basin could reasonably account for a significant fraction of the new
production (up to 38%) in the summer- autumn period.

Figure 2. Bathymetry, rivers and main currents (AMC-Asia Minor Current,
WCE-West Cyprus Eddy, RG-Rhodes Gyre) of the north eastern Mediterranean
(modified from Ozsoy et al. 1993).
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2. Dissolved Oxygen and Nutrients Distributions

Though the physical evolution of water masses and the upper layer current
systems have been studied extensively, the spatio-temporal changes in the
concentrations of dissolved oxygen and in dissolved inorganic nutrients (nitrate,
phosphate, silicate) across the eastern Mediterranean were less described in the
literature (Schlitzer et al. 1991; Roether et al. 1996; Klein et al. 1999; Klein et al. 2003;
Kress et al. 2003). Typical transect profiles in Figure 3 clearly show that nutrient
concentrations are very low in the surface layer of 150-200 m in the Eastern
Mediterranean; it is separated from the nutrient-enriched the deep layer (nitrate: 5-6 pM
nitrate, phosphate: 0.2-0.3 pM and silicate: 11-12 uM) by a permanent nutricline
situated at greater depths the anticyclonic eddies. The deep water nutrient values are
much less than the associated chemical properties of Atlantic Ocean deep waters near
Gibraltar (about 20, 1.4 and 23 pM for nitrate, phosphate and silicate, respectively).

0O fmg L1]

Figure 3. Vertical distributions of phosphate, nitrate, silicic acid, dissolved
oxygen and total phosphorus along a north-south and west-east cross section of
the eastern Mediterranean in 2012-2013.
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In general, the vertical distributions of dissolved oxygen and nutrients in the
upper layers (0-150 m) are quite homogeneous across the eastern Mediterranean (Kress
et al. 2003). Dissolved oxygen concentrations are nearly at saturation levels and the
nutrient concentrations are very low in the euphotic zone (EZ), except severe winter
conditions within the Rhodes cyclonic gyre (Yilmaz and Tugrul 1998). As shown in
Figure 3, the largest changes in the concentrations of nutrients and oxygen appear in the
permanent density gradient zone formed in the upper intermediate water layers having
different physical (salinity, temperature and thus density) properties (Roether et al.
1996; Klein et al. 1999; Manca et al. 2002; Roether et al. 2007). The oxygen and
nutrient concentrations below the main chemocline display spatial and temporal
variability at 500-1500 m depth range (Klein et al. 1999; Lascaratos et al. 1999),
depending on the intrusion rate of younger dense water masses from the upper layer in
winters with low nutrients but saturated values of oxygen (Klein et al. 2003; Kress et al.
2003). Concentrations of dissolved oxygen and nutrient concentrations in deep basin
water masses are determined by the rates of both organic matter inputs from the
euphotic zone and its residence time at a given depth of the deep basin; principally
younger water masses have higher values of oxygen but low nutrient concentrations.

The hydrochemistry of Levantine Basin in the NE Mediterranean display three
regions of distinct features; namely, the cyclonic Rhodes basin (CYC), the anticyclonic
Cilician basin (ACYC) and the transitional area (periphery and frontal regions).
Therefore, different vertical distributions of nutrient and oxygen concentrations are
observed in the hydro-dynamically different regions of the NE Mediterranean (Figure 4)
(Ozsoy et al. 1993; Yilmaz and Tugrul 1998; Kress et al. 2003). The nutricline, closely
correlated with the main pycnocline, is situated at much shallower depths (50-125 m) in
the Rhodes cyclone as compared to its position (300-600 m) in the Cilician basin
(Figure 4), showing a close relationship with its hydro-dynamical properties.

Reactive phosphate concentrations are consistently very low (<0.02-0.04 uM) in
the euphotic zone (EZ) waters of the eastern Mediterranean during the year (Table 1,
Figure 5). However, the surface inorganic nitrogen values increases in the river-fed
coastal waters about 1.5-3.03 uM during winter-spring periods (Table 2). On the other
hand, in the open sea, the surface nitrate exhibits remarkable increases in the Rhodes
cyclonic gyre in winter when the nutrient-replete deep waters ascend up to the euphotic
zone via deep convective mixing processes (Figure 4) (Yilmaz and Tugrul 1998). Below
the EZ, the position and thickness of the nutricline are highly variable with season and
location (Figure 4) due to apparent changes in the position of the main pycnocline
(density gradient zone). The deepening of the nutricline in the anticyclonic regions
highly limits nutrient inputs to the EZ waters. In the Levantine deep water, the nitrate
concentrations reach the maximal levels of 4.5-6 uM, below the nutricline (Figure 3-4).
The concentrations of reactive phosphate (0.15-0.25 uM) in the Levantine deep waters
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are much lower than the nitrate values (5-6 uM), leading to much higher N/P molar
ratio (25-28) in the Levantine deep water than the classical Redfield ratio of 16 for the

oceans system (Krom et al. 1991; Yilmaz and Tugrul 1998).

Table 1. The average concentrations of dissolved nutrients and N/P molar ratios
for the Euphotic Zone of Rhodes Cylonic Gyre, Antalya and Cilician Basins,
NE Mediterranean (from Ediger et al. 2005)

Sampling Date Region POs (UM) NOx(uM) N/P
October, 1991 Rhodes Basin 0.03+0.004 0.28+0.27 9.3
Antalya Basin 0.02+0.0 0.11+0.0 5.5
Cilician Basin 0.02+0.0 0.15+£0.02 7.5
March, 1992 Rhodes Basin 0.160.02 4.66+0.41 29
Antalya Basin 0.06+0.02 1.70+0.88 28.3
Cilician Basin 0.03+0.01 0.76+0.26 253
July, 1993 Rhodes Basin 0.03+0.0 0.15+0.01 5
Antalya Basin 0.02+0.0 0.18+0.0 9
Cilician Basin 0.02+0.0 0.13+0.02 6.5
March, 1994 Rhodes Basin 0.02+0.0 0.25+0.19 12.5
Antalya Basin 0.02+0.0 0.36+0.13 18
Cilician Basin 0.02+0.0 0.16+0.13 8

Table 2. The average concentrations of dissolved nutrients and N/P molar ratios
for the 0-10 meters and surface concentrations ranges in the Mersin Bay (from
Kaptan 2013; Erdogan 2014; Akg¢ay 2015)

Sampling Date Region /Layer PO, (UM) DIN (uM) N/P
April, 2009 Inner Bay (0-10 m) 0.06+0.01 1.67x1.57 25.5420
August, 2009 Inner Bay (0-10 m) 0.110+0.04 2.09+0.25 20.0£5.5
October, 2009 Inner Bay (0-10 m) 0.070+0.01 1.78+0.06 25.9+4.4
February, 2010 Inner Bay (0-10 m) 0.0500.01 13.5+0.07 282478
April, 2009 Central Bay (0-10 m) 0.045+0.00 0.27+0.12 6.18+3.6
August, 2009 Central Bay (0-10 m) 0.045+0.00 0.60+0.07 13.6£3.7
October, 2009 Central Bay (0-10 m) 0.045+0.00 0.38+0.06 8.65+2.6
February, 2010 Central Bay (0-10 m) 0.030+0.00 3.93+1.62 131+54
April, 2009 Offshore (0-10 m) 0.033+0.0 0.34+0.02 10.4+1.3
August, 2009 Offshore (0-10 m) 0.030+0.0 0.24+0.08 8.11£2.5
October, 2009 Offshore (0-10 m) 0.030+0.0 0.28+0.05 9.33+1.8
February, 2010 Offshore (0-10 m) 0.030+0.0 0.19+0.03 6.22+0.8
POs (uM)* DIN (uM)* N/P*
Sep, 2008-Feb Inner Bay (Surface) 0.02-0.49 0.27-44.06 4.2-528.0
2011 (0.10) (4.83) (56.1)
Sep, 2008-Feb Central Bay (Surface) 0.02-0.19 0.17-10.60 4.63-519.0
2011 (0.05) (1.73) (43.4)
Apr, 2014- Feb Inner Bay (Surface) 0.05-0.34 0.27-125.94 3.9-370.4
2015 (0.15) .91) (2L.1)
Apr, 2014- Feb Central Bay (Surface) 0.02-0.06 0.13-3.10 (0.79) 2.1-103.3
2015 (0.03) (18.2)
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Figure 4. Typical depth of profiles of nitrate, phosphate and silicate
concentrations, and N/P ratios in the coastal waters, offshore waters and
periphery of Rhodes Gyre in NE Mediterranean in 2012-2013.
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Figure 5. Surface distributions of the seasonal average salinity, nutrients,
dissolved oxygen and chlorophyll-a for the period of 2014-2016 in the Cilician
basin of NE Mediterranean (data from METU-IMS data center, provided through
the national monitoring and different TUBITAK projects).

The coastal ecosystem of Cilician wide shelf, however, have been significantly
altered by large inputs of organic and inorganic nutrients by rivers and wastewater
discharges as a result of rapid industrial growth, excess uses of fertilizers and population
explosion in the Cukurova plain region within the recent decades (Figures 1-2).
Monitoring studies in Mersin Bay in recent years clearly show sharp contrasts in the
surface distributions of nutrients and chlorophyll-a (biomass indicator) concentrations
in the inner and outer bay (Figure 5). The limited interactions between the bay waters
shelf area and the open sea help the inner bay bottom waters flush by the more
oxygenated waters of Cilician Basin via circulations. Moreover, the strong local wind
in Iskenderun region is also effective on the oxygenation of the water column through
vertical turbulent mixing; it is limited to more saline and warmer upper layer in
summer-autumn period.

3. Spatio-Temporal Variations of Particulate Organic Matter (POM), Algal
Biomass (Chorophyll-a) and Primary Productivity in NE Mediterranean

Particulate matter in the oceans consists of living organisms and detrital material

such as organic fragments, clays and carbonates, on which organic substances, colloids
and metals may be fixed or absorbed.

21



The abundance and chemical composition of bulk POM (composed of living and
nonliving organic matter) in the upper layer of Eastern Mediterranean displays
remarkable spatial and temporal variations. POM concentration decreases by at least 10-

fold from river-fed coastal zone to less productive open sea. POC concentrations
exceeded 60 pM in river-fed coastal surface waters where elemental composition (C/N)
of the bulk POM are very similar to Redfield Ratio (Table 3). In the deep basin, the
lowest POM values are observed in the less productive anticyclonic regions (Abdel-
Moati 1990; Rabitti et al. 1994; Ediger et al. 1999, 2005; Socal et al. 1999; Coban-
Yildiz et al. 2000; Dogan-Saglamtimur and Tugrul 2004). Spatial distributions of bulk
POM and chlorophyll-a (biomass indicator) generally display similar vertical features
during more productive seasons, winter-spring months.

Table 3. The average concentrations of particulate organic carbon (POC),

particulate organic nitrogen (PON), total particulate phosphorus (TPP) and C/N
and N/P molar ratios in the surface and their ranges in the euphotic zone of NE
Mediterranean Regions

Region POC PON (uM)  TPP (uM) C/N N/P
(UM)

Mersin Bay coastal 14.47- 1.82-12.89  0.078-0.470  5.96-10.7 11.1-37.2

surface waters® 107.03

Mersin Bay central 3.44-15.68 0.56-2.48  0.025-0.115 6.14-9.7 12.3-55.6

basin surface waters

Mersin Bay coastal 22.6-63.3  3.37-7.72 0.2-0.4 6.68-8.45

surface waters®

Mersin Bay offshore 2.33-524  0.29-0.59 0.02-.0.04 7.09-10.1 10-50

surface waters

Mediterranean Sea 1.9-114 0.11-10 0.029-0.191 4.7-19.6 8.9-56.2

surface waters-Dec

2001-2003¢)

Anticyclonic Cilician 2.7+1.61 0.20+0.03 14+£8.0

Basin-Oct 1991

(average)®

Anticyclonic Cilician 1.8+0.61 0.25+0.08 7.0£1.2

Basin-Mar 1992

(average)

Rhodes Cyclonic 2.1+0.8 0.21+0.06 0.02+0.01 10.3+3.0 15+5

Region-Oct 1991

(average)

Rhodes Cyclonic 2.0+£1.30  0.22+£0.06  0.02+0.002 8.5+0.95 11.8+1.6

Region-Mar 1992
(average)

(1) Akg¢ay, 2015; (2) Erdogan, 2014; (3) Dogan-Saglamtimur, 2007; (4) Ediger et al. 2005

The eastern Mediterranean open waters posses oligotrophic properties; high
water transparency (SDD: 25-35m), low primary productivity (45-50 mg C m2 d*) and
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algal biomass (Chl-a is <0.5ug L) in the anticyclonic eddies and its peripheries. Algal
production is mainly limited by reactive phosphorus ions (Ediger and Yilmaz 1996;
Robarts et al. 1996; Tufekgi et al. 2013) due to high N/P ratios in deep waters and
external inputs (river and rain waters, Kogak et al. 2010).

Figure 6. Typical depth of profiles of chlorophyll a concentrations (ug 1) in the
coastal waters, offshore waters and periphery of Rhodes Gyre in NE
Mediterranean in 2012-2013.

A deep chlorophyll maximum (DCM) is a characteristic feature of Levantine
basin (Figure 6); it is principally formed at depths near the base of the euphotic zone
during spring-autumn period (Yilmaz et al. 1994; Yacobi et al. 1995; Ediger and
Yilmaz 1996; Ediger et al. 2005). In anticyclonic regions, the DCM is located at the
base of the euphotic zone (EZ) and much above the nutricline. However, the nutricline
is located at the base of the EZ in the Rhodes cyclonic region (Ediger et al. 2005).

In the Cilician shelf waters, POC/Chl-a ratio by regression analyses range from
25 in productive regions and season to over 1000 in the offshore waters for dry summer-
autumn period, indicating phytoplankton dominated POM changes in the river-fed shelf
waters (Yilmaz 2006). The C/N and C/P ratios of bulk POM derived from regression
analysis are variable; higher POC/PON (10-20) and POC/PP (140-240) ratios obtained
in the near shore waters of Mersin Bay indicate land-based input of organic matter to
POM pool in coastal waters (Dogan-Saglamtimur and Tugrul 2004; Erdogan 2014). In
the open sea, the elemental composition of bulk POM data (Ediger et al. 2005)
obtained in the NE Mediterranean open sea are comparable with the Redfield ratio of
C/N/P:106/16/1. Higher N/P ratios of nitrate/phosphate and bulk POM across the
Cilician shelf zone strongly suggest P-controlled organic matter production in the river-
fed coastal waters as suggested for the open sea.

Primary productivity and concentrations of chlorophyll in the oligotrophic NE
Mediterranean are very low and lower than in the western Mediterranean (Krom et al.
1991; Ediger and Yilmaz 1996; Eker-Develi 2004; Siokou-Frangou et al. 2010; Yucel
2008; 2013). nnual primary production was estimated 65.4 - 110 g C m? y! for the
nutrient-depleted open sea (Yilmaz 2006; Yucel 2013) and 151 g C m? y? for the
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coastal regions fed by the big rivers (Seyhan, Ceyhan, Goksu, Tarsus Rivers) (Yucel
2013) (Table 4). Similar spatio-temporal variability appears in  chlorophyll
concentrations, ranging from <0.5 mg m? in offshore waters to 6.5 mg m™ in high
productive areas (Ediger and Yilmaz 1996; Yilmaz 2006; Tugrul et al. 2010; Yucel
2008, 2013; Uysal et al. 2014). Phytoplankton blooms were observed in winter and
spring periods (Eker and Kideys 2000; Ediger et al. 2005). Phytoplankton biomass is
dominated by diatom in the more productive coastal waters, while picoplankton was
reported to form the most abundant group in the open sea (Eker and Kideys 2000; Polat
et al. 2000; Eker et al. 2003; Uysal et al. 2004; Uysal 2006; Uysal et al. 2008; Yucel
2013).

The depth integrated primary production was preported to vary between 2.05 —
121 mg C m? h in coastal waters and 0.31 — 3.36 mg C m? h! in offshore waters
(Yucel 2013). The contribution of picoplankton to total primary production increased
from coastal waters to offshore (41% to 71%). Primary production was measured high
in late winter-early spring and summer season (July and August). There was a
competition between larger cells and picoplankton in coastal waters. However, higher
bloom was generally achieved by larger cells in coastal waters. Phosphate (P), nitrogen
(N) and N+P controlled seasonally the productivity in the northeastern Mediterranean
(Yucel 2013).

Table 4. Primary Production measurements in the northeastern Mediterranean

References Primary Production (PP) Location Period

Yucel et al. 21.54-348.85 mgC m2h' Transect from Jul and Sep 2012,

(Unpublished data) Mersin Bay to  Mar and May 2013

Rhodes Gyre

Yucel 2013 5.24-72.2 mg C m? h?! Coastal East side of the  Sep 2008 - Oct
2.05-40.4 mg C m2 h'! Offshore Cilician Basin 2011 (seasonal)

Yucel 2013 2.45-120.8 mg C m2h Coastal NE May 2010 - Oct
3.29-46.54 mg C m2 h'* Offshore Mediterranean 2011 (monthly)

18.9 — 1126 mg C m2 d* Coastal
32.7 - 478.5 mg C m2 d* Offshore
151.2 gC m?y! Coastal

65.4 ¢ C m?2 y*! Offshore

Yilmaz 2006 1.5-9.5 mg C m®d* Coastal Surface NE May, Jul, Nov and
14 - 425 mg C m* d! Offshore Surface Mediterranean ~ Dec 2002 and Mar

2003

Yayla 1999 153 mg C m3d* Finike Trough ~ May, Nov 1996,
236 mg C m3d? Rhodes Gyre Sep, 1997

Ediger et al. 2005 38.5-457mgC m3d? Rhodes Gyre Oct 1991, Mar
250 mg C m3d? Cilician Basin 1992

Recent data obtained in NE Mediterranean in July, September 2012, March and
May 2013) (Figure 7) mean rates of primary production varied regionally and
seasonally between 3.70 — 8.43 mg C m? h! in the Cilician coastal region, 0.09 — 0.90
mg C m® h! in the offshore, and 0.04 — 0.70 mg C m? h! within the periphery of
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Rhodes Gyre (Figure 7). Expectedly, the rate of primary production decreased markedly
at 1 % light depth which is reached at 150 meters in the open sea. Larger cells (35.8%)
were observed to dominate algal productivity in the upper 20 meters of the coastal
region fed by river inflows, whilst picoplankton constituted about 38% of the total
depth-integrated primary productivity in the euphotic zone. Moreover, contribution of
picoplankton to total primary productivity reached 67 % level in the offshore waters and
75% in the periphery of Rhodes Gyre.

Coastal Waters Offshore Waters Periphery of Rhodes Gyre
mg C m3 h? mg C m? h-1
10 o0 02 04 06 08 1 O 02 04 06 08 1

Depth (m)
Depth (m)
Depth (m)

®— Pico +— Nano B— Large Total‘

Figure 7. Vertical distribution of size fractionated and total primary production
at northeastern Mediterranean (Pico:Picoplankton (0.2-2.0 uM), Nano:
Nanoplankton (2.0-5.0 uM), Large:Larger cells (5.0 puM <) (modified from
Yucel et al. unpublished data).
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1. Introduction

The Mediterranean Sea has been foci of oceanographers and atmospheric
chemists since 1990’s. It is known by its oligotrophic (deficit in macro nutrients)
surface waters and low primary productivity, in other words it can be described as low
nutrient and low chlorophyll (LNLC) region. The oligotrophy of Mediterranean is not
only attributed to its anti-estuarine circulation but also limited fresh water input through
rivers. Before the construction of the Aswan High Dam in 1965, the Nile had the largest
drainage in basin and water load to the Mediterranean. Construction of the Dam had a
significant influence on the water discharge with a decrease greater than 90 % (Pouslos
and Drakopoulos 2001) and has left the Turkish rivers Seyhan and Ceyhan as the two
largest riverine sources of material to the Eastern Mediterranean Basin. As these few
rivers are the only source of particulate matter to the Eastern Mediterranean the
atmospheric input to the basin will influence more the marine biogeochemical cycles.

The primary productivity in the basin decreases from west to east along with
increasing nutrient deficiency (Krom et al. 2004; Pitta et al. 2005). For instance,
primary and bacterial production rates were found to be two to three times lower in the
Eastern Mediterranean than those observed for the Western Mediterranean (Turley et al.
2000). Similarly to productivity, the molar N/P ratio in the Eastern Mediterranean (25-
28) is higher than that of Western Mediterranean (22) and the normal oceanic Redfield
ratio of 16. Considering aforementioned features, the inadequate primary productivity in
the Eastern Mediterranean is attributed to macro nutrient phosphorous (Yilmaz and
Tugrul 1998). In 2004, Krom et al. (2004) budgeted fluxes of N and P for the Eastern
Mediterranean and concluded that the high N/P ratio is due primarily to the high
biologically available N/P ratio in all the input sources but for those particularly from
the atmosphere (117:1). Another study (Ludwig et al. 2009) suggested that decreases in
the dissolved Silica concentrations were due to a substantial reduction in the fresh water
discharges. They hypnotized that Si may not necessarily reduce the productivity in the
Mediterranean however it can provoke a switch from diatom dominated communities to
non-siliceous populations.

30



The scientific research about airborne macro nutrients in the Eastern
Mediterranean can be traced back to late 1990s. For example, Herut and his colleagues
(1999) investigated levels of dissolved inorganic nitrogen and phosphorus in aerosol
and rain. Results revealed atmospheric input as an important external source of macro-
nutrients. The number of studies about atmospheric nutrient fluxes has been increased
since then (Kouvarakis et al. 2001; Herut et al. 2002; Markaki et al. 2003, 2010; Kogak
et al. 2010, 2015). Nonetheless, only few studies have attempted to appraise nutrient
fluxes both from rivers and atmosphere in the Eastern Mediterranean (Kogak et al.
2010). Equivalently, there are few publications focusing on the solubility of macro-
nutrients in the region (Markaki et al. 2003; Chen et al. 2006; Kogak 2015).

2. Estimation of Atmospheric and Riverine Inputs

The wet and dry atmospheric fluxes of nutrients can be calculated according to
the procedure explained in Herut et al. (1999, 2002). The wet atmospheric deposition
fluxes (Fw) can be obtained from the annual amount of precipitation (P) and the volume
weighted mean concentration (Cy) of the substance of interest (Eqn.1).

F,=C,xP [1]
The dry deposition (Fg) of nutrients can be estimated as the product of

atmospheric mean nutrient concentrations (Cq4) and their settling velocities (Vg), where
Fq is given in units of umol m2 yr?, Cq in units of pumol m= and Vg in units of m yr.
F, =CyXV, [2]
Riverine fluxes of nutrients can be calculated from a discharge weighted mean
concentration (Caw). For a study period, the discharge weighted mean concentration
(Caw, €q. 3) is determined on the basis of n samples of instantaneous concentrations (C;,

Ci+1) and discharge values (Qi, Qi+1). Consequently, annual riverine fluxes (F, Egn. 4)
can be estimated by the product of Cqw and Qannua (Karakatsoulis and Ludwig 2004).

3 CxQ

>Q

I:r = CdWXQannual [4]

C [3]

dw

3. Nutrient Concentrations in Aerosol and Rainwater over the Eastern
Mediterranean

Comparison of the sampling sites will be useful to evaluate spatial trends in the

Eastern Mediterranean even though the values from in the literature cover different
collection periods (and might have different sampling and analytical methodologies).
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Table 1 shows the soluble nutrient concentrations in aerosol and rainwater samples

obtained from different sites located around the Mediterranean.

Table 1. Comparison of nutrient concentrations in aerosol (nmol m=) and
rainwater (umol L) samples for different sites of the Mediterranean.

Location NO3 NH4* Reference
Aerosol (nmol m?)
Erdemli, Turkey 65+34  121+64  Jan.99-Dec.09 (1525) Kocak et al. (2010)
Erdemli, Turkey 58 118 Jan.99-Jan.00 (194) Markaki et al. (2003)
Finokalia, Crete 27£13 5321 Oct.96-Sep.99 (496) Kouvarakis et al. (2001)
Finokalia, Crete 16 24 Sep.99-Sep.00 (85) Markaki et al. (2003)
Tel Shikmona, Israel 93+£29% 117+88% Apr.96-Jan.99 (41) Herut et al. (2002)
Eliat, Israel 39+19  25+14 Aug.03-Sep.05 (137)  Chen et al. (2007)
Cap Ferrat, France 63 150 May-June.92 Loye-Pilot et al.(1993)
Rainwater (umol L)
Erdemli, Turkey 37 41 Jan.99-Dec.07 (237)  Kogak et al. (2010)
Erdemli, Turkey 46 - Feb.99-Dec.99 (16) Markaki et al. (2003)
Heraklion, Crete 18 21 Sep.99-Sep.00 (41) Markaki et al. (2003)
Tel Shikmona, Israel 41 25 Jan.92-Mar.98 (187)  Herut et al. (1999)
Ashod, Israel 57 45 Nov.95-Mar.98 (67)  Herut et al. (1999)
Location Sidiss PO+ Reference
Aerosol (nmol m-3)
Erdemli, Turkey 1.1+15 0.5+0.4 Jan.99-Dec.09 (1525) Kaogak et al. (2010)
Erdemli, Turkey - 0.3 Jan.99-Jan.00 (194) Markaki et al. (2003)
Finokalia, Crete - 0.1 Sep.99-Sep.00 (85) Markaki et al. (2003)
Tel Shikmona, Israel - 0.82+0.5 Apr.96-Jan.99 (41) Herut et al. (2002)
Eliat, Israel - 0.4+0.2  Aug.03-Sep.05 (137)  Chen et al. (2007)
Rainwater (umol L)
Erdemli, Turkey 1.9 0.5 Jan.99-Dec.07 (237)  Kogak et al. (2010)
Erdemli, Turkey - Feb.99-Dec.99 (16) Markaki et al. (2003)
Heraklion, Crete - 0.1 Sep.99-Sep.00 (41) Markaki et al. (2003)
Tel Shikmona, Israel - 0.6 Jan.92-Mar.98 (187)  Herut et al. (1999)
Ashod, Israel - 0.6 Nov.95-Mar.98 (67)  Herut et al. (1999)

2 Indicates sea-water solubility of nutrient species.

As can be deduced from the table, water soluble Sigiss in the aerosol and rain
over the Eastern Mediterranean have been reported in one publication. Therefore,
comparison for this macro-nutrient would not be possible. The mean aerosol phosphate
concentration at Erdemli is comparable to levels reported for Eliat, Israel (Chen et al.
2007). Although phosphate concentrations are measured in seawater, highest levels over
the Eastern Mediterranean is reported for Tel Shikmona and this might be attributed to
the closer proximity of the sampling site to arid regions (Kogak et al. 2004a). Aerosol
nitrate and ammonium concentrations are in agreement with the values reported for
Erdemli (Kogak et al. 2004b). Mean aerosol nitrate and ammonium concentrations are
two to four times higher than those reported for Finokalia, Crete (Kouvarakis et al. 2001;
Markaki et al. 2003) and Eliat, Israel (Chen et al. 2007) whereas values are comparable
levels reported for Tel Shikmona, Israel (Herut et al. 2002) and Cap Ferrat (Loye-Pilot
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et al. 1993). It should be highlighted that Erdemli and Tel Shikmona aerosol samples
are collected on Whatman 41 cellulose fiber filters whilst Finokalia and Eliat aerosol are
collected on Teflon and polycarbonate filters, respectively. It has been shown that
positive nitrate and ammonium artifact can result the adsorption of gaseous HNOs and
NH; on filter surfaces (mainly glass fiber and cellulose) or on already collected particles
(Wieprecht et al. 2004 and references therein). Comparing nitrate and ammonium
results from different substrates Kocak et al. (2010) has been shown that NOs™ and NH4*
values for Whatman 41 were 42 % and 50 % higher than those concentrations observed
for polycarbonate filters.

Rainwater volume weighted mean phosphate, nitrate and ammonium
concentrations at Erdemli are comparable to values reported for Israeli coastal sites
(Herut et al. 1999) whereas lowest values are observed at Finokalia (Markakie et al.
2003) since this site is categorized by natural background (distance from large pollution
sources > 50 km) and its proximity to arid regions located at the Middle East/Arabian
Peninsula.

4. Solubility of Nutrients in Eastern Mediterranean

As stated before, only few studies have attempted to evaluate nutrient
solubilities by using sea-water and pure-water as extraction medium. Markaki et al.
(2003) used samples from Finokalia, Central Mediterranean