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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.
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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.
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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; Chen et al. (2006) applied
aerosol filters collected at Eliat, Golf of Aqaba whilst Kogak (2015) utilized aerosol
samples from Erdemli, Northeastern Mediterranean. These studies revealed that the
difference between pure-water and sea-water extractions for nitrate and ammonium was
estimated to be small. This similarity can be ascribed to highly soluble chemical forms
such as NH4sNO3, Ca (NO3)2, NaNO3z (NH4)2SO4 and NH4HSO.. However, comparison
between sea-water and pure-water from three studies revealed contradictory results for
phosphate solubility. Results of Markaki et al. (2003) did not demonstrate any statistical
difference for the solubility of P in sea-water and pure-water (slope=0.99, R?=0.80).
On contrary, Chen et al. (2006) showed that the dissolution of PO4* was 11 % lower in
sea-water than that observed for pure-water. Recent study carried out in the
Northeastern Mediterranean has shown that the solubility of the phosphate might be
substantially lower than that reported for Eliat, Golf of Aqgaba. This difference for
phosphate has been attributed to pH and ionic strength of sea water, size distribution
and association of phosphate particles with less soluble compounds such as calcium
phosphate, kaolinite, and origin of the aerosol species. Therefore, the atmospheric
phosphorus flux tends to be overestimated if one only considers phosphate
concentration in pure water.
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5. Atmospheric Nutrient Fluxes in the Eastern Mediterranean

Table 2 shows dry, wet and total atmospheric depositions of nutrients obtained
from different sites located at the Eastern Mediterranean. Dry deposition for phosphate
at Erdemli was comparable to value reported for Eilat, Israel, Israel (Chen et al. 2007)
whereas (as expected) phosphate dry deposition at Erdemli was approximately two
times lower than those calculated for Tel Shikmona and Israeli coast. NOz dry
depositions at Erdemli, Tel Shikmona, lIsraeli coast and Eilat were comperable,
whereast the highest dry deposition for ammonium was estimated at Tel Shikmona
(Herut et al. 2002) and Israeli coast (Carbo et al. 2005) due to applied settling velocity
(0.6 cm s). Wet depositions for phosphate and nitrate at Erdemli and Tel Shikmona
were two to four times higher than those of reported for Crete, respectively. But, wet
deposition of ammonium at Erdemli was two times higher than those calculated for Tel
Shikmona. Considering the total atmospheric depositions, phosphate demonstrated
decreasing fluxes in the order of Tel Shikmona > Erdemli > Crete while DIN showed
declining fluxes in the order of Tel Shikmona ~ Erdemli > Crete. At Erdemli, the PO43,
Sigiss and NH4* fluxes were found to be dominated by wet deposition (0.34, 0.92 and 23
mmol m2 yr) with dry deposition contributions amounting to 40 % (0.22 mmol m2 yr-
D, 35 % (0.54 mmol m?2 yrt) and 18 % (3 mmol m? yr?) of their total deposition,
respectively. However, dry and wet deposition of nitrate was comparable with a value
of 22 mmol m2 yr. Furthermore, nitrate and ammonium fluxes via wet deposition were
found to be similar whilst dry deposition flux of nitrate was an order of magnitude
higher than those for ammonium owning to differences in their particle sizes and hence
settling velocities.

6. Comparison between Atmospheric and Riverine Nutrient Fluxes

Atmospheric and the riverine nutrient fluxes for Eastern Mediterranean are
illustrated in Table 3. As can be deduced from Table, reported atmospheric phosphorous
and nitrogen fluxes are in good agreement for Eastern Mediterranean. In spite of
different approaches during the estimation of the riverine nutrient fluxes in Northeastern
Levantine Basin, the reported fluxes by Ludwig et al. (2009) and Kogak et al. (2010)
were found in the same magnitude.
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Table 2. Dry and wet deposition depositions of the analyzed nutrients calculated
for the literature for different Eastern Mediterranean sites.

Location Sigiss PO  NOy NH,*  DIN Reference

Dry Deposition (mmol m?2 yr?)
Erdemli, Turkey? 054 022 38(22) 5@3) 43 (25) Kocgak et al. (2010)
Erdemli, Turkey? - 0.16 36(21) 8 (4) 44 (25) Markaki et al. (2003)
Finokalia, Crete® - 0.08 10 2 12 Markaki et al. (2003)
Tel Shikmona, Israel® - 051 35(20) 22(11) 57(31) Herutetal. (2002)
Israeli Coast? 045 40(23) 26(13) 66(36) Carbo etal. (2005)
Eilat, Israel® - 0.25 - - 38 Chen et al. (2007)

Wet Deposition (mmol m2 yrt)

Erdemli, Turkey 092 034 22 23 45 Kogak et al. (2010)
Erdemli, Turkey - - 16 - - Markaki et al. (2003)
Heraklion, Crete - 0.07 9 11 20 Markaki et al. (2003)
Tel Shikmona, Israel 0.30 20 13 33 Herut et al. (1999)
Atmospheric Deposition (mmol m2 yr?)

Erdemli, Turkey 146 056 60(44) 28(26) 88(70) Kocaketal. (2010)
Crete - 0.15 19 13 32 Markaki et al. (2003)
Tel Shikmona, Israel - 0.81 55(40) 35(26) 90(76) Herutetal. (1999; 2002)

* denotes seasonal fluxes, a and b show Whatman 41 and Teflon filter. Values in parenthesis
indicate alternative dry depositions of nitrate and ammonium for Whatman 41 filters after
multiplying 0.58 and 0.50, respectively.

Table 3. Comparison of riverine and atmospheric nutrient inputs (10° mol km
yr1) to the Northeastern Levantine Basin of the Eastern Mediterranean and the
literature for the Eastern Mediterranean region.

River Sigiss POs* NO3z NHst* DIN N/P_Si/N
NLB-R? 154 0.04 1 0.2 12 28 1.3
NLB-A? 0.16  0.06 7 3 10 233 001
Total? 170 0.10 8 3.2 11 145 0.1
EMED-A* 244 093 100 47 147 145 0.1
EMED-AP - 0.95 - - 111 117 -

NLB-R° 277 012 - - 55 46 05

" 2 Kogak et al. 2010, ® Krom et al. 2004, 2010, ¢ Ludwig et al. 2009. NLB: Northeastern Levantine Basin,
Total: Riverine + Atmospheric inputs, EMED: Eastern Mediterranean, A: Atmospheric flux and R: Riverine
flux.

On the basis of annual atmospheric and riverine inputs the following general
observation might be made:

a) Inorganic nitrogen species (DIN = NOs + NHs*") fluxes to Northeastern
Levantine Basin were dominated by the atmospheric pathway with a mean contribution
being more than 90 %. Riverine phosphate flux (40 %) had a substantial contribution to
the phosphate pool in the Northeastern Levantine Basin, whereas; the atmosphere was
the chief source to the surface waters with a mean contribution of 60 %. The
Northeastern Levantine Basin Si pool was almost exclusively dominated by riverine
fluxes (90 %) and only 10 % of the Si was attributed to atmospheric source.

b) Riverine molar N/P ratios ranged from 18 to 279 with a mean value of 28
and in contrast the molar Si/N ratios were found to range from 0.8 to 1.7, with a mean
value of 1.3. Obtained riverine N/P and Si/N ratios suggested that riverine sources in
the region are deficient in phosphate compare to DIN and Si. Atmospheric molar mean
N/P ratios were found to be order of magnitude higher than former ratio whereas
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riverine Si/N ratio was 100 times greater than those observed for atmospheric inputs. It
is clear that both sources were deficient in phosphorus compared to nitrogen.

7. Conclusion and Recomendation

The Northeastern Levantine Basin of the Mediterranean Sea receives excessive
amounts of DIN; higher than those required by autotrophic organisms. Taking into
account N/P ratio it might be suggested that unbalanced phosphorus and nitrogen inputs
may provoke even more phosphorus deficiency in Northeastern Levantine Basin. On the
other hand, Si/N ratio suggests that Si deficiency relative to nitrogen might cause a
switch from diatom dominated phytoplankton population to non-siliceous communities
particularly at coastal areas in Northeastern Levantine Basin.

A great number of data on atmospheric nutrient fluxes in Eastern
Mediterranean have been published (Herut et al. 1999; Kubilay et al. 2000; Kouvarakis
et al. 2001; Markaki et al. 2003; Krom et al. 2004; Carbo et al. 2005; Kogak et al.
2010). Yet, only one study has focused on assessing possible impact of both
atmospheric and riverine inputs onto Northeastern Levantine waters. Moreover, three
publications have attempted to assess the solubility of macro-nutrients. Given the
importance of atmospheric deposition in the Eastern Mediterranean, apart from the
long-term continuation to examine for possible trends, there is a clear need to i) assess
the importance of atmospheric and riverine inputs of macro nutrients nitrogen and
phosphorous including their inorganic and organic forms and ii) determine the soluble
fractions of macro nutrient phosphorus.
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1. Introduction

Gaps which are growing when rocks were formed or that had occurred after are
called cave. Depending on the development time caves are formed, caves are divided
into two subgroups; primary and secondary caves. The primary caves develop
simultaneously with host rock (such as lava caves, glacier caves, travertine- tufa caves).
The caves which developed after the bedrock had formed are secondary caves. Caves
observed around the sea-level on the coasts are called coastal cave. Coastal caves can be
divided into two main groups. The first group caves starts with reasons such as bio-
erosion, wave erosion and salt erosion, expands with the roof collapse and are called
"sea cave". Despite the second group caves takes place on the shore, differ from sea
caves and are formed due to chemical dissolution in the rock and are called flank
margin caves (Mylroi and Carew 1990). In both types of coastal caves, development is
concentrated on the fault plane, bedding plane or lithological weakness. This is effective
in the final morphology of caves.

On the Antalya coastal cliffs which are 13 km length (Figure 1) and 30 m height,
tufa rocks are exposed under the sea down to 25 m depth. Below this depth the sea
bottom is composed of sand and mud. Flank margin caves, sea caves and tufa caves are
found in Quaternary Antalya tufa cliffs. All three cave types can be found in coastal
exposures being cliffed by Holocene wave activity, but also inland behind the coastal
cliffs. On rocky outcrops of the cliffs down to 5 m below present sea level, caves and
notches were studied. Cavities which are too small to enter were out of the scope of the
study.

On the coasts, in areas where the groundwater meet the sea, there exist a fresh
groundwater lens and the thickness of this lens increases landward (Ghyb the-Herzberg
model) (Figure 2). Below this freshwater lens there is salty groundwater (sea water) and
above the vadose zone groundwater. Due to the difference in density in the upper limits
of fresh groundwater lens consists of high solubility water (Bogle 1980; Back et al.
1986). Along the lower limit of the freshwater lens, as a result of mixing occurring
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throughout the holocline, "brackish” water occurs having high solubility (Plummer
1975). Seawater is not a solvent for calcite, due to its chemical properties. However,
even for mixing zone having pH> 8 values, the water has a high solubility (Figure 3)
(Plummer 1975). Because the area where the lens meet the sea has the highest
solubility, dissolution is in maximum level in that region (Mylroi and Carew 1990)
(Figure 4).

Figure 1. Location of Antalya coastal cliffs.

Figure 2. The Ghyben-Herzberg Model.
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Figure 3. Changes in solubility as a result of variation in pH and concentration
(Plummer 1975).

The mixing of saline sea water and fresh groundwaters in rocky coasts produces
dissolutional features on both the surface (Folk et al. 1973; Taborosi et al. 2004) and in
the subsurface (Back et al. 1986; Mylroie and Carew 1990) of carbonate rocks. The
flank margin cave has been identified from coastal carbonates in the Bahamas by
Mylroie and Carew (1990), Isla de Mona in Puerto Rico by Frank et al. (1998), Yucatan
by Smart et al. (2006), and the Mariana Islands by Jenson et al. (2006). A common
feature of all these caves is that they have developed in young and diagenetically
immature carbonates. In a flank of a carbonate rocky coast with a fresh-water lens, the
maximum dissolution occurs in the distal margin of the lens. The caves that form in this
location are therefore called flank margin caves (Mylroie and Carew 1990).
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Figure 4. The flank margin model for dissolution cave development in carbonate
platforms (Mylroi and Carew 1990)

Erosive processes on the Antalya tufa cliffs including the chemical action of
mixing zone water, the mechanical action of waves, degradation via salt crystallization
and biological degradation, play roles in the stability of the cliffs and their occurrence
affects the present geomorphology. The caves on Antalya cliffs are three types; sea
caves, tufa caves and flank margin caves. Sea caves are formed due to wave action on
weak parts of the rock. Because the rocks of the Antalya cliffs are heterogeneous and
strength varies in a wide range, weak parts of the cliffs are susceptible to erosion and
therefore to cave formation. Tufa caves occurred as blind holes behind tufa curtains
which deposited on tufa cascade environment of deposition. The obvious distinguishing
features of tufa caves are primary sedimentary structures instead of corrosion
morphologies. The flank margin caves occurred due to mixing corrosion at sea and
groundwater interface.

Possible effects of bioconstruction and bioerosion on formation of the caves
were also studied. Bioerosion was defined as erosion of calcareous substrates as a result
of biological activities by Neumann (1966). Bioerosion erodes carbonate rocks by
means of chemical and physical ways. Many carbonate costs were shaped by
bioerosion. Relationship between ephilithic and endolithic organisms results in bio-
erosion through (1) colonization of surfaces by epilithic organisms, (2) boring into rock
surfaces by endolithic organisms, and (3) grazing of epi and endoliths. Bio-construction
occurs as a result of biological activities of macro algae and some animal species which
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build-up calcium carbonates on their bodies (Cocito 2004). Bio-protection is a result of
rock covering organisms, which are neither bioeroders nor bioconstructors: they simply
protect the rock surface from erosion.

2. Methodology

Geology of the rocks was determined by making literature search and field
surveys as well. All of the cliffs were searched at the sea level and below sea level by
diving down to -5 meters. Entrances of some caves are below the sea level. Location of
caves was determined using GPS (Global Positioning System). Distance from the cliff
face to caves was measured with nylon tape. Locations of all caves were shown on a
digital map. Classification of caves at each site was achieved in the field by
observational identification of representative characteristic of tufa, sea cave or flank
margin development.

Cave morphologies were determined by lazer scanning technique. Lazer
scanning technique has been used for dimensioning of historical buldings, mining
galleries and similar irregular surfaces in engineering works. Multi-beam lazer scanning
method is easier, faster and more definite method, however being expensive.
Alternatively, in this study a device was prepared to measure cave morphologies taking
single beam measurements using standard lazermeter which can also measure
inclination. To determine azimuth of the beam a turn table on a tripod was used (Figure
5). In this way length, inclination and azimuth of map projection of the beam is being
recorded. Using a simple spread sheet, 3D coordinates (X-Y-Z) of end of all the
measured beams can be calculated easily. These 3D coordinates was used to draw cross-
section and plan view of the caves.

Sea water differs from fresh groundwater in chemical properties such as
temperature, salinity and pH. Water chemistry measurements were done by an
electronic device which measures electrical conductivity, pH and salinity. Chemical
properties of water give some clues about location of groundwater discharge and origin
of the caves. Calcite is not soluble in the sea water. However, in the mixing zone, even
for pH > 8 mixed water is undersaturated for calcite (Plummer 1975). Therefore mixing
ratios of every tested water samples were calculated.

42



Figure 5. (a) The apparatus used in laser scanning of the caves, (b) The
apparatus in use, (c¢) Finding coordinates using vector length (L) and inclination
degree (o) (Dipova et al. 2009).

Biological sampling was carried out at depth of 0.2-5.0 meters below sea level
with SCUBA and free diving. Members of flora and fauna were pictured. Samples were
taken using 20”20 cm quadrant. Collected samples were kept in % 4-6 formaldehid
solution in sea water. Identification and characterization of the species were done under
stereo and optical microscope.

3. Geological origin of Antalya coastal cliffs

The coastal cliffs of Antalya are composed of tufa type rocks. Tufas are defined
as the product of calcium carbonate precipitation under an ambient water temperature
regime that typically contains the remains of microphytes and macrophytes,
invertebrates and bacteria (Ford and Pedley 1996). The Antalya tufa, which is the
largest known tufa deposit in the world (Pentecost 1995), covers an area of over 630
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km? and obtains a thickness of up to 270 m. Antalya tufa is composed of terraces and
gentle slopes decreasing in elevation towards the south-east. X-ray diffraction and SEM
analysis have revealed the tufa deposits were made almost completely of calcite
(Dipova and Doyuran 2006). The Antalya tufa deposits accumulated in the basin that
opened as a result of the half-graben system during pre-glacial time after extensional
faulting had largely ceased within the main Aksu Basin (Glover and Robertson 1998).
The source of the carbonate for tufa deposition in this basin is the Kirkgoz springs.
These springs drain from the Jurassic—Cretaceous karstic limestones (Beydaglari).
Minor tufa deposition today occurs in highly supersaturated spring waters (i.e., at
Kirkgoz) and in highly turbulent waterfalls (i.e., at Karpuzkaldiran).

On the Antalya tufa terraces five levels of tufa have been identified (Nossin
1989). Four of them lie on the continent and the fifth lies below sea level at a depth
down to -90 m. The present geomorphology of the Antalya Tufa is the result of both
erosional and depositional processes. Spur-like landforms combined with depressions at
the top form as a result of sedimentation in pools hanging on a slope. In the mature
stages these pools tend to join together and large planar areas appear, as at Masadagi.
With the further enlargement of these sedimentary basins, a lacustrine environment
forms. On planar areas streams flow in braided and meandering beds causing fluvial
deposition. These streams also caused the formation of marshy areas resulting in paludal
deposition in small pools. Fluvial and paludal environments are together the main
sources of the planar appearance of tufa. Cascade deposition creates cliffs through
vertical deposition; however, most of the coastal cliffs are the result of coastal erosion.

The rocks of Antalya’s coastal cliffs occur in a wide range, from collapsible soil
to hard rock. Sedimentary structures of frequently changing sedimentary environments,
variation in lithology due to depositional and post-depositional changes and cavities of
primary and karstic origin, result in differences in resistance to erosion.

4. Distribution of the caves

Distribution of the caves is shown in Figure 6. It is obvious that caves are
concentrated at the east and the west part of the cliffs, while at the central parts of the
cliffs are covered with rock blocks. One reason for this may be that cave forming
mechanisms are more pronounced at the east and the west. Otherwise, because caves
were detected by means of visual inspection and water chemistry measurements, caves
may not be detected where the cliffs are covered with rock blocks.
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Figure 6. Distribution of the caves on the Antalya cliffs.

5. Classification of the caves
5.1. Sea Caves

Sea caves forms primarily by the wave action of the sea. In order to form a sea
cave by erosion, the host rock must first contain a weak zones and a driving force (wave
action) should be available. In Antalya cliffs most sea caves are small and consist of a
single passage or chamber in relation to other cave types. The biggest sea cave in
Antalya cliffs is shown in Figure 7. Structural and lithologic weaknesses caused upward
propagation of the cave.

5.2. Tufa Caves

Tufa Caves are primary caves formed during the precipitation of the tufa itself.
The formation of caves starts with rim of a cascade. Along the rim, the water of the
pond falls down, as the water deposits tufa at the rim, the rim grows outward. When it is
not stable enough to carry its own weight, it breaks down and forms rock falls in front
of the rim. The cave is complete, when the extent of the rim touches to the ground
(Figure 5). As the process continues, several parallel caves may be formed. Large
cascades may cause to formation of large tufa caves (Figure 8-10).
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D
Figure 7. A sea cave which was formed due to wave effects and rock weakness;
(A) panoramic view, (B) plan view, (C) cross-section (N-S), (D) cross-section
(E-W).
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Figure 8. A cave formed by tufa cascade.

C
Figure 9. A big tufa cave; (A) inside view, (B) plan view, (C) outside view.
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Figure 10. A cave network formed due to cascade tufa deposition; (A) three
entrance of the cave, (B) view from inside, (C) plan view.

1.1. Flank Margin Caves

The horizontal and subhorizontal dissolution caves found in the Antalya cliffs
are of interest to geologists and geomorphologists because they have developed in
continental part of the cliff with small openings to the sea. If not collapsed due to low
rock tensile strength, the ceilings of these caves are very close to the sea level, generally
not more than 2 meters. Another common feature of Antalya flank margin caves is that
the caves are connected to the sea with small openings (Figure 11 and 13). Inside the
cave, the main chamber is large and reaches up to 40 meters. Height of the chambers
can reach to 20 meters due to ceiling rock failures (Figure 11d and 12d). Similarly, fully
submerged caves have big inner chambers with small entrances (Figure 14).
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Figure 11. Entrance of a flank margin cave from the sea (A). View of entrance
from inside (B). Plan view (C) and cross section (D) of the cave.
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Figure 12. Entrance of a flank margin cave from the sea (A). View of entrance
from inside (B). Plan view (C) and cross section (D) of the cave.
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Figure 13. Small entrances of horizontal cave networks (A and C), inside view
of horizontal caves (B and D).
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Figure 14. Entrance of a fully submerged caves (A-C), Undersea photograph of
a cave (D)

Entrances of the caves are generally located between the sea level and 5 m below
the sea level. In the caves which have entrance at the sea level, bottom of the caves are
also around 5 m. Most of the cliffs plunge down to 5 meters depth, then topography
turns into gentle slope. In the soil profile of Bogacay Plain, which is neighboring unit of
the Antalya tufa at west, there exist a sandplain at 4-5 m below sea level, which imply
that there was a eustatic highstand at that depth (Dipova 2010). This may mean that
flank margin cave formation had started at that time.

Water chemistry measurements were carried out to decide the origin of a cave.
On the flank margin caves where mixing corrosion is active, pH and salinity values are
important clues. On the below Figure mixing process around 0.3-0.5 m is obvious. On
the other hand, where mixing is not valid, water chemistry values are the same as the
sea water (Figure 15).
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Figure 15. Water chemistry measurement at the entrance of a flank margin cave.

2. Conclusion

The caves observed on the Antalya cliffs are of three origin; 1) Sea caves which
forms as a result of physical effects of waves and due to rock weaknesses, 2) Flank
margin caves which forms due to mixing corrosion, 3) Tufa caves which are open
spaces remained behind vertical tufa deposition. Tufa and flank margin caves may be
enlarged due to physical erosion and roof failures. Similarly, sea caves or flank margin
caves may be exposed to primary depositional processes such as flowstone and stalactite
formation.

Sea caves form by erosional processes acting from the outside the cliffs. Sea
cave development is effected by rock resistance and structural differences (e.g. faults
and intrusions) in the host rock. Subaerial erosion and related cliff retreat progressively
removes sea caves. Tufa Caves are formed during the vertical tufa precipitation. Along
the rim of a cascade, as the water deposits tufa at the rim, the rim grows outward. When
the extent of the rim touches to the ground, tufa caves are complete behind the tufa
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curtain. Occurrence of both sea caves and tufa caves are limited to cliff face, and these
are very susceptible to extinction due to cliff retreat.

Flank margin caves are dissolutional features that form within the tufa by mixing
corrosion, as horizontal sea level chambers. Mixing corrosion is a process which results
in dissolution of calcium carbonate when groundwater and saline sea water mixes.
Continuing corrosion may lead to enlargement and join of small chambers to form
horizontal cavity network. Because the tufa has a weak and blocky rock mass, roof
failures may result in formation of big caves.

Bioerosion and bioconstruction on tufa substrate has effects on cave and notch
formation. However, these effects are not much as coral reefs to result in extensive rock
formation and not as much as extensive notch formation alone. On Antalya tufa cliffs
bioeroder and bioconstructer organisms are living, however their effects are negligible
as compared to other mechanisms.

Biologically, caves and notches provide substrates to a variety of life forms of
different characteristics. The composition of the environment defines the resident living
creatures. Especially notches are the area that are most covered by life forms. The
characteristic living creatures of the area that gets wet with the spattering water are
Patella sp. individuals. They act as a rasp on the substrate and flattens the surface. The
characteristic living creatures of the area that falls under the waves are Corallina sp.
Jania sp. They cover the surface as a carpet and form a layer of CaCO3. This hard layer
formed by Corallina sp. And Jania sp. protects the surface against the effects of waves.
Among them there are Modius sp. that forms a tough shell on rocks and Balanus sp.
individuals. They cause bio-erosion through the burrows that they make on the surface
to hang on. As a result, biogenesis and bioerosion on this zone are the two process that
are ongoing in parallel and at the same time. Corallina sp., Amphiroa sp., Hydrolithon
sp., Galaxaura sp. and Jania sp. individuals are scattered through the first 2-3 meters
from surface. Coverage percentage can reach up to 70-80% on some locations. Inside
and on cave mouths Haliptilon sp., Lithophyllum sp., Mesophyllum sp. and
palmophyllum sp. individuals are the dominant population. They cover the surface and
form a thick layer. In and on the entrance of caves and on notches Lithopaga sp.
individuals have been encountered frequently. With burrows of 6-7cm length to nest on
the surface they are the most significant cause for the bioerosion. They can be found up
to 100 in 1 square meter.
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1. Introduction

Antalya city is located on the Mediterranean coasts of SW Turkey. The coastal
cliffs of Antalya are composed of tufa type rocks. Following the establishment of
historical Attelia, during the Roman, Byzantine, Ottoman and early Republican periods,
the areas close to the tufa cliffs in Antalya were used for the construction of defense
buildings, lighthouses and residential buildings. After the 1980’s as tourism activity has
grown, these tufa cliffs have increasingly become the sites for houses and hotels, with the
attendant risks.

Tufas are defined as the product of calcium carbonate precipitation under an
ambient water temperature regime that typically contains the remains of microphtyes and
macrophytes, invertebrates, and bacteria (Ford and Pedley 1996). The Antalya tufa which
is the largest known tufa deposit in the world (Pentecost 1995), cover an area of over 630
km? and reach up to 270 m in thickness. Antalya tufa is composed of terraces and gentle
slopes decreasing in elevation to east through the Aksu Valley and to the sea to the south.
Although eight levels of tufa were identified by Burger (1990), it seems more appropriate
to group them into five (Nossin 1989). Four of them, the Ddsemealt1, Varsak, Diiden, and
Arapsuyu plateaus, are terrestrial; the fifth is submarine, and occurs at a depth of 90 m
below sea level. Glover and Robertson (1998) relate the origin of the Antalya tufa to the
Miocene-Pliocene evolution of the Aksu Basin. During the Late Miocene-Early Pliocene,
the structure of the Aksu Basin was influenced by right-lateral strike-slip faults, which
exploited pre-existing structural weaknesses. These weaknesses resulted from interaction
between the uplifting and extruding Anatolian plateau and extensional western Turkey
and the Aegean. The Pliocene sediments drape a block-faulted topography that opened
to the south as an asymmetrical graben. During the Late Pliocene-Early Pleistocene, the
Aksu Basin formed as a half-graben system in response to a combination of N-S and NE-
SW (i.e., orthogonal) extensional faulting, while the adjacent Tauride Mountains were
progressively uplifted. Antalya tufa deposits accumulated in the basin opened as a result
of the half-graben system, during the pre-glacial period, after extensional faulting had
largely ceased within the main Aksu Basin (Glover and Robertson 1998). The source of
the carbonate for the tufa deposition in this basin is the Kirkgdz springs. These springs
drain from Jurassic-Cretaceous karstic limestones (Beydaglari).

The geomorphological units of the Antalya Tufa and its locations are shown on
Figure 1. The earth processes which lead to the formation of the present geomorphology
of the Antalya tufa including; terraces, gorges, caves, depressions, embayments and
coastal cliffs have long been debated by earth scientists (Penck 1918; Planhol 1956;
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Burger 1990; Darkot and Erinc 1951; Glover and Robertson 2003). In this paper, origin
and morphological properties of Antalya tufa cliffs will be presented in three subsections:
constructional processes, erosional processes and failure processes.
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Figure 1. Geomorphological units map of the Antalya tufa area (The sources of
material in this map are 1:25000 topographical map of 1934, Bathymetry map,
aerial photographs of 1982, satellite images, Burger (1990) and the field work of
the author).

57



2. Constructional Processess

In the Kirkgoz Springs and the Diiden River, modern tufa precipitation is visible
as overgrowths on/around mosses. The mosses thus appear to stimulate calcite
precipitation by intake of carbon dioxide for photosynthesis. Calcite, which crystallizes
around mosses, makes a mould of their form. This precipitation is a dynamic process
wherein the lower part is progressively covered, while growth at the apex proceeds.
Around Duden Stream, in small pools of paludal-environmental character, present-day
calcite precipitation can be observed. Algae or bacteria are abundant in these pools.
Daylight photosynthesis of blue-green algae results in net removal of CO from the water
during the day. In the most recent precipitates taken from the surface, traces of biogenic
remains can be observed (Figure 2).

]t

Figure 2. SEM view of tufa samples showing the biological remains.

Most of the tufa in the Antalya basin consists of horizontally-bedded sediments.
This fact implies that the dominant depositional environment was lacustrine. However, a
perched springline system played an important role as a point of origin. The perched
springline system itself includes paludal and lacustrine aspects. Generation of the terraced
morphology was completed after the closure of the pools by sedimentation from the
paludal/lacustrine systems. The fluvial systems are the final process to shape the extensive
planar appearance. After reaching a higher elevation, a cascade system developed where
the water flowed downward. In a braided-river environment, paludal/lacustrine
environments also developed as secondary aspects. In the following account the
depositional environments of Antalya Tufa are given in detail, based on Pedley (1990).

Perched springline and slope environments might be the initiating mechanism of
the Antalya tufa. Calcium carbonate may precipitate immediately around the spring
outlet, and this turns the spring into a raised, fan-shaped mound. The top of each mound
is almost flat and contains paludal pools restricted by massive phytohermal rims. When
waters pass over the rim, the water velocity and turbulence are high, resulting in thin
layers of tufa which develop at a high rate. However, in the pools, slow precipitation —
mostly of a biogenic origin — occur in a sluggish regime. Burger (1990) termed these
pools “travertine basins”.
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Cascade environment is a high-energy environment where water flows
turbulently from cliffs. Curtains of moss build out from the fall rim and become covered
by steeply inclined sheets of carbonate derived from carbonate-rich water that flows from
the cliff (Pedley 1990). Tufa curtains develop as hanging bodies on the rim. Blind caves
often develop behind the tufa curtain, and curtain-like stalactites may grow there. At the
coastal cliffs of the Diiden Plateau, cascade deposits and fallen blocks in the sea are
visible along a length of 4 km.

Fluvial environment is characterized by thick, braided, cyanolith-dominated
deposits (Pedley 1990). However, in the Antalya tufa, minor volumes of fluvial-system
deposits are observed. These sediments — of a meandering-river origin — are observed as
thin lenses; cross-bedding is widespread. Laterally extensive fluvial system deposits are
observed on the Diiden Plateau. On this plateau the upper 5-7 m thick weakly cemented
tufa layer is partly paludal and partly fluvial. The clast types in fluvial deposits are
dominantly lithoclasts, phytoclasts, and lumps of sparry and microcrystalline calcite
(Figure 3a).

Lacustrine environment refers to large bodies of deep water, however, as a tufa
depositional environment this term is used for elliptical open lakes that do not dry for
long periods. As water flows over the barriers, stromatolites grow up on the barrage.
Mammilated stromatolites reflect a nearshore, shallow, calm to wavy environment
(Figure 3b). Pisoliths of the Antalya tufa formed in the open spaces among these
stromatolites.

A B
Figure 3. (A) Intraclasts of fluvial environment, (B) Boundstone stromatolitic
tufa.

Paludal environment is similar to the lacustrine model, but the pools generally
are not open and water levels are low. Spring-fed waters seep sluggishly through the
bryophyte carpet and between hummocks, leaving behind a surface tufa coating on all the
vegetation (Pedley 1990). At present, paludal deposition is negligible because of land
drainage and river-bed improvement for urban development. At the beginning of 20
century on the Diiden Plateau, there were many living paludal environments. Today,
along the Diiden River, microdetrital-calcite precipitation closely related to living
cyanobacteria can be observed in small pools. The bottle in Figure 4a is recent (a
maximum of 5 years old). The carbonate crust on the surface of the bottle reach a
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thickness of 1.5 mm. The thickness of the crust is almost uniform all over the surface.
Tufa formation on the inner surface of the bottle implies precipitation is related to the
mosses attached all over the inner and outer surface (Figure 4b).

A B
Figure 4. (A) A section of tufa cover on the bottle, (B) Interior view of the bottle
and the tufa layer covering the inner surface of the bottle.

1.1. Post-Depositional Modifications

As post depositional modification cementation and diagenesis are important
factors for the final appearance of tufa deposits. After the precipitation or deposition of
grains, meteoric cementation and diagenesis begins in the vadose zone. Recent sediment
samples, taken from a depth of 4-6 m show only thin meniscus cements concentrated at
grain contacts. In phreatic zone sediments or in sediments in which water seepage is
available, sparry-calcite cement develops at grain contacts and possibly as void fillings.
In figure 5, pictures taken from trenches in Antalya tufa, post depositional modifications
through cementation and diagenesis are shown.

A B
Figure 5. Cementation and diagenesis. Cementation as patches (A) and Void fill
between phytoherm tufa (B).

Considering the fact that the dominant depositional environments in Antalya are
paludal and shallow lacustrine and sedimentation takes places in meteoric-vadose
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environments, the Bermuda Model (Land et al. 1967) was adapted to tufa. The model
presented below is a modification of the Bermuda Model in respect to the meteoric-
vadose cementation and diagenesis of Antalya tufa (Dipova and Doyuran 2006). The first
stage is the initial sediment, consisting of allochthonous grains and grains of micritic or
sparry calcite which are directly precipitated. The second stage involves the precipitation
of low-Mg calcite on the surfaces of the grains. The cement is generally asymmetric, or
located at grain contacts as meniscus cement. Bacteria and algae remain undisturbed
between the cemented grains at this early stage. The third stage involves the loss of Mg
from high-Mg calcite, leaving a sediment of low-Mg calcite. The fourth stage is the main
diagenetic event of the dissolution of fine crystals and the reprecipitation of CaCOj; as
drusy sparry calcite. The main feature of this dissolution-reprecipitation process is a loss
of the internal structure in the former grains. Reprecipitated sparry calcite is observed as
patches in a fine micritic matrix. Aggrading neomorphism is typical in this stage as is
calcitization and the replacement of skeletal grains or pseudospar formation. The last
stage involves further precipitation of calcite to fill remaining voids. In some tufas of a
limestone appearance, this final stage rarely produces a fully-cemented rock.

2. Erosional Processess

Erosional processes that shape Antalya tufa can be studied under the titles of
surficial erosional processes, karstification, groundwater erosion and coastal erosion.

2.1. Surface Erosion

On the margins of tufa terraces some creeks and deep gorges develop. These are
thought to develop due to stream bed erosion due to high surface gradient and a seasonal
high hydraulic gradient of flowing water. On the coastal cliffs the deepest creek is
Kadinyari Creek which is 14 m deep with a maximum width of 7 m. The gradient of 30
m hight cliffs and the high velocity of storm water superpose there. On the submarine
continuation of the tufa, a deep creek was detected on the bathymetry map, which implies
a similar mechanism occurred before the Holocene sea level rise. Guver gorge is the
biggest on the Antalya tufa having a depth of 115 m. There are several other gorges
neighboring to Guver. This area is effected y a high gradient drainage system. The
Karaman stream and its two tributaries having a high hydraulic gradient has resulted in a
large amount of stream bed erosion.

Land surface lowering as a result of surface dissolution processes is another
erosion mechanism. The percolation of undersaturated water or acidic rain water through
carbonate rock may cause dissolution. This kind of dissolution causes channels or furrows
on massive carbonate rock surfaces. Termed karren, these channels vary in depth from a
few millimeters to more than a meter and are separated by ridges. In Antalya tufa, karrens
can be seen on massive rocks, however on the other kinds of tufa which bear primary
structures, erosion is observed as thinning concentrated around the weak parts.

2.2. Karst Prosesses

The development of karstic features such as: sinkholes, caverns and burried
channels, are the direct result of chemical dissolution with help of the erosive action of
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acidic water. Most caves, excluding ones of primary origin, are formed through this
chemical dissolution process, a result of groundwater circulation. On the phreatic zone,
dissolution begins along fracture systems or weak zones of tufa. Widening of the
dissolution chambers and its connection to other fractures from a cave, or cave system.
In figure 6, one of the caves found during a foundation excavation is shown. Most caves
are thought to form near the water table, related to mixing dissolution. Some collapse
sinkhole development is also due to this mechanism, as in the Duden karst window.

Figure 6. Entrance of a cave in the city center.

The term sinkhole (doline is a synonym) indicates any depression in the
topographical surface, is used for depressions which don’t show polje property. To define
a sinkhole in more detail, an adjective was added indicating a peculiar attribute and
conforming to Ford and Williams (1989) classification. Some sinkholes in Antalya are
thought to form when the roofs of caves collapsed and are termed “collapse sinkhole”.
However, some are formed at the surface through dissolving the rock beneath, termed a
“dissolution sinkhole”.

The largest of the Collapse sinkholes is the Kuru Duden (Figure 7) at Varsak
(termed a “karst window”). Similar sinkholes can be seen on the coastal cliffs (these are
explained in the coastal erosion section). These kinds of caves caused by sinkhole
formation followed by roof collapse, are the result of mixing dissolution around the
groundwater table. The aggressiveness of the new water formed after the mixing of
vadose and phreatic waters rise and caves at the GW table are formed. This causes the
formation of widespread caves which can join together. Further enlargement of caves
results in roof collapse.
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Dissolution sinkholes can grow on a primary depositional depression such as
tufa pools. Glover and Robertson (2003) interpreted the depressions of Masadag: as
karst-related sinkholes (Figure 7). These were previously defined by Burger (1990) as
depositional pools termed “tufa basins”. In this paper these depressions are thought to be
dissolution sinkholes developed upon former depositional pools. The karstic features
observed in the depressions are of secondary origin and the elongate appearance of these
depressions is related to the interlinked pool system. The bedding in the pools is seen to
dip inwards around the edge, however in cross-section the bedding planes are concave
related to biogenic precipitation. Burger (1990) identified a large depression at an altitude
of 40 m and east of the present airport area as polje. The elevation difference between the
bottom and the surroundings reach 15 m, the length is 2 km and the width 1 km. There
are also several small depressions of 100-150 m width. Moreover another large depression
near Duaci at 280 m altitude, which is 700 m long and filled today with 7 m of terra rossa,
was also identified as a paleopolje. A third similar one is detected in this study at the south
of the Duden-Varsak terrace boundary. All these depressions are thought to be formed as
dissolution drawdown on a previous sedimentary basin.

. '-._g : :'- l'-'/.. 7
igure 7. 3D elevation model covered by a satellite image showing; dissolution
sinkholes developed on previous depositional basins (arrows), spring head erosion
where the Duden stream emerges (white circle), and the Kuru Duden collapse
sinkhole (solid black arrow).

2.3. Groundwater Erosion

Groundwater erosion can be realized through two processes. Seepage erosion
occurs through the dragging induced by seeping water in granular materials and the
enlargement of pores by applying shear stresses to their perimeters in cohesive materials
and unsaturated granular soils. Groundwater sapping is another process in which rock is
weathered and eroded when groundwater emerges from a porous medium. This leads to
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the erosion of the basal support and the failure of the overlying rock (Dunne 1990).
Sapping processes produce step sided channels that migrate headward and results in
theater-like heads that lack well-developed tributaries (Laity and Malin 1985). These two
mechanisms was adopted to the Antalya tufa; seepage erosion can erode clastic, weakly
cemented and soil-like units and, through groundwater sapping, hard and diagenetic rock
tufa was eroded.

During groundwater sapping, karst processes contribute to erosion by means of
dissolution. At the south-west margin of the Antalya tufa there are many embayments.
These embayments are bordered by tufa cliffs and base of the embayments are around
groundwater level. Burger (1990) called these embayments “karst marginal planes” and
their formation was explained by the corrosive action of carbondioxide rich wet and
vegetated soil. On the side walls of these embayments many small springs emerge (Figure
1). The discharge rate of these small springs was reported in Karaguzel et al. (1999) as
between 0.19 to 2.50 m/sn. In Antalya Tufa the maximum discharge is 20.04 m?/sn at
the Duden spring, resulting in a spring cave and sapping erosion (Figure 7).

2.4. Coastal Erosion

On the carbonate rocky shores, erosive processes, including the chemical action
mixing zone water, the mechanical action of waves, degradation via salt crystallization
and biological degradation, all play roles. A long debate has raged about the relative
contribution of the erosional processes (e.g. Trudgill 1976; Moses and Smith 1994).
However it seems too detailed for this study. The final morphology of a cliff depends on
rock properties (lithology, stratification, height etc.) and represents the relative
contributions of the marine erosion mechanisms and also terrestrial erosion mechanisms.
In the following section, the erosion mechanisms observed in Antalya tufa coasts are
explained.

Wave erosion erodes coasts through both wave abrasion and through purely
hydraulic wave action. However in Antalya almost no abrasion platform or beach is
observed. Wave force may be sufficient to break up of fragments from weakly cemented
layers or weak rocks. However for massive (sound) rock layers, waves serve secondary
duty for other erosion mechanisms, rather than purely hydraulic action. Focke (1978)
explain this role with amount of wave amplitude which causes turbulence. As turbulence
increase organic accretions and salt water surf increases. These subjects will be explained
in the following sections.

Salt erosion effects can be observed on the sides of concrete electricity pylons,
on steel parapets as well as on tufa rocks. Coastal cliffs are subject to salt water inundation
and exposed to a range of wetting and drying regimes. Antalya’s Mediterranean climate
with long dry seasons and a high level of storms provide the ideal conditions for salt
crystallization to occur. The transport of salt water into the pores is possible from the sea
water spray of waves and capillary rise. Wind and sun serve as the agent for the drying
and crystallization of the salt. One of the distinguishing features of salt erosion is salt pot,
which is previously formed small pot later deepened by salt erosion. The other features,
sharp piny leaching marks, are easily distinguished from marks left by boring micro-
organisms.
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Solution in mixing zones is another mechanism which results in erosion and
thus in erosional landforms. Plummer (1975) demonstrated that the mixing of sea water
with fresh calcium bicarbonate groundwater can result in calcite undersaturation in
mixtures, even though both solutions may be saturated or supersaturated with calcite prior
to mixing. Solution effects on carbonate rocks are prominent where fresh groundwater
mixes with sea water on the shore. The mixing of phreatic and vadose zone groundwaters
of differing chemical character can achieve a similar effect (Palmer 1990).

There are collapse sinkholes located 20-50 m behind the coastal cliffs. On old
maps and aerial photos more sinkholes can be seen, however due to infilling and
landscaping, today they are visible only in front of Lighthouse and in Ataturk Park where
there are several sinkholes side by side. In addition to sinkholes there are many caves
around sea level and behind the cliffs. Some coastal landforms are thought to be formed
by this mechanism. Alagoz (1973) claimed that ancient harbor (today’s yacht harbor) is
a former collapse sinkhole which was opened to sea after marine erosion. There are many
springs draining into the harbor which support this idea. On the cliffs behind the harbor
some failures had occurred as toppling failure. Boreholes drilled during site investigation
to explain these failures, showed there are voids around groundwater level, the porosity
of rocks are increasing and the rocks tend to be more brittle (Ercan et al. 1985).

Bio-erosion plays roles through both physical and chemical processes. Scrapers
(fish, echinoids and gastropods) range from the subtidal zone to high-water level, the
endolithie algae (algae, bacteria and other microorganisms) on which they graze are
limited to the intertidal and supratidal zones. The intertidal zone, where scrapers interact
with algae, serve the most suitable part in the development of notches. Organisms that
may be able to dissolve calcium carbonate by means of acidic body fluids include certain
algae, bacteria, barnacles, fungi, pelecypods, and worms. Such erosion may be especially
effective where intertidal browsers scrape the rock surface and drive the solutional borers
deeper (Neumann 1966; Hutchings 1986; Spencer 1992). Observations suggest that even
though intertidal organisms make an important contribution to the development of
notches, bio-erosion alone does not account for all coastal undercuts. Moreover
encrusting organisms are also abundant on the cliffs at sea level (Figure 8).

1. Failure Processes

Recognition of the instability mechanism is essential in assessing the extent of
the hazard. Failures of the tufa cliffs in Antalya commonly involve: rock fall, cavity
collapse, raveling, the washout of weakly lithified tufa, shear failure (slide), secondary
toppling and complex failures including more than one of these failure modes. The geo-
mechanical properties of the tufa forming the cliffs may be a factor in controlling
instabilities. The complexity of geology in the cliff face, the degree of weathering, the
presence or absence of dissolution structures and the terra-rossa deposits on the cliff top
are all factors which should be considered.
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Figure 8. Bio-erosion and bio-construction.

Heavy rainfall may cause the saturation of pores, thereby increasing pore water
pressures and total mass. Because an increase in water content reduces the strength of
rocks, heavy rainfall is often the triggering mechanism in cliff failures. Antalya has a
Mediterranean climate and after a dry summer a heavy rainfall comes during November
and December (Figure 9A). The observation made during November-December 2001
highlights the role of the water content in the unsaturated zone on tufa cliff instability.
This exceptionally wet winter illustrated the scale of failures that can occur, not only on
the cliffs, but also on deep excavations in residential areas. During 2001 Antalya received
1892 kg/m? precipitation, which is the second highest amount recorded during the
previous one hundred years, below the 1969 total of 1914 kg/m?. Figure 9B shows the
November, December and the annual precipitation data. 1390 kg/m? of precipitation, 74%
of the annual total precipitation occurred during the months of November and December.
In just the month of November 2001, there was 907 kg/m? of precipitation, the monthly
peak value during the last hundred years. Major cliff collapses at Karpuzkaldiran and
Bambus show a close relationship to rainfall data from Antalya. These failures occurred
in the first week of December 2001, when the rocks reached maximum saturation.
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Figure 9. A) Antalya’s monthly average precipitation data of 17 years between
1990 and 2007, B) Antalya’s annual total and some wet seasons precipitation
data.
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The modes of instability observed in Antalya’s cliffs are explained in the
following sections.

1.1. Cave/Porosity Collapse

On the coastal cliffs of Antalya many caves and voids have been recorded. Most
of these are described as flank margin caves because they are formed in the mixing zone.
Although both phreatic and vadose groundwater are generally at or near to equilibrium in
respect to CaCOs, their mixture can become undersaturated (Bogli 1964). The dissolution
potential may be further increased by descending acidic vadose water (Mylroie and Carew
1997). This results in the formation of voids at the top of the lens (Harris et al. 1995).
With further upward growth, cave may collapse completely or can join to other karstic
features such as solution pipes and caves (Figure 10). In figure 11 collapse sinkholes and
caves, located 20-50 m from the cliffs, are shown. A small cove in front of the biggest
collapse is thought to be a former cave collapse. Some caves are located below sea-level
with a maximum depth of 2-3 meters. Along water level, chambers of different
dimensions constitute a cave network. Some sea-level caves are connected to the surface
through a cave network. Some of them find the opportunity to grow upwards along jointed
or weak zones and reach the surface through a window (Figure 12). Recently no cave
collapses have been recorded, however this mechanism presents a significant risk.

sea

Figure 10. Porosity and cave development due to mixing dissolution, and collapse
or join with other karstic features upon upward propagation (Adapted to Antalya
tufa from Mylroie and Carew 1990)
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Figure 11. Cave and cave collapse features of the tufa coastline.

Figure 12. Upward growth of a water level cave along jointed zone resulting in block fall into the cave
and opening to the surface by a window.
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1.2. Raveling

Raveling is defined as particle-by-particle or block-by-block gradual erosion,
observed generally in poorly cemented conglomerates and breccias, in very highly
fractured hard rocks and in thinly layered rock masses (Goodman and Kieffer 2000).
Notch development is prevented in thin layered or weak tufa, because the retreat at the
face is faster than at the base. A small amount of carving results in the forward movement
of the thin layers and the fall of the blocks. Once the first blocks collapse from the lower
layers, there is very little support for the layers above and, when gravitational force of the
layers is higher than the indirect tensile strength of the layers, or the layer is jointed, the
blocks can readily fall from the cliff face. This mechanism results in the retreat of the
coastal cliff, without any evident notch development (Figure 13).

Figure 13. Raveling as particle-by-particle or block-by-block gradual erosion.
1.3. Washout Of Weakly L.ithified Tufa

Washout of Weakly Lithified Tufa is the carrying away of granular material by
rain water action. Tufas from paludal and fluvial depositional environments are weakly
cemented. Upon saturation this weak cementation can be loosened and became sediment
(Figure 14). After loosing cohesion, particles and blocks can easily be moved down
through surface runoff and this may cause the undermining of stairs constructed on the
cliff face or result in hard tufa cantilevers left on the cliff face. Analytical modeling of
this kind of failure is almost impossible, especially for heterogeneous tufa.

70



A B
Figure 14. Wash out of weakly lithified tufa, B) Close up view of white rectangle
shown in A).

1.4. Rock Fall

Rock Fall means here the natural downward motion of free blocks with free
falling, bouncing, rolling, and sliding. Rock blocks may be freed due to structural
discontinuities or other erosion or failure modes. Weathering, the ravelling of blocks, the
wash-out of weak materials often undercut the base of rock blocks and form cantilever
blocks hanging on the cliff face. Within progressive differential erosion, originally weak
zones of overhanging rock bodies deepen and enlarge to form failure planes and when
gravitational forces exceed the strength of the rock mass, the hanging rock body begins
to freely fall. A solution to the block fall process can be achieved by modeling cliff
protrusions as a simple cantilever (Kogure et al. 2006). A protruding two-dimensional
cantilever block, illustrated in Figure 15A, may detach and fall from the cliff if the tensile
stress at the top equals the tensile strength. The cantilever model is useful for
conceptualizing the block-fall process, however structurally weak rock mass are hard to
model. Fallen blocks can be seen below some sections of the cliffs (Figure 15B).

I
>

I3

o o= gl
max I3 h
A B
Figure 15. Rock fall. A) Cantilever beam model, (h: Block height; 1: Block
length; Gt : Tensile strength; Gmax: Maximum tensile stress; and y: Unit weight.)
B) Fallen blocks along the coast.
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1.5. Shear Failure

Shear failure is experienced on weak and soft tufa units. A defining feature of
weak rocks is the reduction of cohesion through increased water content. During high
rainfall the water content of the rock increases. Rock masses, which are stable in the dry
season, may fail under a high level of saturation. In figure 16A the clean back scar of the
failure surface can be clearly seen. The occurrence of this kind of failure, that involves
the entire cliff height, can be examined through the Culmann method (Figure 16B). Due
to heterogeneity the failure surface may not be purely planar and failed block generally
breaks into pieces after collapse. Another shear failure is seen, combined with notch or
porosity collapse at the bottom (Figure 16C-D). This kind of failure is slow rather than
collapse.
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failure
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Figure 16. A-B) Cullman type shear failure, (He: Critical cliff height; C: Cohesion

along the failure surface; i: Cliff inclination; ¢: Internal friction angle; and y: Unit
weight.) C) Shear failure combined with cavity collapse, D) Voids forming in the
margin of the fresh-water lens may promote collapse.
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1.6. Secondary Toppling

Goodman and Bray (1976) have defined secondary toppling as a failure initiated
by some undercutting, which occur due to erosion or weathering agents. A main primary
failure (such as shear failure or crush) is essential before toppling of the rock blocks.
Conforming to this definition topplings observed in Antalya tufa, were classified as
secondary toppling. The undermining of, or cavity development at the cliff base and stress
release, cause high stress at the top of the cliff. When this stress exceeds the tensile
strength of the rock mass tensile cracks develop at the top of the cliff. In this way a
prismatic rock block occurs between the crack and the sea. As erosion at the bottom of
the cliff continues, the forces that cause the block to topple are increasing. As toppling
proceeds, the rock block topples into the sea. In the rainy season, the reduced strength of
the rock and high pore water pressure may contribute to the secondary toppling
mechanism.

Along the cliff-line many previously toppled blocks can be seen (Figure 17A).
Figure 17B-C show toppling of cliffs after heavy rainfall just after the failure (note that
terra-rossa cover still remains on the tufa block). The surfaces at the back of failures are
not iron stained and said not to be open to weathering agents down to the base of the rock.
The contribution of rainfall should reduce the shear and tensile strength of the rock mass.
Shear strain is greater around the toe of the cliff. Small shear displacements in the lower
part of the slope generate tensile forces at the upper part increasing tensile stress. When
tensile stress exceeds the tensile strength of the rock mass which is reduced due to
saturation, tensile cracks begin to open. Tensile cracks propagate down to a depth where
the cracks coincide with the potential failure line which corresponds to Rankine’s active
state (Figure 17D). Rock blocks topple through the sea instantaneously, after the failure.

Without the full toppling of the blocks, slow or instantaneous forward movement
of the blocks can also cause instability (Figure 18A-B). During long stationary periods,
apertures between the blocks can be filled with blocks and soil. In a long rainy season,
water pressure behind the block causes it to tilt (Figure 18C). In December 2001, roads
on the cliff tops around Lara, were cracked along three lines (Figure 18D). The maximum
aperture was 40 cm and downward movement was around 15 cm. Local shear failures
were observed on the cliff face. The cliff rocks moved towards the sea causing the
deformation of structures constructed on the cliff face. The cliffs did not fail but some
permanent residual tilt occurred.

1.7. Rate of Erosion and Retreat

The rate of erosion of the cliff rocks is controlled by the force of waves at the
base of cliffs, the mechanical strength of the rock masses, the properties of discontinuities,
the reduction in rock strength due to weathering, the reduction in rock strength due to
saturation, rock mass removal and rock material fatigue caused by the cyclic loading of
the wave impact. Regarding only the wave action Sunamura (1992) related the distance
eroded in the rock to the wave force, to the rock mass resistance and to time. This
approach is imprecise for several reasons, particularly because of the depositional
character and the consequent variation of physical properties throughout the cliffs and
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differential weathering. Moreover, this approach doesn’t include bio-erosion, seepage and
strength reduction due to saturation and weathering.
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Figure 17. A) Old block toppling failure, B) Toppling of tufa blocks after heavy
rain in December 2001, C) Block heights reach almost the full height of the cliffs,
D) Analytical model for block toppling failure (hc: Cliff height; W: Weight of
the block; 1: Block length; In: Notch length; L: Length of the failure surface; ¢:
Internal friction angle).
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Figure 18. A-B) Tilted blocks on the cliff, C) Permanent residual tilt as a result
of water pressure, D) Tilt of blocks and deformations on the cliff top after heavy
and long duration rainfall.

Some other attempts have been made to determine the rate of coastal cliff retreat.
Mean erosion rates for a long period of time may be determined using aerial photographs
(Moore 2000). The more accurate measurement of the retreat rate may be obtained by
terrestrial laser scan techniques (Rosser et al. 2005). These may be supported by
measurements of the actual retreat around clearly dated historical structures.

Below the Antalya cliffs, except for two small pocket beaches of 40-50 m long,
no beach exist and optical and terrestrial laser scanning is not possible. Comparison,
between valid aerial photographs or photographic maps of different dates, doesn’t show
considerable retreat. We know little about local cliff history. However, what we know is
that there has been little or no retreat for 2000 years. Two historical harbors on tufa area:
Attelia (150 B.C.) (Figure 19A-B) and Magydos (200 B.C.) (Figure 19C) have remained
in their original positions. The Roman Hidirlik mausoleum has been in place on the cliff
top for 1800 years (Figure 19D). The Roman defensive walls erected in front of the
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Hidirlik mausoleum were stable before their demolition in the 1930’s. So the erosion rate
of Antalya tufa cliffs is said to be very slow. Retreat is valid on a geological timescale
however, on an engineering timescale these cliffs are subjected to instabilities and to local
failures causing local retreats.

C D
Figure 19. A) Historical Port of Attelia (today the marina), B) Seljuk-Ottoman
walls and Hidirlik castle in 1930’s, C) Port of Magydus, D) Hidirlik mausoleum
(Roman) in 2000’s.
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BACTERIOPLANKTON, CYANOBACTERIA, PHYTOPLANKTON
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The eastern Mediterranean is one of the well known basins of low productivity
among the world’s seas due to limited nutrient supply to its sunlit surface layer from
external and internal sources. In the Levantine basin of the eastern Mediterranean, as well
as in other areas of the Mediterranean shelf zones are often much limited in extent. The
only locations with a wide shelf are the Cilician Basin in the northeast corner, and the
coastal part of the Nile Cone in the south. Both areas are typical Regions of Freshwater
Influence (ROFI) where riverine inputs combined with shallow topography create
buoyancy currents that often spread along the shelf and lead to increased productivity.
Perennial rivers Goksu, Lamas, Tarsus, Seyhan, Ceyhan and Asi plus some smaller rivers
draining an area of 80,000 km? connected to the Cilician Basin account for a total fresh
water flux of 27 km3/yr (870 m?/s), accounting for about half the river discharge along
the Turkish Mediterranean - Aegean coasts, but much greater than the present discharge
of the Nile in the eastern Mediterranean (estimated to be 540 m®/s, Pinardi et al. 2005).
In the nutrient poor eastern Mediterranean, these river inputs are extremely significant
regional sources. Especially following the almost 90% reduction in the discharge of the
River Nile in the 1960’s, Turkish rivers concentrated in the Cilician Basin presently seem
to be the main fresh water and nutrient sources for the entire Levantine Basin of the
oligotrophic eastern Mediterranean. The concentrations of nutrients and primary
production are relatively high in the northeastern shelf area as a result of land based
sources. Although limited in amount, the supply of nutrients from various heterogenous
sources, drainage outlets and fresh water from a few rivers partially meet the demand for
phosphorus and support relatively high rates of primary production near the coast, in
contrast with the deeper parts. Consequently, a sharp contrast develops between the
coastal area supplied by land-based nutrient sources and the nutrient limited open sea.
Niches of greatly varying properties occur along the coast as a result of this heterogenous
distribution of sources. Coastal / open sea interactions and the interaction with the
atmosphere determine the changes in this highly variable and sensitive coastal ecosystem,
and its response to eutrophication processes. The prominent cyclonic circulation as well
as accompanying diverse features like eddies, meanders etc., determine the fate and
transport of dissolved and particulate substances in the eastern Mediterranean

The Cilician Basin coastal system is presently experiencing significant
environmental stresses as a result of explosive increases in population, industrial,
agricultural and tourism activities. Wastes from various industries (steel, paper, fertilizer
etc.,) and untreated or primary-treated municipal wastes from major towns of Mersin,
Adana, Iskenderun and Antakya are potential sources of marine pollution. Civilian and
military marine transport linked to the harbours of Mersin, Iskenderun and Tasucu, oil
storage and pipeline terminals at Yumurtalik, Ceyhan and Dértyol (including the recently
completed Baku-Thilisi-Ceyhan pipeline transporting oil and gas from the Caspian Sea)
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are additional activities with potential impact on the environment. In addition, the coastal
ecosystems of the easternmost part of the basin itself has suffered greatly from major
changes in the drainage systems, such as the construction of the Aswan High Dam in the
upper Nile. Following construction, terrestrial nutrient input to the receiving
Mediterranean waters was reduced significantly and resulted in a relatively less fertile,
more saline, oligotrophic water system. Shortage of nutrients first diminished
phytoplankton productivity, and hence the zooplankton as the second step in the marine
food chain. Similar threats were also observed from the northern Levantine basin.
Dramatic increase in human population, intense marine traffic to/from Mersin and
Iskenderun harbours, pollutants of industrial and domestic origin, and agricultural and
atmospheric loads make the ecosystem of the region extremely vulnerable to the imposed
environmental burdens. The most predominant anthropogenic impact is the elevated
eutrophication phenomenon being experienced in Iskenderun and Mersin Bays in parallel
to increase in human population at coastal and Cukurova plain area for more than 3-4
decades. Eutrophication is considered to play a key role in the ecosystem by leading to
substantial alterations in the structure and function of marine flora and fauna both
qualitatively and quantitatively. Recent studies have shown alarming expansion of
eutrophication northwards toward offshore and westwards along the shelf. Compared to
the Black Sea, the region may be regarded as one of the least studied extreme
environments. Recent studies indicate that changes are occuring intensely in the northern
Levantine basin at different trophic levels (Giicu et al. 1992, 1994; Uysal and Mutlu 1993;
Gict and Bingel 1995; Kideys and Gucu 1995). Introduction of extraneous species
represents anthropogenic effects through Lessepsian migration from the Red Sea. The
presence of new species being introduced into the Levantine basin points out that their
invasion and acclimatisation in this region is intensive at present which requires further
monitoring studies.

The picoplanktonic fraction of marine planktonic communities consists of both
phototrophic and heterotrophic organisms. They generally dominate the 0.2 to 2.0 um
size class of marine plankton in terms of abundance and biomass. Heterotrophic bacteria
are a large and active part of the marine ecosystem and are the main agents making some
of the extensive dissolved organic carbon pool available to the rest of the food web via
bacterivorous organisms, particularly flagellates. They are also important remineralizers
and solubilizers of particulate matter (Pomeroy 1974; Azam and Hodson 1977; Sieburth
et al. 1978; Smith et al. 1992; Azam 1998) and are, therefore, an important component of
investigations of oceanic carbon and nitrogen flow. In oligotrophic waters bacteria often
consumes up to half of the primary production via dissolved organic matter and in turn
are consumed by grazers.

To date only few studies have been carried out on heterotrophic bacteria and
coccoid cyanobacterium Synechococcus in Turkish seas. Monthly abundance and
biomass distribution of heterotrophic bacteria was first described at three stations in
Cilician basin shelf waters over a period of one year (Uysal et al. 2004). This then
followed by a similar study conducted monthly at two stations in the same area (Baymndirl
2007) and seasonally at a transect in highly eutrophic Mersin bay (Gazihan-Akoglu
2011). Bacterial populations of Turkish coastal waters have been studied more
extensively during the basinwide cruises of R/V Bilim-2 of IMS-METU to Levantine
basin (Uysal et al. 2008; 2014) and to Turkish seas within the scope of EU funded
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integrated SESAME (Southern European Seas: Assessing and Modelling Ecosystem
Changes) and PERSEUS (Policy-oriented marine Environmental Research in the
Southern EUropean Seas) projects (Gazihan-Akoglu et al. 2010).

Picoplankton (including heterotrophic bacteria and cyanobacteria) content and
dynamics of the Cilician Basin shelf waters have been studied at three stations (nearshore,
middle, offshore stations with total depths of 20, 110 and 210m, respectively) offshore
Erdemli at monthly intervals (Figures 1-3) over a period of one year (Uysal et al. 2004).
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Figure 1. Monthly changes in heterotrophic bacterial abundances at nearshore
station (min-max values at 5.85x10° — 4.06x10° cells/ml).
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Figure 2. Monthly changes in heterotrophic bacterial abundances at middle station
(min-max values at 4.3x10° — 1.78x10° cells/ml).
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Figure 3. Monthly changes in heterotrophic bacterial abundances at offshore
station (min-max values at 1.72x10° — 1.66x106 cells/ml).
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In general, shelf waters displayed highly dynamic features and strong mixing
during winter has effected greatly the concentration of nutrients as well as the distribution
of bacterial populations in the water column. Winter bacterial population was low in
abundance as well as in terms of biomass and distributed homogeneously in the water
column due to convectional mixing (Figures 1-3). Based on water column mean
abundances, nearshore station contained 1.9 and 2.3 times greater bacterial population
than the middle and offshore stations. Almost similar ratios were calculated when water
column mean biomasses were taken into account. Late winter — spring flowering of
phytoplankton (dominated by diatoms) favoured bacterial growth during spring at both
nearshore and middle stations. Bacterial abundance and biomass have reached peak levels
during September due to elevated ambient temperatures and possibly due to accumulated
dissolved organics. Timely changes in abundance and biomass at offshore station were
insignificant. In contrast to chlorophyll no subsurface maxima is observed for bacteria at
the offshore station. Except winter bacterial abundances decreased with increasing depth
at middle and offshore stations. Population was found more abundant above thermocline
at surface mixed layer during fall at both middle and offshore stations.

In offshore waters of the Levantine basin primary production is dominated by
picophytoplankton populations and considerable amount of the primary production and
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chl.- a is based on these picophytoplankters (<3u). The main components of this group
are the cyanobacterium Synechococcus sp. and the Prochlorococcus. Picoplanktonic
unicellular cyanobacterium Synechococcus are known to be major contributors of the
total photosynthetic biomass in the oceans especially in the more oligotrophic regions
such as the Mediterranean. In oligotrophic oceans this group contribute up to an estimated
25% of photosynthetic carbon fixation (Waterbury et al. 1986) and accounted for 64% of
the total photosynthesis in the North Pacific Ocean (lturriaga and Mitchell 1986). This
dominance of picophytoplankton leads the expectation that most material and energy
transfer is through the microbial loop. Preliminary studies from Turkish coastal waters
dealt mainly with size, distribution, growth and pigment structure of Synechococcus
clones obtained from the Black Sea (Uysal 2000, 2001). Studies concerning their
dynamics with respect to ambient biophysicochemical properties were conducted in the
Cilician shelf waters (Kdksalan 2000; Uysal and Kdksalan 2006, 2011, Baymdirli 2007;
Gazihan-Akoglu 2011) and in highly contrasting Turkish coastal waters (Uysal 2006).

Cyanobacterium Synechococcus spp. was found more abundant at or near
surface waters with elevated temperatures during summer and early fall in the Cilician
basin shelf waters (Uysal et al. 2004). Changes in cell abundance with depth was
insignificant during winter due to intense vertical mixing and remained at lowest levels
compared to other seasons. (Figures 4-6). Based on water column mean abundances,
nearshore station contained 2.7 and 5.7 times greater cyanobacterial population than the
middle and offshore stations.
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Figure 4. Monthly changes in Synechococcus spp. abundances at nearshore station
(min-max values at 9.59x10% — 1.62x10° cells/ml).

Depth (m)

Similar to heterotrophic bacteria, almost similar ratios were calculated when water
column mean biomasses were taken into account. Except winter all monthly abundance
profiles displayed a decreasing trend from surface to bottom. Similar to heterotrophic
bacteria no subsurface maxima is observed for Synechococcus at deep stations.
Population was found more abundant nearsurface during summer and early fall. In
general, heterotrophic bacterial biomass surpassed the cyanobacterial (Synechococcus.)
biomass in the water column throughout the year (Figure 7).
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Figure 5. Monthly changes in Synechococcus spp. abundances at middle station
(min-max values at 6.77x10? — 1.29x10° cells/ml).
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Figure 6. Monthly changes in Synechococcus spp. abundances at offshore station
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Bacterial and cyanobacterial content of Turkish seas (Figure 8) have been studied
extensively for comparison during spring and fall 2008 within the scope of EU funded
integrated FP6 Project SESAME (Southern European Seas: Assessing and Modelling
Ecosystem Changes). Among the contrasting water bodies maximum heterotrophic
bacterial and cyanobacterial abundance and biomass were observed in the sea of Marmara
during fall with values ranging between 2.6x10° cells/ml and 14.4 pgC/I for heterotrophic
bacteria and 2.1x10° cells/ml and 25.3 pugC/I for cyanobacteria whereas the lowest figures
were retained from the Levantine basin with values ranging between 4.1x10* cells/ml and
0.24 pgC/l for heterotrophic bacteria and 2.5x10' cells/ml and 0.02 pgC/l for
cyanobacteria (Gazihan-Akoglu et al. 2010). Relatively much higher values were
observed in shallower shelf areas compared to offshore waters in the Cilician Basin. Both
the surface bacterial and cyanobacterial abundance and biomass averages peaked in fall
compared to spring in all regions except the apparent decrease in heterotrophic bacterial
abundance and biomass values in the sea of Marmara.

Phytoplankton studies undertaken earlier in the area are few and have targeted
only certain specific sub-areas (inner bays, coastal areas, harbours, etc.,) of the Cilician
basin (Kideys 1987; Kideys et al. 1989; Avsar et al. 1998; Gucu et al. 1999; Giicd et al.
2000; Koksalan 2000; Eker and Kideys 2000; Polat and Sarithan 2000; Polat et al. 2000;
Uysal et al. 2008; Giicu et al. 2001; Polat and Isik 2002; Uysal et al. 2003; Eker et al.
2003; Yilmaz et al. 2003; Uysal et al. 2004). Majority of these studies have covered large
sized cells composed mainly of diatoms, dinoflagellates and a few of smaller sizes like
coccolithophores. Phytoplankton data additionally contained pico and nano fractions of
phytoplankton (heterotrophic bacteria, Cyanobacterium Synechococcus and small
flagellates <15 micron) following the year 2000. Time series (weekly data off IMS-
METU at three stations within the shelf) data is available only for the period April 1997
to November 1998. Observations are not regular and gaps do exist for this basin.
Basinwide (mostly seasonal) as well as multibasin phytoplankton distributions are also
available although they are very few. Disappearence of certain taxons with increasing
anthropogenic loads from the Mersin bay area (for example Coscinodiscus species etc.,)
is an interesting phenomenon worth to follow. Similar shifts from diatoms to
dinoflagellates have been observed in the western Black Sea in the past. Intrusion of huge
amounts of nutrients via waste discharges from domestic, industrial and agricultural
sources had also boosted monospecific phytoplankton blooms in Mersin Bay (Uysal et
al. 2003).
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Figure 7. Annual biomass profiles of heterotrophic bacteria (green) and
Synechococcus (red) of the Cilician shelf waters.
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Figure 8. Surface abundance distribution of both groups in Turkish seas during
spring and fall 2008.

In general phytoplankton has been found more abundant and diverse during late
winter and spring in Cilician shelf waters. In a study conducted earlier in the shelf (Uysal
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et al. 2004) clearly pointed out the spring flowering of phytoplankton (Figures 9-10).
Extension of phytoplankton enriched surface waters towards offshore was observed in
late spring and early summer (May-June) due to increased run off from local perennial
rivers to the basin as a result of melting snow in Taurus Mountains. Cell abundances
varied in the range 2.5x10* cells/l in December and 2.75x10° cells/l in may at the
nearshore station. Population was least abundant (1.23x10* cells/l) during September at
the offshore station. During this period 71 diatom, 40 dinoflagellate and 21
chrysophycean species have been identified from the region. A decreasing trend in surface
phytoplankton abundance as well as diversity towards offshore was prominent.
Multivariate analysis performed over phytoplankton data indicate direct impact of
temperature on seasonal clusters observed over the year. Weekly succession of
phytoplankton for the period June 1997-May 1998 in the same area has also displayed
similar results (Figure 11) where massive blooms took place in late winter and early
spring. Diatoms’ contribution in terms of biomass to the bulk was much higher than rest
of the other groups at all three stations throughout the sampling period. Besides diatoms,
dinoflagellates, coccolithophorids and small flagellates were the other important
constituents of the phytoplankton in the shelf region. Dinoflagellates were much abundant
in the nearshore station reaching 4.3x10° cells/I especially during summer. Major impact
of terrestrial inputs via rivers to the highly oligotrophic Mediterranean coastal waters has
been clearly identified recently in an approach to obtain Good Environmental Status
(GES) of Turkish coastal waters. Coastal sectors receiving nutrient rich freshwater via
rivers have contained much higher population densities (e.g. Mersin and Iskenderun
Bays) compared to others in close contact with oligotrophic offshore waters (Figure 12).
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Figure 9. Monthly changes in phytoplankton cell abundances (total cell #/L) at
Cilician shelf waters.
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Figure 11. Weekly changes in phytoplankton biomass at Cilician shelf waters.
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Figure 12. Phytoplankton abundances from the Turkish coastal waters of the
Mediterranean, a: September 2014, b: February 2015, ¢: August 2015, d: February
2016)
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1. Introduction

The Mediterranean Sea is connected to the Atlantic Ocean, surrounded by the
Mediterranean region and almost completely enclosed by land: on the north by Anatolia
and Europe, on the south by Africa, and on the east by the Levant. The sea is technically
a part of the Atlantic Ocean although it is usually identified as a completely separate
body of water. It covers an approximate area of 2.5 million km? (UNEP 1996; Bianchi
and Morri 2000). The Mediterranean Sea is considered as one of the least productive
seas of the world and geophysical and arid climatic conditions make the Eastern
Mediterranean the most oligotrophic part (Azov 1991; Yilmaz and Tugrul 1998; Ediger
et al. 2005). Eastern Mediterranean is a good example for low nutrient low chlorophyll
ecosystem (Ediger and Yilmaz 1996; Eker-Develi 2004; Kocgak et al. 2010). Krom et al.
(2005) reported that eastern Mediterranean surface waters have extremely low nutrient
content. The nutricline is located at around 300-500 m in the anticyclonic regions
(Yilmaz and Tugrul 1998). However, despite its oligotrophic nature, the northeastern
sector of the eastern Mediterranean receives substantial amounts of river waters which
further enhance the nutrient content of the shallow shelf areas ('YUcel 2008) Bacteria are
considered an important component of primary productivity and the bacterial
production by mainly phosphorus (Siokou-Frangou et al. 2010). Bacterial production
was limited by phosphorus and nitrogen. To date only few studies dealt with the
bacteriological in the northeastern Mediterranean (Zoppini et al. 2008; Amalfitano et al.
2009). Previous studies focused on the western Mediterranean, the Aegean Sea, and the
Levantine Basin (Zohary and Robarts 1992; Robarts et al. 1996, Wambeke et al. 2002;
Turley et al. 2000; Christaki et al. 2003;). In general, the rate of the bacterial production
decreases from west to east exhibiting similar trends with primary production and
chlorophyll in the Mediterranean (Siokou-Frangou et al. 2010).

Studies on marine bacterioplankton diversity have provided a comprehensive
inventory of the major groups of bacteria frequently observed in the water column have
indicated there and crucial role in the decomposition of organic matter and cycling of
nutrients in marine environments (Hagstrom et al. 2002). However, it has been
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recognized that bacterial populations may be considerably modified by interactions with
biotic factors (Martin and Bianchi 1980). Increased human pressure in the Eastern
Mediterranean is responsible for major changes in the increased ecosystem (Duarte
2000).

This chapter summarizes bacteriological studies conducted in the Sea of
Mediterranean in recently years.

2. Fecal Pollution

As a consequence of urban and rural development in areas of extraordinary
geographical beauty, the tourist population visiting those places has not ceased to grow.
This increase in population has had a profound impact on the quantity and quality of
wastes produced. Quite often during the tourist season, municipal services in charge of
the safe disposal of solid and liquid wastes are totally unable to cope with the additional
waste-load that invariably reaches the coastal waters.

However, in spite of the importance of pollution loads originating directly from
human agglomerations in coastal areas, they appeared to be of minor importance when
compared to other forms of pollution originating inland and discharged into the sea by
various means. Discharges from “inland” municipal, industrial and agricultural districts,
which are only partially treated or even in untreated form, are still reaching the sea
through the hydro- graphic river network of the Mediterranean Basin. Municipal sewage
carries increased loads of nutrients such as nitrogen and phosphorus, and a heavy load
of micro-organisms, including bacterial and viral pathogens.

In the Mediterranean Sea coastal urbanization has led to the release of enteric
human pathogens into surface waters. Regulations regarding bathing water quality
(Council Directive 2006/7/EC) have led to improvements in the microbiological quality
of coastal waters and to a reduction in the incidence of waterborne diseases arising from
contact with bathing waters. In these a study, we evaluated several microbiological
parameters in an ltalian coastal area of the Southern Adriatic Sea in order to assess the
water quality. Several interesting issues can be inferred from these data (Stabili and
Cavalo 2011). Along the examined coastal tract, the microbial pollution indicators were
always below the tolerance limits for bathing waters defined by the CEE directive
suggesting a good sanitary quality (Franco et al. 1982; Russo and Artegiani 1996).
Another study was done by Skaraki (2006) assessed total and faecal coliforms were
occasionally present, with the highest values of 278 MPN 100 ml™! for total coliforms
and 172 MPN 100 ml—1 for faecal coliforms observed in Italian Sea.. P. aeruginosa was
not identified during the sampling period at any of the examined stations.
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Sun and beach tourism is very important to the economy of Mediterranean
coastal area, so the control of the quality of the environment on the beaches is essential.
Therefore, the analysis and control of the quality of bathing water is necessary, which is
defined by the European Directive 2006/7/EC as excellent, good or sufficient depending
on the presence of microbiological contamination or other organisms or waste
presenting a risk to bathers' health. For that, 1392 beaches of the Mediterranean
Pennsiula and its islands were analysed, taking into account: fecal bacteria (Escherichia
coli and Enterococcus), physical characteristics of sediment, level of urbanization,
climatic and anthropogenic factors, and maritime climate. Thus, it was observed that
urban sand beaches located in seas with fewer hours of sunshine and important tide
have higher concentrations of E. coli and Enterococcus.

There are many studies focusing on indicator bacteria concentrations, bacterial
pathogens and source tracking of fecal pollution from water in the Sea of
Mediterranean. Altug et al. (2010) was investigated the levels of indicator bacteria with
respect to the areas from which they were isolated were investigated and compared in
the sea water samples taken from the coastal area of the Eastern Mediterranean (Turkey,
Syria, Lebanon). While the highest levels of resistant bacteria were found in the samples
taken from Syria, the lowest level of resistant bacteria was found in the samples taken
from the offshore area. Faecal coliform, total coliform and HPC were found to be
betweenc <1,0-1,0 logic CFU/100 ml, <1,0-2,1 logio CFU/100 ml, 5,4-7,1 logio
CFU/100 ml, during August 2007. Also in 2007, results of analyses conducted at 97
points between Cesme and Cevlik in the Eastern Mediterranean coastal area of Turkey
were found to be between 1,7-4,7 log CFU/100 ml for faecal coliform, 1,8-6,9 logio
CFU/100 ml for total coliform, and 5,5-8,8 logip CFU/100 ml for HPC. Again in 2008,
results of analyses conducted at 90 points between Cesme and Cevlik in the Eastern
Mediterranean coastal area of Turkey were found to be slightly lower than in 2007. In
2007, results of analyses conducted at 6 points along the coastal area of Syria were
found to be between 2,5-3,7 logioc CFU/100 ml for faecal coliform, 3,1-4,5 logo
CFU/100 ml for total coliform, and 5,5-6,6 logioc CFU/100 ml for HPC. Once more in
2008, results of analyses conducted at 6 points along the coastal area of Syria were
found to be slightly higher than in 2007 (2,7-3,8 log CFU/100 ml for faecal coliform,
2,9-4,1 logio CFU/100 ml for total coliform, and 5,8-6,2 logio CFU/100 ml for HPC).
Also in the year 2008, results of analyses conducted at 5 points along the coastal area of
Lebanon were found to be between 1,0 -3,2 logio CFU/100 ml for faecal coliform, 1,9-
5,2 log CFU/100 ml for total coliform, and 5,5-7,8 log:o CFU/100 ml for HPC.

Bathing water quality was monitored according to the Turkish Bathing Water
Directive (76/160/EEC) in Gocek Bay had been polluted due to densely boat tourism by
Can and Alp (2012), their measurements showed that fecal coliform concentrations in
study area were ranging between 1.4x10° and 1.8x102 fecal coliforms 100ml. Kocasoy
et al. 2008, investigated sea water quality at selected two beaches and a coastal village
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having summer resorts in Cesme and found that the maximum total coliform value had
been reduced from 10x10* to 9.2x10* coliform 100ml* after wastewater treatment plant.
Fecal contamination in seawater of the beaches can stem from many point and non-
point sources. For example, people and domesticated or wild animals using the beach,
leaks from the sewer system or from waste storage tanks, illegal discharge from
restaurants, cafes and businesses around, nearby agricultural fields and river inputs are
but a few of the factors leading to contamination. (Kacar and Kucuksezgin 2014)

3. Bacterial Diversity

There are many different environmental factors that regulate microorganism
abundance, activities and ecto-enzyme profiles in marine environments. Furthermore,
different bacteria degrade different fractions of organic matter in the sea (Fuhrman et al.
1993). In the water column, the presence of micro organisms usually decreases with
increasing depth. While culture independent studies serve as common applications in
detecting bacterial diversity, the studies showed that cultured strains of marine bacteria
can represent significant fractions of the bacterial biomass in sea water (Pinhassi et al.
1997). There are several studies focusing on bacterial diversity of the Sea of
Mediterrranean using both culture and molecular methods.

In a study by Altug et al. (2010a), the level of mesophilic aerobic heterotrophic
bacteria and bacterial composition with respect to the areas from which they were
isolated were investigated for the first time in the coastal areas of Lattakia (Syria) and
Beirut (Lebanon) the Mediterranean. During the study period, six bacterial classes:
Gamma Proteobacteria (58%), Beta Proteobacteria (%11), Alfa Proteobacteria (5%),
Flavobacteria (12%), Actinobacteria (6%) and Bacilli (5%) were determined. Gamma
Proteobacteria was the most common group in terms of species number in comparison
to the other taxonomic groups in the coastal areas (Table 1).

The species belonging to Enterobacteriaceae family was the most common
taxonomic group in the coastal areas of Syria and Lebanon. Flavobacteriaceae family
was the second most common group. The presence of 16 bacteria species belonging to
ten different families from the coastal areas of Syria and Lebanon were reported for the
first time.

Among all the strains, percentage of the Gram - bacteria in the coastal areas of
Syria and Lebanon and the offshore area were 90 % and 2%, respectively. Among
Gram-negative bacteria, enteric bacteria were abundant and the predominant genus was
Enterobacter at all sampling points in the coastal areas of Syria and Lebanon. This
situation was evaluated to be a result of anthropological pollution input in the coastal
areas. The bacteria classes found in this study include species that are able to secrete
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large quantities of ectoenzymes. This situation suggests that those particular species
have potential importance in organic matter turnover in these areas.

Table 1.The aerobic heterotrophic culturable bacteria composition which were

isolated from the coastal areas of Syria and Lebanon and offshore area of
Northern Aegean Sea and Eastern Mediterranean (2007-2008 August).

Stationz
Families Species Class
Lebanon | Syria | Offchare
¥ ¥ Gamma Proteshacten:
Enterohacter cloacas (Jordan 1890) Hormaeche and Edwards 1960 3 Protechaciens
Enterobacisr sakazaki (Farmer et al, 1980) * = Gamma Proteobacteriz
Enterobacter asrogenss Hormasche and Edwards 1960 * - Gamma Protacbacteriz
Erserocoveus fascalis (Andrewss and Horder 1908) Schleifer and Kilpger- | = ¥ Ganumz Protechacteria
: Balz 1984
N 2 T Camm 2
ENTEROBACTERIACEAE 5 hevichia coli (T Excharich, 15657 - B 2 Protecbacteria
Servatia fontizala Bizio 1823 - ¥ Gamama Protechactena
- * Ganuma Protechacteria
Serratia ligfacians (Grimes and Hennarty 1931) Bascomb st al. 1871
PSEUDOMONADACEAE Pasudomonas luteola (Kodama et 2. 1985) Holmes =t al. 187 * - Gamma Protechacteria
= Ganuma Protecbacten
XANTHOMONADACEAE Stemotrophomonas maltophilia Palleron and Bradbury 1993 N 3 Froteabaciens
SHEWANELLACEAE Shevwanslla puirefaciens (Les ot 2l 1981) MacDonnell and Colweall 1986 | + ¥ ¥ Ganams Protecbactena
- = Alpha Protesbacter
CAULOBACTERACEAE Brevundimonas vesicularis (Bisiag st al. 1953) Segers eral. 1994 PR Froteetactena
ALCALIGENACEAE Alealizenes fasealis s3p fassalis (King 1959) Kim et al 2005 * - Beta Prosachactaria
NEISSERTACEAE hromabacterium violacsum B ini 1880 (Approved Lists 1930) M - Beta Proteobarteria
MICROCOCCACEAE Misrasosous luteus Lehmann and Neumann 1396 * Actmobacteria
STAPHYLOCOCCACEAE Staphylocoscus hominis Kloos and Schleifer 1975 emend Kloos stal 1998 | © N T Bacill
Elisabetkingia meningoseptica (King 1959) Kim ef al. 2005 - - Flavobactaria
FLAVOBACTERIACEAE — —
Chryseobacterium indologanss Yabuwuchi Bt A1 1933 Flavobacteria

Research conducted by Gértner et al. (2011) in Mediterranean Sea revealed that
most of the bacteria isolated and identified belong to the two phylogenetic groups
Firmicutes and Actinobacteria. Gram-positive bacteria were clearly dominant among
the strains isolated from the Eastern Mediterranean deep-sea sediment. This is in
accordance to the frequent isolation of mainly Firmicutes and Actinobacteria from
diverse marine habitats (Jensen et al. 2005; Gontang et al. 2007; PrietoDavo” et al.
2008).

Another study by Cardak et al. 2015, a total of 3,005 colonies were isolated on
Marine agar. Approximately 83 % of the isolates were identified to genus level. During
the study period, 6 bacterial classes were recorded: Gammaproteobacteria (46.81 %),
Bacilli (27.66 %), Betaproteobacteria (12.77 %), Alphaproteobacteria (6.38 %),
Actinobacteria (4.26 %) and Flavobacteria (2.13 %). In this study, the presences of 48
culturable heterotrophic bacteria species belonging to 18 different families from the
Gulf of Antalya were reported for the first time. Although these bacteria had not
previously been reported from these areas, they may be ubiquitous in aquatic
environments. Gamma Proteobacteria was the most common group in terms of species
number in comparison to the other taxonomic groups in the coastal areas. The species
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belonging to Enterobacteriaceae family was the most common taxonomic group in the
coastal areas of Gulf of Antalya. Bacilli family was the second most common group.
The species belonging to the family Enterobacteriaceae were determined to have the
highest count in these regions, implying that abundance of enteric bacteria is a part of
the anthropological pollution input of the coastal areas. Furthermore, modeling studies
conducted in the Gulf of Antalya and in the Mediterranean Sea indicate that under
normal conditions, 11-15 % of the waste water discharged from various points of the
Gulf of Antalya into the Eastern Mediterranean Sea (Atik et al. 2011).

In a study by Altug 2012, the presence of Salmonella spp. and indicator bacteria
with respect to the areas from which they were isolated were investigated in the coastal
areas of the Eastern Mediterranean. The occurrence of Salmonella spp. in the 14 units of
seawater samples from the Eastern Mediterranean, Turkey were investigated during the
months of August in 2007 and 2008. Due to the differences between coastal areas and
offshore areas with respect to exposed pollution factors, the offshore areas can be
accepted as reference stations for the studies which monitor bacterial contamination.

The frequency of Salmonella spp. according to their exposure to environmental
factors in the areas from which they were isolated were different. For instance, higher
indicator bacteria and Salmonella spp. abundance was found in the coastal stations
compared to the offshore areas. The coastal areas which were under the influence of
biological pollution with respect to heavy inland population displayed higher levels of
Salmonella spp. than the offshore areas.

Aeromonas hydrophila in the aquatic environment may be related to the levels of
pollution in the water. It has been reported by several authors including (Araujo et al.
1991, Stecchini and Domenis 1994) and that A. caviae predominates waters with a high
degree of faecal pollution and dominant in water samples collected from polluted and
unpolluted regions. In study reported, that isolated samples are associated with the
direct discharges to the sea or via rivers and streams. Burkholderia cepacia was isolated
from relatively unpolluted areas. B. cepacia is an important opportunistic human
pathogen and in this study, it was isolated from the samples that were taken from both
polluted and unpolluted areas. Future studies on the biotechnological use of isolated
bacteria from the Mediterranean Sea should now focus on safe ways to harmness their
great potential to improve agriculture and reduce global pollution.

4. Bacterial Heterotrophic Activity
Major biogeochemical processes in the water columns of marine environments
are related mostly to the activities of heterotrophic bacteria (Azam et al. 1983; Martin et

al. 2014). Bacterial activity is strongly limited in the eastern Mediterranean offshore
waters by lacking necessary sources while the uptake and removal of such sources by
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bacteria are intense in eutrophic coastal areas (Ducklow 2000). In contrast, bacterial
activity was found high in offhore waters above thermocline in the meantime due to
accumulation of particles within the surface mixed layer.

In a study by Yicel, (2013) investigated heterotrophic bacterial abundance
varied in the range 29686 and 1397129 cells ml* in the shelf and 11989 and 886253
cells mIt in the eutrophic shelf waters samples collected from offshore throughout
Eastern Medditerranean. Mean abundances for the shelf and offshore were 443306 and
233028 cells ml?, respectively. Mean values were very low during July, August and
November, December 2010 in coastal waters. Bacterial abundances were least during
October 2011 in the shelf and during August 2010 and 2011 in the offshore. In addition,
PP, chlorophyll and floral activity were also measured very low in October 2011 in the
shelf. This eventually had a negative impact on the success of bacterial community.
However, in a similar study conducted on the same site, bacterial abundance was found
much higher at surface during October 2005 (Bayindirli 2007).

Cardak et al. (2015) collected from 6 different locations in the Gulf of Antalya.
The mean abundance of heteretrofic bacteria value was recorded as ranged between
8.15- 9 10° and 2.54- 9 108 CFU ml* throughout the year. Abundance of HB differed
according to the variations of biotic and abiotic factors. The seasonal distribution of HB
in the gulf seems to be similar to those from many other environments (Altug et al.
2011; Stabili and Cavallo 2011). HB abundance was low in winter, autumn and spring,
but it was at its highest level in summer. Many similar studies indicated that high
temperature stimulates HB abundance and its annual maximum coincide with the
warmest period (Stabili and Cavallo 2011). However, although the temperature was
remarkably high in autumn, abundance was found to be low in this study.

Uysal et al. (2004) declared that maximum HBAs were found in September and
March in the in the surface waters in the Cilician basin (Northeastern Mediterranean).
Low abundances were observed during winter convectional mixing HBA increased with
increasing productivity and increase in amount of particulate matter in coastal waters.
The mean abundance in shelf waters was 4.4 x 10° and in offshore was 2.3 x 10° cells
mlL. Very low values were observed in shelf in October and in offshore in Augusts
(2010 and 2011). Higher abundances were also observed above thermocline in offshore
waters. HBA decreased with increasing depth in September. Abundance reached
maximum numbers in deeper part (= 160 m). Bacterial abundance was maximal during
summer 2011 in the shelf. Similarly, higher abundance was also met in summer 2010.
On the other hand, to the peak abundance was met in winter (seasonal mean 328305
cells mi-1) in offshore waters.
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5. Heavy Metal and Antibiotic Resistant Bacteria

Calculations have indicated that 70-80% of the drugs used in fish farming end
up in the water and in the sediment beneath the fish farms reaching high concentrations
(Samuelsen et al. 1992). The environmental fate of the antibiotic agents in the
sediments is of great concern as persistent antibacterial substances may enhance
unfavourable environmental effects and decrease benthic bacterial density by 50%
(Lunestad et al. 1995).

In the Mediterranean Sea, the distribution of dissolved zinc, copper, lead and
cadmium is primarily controlled by marine circulation, surface source dynamics and
biological new production. The present relatively high content of these metals in the
surface layer is due to non-steady-state cycles as a result of source increases probably
following increases in industrial, agricultural and urban activities around the Sea since
1960. Unlike the open ocean, for which the deep water response time to perturbations is
of the order of 1000 years, the Mediterranean response to environmental disturbances
are perceptible in two decades. Comparison of surface with bottom concentrations
permits an estimation of the growth of dissolvable anthropogenic discharges and a
forecast of the biogeochemistry of this continental sea (Bethoux et al. 1990).

In a study by Matyar (2012), it aimed to determine the microbial diversity, level
of antibiotic resistance patterns and distribution of heavy metal resistance of bacterial
isolates from the Eastern Mediterranean Sea coast. The resistance of 255 Gram-negative
bacterial isolates to 16 different antibiotics and to 5 heavy metals was investigated. The
most common strains isolated from all samples were Citrobacter koseri (9.0 %),
Escherichia coli (8.2 %) and Pantoea agglomerans (8.2 %). Our results revealed a high
incidence of resistance to ampicillin (74.0 %), streptomycin (70.0 %) and cefazolin
(48.3 %). The multiple antibiotic resistance (MAR) index ranged from 0.2 to 0.75.
Isolates showed tolerances to different concentrations of heavy metals. Thus results
show that the Eastern Mediterranean Sea coast has a significant proportion of antibiotic
and heavy metal resistant pathogens, or opportunist Gram negative bacteria, and these
bacteria may result in a potential public health hazar.

The previous study was similar to the findings of Pontes et al. (2009. The high
degree of resistance to ampicillin found a total of 232 ampicillin-resistant Gram-
negative isolates among 272 isolates (85.3 %) in the study. These results show
resistance to carbapenems, third- and fourth-generation cephalosporins, was relatively
infrequent among the isolates. Pontes et al. (2009) found in their study, performed in a
tropical region, a high requency of multiresistant bacteria.

Another a study by Matyar et al. (2008) indicated at Iskenderun Bay, that a high
percentage of bacteria were resistant to streptomycin (100 %), cefazolin (89.8 %),
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ampicillin (83.7 %) and trimethoprim-sulfamethoxazole (69.4 %), whereas a low
percentage of bacteria were resistant to cefepime (12.3 %) and meropenem (14.3
9%).Resistance to five heavy metals was as follows for Mersin, Karatas and Iskenderun
isolates, respectively: to cadmium, 82.3 %, 58.8 % and 95.5 %; to chromium, 2.3 %, 2.5
%, and 4.5 %; to copper, 67.8 %, 41.3 %, and 97.7 %; lead, 2.3 %, 1.3 % and 2.3 %;
and to manganese, 1.1 %, 2.5 % and 6.8 %. Resistance to lead was similar between
Iskenderun and Mersin isolates.

The association between antibiotic resistance and resistance to heavy metals is
very common in the same organism (also in the same plasmid, transposon, or integron),
demonstrating that industrial pollution most likely selects for antibiotic resistance and
vice versa (Baker- Austin et al. 2006).

In the present overview it has been clearly pointed out the potential role of
incoming new pollutants. Future research should be focused on these novel substances
(whose effects have still to be tested) and to their synergetic or cumulative effects with
““classical pollutants’” (particularly chemical pollutants such as fertilisers, pesticides,
detergents-, industrial wastes, heavy metals and hydrocarbons). It is likely, indeed, that
in the coming years the anti-pollution policy at the European level will enhance the
control and the management of the Mediterranean Sea and will reduce the impact of the
classical pollutants. However, the potential impact of the ‘‘novel chemical pollution®”
(i.e., substances that have potentially important biological effects) is still to be evaluated
and the subtle impact could remain hidden for a long time before becoming apparent.
As the main risk for Mediterranean health is the synergetic effect of different
environmental variables=pollutants, systemic studies in targeted areas are recommended
in the future.
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1. Introduction

Turkey, which is surrounded by sea on three sides, the identification and
protection of marine ecosystem and biodiversity are of great importance. Turkish
government is party to various International Conventions such as the Convention on
Biological Diversity and the Convention on the Protection of the Mediterranean from
Pollution (Barcelona Convention); emphasizes the necessity of protecting and
evaluating living marine resources in an effective and sustainable way. The "Specially
Protected Areas and Biological Diversity in the Mediterranean" Protocol, adopted in
1995, adopted the Annexes in 1996 and identified strains of endangered species. Within
the scope of the protocol, it has been decided to take some measures such as scientific
monitoring and inventory studies for these species, protection measures against human
activities. Again in the framework of the Barcelona Convention, coastal countries in the
Mediterranean have adopted action plans for the conservation of certain species and
species groups. One of these is the "Action Plan for the Protection of Marine Vegetation
in the Mediterranean" (UNEP-MAP RAC / SPA 1999), adopted in 1999. The aims of
this plan are;1) To ensure the preservation of macroscopic marine vegetation in the
Mediterranean with the application of legal protection measures and to increase the
information about these species at the same time with these measures. 2) Prevent the
decline and loss of vegetation communities that are important for marine meadows and
marine ecosystems that make up the marine habitats necessary for most Mediterranean
life. 3) Posidonia is to protect marine vegetation communities, which may be considered
natural monuments such as natural set reefs and Cystoseira arches.

Marine macroalgae and meadows, which make up the subject of this study, have

adapted to physical factors such as structure of the substrate, quantity/quality of light in
the environment and current values in the water (Koehl et al. 2003). In addition to being
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an oxygen source in the environment they are in, they have the characteristic of being a
habitat by providing food, shelter, living and breeding environments for many marine
life forms. Marine macroalgae and flowering plants, which constitute the main
dominant creatures of the coastal zone, have great prospects in the marine ecosystem
(Schiel and Hickford 2001), with features such as landholding structures, places in the
food chain, and inter-species interactions. Changes in marine macroalgae and flowering
plants affect the structural and functional state of ecosystems and direct the fauna in the
environment (Dimech et al. 2002). Seagrass meadows show density and macrofaunal
diversity when they are treated on the basis of taxa. Organic matter richness, especially
of sprouting leaves such as posidonia, is ecologically important for benthic
invertebrates, where molluscs are involved (Como et al. 2008). Their assets are at risk
because they are subjected to many environmental pressures such as coastal settlement,
tourism printing, pollution, cage fishery, trawl fishery etc. in the Mediterranean. For this
reason, some of them have been protected by international treaties and laws.

Researces of macroflora on the Turkey’s Mediterranean Coast are: Apaydin and
Turna 2002; Aysel 1997ab; Aysel and Gezerler-Sipal 1996; Aysel et al. 2002,
2006a,b,c; Cirik 1991; Cirik and Akgali 2002; Cevik et al. 2007; Dipova and Okudan
2011; Durucan and Turna 2011; Ertan et al. 1997; Everest et al. 1997; Gokoglu et al.
2010; Nicolaidou 2012; Okudan and Aysel 2006; Okudan et al. 2010; Oztiirk, 1988,
1993, 1996a,b; Oztiirk and Giiner 1986; Ozvarol et al. 2009; Taskin et al. 2015; Turna
et al. 2000, 2002; Yagc1 2006; Yagci and Turna 2002.

In this study, the distribution of benthic macroflora individuals on the
Mediterranean coast of Turkey, as well as the factors affecting them, are mentioned,
including the sensitive species and their distribution areas, as mentioned above. Turkey
has a total of 440 taxa species and subspecies distribution, including 256 red algae
(Rhodophyta), 86 brown algae (Ochrophyta), 93 green algae (Chlorophyta), 5
seagrasses (Tracheophyta).

2. Material and Method

The Mediterranean coast of Turkey, which is 1577 meters long, is bordered by
Dalaman Stream (Mugla) in the west and Samandag (Hatay) in the east. The coastal line
shows a Mediterranean offshore character with a more flat structure than the Aegean
Sea (Figure 1).

In general, benthic macroflora under water studies are carried out between 0-40
m depth with SCUBA and free dives under water and vertical and horizontal scans.
Coordinate and depth information are recorded for each sampled material. Underwater
photographs of macroalgae and underwater and video images of the sampling area are
taken during sampling. Some of the collected materials are identified in jars in the 4-6%
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neutralized formaldehyde solution prepared with sea water, with the definitions and
definitions being made later in the laboratory. Identification studies of materials are
performed with stereo zoom and binocular light microscopes. Where necessary, the
samples are numbered and stored

Figure 1. Mediterranean coast map of Turkey
3. Results

Turkey has a total of 440 taxa species and subspecies distribution, including 256
red algae (Rhodophyta), 86 brown algae (Ochrophyta), 93 green algae (Chlorophyta),
and 5 sea grasses (Tracheophyta) (Table 1). When the percentages of the groups in the
region are examined, it is seen that the most dominant group is Rhodophyta (58%). This
group is followed by Chlorophyta (21%), Ochrophyta (20%) and Tracheophyta (1%),
respectively (Figure 2).

Tracheophyta

Chlorophyta 1%

21% \

Rhodophyta
58%

Figure 2. Percentage of systematic groups identified on the Mediterranean coast
of Turkey.
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Table 1. Macro flora on the Mediterranean coast of Turkey

RHODOPHYTA

Acanthophora nayadiformis (Delilei) Papenfuss
Acrochaetium crassipes (Borgesen) Borgesen
Acrochaetium mediterraneum (Levring) Boudouresque
Acrochaetium microscopicum (Négeli ex Kiitzing) Négeli
Acrochaetium rosulatum (Rosenvinge) Papenfuss
Acrochaetium savianum (Meneghini) Nageli
Acrochaetium secundatum (Lyngbye) Négeli
Acrochaetium virgatulum (Harvey) Batters

Acrodiscus vidovichii (Meneghini) Zanardini
Acrosorium ciliolatum (Harvey) Kylin

Acrosymphyton purpuriferum (J. Agardh) Sjostedt

Aglaothamnion caudatum (J. Agardh) Feldmann-Mazoyer
Aglaothamnion cordatum (Bergesen) Feldmann-Mazoyer

Aglaothamnion hookeri (Dilliwyn) Maggs and Hommersand
Aglaothamnion tenuissimum (Bonnemaison) Feldmann-Mazoyer
Aglaothamnion tripinnatum (C.Agardh) Feldmann-Mazoyer
Alsidium corallinum C. Agardh

Alsidium helminthochorton (Schwendimann) Kiitzing
Alsidium lanciferum Kiitzing

Amphiroa beauvoisii Lamouroux

Ampbhiroa cryptarthrodia Zanardini

Amphiroa rigida Lamouroux

Anotrichium barbatum (C. Agardh) Négeli

Anotrichium tenue Nageli (C.Agardh)

Antithamnion cruciatum (C.Agardh) Négeli

Apoglossum ruscifolium (Turner) J. Agardh

Asparagopsis armata Harvey

Asparagopsis taxiformis (Delile) Trevisan de Saint-Léon
Bangia atropurpurea (Roth) C. Agardh

Boergeseniella fruticulosa (Wulfen) Kylin

Bonnemaisonia clavata G. Hamel

Botryocladia borgesenii Feldmann

Botryocladia botryoides (Wulfen) Feldmann

Botryocladia chiajeana (Meneghini) Kylin

Botryocladia madagascariensis G.Feldmann
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Botryocladia microphysa (Hauck) Kylin

Callithamnion corymbosum (Smith) Lyngbye

Callithamnion granulatum (Ducluzeau) C. Agardh

Calosiphonia vermicularis (J. Agardh) Schmitz

Catenella caespitosa (Withering) Irvine in Parke and Dixon
Centroceras clavulatum (C. Agardh) Montagne

Ceramium ciliatum (Ellis) Ducluzeau

Ceramium ciliatum var. robustum (J. Agardh) Mazoyer
Ceramium cimbricum H.E.Petersen in Rosenvinge

Ceramium circinatum (Kiitzing) J. Agardh

Ceramium codii (H.Richards) Mazoyer

Ceramium deslongchampsii Chauvin ex Duby

Ceramium diaphanum var. strictum Celan and Serbanescu
Ceramium flaccidum (Kiitzing) Ardissone

Ceramium siliquosum (Kiitzing) Maggs and Hommersend
Ceramium siliquosum var. elegans G. Furnari (Roth) G. Fur., Cor. and Serio
Ceramium siliquosum . var zostericola (Feldmann-Mazoyer) G.Furnari et al.
Ceramium tenerrimum (G. Martens) Okamura

Ceramium tenerrimum var. brevizonatum (H.E.Petersen) Mazoyer
Ceramium tenuicorne (Kiitzing) Waern

Champia parvula (C. Agardh) Harvey

Chondracanthus acicularis (Roth) Fredericq

Chondria capillaris (Hudson) Wynne

Chondria dasyphylla (Woodward) C. Agardh

Chondria mairei Feldmann-Mazoyer

Chondrophycus paniculatus (C. Agardh) Furnari

Chondrophycus papillosus (C. Agardh) Garbary and J. Harper
Chondrophycus succisus (A.B.Cribb) K.W.Nam

Choreonema thuretii (Bornet) Schmitz

Chroodactylon ornatum (C. Agardh) Basson

Chrysymenia ventricosa (Lamouroux) J. Agardh

Chylocladia verticillata (Lightfoot) Bliding

Coccotylus truncatus (Pallas) MIWynne ve JNHeine

Colaconema codicola (Bergesen), Stegenka, Bolton and Anderson
Colaconema daviesii (Dillwyn) Stegenga

Compsothamnion thuyoides (J.E. Smith) Schmitz
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Contarinia peyssonneliaeformis Zanardini

Contarinia squamariae (Meneghini) Denizot

Corallina elongata Ellis and Solander

Corallina officinalis Linnaeus

Corallina panizzoi R.Schnetter and U.Richter

Corallina pinnatifolia (Manza) Dawson

Corallophila cinnabarina (Grateloup ex Bory) R.E. Norris
Crouania attenuata (C. Agardh) J.Agardh

Cryptonemia lomation (Bertoloni) J. Agardh

Dasya baillouviana (Gmelin) Montagne

Dasya corymbifera J. Agardh

Dasya hutchinsiae Harvey in W.J. Hooker

Dasya ocellata Hooker 1833 yilinda (Grateloup) Harvey
Dasya punicea (Zanardini) Meneghini ex Zanardini
Dasya rigidula (Kiitzing) Ardissone

Digenea simplex (Wulfen) C. Agardh

Dipterosiphonia rigens (Shousboei) Falkenberg
Dudresnaya verticillata (Withering) Le Jolis
Erythrocystis montagnei (Derbés and Solier) Silva
Erythroglossum laciniatum (Lightfoot) Maggs ve Hommersand
Erythrotrichia carnea (Dillwyn) J. Agardh

Eupogodon planus (C.Agardh) Kiitzing

Falkenbergia hildenbrandii (Bornet) Falkenberg
Falkenbergia rufolanosa (Harvey) Schmitz

Galaxaura oblongata (J.Ellis ve Solander) JVLamouroux
Ganonema farinosum (Lamouroux) Fan and Wang

Gayliella fimbriata (Setchell and Gardner) Cho and S.M.Boo in Cho et al.

Gayliella mazoyerae Tocho, Fredericq ve Hommersand
Gelidiella lubrica (Kiitzing) Feldmann and Hamel

Gelidiella nigrescens (Feldmann) Feldmann and Hamel
Gelidiella ramellosa (Kiitzing) Feldmann and Hamel
Gelidiocolax christinae J. Feldman et G. Feldman

Gelidium affine Schiffner in Schiffner and Vatova

Gelidium corneum (Hudson) Lamouroux

Gelidium corneum var. pectinatum Ardissone and Strafforello
Gelidium crinale (Hare ex Turner) Gaillon

Gelidium minusculum (Weber-van Bosse) R.E. Norris
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Gelidium pulchellum (Turner) Kiitzing
Gelidium pusillum (Stackhouse) Le Jolis
Gelidium spathulatum (Kiitzing) Bornet

Gelidium spinosum (Gmelin) Silva

Gelidium spinosum var. hystrix (J.Agardh) G.Furnari in Cormaci et al.

Gracilaria bursa-pastoris (Gmelin) Silva

Gracilaria gracilis (Stackhouse) Steentoft, Irvine and Farnham
Grateloupia dichotoma J. Agardh

Grateloupia filicina (Lamouroux) C. Agardh

Grateloupia prolongata J. Agardh

Griffithsia devoniensis Harvey

Griffithsia phyllamphora J. Agardh

Griffithsia schousboei Montagne

Griffithsia schousboei var. minor Feldmann ex Feldmann-Mazoyer
Gymnogongrus griffithsiae (Turner) Martius

Gymnogongrus palmettoides (J.Agardh) Ardissone
Gymnothamnion elegans (Schousboe ex C. Agardh) J. Agardh
Halarachnion ligulatum (Woodward) Kiitzing

Haliptilon roseum (Lamarck) Garbary and Johansen

Haliptilon squamatum (Linnaeus) Johansen, Irvine and Webster
Haliptilon virgatum (Zanardini) Garbary and Johansen
Halopithys incurva (Hudson) Batters

Halymenia floresii (Clemente y Rubio) C. Agardh

Halymenia latifolia P.Crouan and H.Crouan ex Kiitzing
Herposiphonia secunda (C. Agardh) Ambronn

Herposiphonia secunda var. tenella (C Agardh ) Ambronn
Heterosiphonia crispella (C. Agardh)Wynne

Hildenbrandia rubra (Sommerfelt) Meneghini

Hydrolithon farinosum (J.V.Lamouroux) D.Penrose and Chamberlain

Hydrolithon farinosum var chalicodictyum (WRTaylor) Serio
Hypnea divaricata (C.Agardh) Greville

Hypnea musciformis (Wulfen in Jaquin) Lamouroux

Hypnea spinella (C.Agardh) Kiitzing

Hypoglossum hypoglossoides (Stackhouse) Collins and Harvey
Jania adhaerens J.V.Lamouroux

Jania longifurca Zanardini
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Jania rubens (Linnaeus) J.V.Lamouroux

Jania rubens var. corniculata (Linnaeus) Yendo
Kallymenia requienii (J. Agardh) J. Agardh

Laurencia glandulifera (Kiitzing) Kiitzing

Laurencia obtusa (Hudson) Lamouroux

Laurencia obtusa var. gracilis (C.Agardh) Zanardini
Laurencia obtusa var. laxa (R.Brown ex Turner) Ardissone
Laurencia obtusa var. racemosa Kiitzing

Laurencia pyramidalis Bory de Saint-Vincent ex Kiitzing
Lejolisia mediterranea Bornet

Liagora distenta (Mertens ex Roth) J.V.Lamouroux
Liagora viscida (Forsskal) C. Agardh

Lithophyllum byssoides (Lamarck) Foslie

Lithophyllum cystoseirae (Hauck) Heydrich

Lithophyllum incrustans Philippi

Lithophyllum tortuosum (Esper) Foslie

Lomentaria articulata (Hudson) Lyngbye

Lomentaria clavellosa (Turner) Gaillon

Lomentaria verticillata Funk

Lophocladia lallemandii (Montagne) Schmitz
Lophosiphonia cristata Falkenberg

Lophosiphonia obscura (C. Agardh) Falkenberg
Lophosiphonia scopulorum (Harvey) Womersley
Lophosiphonia subadunca (Kiitzing) Falkenberg
Melobesia membranacea (Esper) Lamouroux sensu Chanberline and Irvine
Meredithia microphylla (J. Agardh) J. Agardh
Mesophyllum expansum (Philippi) Cabioch and Mendoza
Mesophyllum lichenoides (Ellis) Lemoine
Metapeyssonnelia feldmannii Boudouresque, Coppejans and Marcot
Monosporus pedicellatus Castagne

Myriogramme minuta Kylin

Nemalion helminthoides (Velley) Batters

Nemastoma dichotomum J. Agardh

Neogoniolithon Brassica-florida (Harvey) Setchell and LR Mason
Nitophyllum punctatum (Stackhouse)Greville

Osmundaria volubilis (Linnaeus) R.E. Norris

Osmundea pelagosae (Schiffner) Nam

114


http://www.algaebase.org/search/?genus=Neogoniolithon

Osmundea pinnatifida (Hudson) Stackhouse
Palisada perforata (Bory) KWNam
Parviphycus antipai (Celan) Santelices

Parviphycus tenuissimus (Feldmann and Hamel) Santelices

Peyssonnelia bornetii Boudouresque and Denizot
Peyssonnelia crispata Boudouresque and Denizot
Peyssonnelia dubyi P.L. Crouan and H.M. Crouan

Peyssonnelia harveyana P.Crouan and H.Crouan ex J.Agardh

Peyssonnelia polymorpha (Zanardini) Schmitz
Peyssonnelia rosa-marina Boudouresque and Denizot
Peyssonnelia rubra (Greville) J. Agardh

Peyssonnelia squamaria (Gmelin) Decaisne
Phyllophora crispa (Hudson) Dixon

Phyllophora sicula (Kiitzing) Guiry and LMIrvine
Phymatolithon lenormandii (Areschoug) Adey
Platoma cyclocalpa (Montagne) Schmitz
Pleonosporium borreri (J.E. Smith) Nageli
Plocamium cartilagineum Linnaeus (Dixon)
Polysiphonia atra Zanardini

Polysiphonia breviarticulata (C.Agardh) Zanardini
Polysiphonia deusta (Roth) sprengel

Polysiphonia elongata (Hudson) Sprengel
Polysiphonia flocculosa (C.Agardh) Endlichter
Polysiphonia fucoides (Hudson) Greville

Polysiphonia furcellata (C. Agardh) Harvey
Polysiphonia opaca (C. Agardh) Moris and De Notaris
Polysiphonia paniculata Montagne

Polysiphonia sanguinea (C.Agardh) Zanardini
Polysiphonia sertularioides (Grateloup) J. Agardh
Polysiphonia stricta (Dillwyn) Greville

Polysiphonia tenerrima Kiitzing

Polysiphonia tripinnata J. Agardh

Polysiphonia urceolata (Lightfoot ex Dillwyn) Greville
Polysiphonia variegata (C. Agardh) Zanardini
Porphyra leucosticta Thuret in Le Jolis

Porphyra mindr Zanardini

Porphyra umbilicalis (Linnacus) Kiitzing
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Pterocladiella capillacea (Gmelin) Santelices and Hommersand
Pterocladiella melanoidea (Schousboe ex Bornet) Santelices and Hommersand
Pterocladiella melanoidea var. filamentosa (Sch. Ex Bornet) MJWynne
Pterocladiella melanoidea . var gracilis (Feldmann ve Hamel) MTWynne
Pterosiphonia pennata (C. Agardh) Sauvageau

Pterothamnion crispum (Ducluzeau) Négeli

Pterothamnion plumula (Ellis) Négeli

Ptilothamnion pluma Le Jolis i¢inde (Dillwyn) Thuret

Radicilingua thysanorhizans (Holmes) Papenfuss

Rhodophyllis divaricata (Stackhouse) Papenfuss

Rhodymenia ardissonei (Kuntze) Feldmann

Rhodymenia ardissonei var. spathulata (Schiffner) Okudan and Aysel
Rhodymenia ligulata Zanardini

Rhodymenia pseudopalmata (Lamouroux) Silva

Rytiphlaea tinctoria (Clemente) C. Agardh

Rodriguezella strafforelloi F.Schmitz ex JJRodriguez y Femenias
Sahlingia subintegra (Rosenvinge) Kornmann

Scinaia furcellata (Turner) J. Agardh

Schottera nicaeensis (J.V.Lamouroux ex Duby) Guiry and Hollenberg
Seirospora giraudyi (Kiitzing) De Toni

Spermothamnion flabellatum Bornet in Bornet and Thuret
Spermothamnion repens (Dillwyn) Rosenvinge

Spermothamnion repens var. flagelliferum (De Notaris ) G.Feldmann
Spermatochnus paradoksus (Roth) Kiitzing

Sphaerococcus coronopifolius Stackhouse

Spyridia filamentosa (Wulfen) Harvey in W.J. Hooker

Spyridia hypnoides (Bory) Pepenfuss

Stylonema alsidii (Zanardini) K. Drew

Stylonema cornu-cervi Reinsch

Taenioma nanum (Kiitzing) Papenfuss

Tenarea tortuosa (Esper) M.Lemoine

Titanoderma pustulatum (Lamouroux) Nageli

Titanoderma trochanter (Bory de Saint-Vincent) Benhissoune et al.
Trailliella intricata Batters

Tricleocarpa cylindrica (Ellis and Solander) Huisman and Borowitzka
Tricleocarpa fragilis (Linnacus) Huisman and Townsend

Wrangelia penicillata (C. Agardh) C. Agardh
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Wurdemannia miniata (Sprengel) Feldmann and Hamel

OCHROPHYTA

Acinetospora crinita (Carmichael) Sauvageau
Asperococcus bullosus Lamouroux

Asperococcus fistulosus (Hudson) W.J. Hooker
Cladosiphon mediterraneus Kiitzing

Cladosiphon zosterae (J.Agardh) Kylin

Cladostephus spongiosus (Hudson) C. Agardh
Cladostephus spongium f. verticillatum (Lightfoot) Prud'homme van Reine
Colpomenia sinuosa (Mertens ex Roth) Derbés and Solier
Corynophlaea umbellata (C.Agardh) Kiitzing

Cutleria chilosa (Falkenberg) Silva

Cutleria multifida (Turner) Greville

Cystoseira amentacea Bory

Cystoseira amentacea var. stricta Montagne
Cystoseira barbata (Stack house) C. Agardh
Cystoseira compressa (Esper) Gerloff and Nizamuddin
Cystoseira corniculata (Turner) Zanardini

Cystoseira crinita (Desfontaines) Bory

Cystoseira crinitophylla Ercegovic

Cystoseira dubia Valiante

Cystoseira elegans Sauvageau

Cystoseira foeniculacea (Linnaeus) Greville
Cystoseira foeniculacea f. tenuiramosa (Ercegovic) A.Gomez Garreta et al.
Cystoseira humulis Schousboe ex Kiitzing

Cystoseira mediterranea Sauvageau

Cystoseira mediterranea . var valiantei Sauvageau
Cystoseira spinosa Sauvageau

Cystoseira squarrosa De Notaris

Cystoseira schiffneri Hamel

Dictyopteris polypodioides (De Candolle) Lamouroux
Dictyota dichotoma (Hudson) Lamouroux

Dictyota dichotoma var. intricata (C.Agardh) Greville
Dictyota implexa (Desfontaines) JVLamouroux
Dictyota fasciola (Roth) Lamouroux

Dictyota fasciola var repens (J.Agardh) Ardissone
Dictyota linearis (C.Agardh) Greville

Dictyota mediterranea (Schiffner) G.Furnari in Cormaci et al.
Dictyota menstrualis (Hoyt) Schnetter, Hornig and Weber-Peukert
Dictyota spiralis Montagne

117



Ectocarpus fasciculatus Harvey

Ectocarpus siliculosus (Dillwyn) Lyngbye

Ectocarpus siliculosus var. crouanii (Thuret) T. Gallardo.
Ectocarpus siliculosus var. hiemalis (P.Crouan & H.Crouan ex Kjellman) Gallardo
Ectocarpus virescens Thuret ex Sauvageau

Feldmannia caespitula (J. Agardh) Knoepffler-Péguy
Feldmannia globifera (Kiitzing) Hamel

Feldmannia irregularis (Kiitzing) Hamel

Feldmannia lebelii (Areschoug ex P.Crouan and H.Crouan) Hamel
Feldmannia padinae (Buffham) Hamel

Giraudia sphacelarioides Derbés and Solier

Halopteris filicina (Grateloup) Kiitzing

Halopteris scoparia (Linnaeus) Sauvageau

Halopteris scoparia var. patentissima Sauvageau
Halothrix lumbricalis (Kiitzing) Reinke
Hapalospongidion macrocarpum (Feldmann) Ledn-Alvarez & Gonzélez-Gonzalez
Hincksia mitchelliae (Harvey) Silva

Hincksia sandriana Silva (Zanardini) PC Silva
Hydroclathrus clathratus (C. Agardh) Howe

Leathesia mucosa Feldmann

Liebmannia leveillei J. Agardh

Lobophora variegata (Lamouroux) Womersley ex Oliveira
Myriactula arabica (Kiitzing) Feldmann

Myriactula rivulariae (Shur) Feldmann

Myrionema strangulans Greville

Myriotrichia clavaeformis Harvey

Padina pavonica (Linnaeus) Thivy

Petalonia fascia (O.F.Miiller) Kuntze

Punctaria latifolia Greville

Ralfsia verrucosa (Areschoug) Areschoug

Sargassum acinarum (Linnaeus) Setchell

Sargassum hornschuchii C.Agardh

Sargassum vulgare C. Agardh

Scytosiphon simplicissimus (Clemente) Cremades
Sphacelaria cirrosa (Roth) C. Agardh

Sphacelaria cirrosa f. mediterranea Sauvageau
Sphacelaria fusca (Hudson) S.F. Gray

Sphacelaria plumula Zanardini

Sphacelaria rigidula Kiitzing

Sphacelaria tribuloides Meneghini

Sphaerotrichia divaricata (C. Agardh) Kylin
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Stilophora tenella (Esper) Silva

Streblonema sphaericum (Derbés and Solier) Thuret

Stypopodium schimperi (Buchinger ex Kiitzing) Verlaque and Boudouresque
Taonia atomaria (Woodward) J. Agardh

Taonia atamaria f. ciliata (C.Agardh) Nizamuddin

Zanardinia typus (Nardo) Furnari

Zonaria tournefortii (Lamouroux) Montagne

CHLOROPHYTA

Acetabularia acetabulum (Linnaeus) Silva
Acrochaete repens Pringsheim
Anadyomene stellata (Wulfen) C. Agardh
Bolbocoleon piliferum Pringsheim
Bryopsis adriatica (J.Agardh) Frauenfeld
Bryopsis corymbosa J. Agardh

Bryopsis duplex De Notaris

Bryopsis flagellata Kiitzing

Bryopsis hypnoides Lamouroux

Bryopsis muscosa Lamouroux

Bryopsis pennata Lamouroux

Bryopsis plumosa (Hudson) C. Agardh
Caulerpa prolifera (Forsskél) Lamouroux

Caulerpa racemosa var. cylindracea (Sonder) Verlaque, Huisman and Boudouresque

Caulerpa racemosa var. lamourouxii f. requienii (Montagne) Weber-van Bosse

Caulerpa scalpelliformis var. denticulata (Dacaisne) Weber van Bosse

Caulerpa taxifolia var. distichophylla (Sonder) Verlag., Huisman and Procaccini in Jongma et al.

Chaetomorpha aerea (Dillwyn) Kiitzing
Chaetomorpha linum (Miiller) Kiitzing
Chaetomorpha mediterranea (Kiitzing) Kiitzing
Chlorotylium cataractarum Kiitzing
Cladophora aegagropila (Linnacus) Trevisan
Cladophora albida (Nees) Kiitzing
Cladophora catenata Kiitzing

Cladophora coelothrix Kiitzing

Cladophora dalmatica Kiitzing

Cladophora densissima Kiitzing

Cladophora flexuosa (O.F.Miiller) Kiitzing
Cladophora glomerata (Linnacus) Kiitzing
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Cladophora glomerata f. marina (Kiitzing) Hauck
Cladophora hutchinsiae (Dillwyn) Kiitzing
Cladophora laetevirens (Dillwyn) Kiitzing
Cladophora lehmanniana (Lindenberg) Kiitzing
Cladophora mediterranea Hauck

Cladophora oblitterata Soderstrom

Cladophora pellucida (Hudson) Kiitzing
Cladophora prolifera (Roth) Kiitzing

Cladophora rupestris (Linnaeus) Kiitzing
Cladophora sericea (Hudson) Kiitzing
Cladophora trichotoma (C. Agardh) Kiitzing
Cladophoropsis modenensis (Kiitzing) Bergesen
Codium adhaerens 1822 C.Agardh

Codium bursa (Linnaeus) C. Agardh

Codium effusum (Rafinesque) Delle Chiaje
Codium fragile (Suringar) Hariot

Codium taylorii P.C.Silva

Codium tomentosum Stackhouse

Codium vermilara (Olivi) Delle Chiaje

Conferva densissima (Kiitzing) Zanardini
Dasycladus vermicularis (Scopoli) Krasser
Derbesia tenuissima (Morris & De Notaris) P. L. Crouan and H. M. Crouan
Enteromorpha clathrata (Roth) Greville
Enteromorpha compressa (Linnaeus) Nees
Enteromorpha flexuosa (Wulfen) J. Agardh
Enteromorpha intestinalis (Linnaeus) Nees
Enteromorpha kylinii Bliding

Enteromorpha linza (Linnaeus) J. Agardh
Enteromorpha linza var. crispata (Bertoloni) Hylmo
Enteromorpha linza f. minor Schiffner in Schiffner and Vatova
Enteromorpha prolifera (Miiller) J. Agardh
Entocladia viridis Reinke

Epicladia flustrae Reinke

Flabellia petiolata (Turra) Nizamuddin

Gayralia oxysperma (Kiitzing) K.L.Vinogradova ex Scagel et al.

Gomontia polyrhiza (Leigerheim) Bornet and Flahault
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Halimeda tuna (J.Ellis ve Solander) JVLamouroux
Microdictyon tenuius J.E. Gray

Palmophyllum crassum (Naccari) Rabenhorst

Parvocaulis parvula (Solms-Laubach) S. Berger et al.
Pedobesia simplex (Meneghini ex Kiitzing) Wynne and Leliaert
Penicillus capitatus Lamarck

Phaeophila dendroides (P. L. Crouan and H. M. Crouan) Batters
Planophila microcystis (Dangeard) Kornmann and Sahling
Pringsheimiella scutata (Reinke) Hohnel ex Marchewianka
Pseudobryopsis myura Oltmanns

Pseudochlorodesmis furcellata (Zanardini) Bergesen
Rhizoclonium riparium (Roth) Harvey

Rhizoclonium tortuosum (Dillwyn) Kiitzing

Siphonocladus pusillus (C.Agardh ex Kiitzing) Hauck
Sphaeroplea Annulina (Roth) C.Agardh

Ulothrix flacca Le Jolis bolgesindeki (Dillwyn) Thuret
Ulothrix implexa (Kiitzing) Kiitzing

Ulothrix zonata (Weber and Mohr) Kiitzing

Ulva curvata (Kiitzing) De Toni

Ulva fasciata Delile

Ulva lactuca Linnaeus

Ulva laetevirens Areschoug

Ulva polyclada Kraft

Ulva rigida C. Agardh

Ulvella lens P. L. Crouan and H. M. Crouan

Ulva taeniata (Setchell) Setchell and NLGardner

Valonia macrophysa Kiitzing

Valonia utricularis (Roth) C. Agardh

MAGNOLIOPHYTA

Cymodocea nodosa (Ucria) Ascherson
Halophila stipulacea (Forsskél) Ascherson
Posidonia oceanica (Linnaeus) Delile
Zostera marina Linnaeus

Zostera noltii Homermann
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In spite of the fact that the strong flows in the east-west direction reduce the
effect of the pollution on the coast, the pollution on the Mediterranean coast of Turkey
has reached serious dimensions due to the increasing population density on the coastal
belt in recent years. Mugla, Antalya, Mersin, Adana and Hatay are the cities of tourism
and agriculture which are coastal to the Mediterranean and rapidly urbanized.
Mediterranean coasts are gradually falling under the pressure of seawater quality,
terrestrial pollutants, inflows from rivers and wastewater discharged to the sea,
especially in Iskenderun, Mersin, Antalya and Fethiye gulf coasts where city centers are
located. The expansion of tourism-oriented areas, migration and rapid urbanization are
the reasons for the continuous increase in population. In parallel to this, sea water
pollution load is also increasing. This affects the transport capacities of living systems
living in the marine environment and causes various changes in these systems.

The coastal strip has a flat structure due to the fact that the Taurus mountain
range extends parallel to the coast along the Mediterranean Sea, and it shows offshore
character. The coast, which is usually composed of shorelines and long sandy
shorelines, is weak to meet the hard substrate structure required by the algae.

The Atlantic waters that pass through the Sicilian Straits increase their salinity as
they move eastward. These waters, which can be found at depths of 150-300 m from the
surface, increase in density due to excessive evaporation due to the warming, sinking to
the bottom and forming the middle water layer of the Eastern Mediterranean as they
progress in the east direction. Thus, the productive layer is deprived of the nutrient salts
used in the primary production due to the surface waters. For this reason, the Eastern
Mediterranean shows an oligotrophic character. In the Eastern Mediterranean, the
salinity of surface water varies between 038.5% and 16-27 °C. While these parameters
show a decrease in large river deltas such as Ceyhan, Seyhan and the areas such as
Iskenderun Gulf, the salinity and temperature values may increase by 039.5% and 29.3
°C respectively (Avsar 1999). The changing water quality parameters from the west to
the east have an impact on the diversity and coverage of sea macroalgae and flowering
plants. As we move to the east, we see a decrease in species diversity and coverage.
Especially the marine meadows (Posidonia oceanica (Linnacus) Delile) beds are
disappearing from Sigacik/Mersin coasts.

When the Mediterranean coasts of Turkey are evaluated as regional, Iskenderun
Gulf waters (mean 70m) located at the easternmost and shallow depth compared to the
region are heavily mixed vertically due to dominant winds in the region.
Industrialization on the Iskenderun Gulf coast is more favorable than Turkey's other
Mediterranean coasts; iron and steel plants, fertilizer factories, oil filling plants etc Due
to the industrial, especially population-intensive urban origin of these plants,
agricultural and intensive harbor traffic pollution brought by the Ceyhan River which

122



flows from Cukurova to the bay, the Iskenderun Gulf is under heavy pollution (Avsar
1999). This intense pollution in the bay has an impact on the diversity and coverage of
macro and flowering plants. Oztiirk and Taskin (1999) and Taskin et al. (2004) found
29 brown algae, 54 red algae and 27 green algae, respectively, in their studies on the
shores of the Hatay province of Iskenderun Gulf.

The Antalya Gulf travertine limestone is similar to the calcium carbonate
structure and abundant freshwater resources and the development of macroalgae. These
limestone algae (Amphiroa beauvoisii Lamouroux, Amphiroa cryptarthrodia Zanardini,
Amphiroa rigida Lamouroux, Haliptilon roseum (Lamarck) Garbary and Johansen,
Haliptilon squamatum (Linnaeus) Johansen, Irvine and Webster, Haliptilon virgatum
(Zanardini) Garbary and Johanse, Jania longifurca Zanardini, Jania rubens (Linnacus)
J.V.Lamouroux, Lithophyllum cystoseirae (Hauck) Heydrich, Lithophyllum incrustans
Philippi, Mesophyllum expansum (Philippi) Cabioch and Mendoza, Mesophyllum
lichenoides (Ellis) Lemoine), are covering values are 100% of the land area, these algae
form a terrace structure. These biologically rich formations protect the rock layer they
are on with the limestone layer they formed against coastal erosion. These biological
structures that occur in areas open to shallow sublittoral wave effects are highly
sensitive to changes and pollution in environmental conditions (Figure 3).

The region with the richest diversity of Turkey's Mediterranecan coast is
Gelidonya Burnu and Bes Adalar. In this region, where there are plenty of currents,
there are species scattered in the Mediterranean coasts and have reached a high covering
value (Figure 4).

Kasg and its environs are rich in species diversity, and Turkey is one of the most

important regions of the Mediterranean coast, which is important in terms of sheltering
all macro-aged and protected meadows (Figure 5).
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Figure 3. Underwater images of some of the algae distributed in the Antalya
Gulf traverten cliffs. A: Galaxaura oblongata, B: Amphiroa rigida, C: Corallina
elongata, D: Lithophyllum stictaeforme.

Figure 4. Antalya Underwater images of some of the algae that are distributed in
the area of Bes Adalar. A: Spyridia filamentosa, B: Flabellia petiolata, C:
Caulerpa racemosa [lamourouxii] f. requienii, D: Codium bursa.

124



Figure 5. Underwater images of some of the algae scattered on the Kas shores.
A: Padina pavonica, B: Liagora viscida, C: Dudresnaya verticillata, D:
Parvocaulis parvulus.

3.1. Exotic Species Identified on the Mediterranean Coast of Turkey

A total of 22 exotic species, 10 red algae (Acanthophora nayadiformis (Delilei)
Papenfuss, Asparagopsis armata Harvey, Asparagopsis taxiformis (Delile) Trevisan de
Saint-Léon, Botryocladia madagascariensis G. Feldmann, Colaconema codicola
(Borgesen), Stegenka, Bolton and Anderson, Ganonema farinosum (Lamouroux) Fan
and Wang, Hypnea spinella (C. Agardh) Kiitzing, Lophocladia lallemandii (Montagne)
Schmitz, Polysiphonia fucoides (Hudson) Greville, Polysiphonia paniculata Montagne),
4 brown algae (Cladosiphon zosterae (J. Agardh) Kylin, Ectocarpus siliculosus var.
hiemalis (P.Crouan and H.Crouan ex Kjellman) Gallardo, Halothrix lumbricalis
(Kiitzing) Reinke, Stypopodium schimperi (Buchinger ex Kiitzing) Verlaque and
Boudouresque), 7 green algae (Caulerpa racemosa var. cylindracea (Sonder) Verlaque,
Huisman and Boudouresque, Caulerpa racemosa var. lamourouxii f. requienii
(Montagne) Weber-van Bosse, Caulerpa scalpelliformis var. denticulata (Dacaisne)
Weber van Bosse, Caulerpa taxifolia var. distichophylla (Sonder) Verlaque, Huisman
and Procaccini in Jongma et al. Codium fragile (Suringar) Hariot, Codium taylorii P.C.
Silva, Ulva fasciata Delile) and 1 Seagrass (Halophila stipulacea (Forsskal) Ascherson)
have been identified on Mediterranean coast of Turkey (Figures 6 and 7).

One of the factors that threaten marine biodiversity in the world is the transport
of alien species. The natural distribution and migrations of species are degraded by
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human activities and the local communities of immigrant communities are threatened by
individuals (Ruiz et al. 1997; Grosholz 2002; Bax et al. 2003). After the opening of the
Suez Canal towards the end of the 1800s, living species called "Lessepsian Migrants"
began to expand their distribution areas rapidly by entering the Mediterranean via the
Indian Ocean and the Red Sea. Experts are concerned that foreign marine plant species
in the Mediterranean will suppress native species in the middle of the twenty-first
century, at this rate. A new entry into the exotic species of tropical origin is described as
"biological occupation" or "biological contamination" (Cirik and Akg¢ali 2002). In
transporting these alien species between zones, the hulls of the vessels, bilge and ballast
waters are important factors. The best example of invasive algae and benthic
community structures is Caulerpa species of tropical origin which cause alarm in the
Mediterranean. (Boudouresque et al. 1995).

The coverage values of Caulerpa species distributed on the Mediterranean coast
of Turkey are low, but their population dynamics should be monitored.

Caulerpa prolifera: This type of distribution, which is distributed in the Atlantic Ocean
and the Mediterranean Sea, provides many living accommodation environments with its
soft gage fixing feature.

Caulerpa racemosa var. cylindracea: It is believed that this approach, which is not
exactly known as the way to the Mediterranean, moved from Southwest Australia to the
Mediterranean. The species is distributed on hard and soft substrates.

Caulerpa racemosa var. [lamourouxii] f. requienii: It is distributed in the Indo-Pacific
and Atlantic Ocean. Entered the Mediterranean through the Suez Canal. The species is
distributed on hard and soft substrates.

Caulerpa scalpelliformis var. denticulata: The entrance to the tidal Mediterranean,
which is scattered in the Indian Ocean, has been through the Suez Canal Channel. The
species is distributed on hard and soft substrates.

Caulerpa taxifolia var. distichophylla: The way to the Mediterranean, which is
scattered in the Atlantic, Indian and Pacific Oceans, is not known precisely. The species
is distributed on hard and soft substrates.
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Figure 6. Underwater images of Caulerpa species distributed on the
Mediterranean coast of Turkey. A: Caulerpa racemosa, B: Caulerpa
taxifolia var. distichophylla, C:  Caulerpa  prolifera, D: Caulerpa
racemosa var. [lamourouxii] f. requienii.

3.2 Threatened Species of Macroalgae and Phanerogams in the Mediterranean
Coast of Turkey

According to Bern and Barcelona conventions, a total of 28 threatened species, 5
species belonging to sea grasses (Posidonia oceanica (Linnaeus) Delile, Halophila
stipulacea (Forsskal) Ascherson in Anon., Cymodocea nodosa (Ucria) Ascherson,
Zostera marina Linnaeus, Zostera noltei Hornemann) and 23 species belonging to
macroalgae (Lithophyllum byssoides (Lamarck) Foslie, Lithophyllum tortuosum (Esper)
Foslie, Tenarea tortuosa (Esper) M.Lemoine, Titanoderma trochanter (Bory de Saint-
Vincent) Benhissoune, Boudouresque, Perret-Boudouresque and Verlaque, Cystoseira
amentacea Bory, Cystoseira amentacea var. stricta Montagne, Cystoseira barbata
(Stackhouse) C. Agardh, Cystoseira crinita (Desfontaines) Bory, Cystoseira corniculata
(Turner) Zanardini, Cystoseira crinitophylla Ercegovic, Cystoseira dubia Valiante,
Cystoseira elegans Sauvageau, Cystoseira foeniculacea (Linnaeus) Greville, Cystoseira
foeniculacea f. tenuiramosa (Ercegovic) A.Gomez Garreta, M.C.Barceld, M.A. Ribera
and J. Rull Lluch, Cystoseira humulis Schousboe ex Kiitzing, Cystoseira mediterranea
Sauvageau, Cystoseira mediterranea . var valiantei Sauvageau, Cystoseira spinosa
Sauvageau, Cystoseira squarrosa De Notaris, Cystoseira schiffneri Hamel, Sargassum
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acinarum (Linnaeus) Setchell, Sargassum hornschuchii C.Agardh, Sargassum vulgare
C. Agardh) have been identified on Mediterranean coast of Turkey (Figure 7).

Lithophyllum byssoides (Lamarck) Foslie, Tenarea tortuosa (Esper) M.
Lemoine, Titanoderma trochanter (Bory de Saint-Vincent) Benhissoune,
Boudouresque, Perret-Boudouresque and Verlaque, Calalifera are a calcified red alga of
the order Corallinales. Corallines members are hermatypic organisms and play
important geological and ecological roles in marine ecosystems with their biological
construction properties (Basso et al. 2005; Maneveldt et al. 2008; Okudan et al. 2014).
These species develop at 0-1 m depth, open to wave effect, set with lots of light, and
grow on the walls. In their environment, they have a 30-40% coverage feature. Their
development continues throughout the year. These species, which are extremely
sensitive to changes in the habitat, develop into clean and bright waters. Due to their
susceptibility to contamination, the indicator carries live indicator for pollution,
temperature and salinity (Bressan Babbini-Benussi 1996). These species, whose
development process is very slow (Ilmm/year), require a long time for repair/re-
development, even after appropriate destruction, even under favorable conditions.

Cystoseira sp. and Sargassum sp. generally develop in clean water at depths of
10-30 m. Due to the low tolerance of pollution, it provides clean environment indicator.

Figure 7. Underwater images of some exotic and protected species scattered on
the Mediterranean coast of Turkey. A: Sargassum acinarium, B: Asparagopsis
taxiformis, C: Titanoderma trokanter, D: Tenarea tortuosa.
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3.3. Distribution of Fanerogams in Turkey's Mediterranean Coast

Four fanogam (Posidonia oceanica, Zostera marina, Cymodocea nodosa and
Halophila stipulacea) form facies on Mediterranean coast of Turkey (Figure 8).

Figure 8. Underwater images of the species beneath some sea meadows
scattered on the Mediterranean coast of Turkey. A: Posidonia oceanica, B:
Cymodocea nodosa, C: Halophila stipulacea , D: Posidonia oceanica meadows
(Photo by Hasan YOKES)

Sea meadows are benthic marine flowering plants that prefer sandy and muddy
areas, living between 0.2-40 m depths. They form a dense layer that stretches and
spreads vertically and horizontally, capturing the sea bed. The sea floor in the area they
are in is moving. With their roots, the sea-bottom coarse/muddy waters make these
areas of rocky ground unsuitable for marine life transform into a stable structure, thus
preventing both bottom erosion and stabilizing the bottom structure. In this view, the
hanger hangs on the ground by holding the load and sediment. They form the habitat
with the most robust biological and ecological structure that can exist on this ground. In
the case of the destruction of grasses, the balance of organic matter, sediment and water
distribution in the environment is disturbed and the whole water column is affected. The
amount of suspended solids in the water column prevents turbulence from penetrating
deep into the sunlight needed for photosynthesis. As a result, life in its entirety is
destroyed and habitat and biotope losses occur in significant proportions (Paul and Roy
20006). Seagrass meadows, which form one of the first rings of the food chain in the sea,
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also have the characteristic of being a habitat by providing food, shelter, living and
reproduction environment to many sea creatures. The diversion or destruction of sea
meadows also leads to a decrease in biodiversity. With these features, the ecological and
economic roles of seagrass meadows can not be ignored (Duarte 1999, 2002).
Generations in general are at risk because of their exposure to many environmental
pressures, such as coastal settlements, tourism printing, pollution, cage fishery, trawler
hunting, boat hoeing and so on. Sea meadows on the IUCN Red List are protected by
international treaties Bern (1996) and Barcelona (1995) and by law, including our
country. Sea grass beds are considered as priority habitats in the European Union
Habitats Directive.

In particular, the beds of P. oceanica, which have extensive knowledge of
biology and ecology, contain biodiversity-rich ecosystems along the coastal zone
(Pergent-Martini et al. 2006). Due to high sensitivity to environmental change at the
littoral spot (Short and Wyllie-Echeverria 1996; Ruiz and Romero 2003) and having
large distribution areas on the Mediterranean coast the coastal zone (Pasqualini et al.
1998; Procaccini et al. 2003) is used as a descriptive species in the evaluation of the
overall environmental quality (Boudouresque et al. 2000; Moreno et al. 2001; Pergent-
Martini et al. 2005).

Since the beginning of the 20. century, the loss of sea meadows has reached
important levels in regions where urbanization and human activities are concentrated.
Especially the anchors of boats anchored in closed waters cause significant damage to
the benthos and habitat damage to marine meadows (Milazzo et al. 2002; Okudan et al.
2011). The mechanical effects of these anchors, which are used to anchor, vary
according to the type and size of the anchors (Francour et al. 1999). Developing
appropriate management and monitoring procedures is crucial to remove damage from
such activities. For this reason, it should be determined where, how much and how well
the grasslands are distributed. The study on the effects of boat hoees on the sea beds of
our country is carried out by Okudan et al. (2011) in Fethiye-Gd¢ek special protection
zone. In these studies, 2500 technicians visited the site daily and found the damage in
the village.

The marine meadows (especially Posidonia oceanica), which is distributed in the
area with extensive ship traffic in the study area, have suffered great damage due to
anchoring. Posidonia oceanica deposits show an unhealthy appearance where the
anchor traces are found (Figure 8D).

3.4. A benthic mucilage event in Mediterranean Coast of Turkey.

Global warming, which has emerged as a result of the rapid increase in
greenhouse gases (especially carbon dioxide) released into the atmosphere over the last
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40-50 years, is one of the most important threats to the Earth. The effects of climate
change manifest themselves at various stages of marine ecosystem processes.

The increase in global warming and organic entrainment causes the rapid
increase of benthic mucilagenes, mostly composed of diatom and cyanobacteria
colonies. Particularly Cyanobacteria are living creatures adorned with extreme
environmental conditions. The increase in the diversity and density of Cyanobacteria in
a region is a biological indicator of the change in water quality and is a sign of high
levels of phosphorus, nitrogen, iron, organic carbon, etc.. Cyanobacteria colonies seen
in areas of high organic contamination hold suspended particles, forming a thick,
opaque covering on the substrate (Albert et al. 2005; Whitton and Potts 2000) (Figure
9).

Figure 9. Benthic mucilagene formations on Mediterranean coast of Turkey.
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1. Introduction
1.1. Ecological position in the food web

The ecological role of organisms is largely determined by its position and
importance in the food web. Lenz (2000) stated that zooplankton play a key role in the
pelagic food web by controlling phytoplankton production and shaping pelagic
ecosystems. It is regarded as the most important biological factor by controlling
commercial fish stocks in terms of food for the larvae of fishes. Indeed, zooplanktonic
organisms by grazing on the photosynthetic organisms namely phytoplankton cause the
transportation of protein which upper trophic levels need and therefore, determines the
amount and composition of vertical particle flux (Gajbhiye 2002). It is important to
study zooplankton for understanding and predicting the impact of environmental
changes on fish stocks and for modelling the cycling of biogeochemical key elements
such as carbon, nitrogen and phosphorous (Lenz 2000).

1.2. Factors affecting zooplankton distribution

Zooplankton distribution is generally affected by several physical
(e.g.temperature, salinity, water circulations), biological (e.g. food availability, food
quality, predation) and chemical (e.g. oxygen concentration, pollution) factors (Valiela
1995). Geographical environment of the region plays an important role on the
distribution of planktonic organisms. Study done by Jespersen 1923 (cited in Ozel 1995)
reveals that the zooplankton biomass decrease from west to the east of Mediterranean.
The Strait of Gibraltar, which connects the Atlantic Ocean to the Mediterranean Sea, is
not a barrier but isolate the transportation of Atlantic species into the Mediterranean.
However, it is known that the Atlantic species were seen in the Lebanese waters (Lakkis
1976, 1984). The Strait of Gibraltar is shallow, therefore only the middle water Atlantic
zooplankton species could pass the strait. Indeed, there are species which incoming to
the Mediterranean Sea from the Red Sea and the Indian Ocean by the Suez Canal and
from the Black Sea by the Turkish Straits Systems (Ozel 1995). Water circulation
system leads to the spreading of zooplankton species from offshore to shallow stations
and vice versa (Siokou-Frongou et al. 1998).
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In the Northeastern Mediterranean, the zooplankton abundance was affected by
hydrographic properties. Transportation of nutrient rich coastal waters to the offshore
regions especially in the gyre areas were a good source for zooplankton increase
(Terbiyik et al. 2013; Kurt 2016). Besides abiotic factors, trophic conditions of the
environment were an important factor affecting zooplankton (Terbiyik Kurt and Polat
2013, 2015; Kurt 2016). Trophic element was the main factor affecting the density
distribution of zooplankton, whereas species distributions were more affected by
hydrographical parameters, namely: seawater temperature and salinity (Terbiyik Kurt
and Polat 2013). Indeed, between zooplankton abundance and biomass with temperature
statistically no correlation were found, on the other hand with surface chlorophyll-a
values there were positive correlation in the Cilician Basin (Uysal et al. 2008).

1.3. History of the zooplankton research

There are several zooplankton studies concerning the distribution and
composition in the eastern Mediterranean Sea (El-Maghraby 1965; Kimor and Wood
1975; Lakkis 1976, 1984; Giicli 1987; Pancucci-Papadopoulou et al. 1992; Mazzochi et
al. 1997; Uysal et al. 2002; Gotsis-Skretas et al. 1999; Mazzocchi et. al. 2014).
Especially, zooplankton studies done in the Northeastern Mediterranean are generally
focus on the determination of variations in distribution of zooplankton community, size
structure, abundance and biomass. In the Turkish part of the Northeastern
Mediterranean Sea, first attempt on plankton studies was started in Iskenderun Bay
(Gokalp 1972) and many investigations have been carried on zooplankton until today.
Zooplankton studies were mostly concentrated in the Mersin Bay (Gilicii 1987; Uysal et
al. 2002; Uysal and Shmeleva 2002; Zenginer Yilmaz and Besiktepe 2010; Uysal and
Shmeleva 2012; Zenginer Yilmaz and Ak Orek 2016) and Iskenderun Bay (Toklu and
Sarithan 2003; Cevik et al. 2006; Toklu 2006; Lakkis and Toklu-Ali¢li 2007; Terbiyik
Kurt and Polat 2013, 2014, 2015). Additionally, there were other studies accomplished
in the Levantine Sea (Uysal and Murina 2005; Uysal et al. 2008; Terbiyik Kurt et al.
2010; Terbiyik Kurt et al. 2013; Uysal et al. 2014). In this chapter, you will find the
distribution of species composition and main groups of zooplanktonic organisms in the
ecologically different regions of Turkish waters in the Mediterranean Sea.

2. Methodology

Several studies were conducted in different parts of Mediterranean coast of
Turkey. Zooplankton hauls were sampled with recently used WP-2 plankton net
(200um) in most of the studies (Donmez 2006; Toklu 2006; Lakkis and Toklu Aligh
2007; Terbiyik et al. 2007; Terbiyik and Sarihan 2008; Terbiyik et al. 2010; Terbiyik
Kurt and Polat 2013, 2014, 2015; Kurt 2016; Uysal et al. 2014; Zenginer Yilmaz and
Ak Orek 2016). In the previous studies, Nansen net was used with different mesh sizes
such as 112 pm (Uysal et al. 2002; Uysal and Murina 2005; Zenginer- Yilmaz and
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Besiktepe 2010; Uysal and Shmelava 2012) and 175 um (Giicii 1987). Zooplankton
abundance and biomass values were given in ind. m™® and mg m?, respectively in these
studies. Moreover, zooplankton biomass values could be calculated from biovolume by
conversion factors between zooplankton volume and carbon content (Wiebe 1988;
Alcaraz et al. 2003). There were some studies in which the biomass values were given
8 m3. Recently, the use of imaging techniques such as Zooscan with associated
semi-automatic classification technique enabled the estimation of size and biovolume of
zooplanktonic organisms (Gorsky et al. 2010; Garcia-Comas 2014; Garijo and
Hernandez-Leon 2015; Dai et al. 2016). In this chapter, data about zooplankton groups
and species distribution that have been collected in the Turkish part of Mediterranean
Sea since from the first study were shown in Figure 1 will be discussed in the Results
and Discussion part.
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Figure 1. Studied areas in the Mediterranean parts of the Turkey. Blue square:
Rhodos (Uysal et al. 2002), Yellow square: Antalya bay and its offshore
(Terbiyik et al. 2010), Red square: Cilician Basin (Uysal et al. 2008; Kurt 2016);
Green square: Mersin Bay (Glicli 1987; Uysal et al. 2002; Uysal and Murina
2005; Zenginer Yilmaz and Besiktepe 2010; Uysal and Shmelava 2012;
Zenginer-Yilmaz and Ak-Orek 2016); Purple square: Iskenderun Bay (Toklu
2006; Terbiyik et al. 2007; Terbiyik and Sarihan 2008; Terbiyik et al. 2010;
Terbiyik et al. 2013, Terbiyik Kurt and Polat 2013, 2014, 2015; Kurt 2016);
Black square: Zenginer Yilmaz, unpublished data)

3. Results and Discussion
3.1 Zooplankton standing stock

A conspectus of the regional and temporal distribution of zooplankton standing
stock in the Turkish part of the Mediterranean Sea exhibits clear variations. In the
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Northern Levantine Sea, zooplankton abundance was generally higher in the coastal
stations of Mersin Bay in all seasons (Figure 2, unpublished data). The maximum
zooplankton abundance was found in May 2013 with 14275 ind m™ and 9465 ind m™ at
two coastal stations located in the Mersin Bay. Comparing the seasons, the minimum
abundance values were observed in September. Moreover, the minimum abundance
values were generally observed in the open waters (Figure 2, unpublished data). The
biovolume values varied between 5 and 1700 mm® m™ in the northern Levantine Sea.
The highest biovolume values were observed in March 2013. The high biovolume
values are coming from the existence of bigger organisms larger than >500 pm. (Figure
3, unpublished data).
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Figure 2. Spatial distribution of zooplankton abundance in the Northeastern
Mediterranean Sea. A) July 2012, B) September 2012, C) March 2013, D) May
2013

Zooplankton standing stock is well described in the Cilician Basin and studies
concentrated in the Mersin and Iskenderun Bays. In Cilician Basin, average
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zooplankton abundance and biomass values varied from 977+564 ind m™ (March 2007)
to 2972+4272 ind m® (November 2005) and from 4.78+4.4 mg m™ (September 2007) to
10.1£13.0 mg m* (November 2005), respectively. Smallest size fractions (100-200,
200-500 pm) were dominant in all seasons (Uysal et al. 2008). After these periods, a
study done by Terbiyik Kurt et al. (2013) in the Cilician Basin showed that the mean
zooplankton biomass in the integrated water column (0-200 m) was slightly more
abundant in the spring 2008 (7.96 + 6.3 mg m®) than the autumn 2008 (5.7 £ 3.1 mg m’
%) and fluctuated from 1.73 to 29.32 mg m™® and from 1.68 to 11.5 mg m3, respectively
(Figure 4). In general, zooplankton biomass was more abundant in coastal areas of the
Cilician Basin. Zooplankton standing stock was concentrated in the upper layer (to a
depth of 100 m) in sampling periods and sharply decreased with depth. Similar vertical
distribution was observed in the offshore area of Antalya Basin (Terbiyik et al. 2010)
and comparing with the Cilician Basin where having productive coastal areas,
zooplankton abundance and biomass were low in Antalya Basin. These values were
varied between 2.2-18.1 mg m?3, 72.28-757.55 ind.m*® in April 2008 and 0.98-4.67
mgm3, 99.54-492.52 ind.m™ in October 2008, respectively. However, offshore regions
of Cilician Basin had similarly low zooplankton standing stock (Uysal 2008; Terbiyik

Kurt et al. 2013; Kurt 2016).
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Zenginer Yilmaz and Besiktepe (2010) observed that on annual average, total
zooplankton abundance were 603+368 ind m* and 4968+3538 ind m?3, and total
biomass were 31 mg m?3 and 22+19 mg m™ in coastal (~20 m) and offshore waters
(~200 m) of Mersin Bay, respectively (Figure 5a). The minimum and maximum
abundance values in coastal (~20m), middle (~100m) and open (~200m) areas of the
Mersin Bay changes between 146,3 - 6568,86 ind m®, 133,70 - 915,46 ind m™ and
62,27 - 1003,44 ind m?, respectively. Moreover, minimum and maximum biomass
values in coastal (~20m), middle (~100m) and open (~200m) stations changes between
7,77 - 384,51 mm® m?3, 9,52 - 92,56 mm® m= ve 10,02 - 162,65 mm® m, respectively
(Zenginer Yilmaz and Ak Orek 2016). Smaller size fractions (200-500 and 112-200
um) were always dominant in zooplankton abundance at both coastal and offshore area
of Mersin Bay. Similarly, 200-500 pm size fraction was dominant in zooplankton
biomass at the coastal, whereas >1000 um size fraction was dominant at the offshore
station (Zenginer Yilmaz and Besiktepe (2010).

Figure 4. Zooplankton biomass distribution in the Cilician Basin (modified from
Terbiyik et al. 2013)

In the Iskenderun Bay, mesozooplankton abundance fluctuated from 522 to
12931 ind. m™ in the coastal area, while from 521 to 5443 ind. m? at offshore area.
Annual biomass values changed between 3.14 - 21.72 mg m? in the coastal station and
3.31 - 8.99 mg m? in the offshore station (Figure 5b, unpublished data). Additionally,
zooplankton abundance and biomass sometimes reached to 18275 ind m™and 52.9 mg
m2in the western coastal area of Iskenderun Bay (Terbiyik Kurt and Polat 2013, 2015).

3.2 Zooplankton composition

Nearly thirty groups of zooplankton are defined in Mediterranean coast of
Turkey, but little information is known about the diversity of species. Copepoda and
Cladocera were the two main important groups which species diversity is known and
studied for years. Copepoda was always dominant among other zooplankton groups in
all studies mentioned before. Horizontal and vertical distribution of main zooplanktonic
groups varied temporally and spatially in the Northeastern Mediterranean Sea. For
instance, in Spring 2008 in the Northwestern part of the Levantine Sea, Copepoda and
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Siphonophora were generally more abundant in the layer of 0-50m whereas, Doliloida
and Appendicularia in layers of 0-50 and 50-100 m and Ostracoda in layers of 50-100
and 100-200 m (Terbiyik et al. 2010). On the other hand, in the Cilician Basin, the
group Copepoda is followed by Appendicularia, Cladocera, Thecosomata, Hydrozoa
and Chaetognatha in 0-50 m depth; Copepoda, Chaetognatha, Crustacea eggs and
nauplii, Appendicularia, Hydrozoa and Siphonophora were more abundant in 50-100 m
depth; and Copepoda, Ostracoda, Crustacea eggs and nauplii, and Chaetognatha
dominated zooplankton in the third column (100-200 m depth) in the same period. (Kurt
2016). In autumn 2008, Copepoda, Chaetognatha, Siphonophora and Cladocera were
more abundant in the layer 0-50 m, Ostracoda was abundant in the 50-100 m depth and
Appendicularia was more abundant in the layers 0-50 and 50-100 m in the Northwest
Levantine Sea (Terbiyik et al. 2010), while Copepoda preserved dominancy in both
layers of 50-100m and 100-200m, then Appendicularia, Siphonophora and Ostracoda
were abundant in the layer 50-100m and Ostracoda, Appendicularia and Chaetognatha
were dominant in the layer 100-200 m in the Cilician Basin (Kurt 2016). Overall,
Copepoda was the dominant group and followed by Appendicularia, Cladocera and
Echinodermata in the Cilician Basin. Similarly, Copepoda, Crustacea nauplii, Mollusca
larvae, Appendicularia, Cladocera and Chaetognatha were found to be the most
abundant organisms in the Cilician Basin (Uysal et al. 2008). Each group showed
different maximum values at different periods in a year such as Copepoda reached
maximum abundance values with constituting 80% of all groups in September,
Crustacea nauplii with 24% in January, Mollusca larvae with 5% in winter and spring
period, Appendicularia with 4% in spring, Cladocera with 4% in spring and summer and
finally, Chaetognatha with 2.6% in April. In Iskenderun Bay, evident seasonality was
observed both in coastal and offshore area for the overall year (Terbiyik Kurt and Polat,
2013, 2015). Copepoda was generally dominant among zooplankton groups in coastal
and offshore areas. Copepoda dominancy replaced with Salpa in February and March,
Gastropoda in May and Cladocera in June and July in the coastal stations. Similarly,
Copepoda was mainly dominant in the offshore station. However, Cladocera dominated
the zooplankton during May and July, while Doliolida was most abundant group in
September in the offshore area. Other important mesozooplankton groups besides
dominant groups were Appendicularia, Bivalvia and Cirripedia in inshore station, while
Salpa, Appendicularia, Chaetognatha and Bivalvia in offshore station (Terbiyik et al.
2016). In the Mersin Bay, Copepoda were the most abundant zooplankton group and
determine the distribution of total zooplankton followed by Crustacea nauplii,
Appendicularia, and Cladocera (Zenginer Yilmaz and Besiktepe 2010, Zenginer Yilmaz
and Ak Orek 2016). In another study done with Zooscan equipment showed that
Copepoda was responsible for the biggest part of the biomass in the coastal station,
however together with Copepoda, Chaetognatha had an important contribution to the
biomass values in the offshore stations. Indeed, Cladocera showed important
contribution in the warmer periods (May, June and July) (Zenginer Yilmaz and Ak Orek
2016). A study done in the Northeastern Mediterranean Sea in 2012 (July and
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September) and 2013 (March and May) showed that the most abundant groups were
Copepoda, Cladocera, Appendicularia, Chaetognatha, Doliloida, Thecosomata,
Ostrocoda, Gastropoda and Decapoda (Figure 6, unpublished data). Followed by
Copepods, Cladocera and Chaetognatha were the most abundant groups in June 2012;
Cladocera, Appendicularia and Doliolid in September 2012; Appendicularia, Doliolida
and Gastropoda in March 2013; and finally Cladocera and Gastropoda in May 2013.
Apparently, Cladocera was generally dominant in the coastal stations in June 2012 and
May 2013.

Figure 5. Monthly variations of zooplankton abundance and biomass a) Mersin
Bay, b) Iskenderun Bay

The studies conducted in Northern Levantine Basin mostly focused on the spatial
and temporal variations of Copepoda species. The majority of these studies are
concentrated in the Iskenderun and Mersin Bays. Over 200 planktonic copepod species
have been reported from Mediterranean coast of Turkey. Community structure of
Copepoda varied seasonally in the area. In the Iskenderun Bay, P. parvus, C. kroyeri, P.
denudatus, T. stylifera, A. clausi, P. latisetosa are the dominant copepod species in
spring. In summer, C. kroyeri is still among the dominant species, O. setigera and C.
furcatus accompanied with this species. A. gibber is being the dominant species with O.
plumifera, C. furcatus, C. eliptica, Labidocera pavo, P. parvus in autumn. During the
winter period, P. parvus is the dominant copepod species and Calocalanus plumatus,
Calocalanus pavo, O. plumifera, A. gibber were the other common copepod species
(Terbiytk Kurt and Polat 2013). Copepoda communities are slightly different in terms of
seasonal variation and community structure in Iskenderun Bay, most probably due to
using different types of nets and small size of mesh sizes. For instance, in late winter
and early spring period O. nana, Oithona sp., O. media, Oncaea sp., Calocalanus
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elegans, E. acutifros and O. zernovi were the dominant species which structured the
Copepoda community in Mersin Bay. Calocalanus sp., C. elegans, Triconia dentipes,
Oncaea sp., O. nana, Clausocalanus furcatus and Temora stylifera dominated in
summer, however, Oncaea sp., Calocalanus sp., Oithona nana, Clausocalanus
paululus, C. furcatus, Parvocalanus sp. and Calocalanus elegans were dominant in
autumn and early winter in same area (Uysal and Shmelava 2012).

In the Cilician Basin, basin scale studies on Copepoda usually carried out in the
upper layer of the water column (0-200 m). In spring, C. paululus is common in neritic
and oceanic regions of Cilician Basin. Moreover, P. parvus, C. furcatus, A.clausi,
O.nana, F. rostrata, C. paululus, O. media group, C. giesbrechti and C. styliremis are
commonly observed. C. paululus, O. media group and F. rostrata are more abundant
copepod species in the surface layers of oceanic waters of the Cilician Basin.
Contribution of C. styliremis to copepod abundance increases with depth and this
species shaped the Copepoda community with C. paululus and O. media. Abundance of
O. setigera and H. longicornis increased in just above the mesopelagic layer and
dominated the Copepoda community with C.paululus and O. media group (Kurt 2016).
In the offhore regions around Antalya Bay, Calocalanus styliremis, Clausocalanus
jobei, C. parapergens, C. paululus, Lucicutia flavicornis, Mecynocera clausi,
Paracalanus denudatus, dominated the upper 50 m whereas C. contractus,
Ctenocalanus vanus, Haloptilus longicornis, L. flavicornis, M. clausi, P. denudatus, P.
nanus, F. rostrata, O setigera, Oncea media dominated the 50-100 m depth layer.
Finally, Copepod species namely H. longicornis, O. setigera, Mormonilla minor and O.
mediterranea dominated the layer 100-200 (Terbiyik et al. 2010).

Figure 6. Percent composition of dominant zooplanktonic groups in different
seasons.
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In the area, the period autumn is marked with thermal stratification and
mesozooplankton community was affected by this stratification. Unlike the areas in the
west part of the Cilician Basin, Lessepsian species are common in the nearshore area of
Iskenderun Bay and Goksu Delta (Kurt 2016). The species such as A. gibber and C.
elliptica are dominant especially in autumn in the Iskenderun Bay (Terbiyik Kurt and
Polat 2013). The ring current of the Mediterranean Sea plays an important role in
carrying the alien species to the region. Hydrographic conditions of Iskenderun Bay are
quite favorable for the spread of alien species (Cevik et al. 2006). In autumn, physical
properties of the region are getting closer to Red Sea in terms of environmental
conditions and the species living in the Red sea spreads in the Iskenderun Bay (Terbiyik
Kurt and Polat 2013). A number of Lessepsian species are increasing overtime and
some of these species leads to the formation of new populations in this region. In this
respect, community structure in Cilician Basin is similar with southern areas of the
Eastern Mediterranean, however high proportion of the Lessepsian species makes it
more different from other areas in the region. Moreover, distribution of Lessepsian
species and their contribution to zooplankton biodiversity in Mersin Bay is not quite
low (Uysal and Shmelava 2012). In autumn, A. gibber, O. plumifera, Clausocalanus
furcatus, P. parvus are predominant in the coastal area of Cilician Basin. O. plumifera,
C. furcatus, P. parvus, C. paululus ve L. flavicornis characterized the upper layer of the
water column, whereas O. plumifera, C. furcatus, O. media group, C. paululus are
important in the following layer. In this period, vertical stratification is quite obvious,
deep layers are seen as separated and dominance of mesopelagic species are increasing
in these deep layers. O. setigera, C. paululus and H. longicornis were dominant in the
deep layers of offshore waters, whereas the constribution of O. media and M. clausi are
becoming important in the deep layers when getting closer to shore (Kurt 2016).

It is known that a total of six Cladoceran species (Penilia avirostris, Evadne
spinifera, Pseudoevadne tergestina, Evadne nordmanni, Podon intermedius and
Pleopsis polyphemoides) are distributed in the Mediterranean part of Turkey (Terbiyik
Kurt and Polat 2013, 2014, Kurt 2016). Distribution of Cladoceran species varied
seasonally in the region. P. avirostris is generally dominant among Cladoceran
community in spring and summer period (Terbiyik Kurt and Polat 2013, 2014).
Abundance of E. spinifera and P. tergestina reached higher levels (Terbiyik and Polat
2014) in the area. These species were more abundant in warmer periods. Especially, E.
spinifera is dominant in the coastal regions of western part of Cilician Basin in autumn.
It is observed that P. intermedius preferred relativelly colder waters and appeared in
coastal area in early spring. Contribution of P. polyphemoides is very low in Iskenderun
Bay (Terbiyik Kurt and Polat 2013, 2014), however it is denser in some coastal areas of
Mersin Bay where organic load is increased with some rivers such as Goksu river (Kurt
2016).
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Studies on Chaetognatha species in Turkish coast of Mediterranean are
concentrated in Cilician Basin. A total 16 Chaetognatha species are known (Ismen
2000, Hazar, 2006, Terbiyik et al. 2007, Terbiyik and Sarihan 2008, Uysal et al. 2008,
Kurt 2016). F. enflata, a cosmopolitan species is dominant in Chaetognatha community
(Ismen et al. 2003, Terbiyik and Sarihan 2008) and prefer coastal and neritic areas
(Uysal et al. 2008). M. minima, S. serratodentata and S. bipunctata prefered cold waters
and abundance of these species reached higher levels (Uysal et al. 2008), and generally
concentrated in the joint areas of neritic and oceanic waters. S. serratodentata and S.
bipunctata are other common Chaetognatha species distributed in the neritic waters and
epipelagic layers of oceanic waters in the basin (Uysal et al. 2008). The structure of
Chaetognath community is changed in the mesopelagic layer and deep layers of
epipelagic regions of oceanic waters. Some species, P. lyra, D. decipiens, K. subtilis, P.
hexaptera have been began to be observed. P. lyra which exhibits ontogenetic migration
were found in coastal area (Uysal et al. 2008). Another species, D. decipiens being as
indicator in the Levant intermediate waters is concentrated in the mesopelagic layer
(Kurt 2016). Finally, F. galerita was firstly recorded in Iskenderun Bay (Terbiyik et al.
2007) in the Mediterranean Sea, then expanded its distribution to the Cilician Basin
(Uysal et al. 2008).

Taxonomical studies on other zooplankton groups are very few, Uysal and
Murina (2005) reported 5 phyla, 10 classes ve 34 families belonging to meroplankton.
Pelagic nectochaete larvae of Spionidae (Polychaeta) and zoeas of Grapsidae
(Decapoda) dominated meroplankton. In the area, reported pelagic Polychaeta species
are Tomopteris elegans, Vanadis studeri, Typhloscolex grandis, Travisiopsis lobifera,
Pelagobia serrata, and Maupasia caeca. Reported Polychaeta larvae are Harmothoe
imbricata, Priono caspersi, P. cirrifera, P. malmgreni, Polydora antennata, Scolelepis
fuliginosa, Microspio mecznikowianus, Pygospio elegans, Nerine cirratulus, Spio
filicornis and Audouinia filigera (Uysal and Murina 2005). It was found that Polychaeta
larve are abundant in December in Mersin Bay. Additionally, it is reported that P.
serrata, a pelagic Polychaeta, is common in October and November. In the same study,
some Gastropoda (Haminoea navicula, Retusa truncatella, Limapontia capiata) species
are observed in the Mersin Bay (Uysal and Murina, 2005). Larvae of Decopoda species
known in Mersin Bay are Athanas nitescens, Cancer pagurus, Carnicus
mediterraneaus, Schizophrys aspera. Additionally, there are some species identified
only at the genus or family level.

4. Conclusion
The zooplankton abundance and biomass values are higher especially in the
wide continental shelf areas (such as Goksu Delta, Iskenderun and Mersin Bays), when

comparing with the other parts in the Levantine Sea. Coastal and offshore regions have
different water characteristics in the area, the coastal regions have variable water
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characteristics and seasonally exposed to different intensities of anthropogenic and
land-related influences. However, the offshore regions are more stable and show open
water characteristics in the Northeastern Mediterranean. In relation to these variabilities,
zooplankton abundance and composition shows evident differences between coastal and
offshore stations. The species composition and distribution of groups have a similar
structure as with other regions in the Eastern Mediterranean Sea (Siokou et al. 2010;
Mazzocchi et al. 2014). In contrast, contribution of alien species iS more recognizable in
the autumn in this region. Similarly, zooplankton standing stock concentrated in the
upper 100 m water column and decreases with depth. Zooplankton abundance and
biomass values have shown that there were several peaks in a year. Generally, in spring
and autumn totally two peaks are observed in a year in the Bays. In addition to that, the
Cladocerans were found to be abundant in summer, therefore one more evident peak
was observed in summer. Clear seasonal difference was observed in the area and
especially it is known that the Lessepsian species are actively distributed in the region,
especially they dominate the zooplankton in autumn in the Iskenderun Bay.
Environmental factors lead to temporal and spatial variations of zooplankton standing
stock and composition in the area.
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1. Introduction

Among the metazoan ectoparasitic groups on marine fishes and invertebrates,
parasitic copepods is the most specious and the abundant group that may cause severe
pathologies and disorders. To date, numerous species belonging to 30 families of
copepods have been reported as ectoparasitic mainly on fishes (Boxshall 2005). Of
these, the family Caligidae Burmeister, 1835 is the most common and the well known
group of pests causing desquamation, necrosis, haemorrhages, respiratory stress and
secondary infections leading to mortalities on both wild and cultured fishes in
freshwater and marine environments (Johnson et al. 2004). In addition, reduced growth
and fecundity, costs emerging from mortalities and treatment, decrease in wild fish
populations and transmission of secondary infections from wild to cultured or cultured
to wild fish stocks can also be listed as the impacts of Caligid copepods on aquaculture
and fisheries (Johnson et al. 2004; Lester and Hayward 2006; Cruz-Lacierda et al.
2011). Therefore, monitoring the diversity, distribution and correct identification of
these highly abundant Caligid copepods on fish species are important to develop pest
management and conservation strategies to protect marine life (esp. threatened/
endangered fish species) and to conduct sustainable marine fish farming.

The aim of this chapter is to provide information on the diversity of the caligid
copepods parasitic on marine fishes species of the eastern Mediterranean waters off the
Turkish coast. In addition, we present the first report of Euryphorus brachypterus
(Copepoda: Caligidae) collected from Bluefin Tuna, Thunnus thynnus (Linnaeus,
1758) caught in the Mediterranean waters off Antalya Bay, Turkey.

2. Caligidae Burmeister, 1835
The family Caligidae established by Burmeister (1835) is the most abundant

group of parasitic copepods found exclusively on marine fishes. The family currently
consists of 31 valid genera according to the recent revision by Dojiri and Ho (2013)
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(Table 1). Of these 31 valid genera, the genus Sciaenophilus Van Beneden, 1852 was
recently classified within the genus Caligus Maller, 1785 based on the new
morphological observations made by Ozak et al. (in press). However, we preferred to
remain the genus Sciaenophilus as a separate genus during this review.

Table 1. Genera with in the family Caligidae Burmeister, 1835

Abasia Wilson C.B., 1908
Alanlewisia Boxshall, 2008

Alebion Krayer, 1863

Anchicaligus Stebbing, 1900
Anuretes Heller, 1865

Arrama Dojiri & Cressey, 1991
Avitocaligus Boxshall & Justine, 2005
Belizia Cressey, 1990

Caligodes Heller, 1865

10 Caligus O.F. Muller, 1785

11 Caritus Cressey, 1967

12 Dartevellia Brian, 1939

13  Echetus Krgyer, 1863

14 Euryphorus Milne Edwards H., 1840
15 Gloiopotes Steenstrup & Liitken, 1861
16 Hermilius Heller, 1865

17 Kabataella Prabha & Pillai, 1983

18 Lepeophtheirus von Nordmann, 1832
19 Mappates Rangnekar, 1958

20 Markevichus Ozdikmen, 2008

21 Metacaligus (Thomsen, 1949)

22 Paralebion Wilson C.B., 1911

23 Parapetalus Steenstrup & Litken, 1861
24 Parechetus Pillai, 1962

25 Pseudanuretes Yamaguti, 1936

26  Pseudechetus Prabha & Pillai, 1979
27 Pupulina Van Beneden, 1892

28 Sciaenophilus Van Beneden, 1852
29 Sinocaligus Shen, 1957

30 Synestius Steenstrup & Liitken, 1861
31 Tuxophorus Wilson C.B., 1908

©CoOo~NoO ok~ WN B

Currently, the Mediterranean Caligid copepods are represented by 39 valid
species belonging to the following 6 genera: Alebion Krgyer, 1863; Caligodes Heller,
1865; Caligus O.F. Miller, 1785; Euryphorus Milne Edwards H., 1840;
Lepeophtheirus von Nordmann, 1832; Sciaenophilus Van Beneden, 1852 (Raibaut et al.
1989; Demirkale et al. 2014; Walter and Boxshall 2016). Of these 6 genera, the genus
Caligus Miller, 1785 is the most speciose genus within the family and currently
represented by 28 valid species in the Mediterranean (Figure 1).
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Figure 1. Species richness of the family Caligidae

In Turkish seas, Caligidae is represented by 12 species belonging to 2 genera:
Caligus and Lepeophtheirus (Alas et al. 2015). The genus Caligus is the most abundant
group with 11 species in Turkish seas and approximately 63 % of these 11 species of
Caligus were reported from the Mediterranean waters off the Turkish coast (Figure 1).
According to Alag et al. (2015), 19 species of parasitic copepods belonging to 6
different families have been reported from the Turkish Mediterranean coast, so far.
However, recently reported three parasitic copepods: Doridicola longicauda (Claus,
1860) from Sepia officinalis (Linnaeus, 1758) (Cephalopoda, Sepiidae), Hatschekia
petiti Nufes-Ruivo, 1954 from Epinephelus aeneus (Geoffroy Saint-Hilaire, 1817)
(Perciformes, Epinephelinae) and Philorthragoriscus serratus (Krgyer, 1863) from
Mola mola (Linnaeus, 1758) (Tetraodontiformes, Molidae) bring the number of
parasitic copepod families in Turkish Mediterranean waters to 9 (Ozak et al. 2016;
Yalim et al. 2016; Yanar et al. 2016) (Figure 2).

Of the 7 species of Caligus reported from fishes in Turkish Mediterranean coast
(Table 2), only Caligus lagocephali was found on two lessepsian fish species,
Lagocephalus spadiceus (Richardson, 1845) and Lagocephalus suezensis Clark and
Gohar, 1953 (Ozak et al. 2012). Similar to C. lagocephali, three more alien parasitic
copepods: Lernanthropus callionymicola El-Rashidy and Boxshall, 2012,
Taeniacanthus lagocephali Pearse, 1952 and Mitrapus oblongus (Pillai, 1964) have been

154



reported from marine fishes caught in Turkish Mediterranean coasts, so far (Castro and
Oktener 2010; Ozak et al. 2012, 2016).
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Figure 2. Species richness of the parasitic copepod families reported from
fishes in Turkish Mediterranean waters.

In addition to the species reported above, here, we present the first record of a
Caligid copepod, Euryphorus brachypterus (Gerstaecker, 1853) found on Atlantic
Bluefin tuna, Thunnus thynnus (Linnaeus, 1758) caught in Mediterranean waters of the
Turkish coast. E. brachypterus, is one of the three species belonging to the genus
Euryphorus Milne-Edwards, 1840 within the family Caligidae Burmeister, 1835. Since
its first description, this parasitic copepod has been treated many times as a new species
by a number of researchers due to the morphological and morphometric differences
observed during its’” reproductive stages and also due to the intraspecific variations on
its morphology. Although a recent detailed description was presented by Dojiri and Ho
(2013), present authors aimed to highlight the fine details of the key diagnostic
characters of E. brachypterus by using light microscopy (LM) and scanning electron
microscopy (SEM). In addition, some newly observed additional characters, overlooked
in the previous descriptions of E. brachypterus, were also presented.

155



Table 2. Caligid copepods parasitic on fishes in Mediterranean waters off the
Turkish Coast (Ref.: Reference)

Caligus O.F. Miiller, 1785

Parasite Host Location Ref.

Caligus apodus Solea solea (Linnaeus, 1758) Iskenderun Bay 1
(Brian, 1924)
Caligus brevicaudatus A. Scott, Solea solea (Linnaeus, 1758) iskenderun Bay 1;2
1901 Chelidonichthys lucerna (Linnaeus,

1758)
Caligus lagocephali Lagocephalus spadiceus iskenderun Bay 3
Pillai, 1961 (Richardson, 1845)

Lagocephalus suezensis Clark &

Gohar, 1953
Caligus ligusticus Lithognathus mormyrus (Linnaeus, iskenderun Bay 4
Brian, 1906 1758)
Caligus minimus Dicentrarchus labrax (Linnaeus, iskenderun Bay; 5; 6;
Otto, 1821 1758) Beymelek Lagoon, 7

Antalya

Caligus solea Demirkale Solea solea (Linnaeus, 1758) iskenderun Bay 8

Demirkale, Ozak, Yanar and
Boxshall, 2014

Caligus temnoontis Pomatomus saltatrix (Linnaeus, iskenderun Bay 9
Brian, 1924 1766)

Euryphorus Milne Edwards H., 1840

Euryphorus brachypterus Thunnus thynnus Antalya Bay 10
(Gerstaecker, 1853) (Linnaeus, 1758)

1: Ozak et al. (2013), 2: Demirkale et al. (2015a), 3: Ozak et al. (2012), 4: Demirkale et al.
(2015b), 5: Ozak (2007), 6: Canli (2010), 7: Yalim et al. (2014), 8: Demirkale et al. (2014),
9: Ozak et al. (2010), 10: Present study.

3. Euryphorus brachypterus (Gerstaecker, 1853)

An Atlantic Bluefin Tuna, Thunnus thynnus (Linnaeus, 1758) (total length:
82cm), caught in Mediterranean waters off Antalya Bay, Turkey was examined for the
existence of parasitic copepods. Specimens of E. brachypterus were collected from
inner opercular surface, preserved in 70% ethyl alcohol and cleared in lactic acid for 2 h
prior to examination using an Olympus SZX16 dissecting microscope and Olympus
BX51 compound microscope. Intact specimens and individual appendages were
photographed with a digital camera on both microscopes. Measurements were made
using an ocular micrometer and drawings were made with the aid of a drawing tube. All
measurements are presented as the range followed by the mean in parentheses. The
scientific and common names of fishes follow Froese and Pauly (2016) and the
morphological terminology for the copepods follows Kabata (1979) and Huys and
Boxshall (1991). The protocols for preparing crustaceans for scanning electron
microscopy (SEM) outlined by Felgenhauer (1987) were followed. All specimens
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(subsamples) were identified to the species level consulting Kabata (1979) and Doyjiri
and Ho (2013).

Family: Caligidae Burmeister, 1835

Genus: Euryphorus Milne Edwards, 1840

Euryphorus brachypterus (Gerstaecker, 1853)

Syns. Arnaeus thynni Krgyer,1863; Caligeria bella Dana,1849; Dinematura
thynni (Krgyer, 1863); Dinemoura thynni (Kreyer, 1863); Dysgamus longifurcatus
Wilson C.B., 1923; Dysgamus sagamiensis Shiino, 1958; Elytrophora atlantica Wilson
C.B., 1932; Elytrophora brachyptera Gerstaecker, 1853; Elytrophora hemiptera Wilson
C.B., 1921; Elytrophora indica Shiino, 1958; Elytrophora thynni (Krgyer, 1863);
Euryphorus atlanticus (Wilson C.B., 1932); Euryphorus bellus (Dana, 1849);
Euryphorus hemipterus (Wilson C.B., 1921); Euryphorus indicus (Shiino, 1958).

Material examined
Twenty-one ovigerous females and eight adult males, collected from the inner
opercular surface of Thunnus thynnus L. caught in the north eastern Mediterranean
waters off the Antalya Bay, Turkey, were examined.

Description (Figures 3 -7)

Adult female (Figure 3A). Total body length 9.4-11.3 (10.28) mm (n=10).
Cephalothorax suborbicular, lateral margins slightly indented through posterior, slightly
wider than long 4.75-5.00 (4.94) x 4.76-5.2 (5) mm, posterior end of lateral zones
extended beyond the posterior margin of thoracic zone. Frontal plate narrow. Lunules
absent. Fourth pedigerous somite (Figure 3B), slightly wider than long (1.1 x 1.25mm);
bearing a pair of dorsal plates (1.29 x 1.10mm) with rounded anterolateral corners,
posterior part of dorsal plates covering anterior genital complex. Genital complex ovoid,
longer than wide 2.75-3.75 (2.94) x 2.20-2.65 (2.4) mm, posterolateral corners consist
of a pair of rounded extensions overlapping anterolateral corners of abdomen, dorsal
and ventral surface of genital complex partly covered with irregular tiny swellings
(Figure 3C, inset). Two spermatophores (0.592 x 0.429 mm) attached to left and right
genital openings. Abdomen 2-segmented, first somite slightly wider than long 1.0-1.1
(1.05) x 1.2-1.45 (1.36) mm; second (anal) somite 0.85-1.05(0.94) x 0.9-1.05 (0.95)
mm, subquadrangular. Caudal rami 0.75-0.88 (0.77) x 0.35-0.55 (0.43) mm each with 4
long plumose setae plus 2 smooth short setae, outermost seta bearing row of spinules at
base. General organization of the appendages in the ventral surface of cephalothorax
was identical to those of Caligids (Figure 4A). Antennule (Figure 4B) proximal segment
robust, carrying 27 setae; distal segment slender, carrying 14 setae. Antenna (Figure 4C)
3-segmented. Proximal segment armed with blunt posteriorly-directed spinous process
and supported anterolaterally with additional subrectangular segmentation derived from
the base of cephalothorax; distal curved claw with 2 setation elements, a short single
spine like seta proximally and a longer distal seta (109.23um). Maxillule with posterior
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process tapering towards tip and anterior papilla carrying 3 unequal setae. Sternal furca
(Figure 4D) with divergent, sharply pointed tines; Maxilla 2-segmented and brachiform;
proximal segment (lacertus) unarmed; slender distal segment (brachium) with large
serrated subterminal hyaline membrane (flabellum) (Figure 5A) on outer margin plus a
small membranous process on inner margin (Figure 5B); tip of distal segment carrying 2
unequal processes (calamus and canna), both ornamented with spirally twisted serrate
membranes. Maxilliped (Figure 5C) comprising robust protopod (corpus) and short
distal subchela representing fused endopodal segments plus long, sharply curved claw;
subchela armed with small seta at base of claw; distal half of the claw ornamented with
longitudinal grooves (Figure 5D); outer distal part of corpus bearing two patches of tiny
scale like processes (Figure 5E,F). Swimming leg 1 biramous, with 2-segmented
exopod and 2-segmented endopod. Protopod armed with one long outer plumose seta
and one short medial seta. First exopodal segment ornamented with even row of setules
along free posterior margin and a small spine at outer distal corner. Distal exopodal
segment (Figure 6A) with 3 spiniform elements plus a pinnate seta along distal margin,
outer most two spiniform elements (spines 1 and 2) adjacent, with pectens at base and
overlapping the third spine (spine 3) and the pinnate seta. First and second spine (spine
1 and 2) ornamented with minute denticles aligned dorsolaterally and oriented towards
the tip. Inner margins of both spines (1 and 2) finely serrated. Third spiniform element
(spine 3) bilaterally serrated. Posterior margin of distal exopodal segment with 3 long
plumose setae. Endopod (Figure 6B) 2-segmented, first endopodal segment unarmed;
second endopodal segment bearing 3 plumose setae plus row of setules on inner margin.
Leg 2 (Figure 6C) biramous, with three segmented rami. Intercoxal sclerite fringed with
membrane along free posterior margin. Coxa small, bearing large pinnate seta on
posterior margin plus a single sensilla close to intercoxal sclerite, ornamented with
patch of blunt spinules oriented posterior (Figures 6D,E). Mean width of spinules
705.45+36.06 nm (n=10). Basis with one small pinnate seta at outer distal angle,
ornamented with one small terminal spine close to posteroventral margin, with
membrane along free posterior margin. First exopodal segment about c.2 times longer
than second; both segments with pinnate seta on inner margin and long oblique spine at
outer distal corner. Spine at first segment reflexed back over surface of second segment,
pecent present at base. Third segment with 6 pinnate seta and 2 spines, both margins of
ventral spine serrated, dorsal spine with serrations on inner margin only. First
endopodal segment with inner pinnate seta and ornamented with row of setules along
outer margin; inner pinnate seta extending beyond the second and third endopodal
segment; second endopodal segment with 2 pinnate seta and bearing row of setules on
outer margin; third endopodal segment carrying 6 pinnate setae with the exception of 2
females with 7 pinnate setae. Ornamentations, spines and setae formulations of Leg 3
were identical with the previous descriptions (Kabata 1979; Dojiri and Ho 2013). Leg 4
(Figure 6F) biramous. Exopod 3-segmented. First segment, with bilaterally serrated
outer spine and pecten at base. Second segment carrying bilaterally serrated outer spine
and inner plumose seta. Third segment with three unequal bilaterally serrated spines
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plus 4 plumose seta. First endopodal segment with outer row of setules and one plumose
inner seta. Second and third segment partially fused, second segment with one plumose
inner seta and third segment with 3 plumose seta. Leg 5 comprising two papillae; first
papilla with 1 plumose seta, and the second papilla carrying 3 plumose setae.

Adult male (Figure7A) total body length 6.92-9.32 (8.23) mm (n=8).
Cephalothorax as in female, slightly longer than wide 3.87-4.48 (4.17) x 2.98-4.01 (3.9)
mm. Fourth pedigerous somite, wider than long 0.79-0.99 (0.94) x 1.1-1.19 (1.15) mm;
bearing a pair of dorsal plates 0.96-1.07 (1.02) x 0.89-1 (0.9) mm with rounded
anterolateral corners, posterior part of dorsal plates covering anterior genital complex
(Figure 7E). Genital complex ovoid, slightly longer than wide 1.89-1.98 (1.96) x 1.47-
1.71 (1.66) mm, anterior part wider, antero-lateral margins convex. Abdomen 2-
segmented, free abdominal somite wider than long 0.59-0.74 (0.68) x 0.85-0.91 (0.89)
mm; anal somite subquadrangular, 0.85-1.05 (0.94) x 0.9-1.05 (0.95) mm. Caudal rami
(Figure 7F) 0.72-0.80 (0.77) x 0.39-0.51 (0.44) mm, each with 4 long plumose setae
plus 2 smooth short setae, outermost seta bearing row of spinules at base. Sternal furca
(Figure 7B) with long, slightly convex, divergent and sharply pointed tines, box
rectangular. Antenna (Figure 7C) 3-segmented; proximal segment with posteriorly-
directed broad based triangular process; subrectangular middle segment with corrugated
adhesion area near inner distal corner (Figure 7D); distal curved claw with 2 setation
elements, a short single spine like seta proximally and a longer distal seta plus a curved
tine on inner margin.

Remarks

The morphological features of our adult female and male specimens revealed
similarities both in shape and morphometrics to E. brachyprterus as described by
Kabata (1979) and Dojiri and Ho (2013). The body proportions of our specimens are
also in the range given in these previous descriptions. However, our males differ
slightly from those of Dojiri and Ho (2013) in having relatively longer body length,
8.23 (6.92-9.32 mm) [vs. 7.65 (6.78-8.51)]. In addition, we also report previously
unrecognized tiny irregular swellings on dorsal and ventral surface of the female genital
complex (Figure 3C, inset) for the first time. The discovery of E. brachypterus in
Mediterranean waters of the Turkish coast bring the number of reported Caligid
copepods to 8 and the number of species of Caligid copepods reported in Turkish seas
reached to 13.
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Figure 3. Euryphorus brachypterus (Female). A. Habitus (dorsal), B. Fourth
pedigerous somite bearing pair of dorsal plates, C. Dorsal surface of genital
complex covered with irregular swellings, SEM image of irregular swellings.
Scale bars: A-B, 1 mm; C, 400 um; C inset, 5 um.
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Figure 4. Euryphorus brachypterus (Female). A. Ventral view of cephalothorax,
B. Antennule, C. Antenna, D. Sternal furca. Scale bars: A, 0.5 mm; B,D, 50 um;
C, 100 pm.
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Figure 5. Euryphorus brachypterus (Female). A. Serrated flabellum on maxilla,
B. Small membranous structure on opposite side of flabellum, C. Maxilliped, D.
Distal half of maxilliped claw, E. Patches of scale like structures on dorsal, distal
portion of corpus, F. closer view of scale like structures on corpus of maxilliped.
Scale bars: A, 100 um; B, 10 um; C, 200 um; D, 100 um; E, 25 um; F, 1 um.
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Figure 6. Euryphorus brachypterus (Female). A. Distal exopodal segment of leg
1, B. endopod of leg 1, C. Leg 2, D. Patch of spinules on proximal part of coxa
of leg 2, E. Closer view of spinule on coxa of leg 2, F. Leg 4. Scale bars: A,C,F,
100 pm; B, 50 pm; D, 25 um; E, 2 pm.

163



Figure 7. Euryphorus brachypterus (Male). A. Habitus (dorsal), B. Sternal furca,
C. Antenna, D. Corrugated adhesion area near inner distal end of third segment,
E. SEM images of dorsal plates, F. Caudal ramus. Scale bars: A, 1 mm; B,C,F,
100 pm; D, 10 pm; E,0.5 mm.
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Introduction

Ostracoda are small ranging in length from 0.1 to 32 mm, bivalve aquatic
crustaceans. This class of Crustacea is characterized with a body completely enclosed
between two mostly calcified and tiny valves. They can be found in warm waters of
tropical sand beaches, as well as in very cold environments, such as the deep sea and the
polar seas or also freshwater environments (dams, lakes, ponds, acid lakes etc.). (Brandéo
et al. 2016). Marine ostracods have adopted both benthic and pelagic lifestyles, but most
marine ostracods lives in benthic habitats and a few species are terrestrial in moist habitats
(Callistocypris mckenziei sp. nov., Callistocypris rossettii sp. nov., Terrestricypris
wurdigae) (Pinto et al. 2005). Sheina orri is known to be a parasitic on fish gills (Brusca
and Brusca 2003). Almost all are free living, and most consume attached algae or detritus.
Ostracods are important food of fishes, waterfowls, and various benthic and planktonic
invertebrates. Marine ostracods most commonly reproduce sexually. Some of the
freshwater forms can reproduce parthenogenetic. They are first identified in the 18™
century. Concerning studies were related with simple collections and taxonomy.
Accordingly studies continued with ecological, paleoecological and geochemical on
Ostracoda (Holmes and Chivas 2002). Ostracods have a pair of carapace containing
calcium carbonate. They leave fossils so they are sought and important materials for
paleontological and paleoecological studies. Distribution and diversity of marine
Ostracoda species belongs to several environmental and sedimentological factors like
salinity, depth, mud percentage, nutrient source, wave actions, predation etc.

According to recent studies ostracod samples were collected from 1m? surface
sediments in different depths from shallow littoral zone (by hand nets (200um mesh size))
to deep sea levels (by Van Veen Grab). 400 ml of surface sediments were collected from
each sediments in bottles including 70% alcohol or formaldehyde. Species were separated
from mud and detritus with standard sieves (1 mm, 250-160 pum, and 80 pm mesh sizes)
under pressurized tap water. This washed materials were preserved in 70 % ethanol.

167



Generic and specific features of carapace and soft parts were examined for species
identification. Resulting materials were taken into micropaleontological slights or 1:1
70% ethanol and glycerin.

An updated checklist of the Ostracoda species of the marine and coastal brackish
waters of Turkey are presented by Percin-Pagal et al. (2015). Generally, when we
examined the ostracod studies in Turkey, we saw that the species diversity of
Mediterranean Sea was lower than the Marmara and Aegean Seas. This is also directly
proportional to the number of studies and the number of species could probably increase
with increasing scientific effort in the future studies. On the distribution and diversity of
the marine ostracods have been conducted in the Mediterranean Sea by Nazik (1994);
Safak (2001; 2003; 2008); Per¢in and Kubang (2005); Kiilkoylioglu et al. (2005; 2007);
Ertekin and Tunoglu (2005; 2008); Percin-Pacgal (2011) and Parlak and Nazik (2016).

The majority of the ostracod studies performed in territorial waters of
Mediterranean Sea were carried in the continental shelf (<500 m) of Turkey. Up to date,
totally 147 Ostracoda species were recorded from The Mediterranean Sea. (Table 1). The
highest number of species was found in Genus Loxoconcha with 16 species in the
Mediterranean Sea. An updated systematic of the Ostracoda is given below according to
WoRMS (Worlds register of marine species) taxon details (WoRMS 2015):

Regnum: Animalia
Filum: Arthropoda
Subfilum: Crustacea
Superclass:Oligostraca
Class: Ostracoda

Table 1. Recent list of the Ostracoda species in the Mediterranean continental
shelf.of Turkey

Mediterranean Sea

OSTRACODA (Class)
MYODOCOPA (Subclass)

HALOCYPRIDA (Order)

Polycope orbulinaeformis Breman, 1976 Ertekin and Tunoglu 2005;Ertekin and
Tunoglu 2008

Polycope reticulata G.W. Miieller, 1894 Ertekin and Tunoglu 2005;Ertekin and
Tunoglu 2008

Polycope tholiformis Bonaduce, Ciampo and  Ertekin and Tunoglu 2005;Ertekin and

Masoli, 1976 Tunoglu 2008

PODOCOPA (Subclass)

PLATYCOPIDA (Order)

Cytherella alvearium Bonaduce, Ciampo Per¢in and Kubang 2005; Per¢in- Pacal

and Masoli, 1976 2011

Cytherella (Cytherelloidea) beckmanni Parlak and Nazik 2016

Barbeito-Gonzales, 1971
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Cytherella terquemi Sissingh, 1972

Safak 2001

Cytherella vandenboldi Sissingh, 1972

Safak 2001; Safak 2003; Per¢in and
Kubang 2005; Safak 2008; Per¢in-
Pacal 2011

Cytherella vulgata Ruggieri, 1962

Safak 2001; Safak 2003; Safak 2008

Cytherelloidea sordida (Miiller, 1894)

Nazik 1994; Safak 2003; Per¢in and
Kubang 2005; Pergin- Pagal 2011,

Parlak and Nazik 2016
PODOCOPIDA (Order)
Argilloecia acuminata Miiller, 1894 Ertekin and Tunoglu 2005; Ertekin and
Tunoglu 2008
Argilloecia conoidea Sars, 1923 Safak 2001; Safak 2003; Safak 2008
Aurila arborescens (Brady,1865) Parlak and Nazik 2016

Aurila convexa (Baird, 1850)

Nazik 1994, Safak 2001; Safak 2003;
Kiilkoylioglu et al. 2005; Pergin and
Kubang 2005; Kiilkoylioglu et al.
2007; Safak 2008; Pergin- Pagal 2011;

Parlak and Nazik 2016
Aurila ducasseae Moyes 1961 Nazik 1994
Aurila speyeri (Brady, 1868 Safak 2001; Safak 2008
Aurila woodwardii (Brady, 1868) Safak 2003

Bairdia (Neonesidea) longevaginata Muller,
1894

Per¢in and Kubang 2005; Per¢in- Pacal
2011

Basslerites berchoni (Brady, 1869)

Nazik 1994; Safak 2001; Safak 2003;
Safak 2008

Basslerites teres (Brady, 1869)

Per¢in and Kubang 2005; Pergin- Pagal
2011

Bathycythere mediterranea Ertekin 2005 Ertekin and Tunoglu 2005
Bathycythere vanstraateni Sissingh, 1971 Ertekin and Tunoglu 2008
Bosquetina carinella (Reuss, 1957) Safak 2001; Safak 2008

Bosquetina rhodiensis Sissingh, 1972 Ertekin and Tunoglu 2005
Bosquetina tarentina (Baird, 1850) Ertekin and Tunoglu 2008

Buntonia dertonensis (Ruggieri, 1954)

Ertekin and Tunoglu 2005;Ertekin and
Tunoglu 2008

Buntonia sublatissima (Neviani, 1906)

Ertekin and Tunoglu, 2005;Ertekin and
Tunoglu 2008

Buntonia textilis Bonaduce, Ciampo and
Masoli, 1976

Ertekin and Tunoglu 2005;Ertekin and
Tunoglu 2008

Bythocypris bosquetina (Brady, 1866)

Ertekin and Tunoglu 2005

Bythocypris obtusata (Sars, 1866)

Ertekin and Tunoglu 2005;Ertekin and
Tunoglu 2008

Callistocythere crispata (Brady, 1868)

Per¢in and Kubang 2005; Per¢in- Pagal,
2011

Callistocythere intricatoides (Ruggieri,1953)
Sissingh, 1972

Parlak and Nazik 2016

Callistocythere mediterranea (Miiller, 1894)

Safak 2001; Safak 2008

Callistocythere pallida (Miiller, 1894)

Safak 2001; Safak 2008

Callistocythere vexata Bonaduce, Ciampo
and Masoli, 1976

Ertekin and Tunoglu 2005;Ertekin and
Tunoglu 2008

Carinocythereis antiquata (Baird, 1850)

Nazik 1994; Safak 2001; Safak 2003;
Kiilkoyliioglu et al. 2005; Kiilkoyliioglu
et al. 2007; Safak 2008

169



Carinocythereis carinata (Roemer, 1838)

Nazik 1994; Safak 2001; Safak 2003;
Per¢in and Kubang 2005; Safak 2008;
Percin- Pagal 201 1; Parlak and Nazik
2016

Carinocythereis quadridentata (Baird 1850)

Per¢in and Kubang 2005; Per¢in- Pacal,
2011

Celtia quadridentata (Baird, 1850)

Safak 2003

Cistacythereis caelatura Uliczny, 1969

Nazik 1994; Safak 2001; Safak 2008

Cistacythereis (Carinocythereis) pokornyi
Ruggieri 1981

Safak 2001; Safak 2003; Safak 2008

Costa batei (Brady 1866)

Nazik 1994; Safak 2001; Safak 2003;
Safak 2008

Costa edwardsii (Roemer, 1838)

Safak 2001; Safak 2003; Per¢in and
Kubang 2005; Safak 2008; Pergin-
Pacal 2011

Costa punctatissima Ruggieri, 1962

Safak 2001; Safak 2008

Cushmanidea (Pontocythere) elongata
(Brady, 1868)

Nazik 1994; Safak 2008; Parlak and
Nazik 2016

Cythereis polygonata (Rome, 1942)

Kilkoylioglu et al. 2005

Cytheretta adriatica Ruggieri, 1952

Safak 2001; Kiilkoyliioglu et al. 2005;
Per¢in and Kubang 2005; Kiilkoylioglu
et al. 2007; Safak 2008; Pergin- Pagal
2011

Cytheretta semiornata, (Egger, 1858)

Nazik 1994; Safak 2001; Safak 2003;
Safak 2008

Cytheretta subradiosa (Roemer, 1836)

Safak 2001; Per¢in and Kubang 2005;
Safak 2008; Per¢in- Pacal 2011

Cytheridea acuminata (Bosquet, 1952)

Nazik 1994; S Safak 2001;Safak 2003;
Per¢in and Kubang 2005; Safak 2008;
Percin- Pagal 2011

Cytheridea neapolitana Kolmann, 1960

Safak 2001; Per¢in and Kubang 2005;
Percin- Pagal 2011

Cytheridea paracuminata Kollmann, 1960

Safak 2001; Safak 2008

Cytherois fischeri (Sars, 1866)

Safak 2001; Safak 2003; Safak 2008

Cyprideis seminulum (Reuss, 1850)

Safak 2001; Safak 2008

Cyprideis torosa (Jones, 1850)

Safak 2001; Safak 2003; Per¢in and
Kubang 2005;Kiilkdyliioglu et al. 2005;
Kiilkoylioglu et al. 2007; Safak
2008;Per¢in- Pacal 2011

Cytheropteron grossoalatum n.sp. Ertekin
2005

Ertekin and Tunoglu 2005;Ertekin and
Tunoglu 2008

Cytheropteron pseudoalatum Colalongo et
Passini, 1980

Ertekin and Tunoglu 2008

Cytheropteron rotundatum Miiller, 1894

Ertekin and Tunoglu, 2005;Ertekin and
Tunoglu 2008

Darwinula cylindrica (Straub, 1952)

Safak 2001; Safak 2008

Falunia (Hiltermanicythere) rugosa (Costa
1853) Sissingh, 1972

Nazik 1994

Henryhowella sarsi (Miiller, 1894)

Ertekin and Tunoglu, 2005;Ertekin and
Tunoglu 2008
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Heterocythereis albomaculata (Baird, 1838)

Safak 2001; Safak 2003; Per¢in and
Kubang 2005; Safak 2008; Pergin-
Pacal 2011

Hiltermannicythere emaciata (Brady, 1867)

Nazik 1994

Hiltermannicythere (Carinocythereis) rubra
(Miiller, 1894)

Per¢in and Kubang 2005; Per¢in- Pacal
2011; Parlak and Nazik 2016

Hiltermannicythere turbida (Mueller, 1894)

Parlak and Nazik 2016

Hirschmannia viridis (O.F. Miiller, 1785)

Safak 2001; Safak 2003; Safak 2008

Jugosocythereis prava (Baird,1850) Parlak and Nazik 2016
Ilyocypris bradyi Sars, 1890 Safak 2003

Krithe bartonensis (T.R. Jones, 1857) Safak 2001; Safak 2008
Krithe keyi Breman, 1978 Ertekin and Tunoglu 2008
Krithe mersinensis n.sp. Ertekin 2005 Ertekin and Tunoglu 2005
Krithe monosteracensis Sequenza, 1880 Ertekin and Tunoglu 2008

Krithe reniformis (Brady, 1868)

Per¢in and Kubang 2005; Per¢in- Pagal
2011

Leptocythere lacertosa (Hirscmann, 1912)

Safak 2003

Leptocythere macella Ruggieri, 1975

Per¢in and Kubang 2005; Per¢in- Pacal
2011

Leptocythere multipunctata (Seguenza,
1942)

Safak 2001; Safak 2008

Leptocythere porcellanea (Brady, 1869)

Safak 2001; Safak 2003; Safak 2008

Leptocythere ramosa (Rome, 1942)

Safak 2001; Safak 2003; Safak 2008

Leptocythere rara (Miiller, 1894)

Per¢in and Kubang 2005; Per¢in- Pacal
2011

Loculicytheretta pavonia (Brady, 1866)

Nazik 1994; Safak 2001; Safak 2003;
Kiilkoylioglu et al. 2005; Pergin and
Kubang 2005; Kiilkoylioglu et al.

2007; Safak 2008; Per¢in- Pacal 2011

Loxoconcha agilis Ruggieri, 1967

Safak 2001; Safak 2003; Per¢in and
Kubang 2005; Safak 2008; Perg¢in-
Pacal 2011

Loxoconcha alata Brady, 1868

Nazik 1994

Loxoconcha bairdi (Miiller, 1894)

Per¢in and Kubang 2005; Per¢in- Pagal
2011

Loxoconcha concentrica Bonaduce, Ciampo
and Masoli, 1976

Nazik 1994; Safak 2003

Loxoconcha elliptica Brady, 1868

Safak 2003

Loxoconcha exagona Bonaduce, Ciampo
and Masoli, 1976

Per¢in and Kubang 2005; Per¢in- Pagal
2011

Loxoconcha granulata Sars, 1866

Safak 2001; Per¢in and Kubang 2005;
Safak 2008; Per¢in- Pacal 2011

Loxoconcha minima Miiller, 1894

Per¢in and Kubang 2005; Percin- Pacal
2011

Loxoconcha (Sagmatocythere) napoliana
Puri, 1963

Per¢in and Kubang 2005; Per¢in- Pagal
2011

Loxoconcha nea Barbeito and Gonzales,
1971

Per¢in and Kubang 2005; Per¢in- Pagal
2011

Loxoconcha ovulata (Costa, 1853)

Per¢in and Kubang 2005; Percin- Pacal
2011
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Loxoconcha parallela Miiller,1894

Safak 2003

Loxoconcha rhomboidea (Fischer, 1855)

Nazik 1994; Safak 2001; Safak 2003;
Kiilkoylioglu et al. 2005; Pergin and
Kubang 2005; Kiilkoylioglu et al.
2007; Safak 2008; Pergin- Pagal 2011;
Parlak and Nazik 2016

Loxoconcha rubritincta Ruggieri, 1964

Per¢in and Kubang 2005; Per¢in- Pacal,
2011

Loxoconcha stellifera Miiller, 1894

Safak 2001; Safak 2008; Per¢in and
Kubang 2005; Per¢in- Pagal 2011

Loxoconcha tumida Chapman, 1902

Safak 2001; Safak 2003; Percin and
Kubang 2005; Safak 2008; Perg¢in-

Pacal 2011
Macrocypris ligustica Bonaduce, Masoli Ertekin and Tunoglu 2005; Ertekin and
andPugliese 1977 Tunoglu 2008;
Microcytherura fulva (Brady and Robertson,  Parlak and Nazik 2016

1874)

Monoceratina mediterranea Sissingh, 1972

Ertekin and Tunoglu 2005; Ertekin and
Tunoglu 2008

Neocytherideis complicata (Ruggieri, 1953)

Per¢in and Kubang 2005; Per¢in- Pacal
2011

Neocytherideis cylindrica (Brady, 1868)
Syn: Neocopytus cylindricus

Nazik 1994; Safak 2001; Safak 2003;
Pergin and Kubang 2005; Safak 2008;
Percin- Pagal 2011

Neocytherideis fasciata (Brady and
Robertson, 1874)

Per¢in and Kubang 2005; Per¢in- Pacal,
2011

Neocytherideis foveolata (Brady, 1870)

Safak 2003; Per¢in and Kubang 2005;
Percin- Pagal, 2011

Neocytherideis subspiralis (Brady, Crosskey
and Robertson, 1874)

Per¢in and Kubang 2005; Perg¢in- Pagal
2011

Neonesidea (Bairdia) conformis (Terquem,
1878)

Ertekin and Tunoglu 2005; Ertekin and
Tunoglu 2008

Neonesidea corpulenta (Mueller, 1894)

Parlak and Nazik 2016

Neonesidea formosa (Brady,1868)

Nazik 1994; Parlak and Nazik 2016

Paracytheridea depressa Miiller, 1894

Nazik 1994; Safak 2001; Safak 2003;
Safak 2008

Paracytheridea parallia Barbeito-Gonzales,
1971

Per¢in and Kubang 2005; Percin- Pacal
2011

Paracytherois flexuosa (Brady, 1867)

Ertekin and Tunoglu 2005;Ertekin and
Tunoglu 2008

Paradoxostoma fuscum G.W. Miiller, 1894

Per¢in and Kubang 2005; Pergin- Pagal
2011

Parakrithe dimorpha Bonaduce, Ciampo and
Masoli, 1976

Percin and Kubang 2005; Per¢in- Pacal
2011

Pontocythere (Cushmanidea) elongata
(Brady, 1868) Oertli, 1956

Safak 2001; Safak 2003; Kiilkdyliioglu
et al. 2005; Pergin and Kubang 2005;
Percin- Pagal 2011

Pontocythere turbida Miiller, 1894 (Muller,
1894) Morkhoven, 1963

Per¢in and Kubang 2005; Pergin- Pagal
2011

Procytherideis complicata (Ruggieri, 1953)

Nazik 1994

Propontocypris dispar G.W. Miiller, 1894

Safak 2003
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Propontocypris pirifera (G.W. Miiller, 1894)

Safak 2001; Safak 2008; Parlak and
Nazik 2016

Pseudocythere caudata Sars, 1866

Ertekin and Tunoglu 2005;Ertekin and
Tunoglu 2008

Pseudocytherura calcarata (Seguenza,
1880)

Safak 2001; Safak 2008

Pseudopsammocythere similis (G.W. Mdller,
1894)

Safak 2001; Safak 2008

Pterigocythereis ceratoptera (Bosquet, Parlak and Nazik 2016
1852)

Rectobuntonia inflata Colalongo and Pasini,  Ertekin and Tunoglu 2005
1980

Sahnia fasciata (Brady and Robertson,1874)  Parlak and Nazik 2016

Semicytherura acuminata (Miiller, 1894)

Safak 2001; Per¢in and Kubang 2005;
Safak 2008; Percin- Pacal 2011

Semicytherura acuticostata (Sars, 1866)

Safak 2001; Safak 2008

Semicytherura aenariensis Bonaduce,
Ciampo and Masoli, 1976

Per¢in and Kubang 2005; Per¢in- Pacal
2011

Semicytherura incongruens (Miiller, 1894)

Nazik 1994; Safak 2001; Safak 2008

Semicytherura inversa (Seguenza, 1880)

Safak 2001; Safak 2008

Semicytherura ruggierii (Pucci, 1956)

Safak 2001; Safak 2008

Semicytherura sella (Sars, 1866)

Per¢in and Kubang 2005; Per¢in- Pacal
2011

Semicytherura sulcata (Miiller, 1894)

Nazik 1994; Safak 2001; Safak 2003;
Pergin and Kubang 2005; Safak 2008;
Percin- Pagal 2011

Tegmenia (Falunia) rugosa (Costa, 1853)

Safak 2001; Safak 2003; Safak 2008

Tenedocythere (Quadracythere) prava
(Baird, 1850)

Nazik 1994; Per¢in and Kubang 2005;
Percin- Pagal 2011

Triebelina raripila (Mueller, 1894)

Parlak and Nazik 2016

Urocythereis colum Athersuch, 1977

Per¢in and Kubang 2005; Pergin- Pagal
2011

Urocythereis distinguenda Athersuch, 1978

Per¢in and Kubang 2005; Per¢in- Pacal
2011

Urocythereis favosa (Roemer, 1838)

Nazik 1994; Safak 2001; Safak 2003;
Kiilkoylioglu et al. 2005; Kiilkoyliioglu
et al. 2007; Safak 2008

Urocythereis margaritifera (Miiller, 1894)

Safak 2001; Safak 2008; Parlak and
Nazik 2016

Urocythereis oblonga (Brady,1866)

Parlak and Nazik 2016

Urocythereis phantastica Athersuch and
Ruggieri 1975

Per¢in and Kubang 2005; Per¢in- Pagal
2011

Urocythereis sororcula (Seguenza, 1880)

Nazik 1994

Xestoleberis aurantia (Baird, 1838)

Nazik 1994; Safak 2001; Safak 2003;
Safak 2008

Xestoleberis communis (Miiller, 1894)

Safak 2001; Safak 2003; Per¢in and
Kubang 2005; Safak 2008; Per¢in-
Pagal 2011; Parlak and Nazik 2016

Xestoleberis decipiens G.W. Miiller, 1894

Safak 2001; Kiilkoyliioglu et al. 2005;
Per¢in and Kubang 2005; Kiilkoylioglu
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et al. 2007; Safak 2008; Per¢in- Pagal

2011
Xestoleberis depressa Sars, 1866 Nazik 1994; Safak 2001; Safak 2003;
Safak 2008; Parlak and Nazik 2016
Xestoleberis dispar Miiller, 1894 Safak 2001; Pergin and Kubang 2005;

Ertekin and Tunoglu 2005; Ertekin and
Tunoglu 2008; Safak 2008; Pergin-
Pagal 2011; Parlak and Nazik 2016

Xestoleberis margaritea (Brady, 1866) Per¢in and Kubang 2005; Per¢in- Pacal
2011
Xestoleberis ventricosa (Miiller, 1894) Safak 2003
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SPONGE FAUNA OF THE TURKISH MEDITERRANEAN COAST
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Background

While they have 5500 known species in the seas around the world (Brusca et al.
1990), the first written record of sponges in Turkish seas is Forbes (1843). In this study,
Forbes (1843) did not identify species, but talked about the presence of sponges in the
Anatolian shores. However, first species records of sponges in Turkish seas come from
Colombo (1885). Colombo (1885) reported 5 species from the Dardanelles. This study
was followed by Ostroumoff (1894, 1896), Demir (1954), Caspers (1968), Bayhan et al.
(1989), Topaloglu (2001a), Gozcelioglu et al. (2015), Topaloglu et al. (2016) studies,
for the Turkish Straits and the Sea of Marmara. As of today, 75 sponge species were
reported in studies performed in the straits and the Sea of Marmara.

On the Aegean shores of Turkey, 83 sponge species were reported in studies
performed by Saritas (1972, 1973), Yazic1 (1978), Geldiay and Kocatas (1972), Kocatas
(1978), Ergiiven et al. (1988), Katagan et al. (1991), Ergen et al. (1994), Cnar and
Ergen (1998), Kogak et al. (1999), Topaloglu (2001a, 2001b), Cmar et al. (2002),
Gozcelioglu et al. (2015). 13 sponge species were reported on Turkey's Black Sea
shores (Topaloglu et al. 2013; Evcen et al. 2016)).

The number of studies regarding the sponges found on the Levantine coast of
Turkey is very limited. The first records available for the sponge species present in
these shores was provided by Unsal (1981). Unsal (1981) reported 13 sponge species in
his study named “Ecological and Benthic Studies in the Rocky Shores of the Akkuyu
Bay”. No publications were noted after this until 2011. In 2011, Gozcelioglu (2011) and
Gozceelioglu et al. (2011) reports 30 species. However the most extensive study on the
sponges found in the southern coast of Turkey was performed by Evcen and Cinar
(2012). In this study, Evcen and Cinar (2012) reported a total of 29 species, and also
added the species reported in the previous studies on this subject and presented a
checklist of the sponges found in Turkish shores. This checklist was updated by
Topaloglu and Evcen (2014) in 2014 and a new checklist was published.
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Current Status

This study is compiled from the checklists provided by Evcen and Cinar (2012)
and Topaloglu and Evcen (2014), and the sponge species reported by the Unsal (1981)
were added. According to this information, it was determined that there are 57 sponge
species belonging to three classes (Calcarea 3 species, Homoscleromorpha 1 species,
Demospongiae 53 species) in the Mediterranean shores of Turkey (Figure 1, Table 1).

While a total of 85 sponge species were reported by the studies performed in the
Levantine Sea, 681 species were reported in total in the entire Mediterranean (Coll et al.
2010; Evcen and Cinar 2012).

Figure 1. Number of species of Levantine coats of Turkey by family per class

This supports the general assumption that the number of species decreases as one
moves from west to east. Also the number of zoobenthic studies performed in the
Levantine Sea is lower than the number of studies in the Western Mediterranean. It can

be expected that the number of species will increase in the Levantine Sea and the
Levantine coast of Turkey with future studies.

Table 1. Species list of Porifera at Levantine coast of Turkey

Group/Species Reference Depth Range Habitat*
Phylum: PORIFERA

Class: Calcarea
Family: Sycettidae
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Sycon raphanus Schmidt, 1862

Family: Leucosoleniidae

Leucosolenia variabilis (Haeckel,
1870)

Family: Clathrinidae
Clathrina clathrus (Schmidt, 1864)
Class: Homoscleromorpha

Family: Oscarellidae

Oscarella lobularis (Schmidt,
1862)

Class: Demospongiae
Family: Tethyidae
Tethya aurantium (Pallas, 1766)

Family: Spirastrellidae

Diplastrella bistellata (Schmidt, 1862)

Spirastrella cunctatrix Schmidt, 1868

Family: Clionaidae
Cliona celata Grant, 1826
Cliona vermifera Hancock,1867

Cliona viridis (Schmidt, 1862)

Cliona schmidti (Ridley, 1881)

Cliothosa hancocki (Topsent, 1888)
Family: Placospongiidae

Placospongia decorticans(Hanitsch,
1895)

Family: Chalinidae

Dendrectilla tremitensis Pulitzer-Finali

1983
Haliclona flavescens (Topsent, 1893)
Haliclona fulva (Topsent, 1893)

Haliclona mediterranea
Griessinger,1971

Haliclona sarai (Pulitzer-Finali, 1969)

Family: Phloeodictyidae
Calyx nicaeensis (Risso, 1826)

0-10 m and

Evcen and Cinar (2012)

51-100 m
Evcen and Cinar (2012) 0-10m
Evcen and Cinar (2012) 0-10m
T 0-10 mand
Gozcelioglu (2011) 11-50 m
Unal (1981) 0-10 m and
Topaloglu et al. (2013) 11-50 m
Evcen and Ciar (2012) 0-10m
Gozceelioglu (2011), 0-10 mand
Evcen and Cimar (2012) 11-50 m
0-10 mand
Evcen and Cmar (2012) 51-100 m
Unsal (1981) 0-10 m
Unsal (1981) 0-10 mand
Gozceelioglu (2011) 11-50 m
Unsal (1981)
Evcen and Cinar (2012) 0-10m
Unsal (1981) 0-10 m
Unsal (1981) 0-10 m

Gézeelioglu et al. (2011)

Gozeelioglu (2011)
Evcen and Cinar (2012)

Gozeelioglu (2011)
Gézeelioglu et al. (2011)

Gézeelioglu (2011)

11-50 m

11-50 m
0-10m

0-10 mand
51-100 m

11-50 m

11-50 m

Hs

Hs

Hs

Hs

Hs

Hs

Hs

Hs
Hs

Hs
Hs

Hs

Hs

Hs
Hs

Hs

Hs
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Family: Petrosiidae

Gozceelioglu (2011), 0-10 mand

Petrosia ficiformis (Poiret, 1789) Eveen and Cinar (2012)  51-100 m

Petrosia vansoesti B-, PansiniandUriz
1994

Family: Dictyonellidae

Evcen and Cinar (2012) 0-10m Hs

. T 0-10 mand
Acanthella acuta Schmidt, 1862 Gozeelioglu (2011) 51-100 m Hs
Dictyonella incisa (Schmidt, 1880) Gozceliogluetal. (2011)  11-50m  Hs
Family: Axinellidae
0-10 m
Axinella cannabina (Esper, 1794) Gozcelioglu (2011) and 51— Hs
100 m
0-10m
Axinella damicornis (Esper, 1794) Gozcelioglu (2011) and 51— Hs
100 m
Axinella verrucosa (Esper, 1794) Gozeelioglu (2011) 11-50 m Hs

Family: Halichondriidae

Ciocalypta carballoi V, B,C,
ZibrowiusandPerez,2007

Family: Bubaridae
Hymerhabdia intermedia Sara and

Uysal et al. (2002) 11-50 m Hs

Siribelli, Evcen and Cinar (2012) 0-10m Hs
1960

Family: Ancorinidae

Holoxea furtiva Topsent, 1892 Unsal (1981) 0-10 m Hs

Family: Geodiidae

) . Unsal (1981)
Erylus discophorus (Schmidt, 1862) Eveen and Cinar (2012) 0-10m Hs
Geodia cydonium (Jameson, 1811) Unsal (1981) 0-10 m Hs

Family: Thoosidae
Unsal (1981)

Alectona millari Carter, 1879 Evcen and Cinar (2012) 0-10m Hs
Family: Mycalidae
0-10m
Mycale contareni (Martens, 1824) Evcen and Cinar (2012) and Hs
51-100 m
0-10m
Mycale rotalis (Bowerbank, 1874) Evcen and Cinar (2012) and Hs
51-100 m
Mycale lingua (Bowerbank, 1866) Evcen and Cinar (2012) 0-10m Hs
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Unsal (1981)

Mycale massa (Schmidt, 1862) Eveen and Cinar (2012)

Family: Agelasidae
Agelas oroides (Schmidt, 1862) Gozcelioglu (2011)

Family: Myxillidae
Myxilla rosacea (Lieberkiihn, 1859) Unsal (1981)
Family: Crambeidae

Crambe crambe (Schmidt, 1862) Unsal (1981)

Gozcelioglu (2011),
Family: Hymedesmiidae
Hemimycale columella (Bowerbank, Gozcelioglu (2011),
1874) Evcen and Cinar (2012)
o Gozcelioglu (2011),
Phorbas fictitius (Bowerbank, 1866) Evcen and Cinar (2012)
Sarcotragus spinosulus Schmidt, Gozeelioglu (2011),
1862 Evcen and Ciar (2012)
Family: Dysideidae
Dysidea avara (Schmidt, 1862) Gozeelioglu (2011)
Dysidea fragilis (Montagu, 1818) Gozceelioglu et al. (2011)
Pleraplysilla spinifera (Schulze, RTIN
1879) Gozcelioglu (2011)
Family: Thorectidae
Hyrtios collectrix (Schulze, 1880) Gozceelioglu et al. (2011)
Gozcelioglu (2011),

Scalarispongia scalaris (Schmidt, 1862) Gozcelioglu et al. (2011)

Family: Spongiidae

Spongia officinalis Linnaeus, 1759 Gozeelioglu (2011)
Family: Aplysinidae

. Gozceelioglu (2011),
Aplysina aerophoba Nardo, 1843 Evcen and Cinar (2012)
Family: Chondrillidae
Chondrilla nucula Schmidt, 1862 Gozeelioglu (2011)

. . . Gozceelioglu (2011),
Chondrosia reniformis Nardo, 1847 Eveen and Cinar (2012)
Phorbas plumosus (Montagu, 1818) Evcen and Cinar (2012)
Phorbas tenacior (Topsent, 1925) Gozceelioglu (2011)

Family: Desmacellidae

0-10 m
and

51-100 m

0-10m
and

51-100 m

0-10 m

0-10 m
and
11-50 m

0-10m

0-10m
and
11-50 m

11-50 m

0-10 mand
51-100 m
0-10 mand
51-100 m

11-50 m

11-50 m

0-10 mand
11-50 m

0-10 m and
51-100 m

0-10 mand
51-100 m

11-50 m
0-10m

0-10m
11-50 m

Hs

Hs

Hs

Hs

Hs

Hs

Hs

Hs

Hs

Hs

Hs

Hs

Hs

Hs
Hs

Hs
Hs
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Desmacella inornata (Bowerbank, 1866) Evcen and Cinar (2012)  0-10m  Hs
Family: Irciniidae

Ircinia dendroides (Schmidt, 1862) Evcen and Cinar (2012) 0-10m  Hs
Ircinia variabilis (Schmidt, 1862) Gozcelioglu (2011) 0"111(35”8 ?:d Hs
Sarcotragus foetidus Schmidt, 1862 Evcen and Cinar (2012) 0_1113528 ?:d Hs

"Hs: Hard substrat

It is known that the Levantine Sea is a sea area where alien species, especially
species that immigrated from the Red Sea (Lessepsian species) are heavily present.
According to the Zenetos et al. (2010) study, 75% of the 955 alien species present in the
Mediterranean are in the Eastern Mediterranean. While multiple alien species from
especially mollusca, crustacea, polycahaeta are present in the Levantine Sea, there are
no sponge species that are conclusively proven to be alien species. Even though 7 Red
Sea immigrant species were reported to be present in the past, due to the uncertain
taxonomic position of these species, these were removed from the list of alien species in
the Mediterranean (Evcen and Cinar 2012).
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Background

The Levantine Sea, which covers the area to the east of the imaginary line that
extends from the western end of Crete to Libya, is the second largest sea of the
Mediterranean after the lonian Sea. This part of the Levantine Sea has 4 significant
trenches. These are Rhodes (4000m), Antalya (2500m), Cilicia (1000m) and Latakia
(1500m) trenches (Ozsoy et al. 1993). Turkish southern coast, with a total length of
1577km, also constitute most of the northern coast of the Levantine Sea.

First information regarding the mollusc species at the Turkish coasts was
reported by the British scientist Forbes (1844). During the 18 month study Forbes
performed in the Aegean Sea, he also reported 73 mollusc species from the Levantine
coast of Turkey. After Forbes, there were no studies on mollusc species in the
Mediterranean coast of Turkey until 1957. In 1957, during a study performed by Akyiiz
(1957) in Iskenderun Bay, the mollusc species found in sediment samples taken at the
depths of 30-70m were identified, reported and added to the article by Dr. Muzaffer
Demir. In this study, species like Bittium reticulacum, Turritella communis,
Papillicardium papillosum, Tellina donacina, Corbula gibba, Dentalium sp. were
reported in Iskenderun Bay. However, the first significant study of molluscs at the
southern coast of Turkey was performed by Swennen (1961) in 1957 (In this study,
samples were taken from the Black Sea (Trabzon) and the Turkish Levantine coast
(Antalya and Mersin Bays) coast of Turkey). In this study, Sweenen (1961) reported 22
opsithobranc species at the shores of Antalya and Mersin Bays. Also, in this study, alien
mollusc species (Chelidonurafulvi punctata, Bursatella leachii) were reported for the
first time in Turkish seas. After this study, many studies were performed by different
researchers at different times at the southern coast of Turkey (Falchi 1974; Artiiz 1976;
Unsal 1981; Linder 1987; Buzzurro and Greppi 1994; Buzzurro et al. 1995; Tringali
and Villa 1990; Cevik and Sarithan 2004; Yokes and Rudman 2004; Cevik et al. 2006;
Oztiirk and Aartsen 2006; Oztiirk and Can 2006; Uysal et al. 2008; Ozvarol et al. 2010;
Mutlu and Ergev 2012). A significant part of these studies were performed by mostly
foreign researchers and scientists and amateur collectors to determine alien species at
the Levantine coast of Turkey. However, there are also species that aim to identify the
overall mollusca fauna present that cover all species (native and alien). The most
significant among these are the studies performed by Buzzurro and Greppi (1996),
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Cevik and Sarihan (2004), Demir (2003), Uysal et al. (2008), Cinar et al. (2012) and
Bitlis-Bakir et al. (2012). In 2014, the Turkish Seas Mollusca Fauna prepared by Oztiirk
and Cevik (2000) was revised by Oztiirk et al. (2014). This study by Oztiirk et al.
(2014) lists the molluscs seen in the Levantine shores of Turkey alongside molluscs that
are seen in the other seas of Turkey. The species presented in this study were gathered
by taking them from the list of species at the southern coast of Turkey given in the
aforementioned checklist. However, the number of species given here also includes
three species identified by Oztiirk et al. (2014) and one alien species identified by Cevik
etal. (2015).

Current Status

As a result, studies performed in the Turkish Levantine coast have so far
discovered a total of 813 molluscs species belonging to 6 classes (Caudofoveata 2,
Polyplacophora 12, Gastropoda 543, Bivalvia 222, Cephalopoda 27, Scaphopoda 7)
(Figure 1). As it can be seen table 1, most species observed in the Levantine coast of
Turkey. Moreover as it can be seen in table 2 most of species were observed up to a
depth of 100 meters.

Figure 1. List of species of Levantine Coast of Turkey by family per class
697 of total species (85.7%) are native and 116 (14.3%) are alien mollusc species

(Figure 2; Table 3). 19 of these species are classified as endangered or threatened
according to the IUCU Red List and Barcelona/Bern Conventions (Table 4). The other
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two classes of the Mollusca phylum, Solenogastres and Monoplacopora were not
reported at the Mediterranean coast of Turkey so far.

Figure 2. Number of native and alien species in the Levantine Coast of Turkey

Table 1. Habitat preferences of observed species in the Levantine Coast of

Turkey

Habitat Number of Species Percent
Ss 334 41,1%
Hs and Ss 186 22,9%
Hs 135 16,6%
Pz 85 10,5%
P 25 3,1%
D 23 2,8%
Sub Total 788 97%
No data 25 3,1%
Total 813 100,0%

* Hs: Hard substratum; Ss: soft substratum; P: pelagic; D:Demersal; Pz: Parasite
It is known that the Mediterranean is being invaded by alien species that arrive

from the Red Sea through the Suez Canal (60% of the number of alien species) and
from other seas carried by ships (Zenetos et al. 2010; Table 3).
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Table 2. Depth strata of observed species in the Levantine Coast of Turkey

Depth Number of Species  Percent
0-10 m - 11-50 m 200 24,60
0-11m 198 24,35
0-10 m-51-100 m 125 15,38
0-10 m - 101-200 m 52 6,40
11-50 m 42 5,17
0-10 m - 600+ m 28 3,44
11-50 m - 101-200 m 28 3,44
11-50 m - 51-100 m 23 2,33
51-100 m - 600+ m 14 1,72
0-10 m - 201-400m 11 1,35
11-50 m - 600+ m 11 1,35
11-50 m - 201-400m 10 1,23
Other Depths 42 5,17
Subtotal 784 96,43
No data 29 3,57
Total 813 100

Up to 2010, 955 alien species were identified in the Mediterranean. Among these,
molluscs constitute a significant number with 212 species (Zenetos et al. 2010, Cinar et
al. 2012). Among Turkish seas, the Levantine coasts of Turkey are among the areas
most affected by these alien species, mostly consisting of Lessepsian species. Among
the 400 alien species reported in studies performed until 2011, 330 were reported in the
Levantine shores and among the reported systematic groups, molluscs is the group that
is represented in highest numbers with 105 species (Cinar 2011; Oztiirk et al. 2015).

Table 3. List of alien species in the Levantine Coast of Turkey

Name of Species Reference Source

Diodora ruppellii (Sowerby, G. B. 1, 1835) Enzenross et al. (1990)
Trochus erithreus (Brocchi, 1821) Engl (1992)

Pseudominolia nedyma (Melvill, 1897) Engl (1992), Engl (1995)
Stomatella impertusa (Burrow, 1815) Schniebs (2000)

Parviturbo dibellai (Buzzurro and Cecalupo, 2007) Buzzurro and Cecalupo (2006)
Lodderia novemcarinata (Melvill, 1906) Oztiirk et al. (2015)

Nerita sanguinolenta Menke, 1829 Falakali-Mutaf et al. (2007)
Smaragdia souverbiana (Montrouzier, 1863) Buzzurro and Greppi (1994)
Cerithidium diplax (Watson, 1886) van Aartsen (2006)
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Table 3. Continued

Cerithidium perparvulum (Watson, 1886)
Cerithium scabridum Philippi, 1848
Rhinoclavis kochi (Philippi, 1848)

Diala semistriata (Philippi, 1849)
Gibborissoia virgata (Philippi, 1849)
Finella pupoides Adams, A., 1860
Metaxia bacillum (Issel, 1869)
Cerithiopsis pulvis (Issel, 1869)
Cerithiopsis tenthrenois (Melvill, 1896)
Cycloscala hyalina (Sowerby, 1844)
Sticteulima lentiginosa (Adams, A., 1861)
Alvania dorbignyi (Audouin, 1826)
Rissoina ambigua (Gould, 1849)
Rissoina bertholleti (Issel, 1869)

Caecum sepimentum de Folin, 1868
Conomurex persicus (Swainson, 1821)
Eratoena sulcifera (Gray in Sowerby 1832)
Purpuradusta gracilis notata (Gill, 1858)
Eunaticina papilla Gmelin, 1791
Ergalatax junionae (Houart, 2008)
Thaisella lacera (Born, 1778)

Zafra savignyi (Moazzo, 1939)

Zafra obesula (Hervier, 1899)
Zafra pumila (Dunker, 1858)
Zafra selasphora (MelvilandStanden,1901)

Pseudorhaphitom
aiodolabiata(HandMermod, 1928)

Buzzurro and Greppi (1996),
Barash and Danin (1982)
Enzenross and Enzenross (1987)
Delongueville and Scaillet (2007)
van Aartsen (2002)

Tringali and Villa (1990)

Engl (1992), Engl (1995)
Tringali and Villa (1990)
Tringali and Villa (1990)
Giunchi et al. (2001)

Tringali (1994)

Buzzurro and Greppi (1996)
Mienis (2004)

Enzenross et al. (1990)

Ovalis and Mifsud (2014)
NicolayandManoja (1983)
Oztiirk et al. (2015)

Blocher (1983)

Oztiirkand Bitlis-Bakir (2013c)
Engl (1995)

Niederhofer et al. (1991)
Tringali and Villa (1990)
Oztiirk et al. (2015)

Oztiirk et al. (2015)
Palazzi (1993)

Oztiirk (2012)

Chrysallida fischeri (HornungandMermod,1925) Micali and Palazzi (1992)
Chrysallida maiae (HornungandMermod, 1924)  van Aartsen (1977)

Chrysallida micronana Oztiirk andAartsen, 2006~ Oztiirk and van Aartsen (2006)
Chrysallida pirinthella (Melvill, 1910) Micali and Palazzi (1992)
Cingulina isseli (Tryon,1886) van Aartsen et al. (1989)

lolaea neofelixoides (Nomura, 1936) van Aartsen and Recevik (1998)
Monotygma lauta (Adams, A., 1853) Micali and Palazzi (1992)
Odostomia lorioli (HornungandMermod,1924) ~ DelonguevilleandScaillet (2007)

Syrnola cinctella A. Adams, 1860 van Aartsen Recevik (1998)
Syrnola fasciata Jickeli, 1882 van Aartsen et al. (1989)
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Table 3. Continued

Syrnola lendix (Adams, A., 1863)

Turbonilla edgarii (Melvill, 1896)

Amathina tricarinata (Linnaeus, 1767)

Leucotina cf. eva Thiele, 1925

Leucotina natalensis Smith, E.A., 1910

Bulla arabica Malaquias and Reid, 2008

Atys macandrewi Smith, E. A., 1872

Haminoea cyanomarginata HellerandThompson1983
Chelidonura fulvipunctata Baba, 1938

Acteocina crithodes MelvillandStanden, 1907
Acteocina mucronata (Philippi, 1849)

Cylichnina girardi (Audouin, 1826)

Pyrunculus fourierii (Audouin, 1826)

Oxynoe viridis (Pease, 1861)

Elysia grandifolia Kelaart, 1857

Elysia tomentosa Jensen, 1997

Aplysia dactylomela Rang, 1828

Aplysia parvula Morch, 1863

Bursatella leachii de Blainville, 1817

Notarchus punctatus Philippi, 1836

Syphonota geographica (Adams, A.andReeve, 1850)
Chromodoris quadricolor (RiippellandLeuckart,1830)
Goniobranchus annulatus (Eliot, 1904)
Hypselodoris infucata (RiippellandLeuckart, 1830)
Dendrodoris fumata (RiippelandLeuckart, 1830)
Plocamopherus ocellatus RiippellandLeuckart,1828
Plocamopherus tilesii Bergh, 1877

Melibe viridis (Kelaart, 1858)

Baeolidia moebii Bergh, 1888

Flabellina rubrolineata (O’Donoghue, 1929)
Siphonaria belcheri Hanley, 1858

Siphonaria crenata de Blainville, 1827

Anadara natalensis (Krauss, 1848)

Anadara transversa (Say, 1822)
Arcuatula perfragilis (Dunker, 1857)

Micali and Palazzi (1992)
Engl (1992)

Ceviker and Albayrak (2006)
Giunchi et al. (2001)

Micali and Palazzi (1992)
Yokes and Rudman (2004)
van Aartsen and Goud (2006)
Yokes and Rudman (2004)
Swennen (1961)

Mienis (2004)

van Aartsen et al. (1989)

van Aartsen et al. (1990)

van Aartsen et al. (1989)
Yokes and Rudman (2004)
Yokes and Rudman (2004)
Yokes and Rudman (2004)
Cimar et al. (2006)

Swennen (1961)

Swennen (1961)

Yokes (2009)

Yokes and Rudman (2004)
Oztiirk and Can (2006)
Gokoglu and Ozgiir (2008)
Cevik and Oztiirk (2000)
Cevik et al. (2012)

Yokes and Rudman (2004)
Yokes et al. (2012)

Yokes and Rudman (2004)
Turk and Furlan (2011)
Yokes and Rudman (2004)
Albayrak and Ceviker (2001)
Albayrak and Ceviker (2001)
Enzenross et al. (1990)

Engl (1995)

Eleftheriou et al. (2011)
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Table 3. Continued

Arcuatula senhousia (Benson in Cantor, 1842)

Brachidontes pharaonis (Fischer P., 1870)
Septifer bilocularis (Linnaeus, 1758)
Septifer cumingii Récluz, 1849

Electroma vexillum (Reeve, 1857)
Pinctada radiata (Leach, 1814)

Malleus regula (Forsskal in Niebuhr, 1775)
Spondylus spinosus Schreibers, 1793
Crassostrea gigas (Thunberg, 1793)
Dendostrea frons (Linnaeus, 1758)
Saccostrea cucullata (Born, 1778)
Centrocardita akabana (Sturany, 1899)
Chama asperella Lamarck, 1819

Chama pacifica Broderip, 1835

Nudiscintilla cf. glabra Liitzen and Nielsen,2005

Afrocardium richardi (Audouin, 1826)
Fulvia fragilis (Forsskal in Niebuhr, 1775)
Psammotreta praerupta (Salisbury, 1934)
Tellina valtonis Hanley, 1844

Ervilia scaliola Issel, 1869

Antigona lamellaris Schumacher, 1817
Clementia papyracea (Gray, 1825)
Gafrarium pectinatum (Linnaeus, 1758)

Gouldiopa consternans (OliverandZuschin,2001)

Paphia textile (Gmelin, 1791)
Petricola fabagella Lamarck, 1818
Timoclea roemeriana (Issel, 1869)
Sphenia rueppellii Adams A., 1850
Martesia striata (Linnaeus, 1758)
Teredo bartschi Clapp, 1923

Teredo navalis Linnaeus, 1758
Teredothyra dominicensis (Bartsch, 1921)
Cucurbitula cymbium (Spengler, 1783)
Laternula anatina (Linnaeus, 1758)
Sepioteuthis lessoniana Lesson, 1830
Amphioctopus aegina (Gray, 1849)

Uysal et al. (2008)
Kinzelbach (1985)

Albayrak and Caglar (2006)
Albayrak and Ceviker (2001)
Cevik et al. (2008)

Barash and Danin (1973)
Falchi (1974)

Engl and Ceviker (1999)
Cevik et al. (2001)

Ceviker (2001)

Cevik et al. (2001)

Ceviker and Albayrak (2006)
Mifsud and Ovalis (2007)
Ceviker (2001)

Mifsud and Ovalis (2012)
van Aartsen and Goud (2000)
Lindner (1988)

Engl and Ceviker (1999)
Giunchi et al. (2001)
Zenetos and Ovalis (2014)
Engl and Ceviker (1999)
Enzenross and Enzenross (1987)
Lindner (1987)

Ovalis and Mifsud (2013)
Enzenross et al. (1990)
Ceviker and Albayrak (2006)
Oztiirk et al. (2014)

Zenetos et al. (2010)

Cevik et al. (2015)

Borges et al. (2014)

Sen et al. (2009)

Miiller (2011)

Niederhofer et al. (1991)
Engl (1995)

Salman (2002)

Salman et al. (1999)
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Iskenderun Bay, at the northeastern corner of the Levantine Sea, is one of the
locations where both species coming in from the Suez Canal (Lessepsian species) and
species that come in with ships (by ballast water or by attaching themselves onto
vessels) are seen most often due to its location close to the Suez Canal, and its high
marine traffic due to the presence of ports, industrial plants, oil pipelines, thermal power
plants, steel mills, fishing and tourism industries (Figure 2). For this reason, Iskenderun
Bay has a special importance regarding alien mollusc species.

Table 4. List of endangered/threatened species in the Levantine Coast of Turkey

Name of Species Reference Source
Dendropoma petraeum (Monterosato, 1884) Cevik and Sarthan (2004)
Luria lurida (Linnaeus, 1758) Gruvel (1931)

Zonaria pyrum (Gmelin, 1791) Demir (2003)

Haliotis tuberculata lamellosa (Lamarck, 1822) Buzzurro and Greppi (1996)
Cerithium vulgatum Bruguiére, 1792 Forbes (1844)

Erosaria spurca (Linnaeus, 1758) Buzzurro and Greppi (1996)
Tonna galea (Linnaeus, 1758) Gruvel (1931)

Lithophaga lithophaga (Linnaeus, 1758) Geldiay and Uysal (1971)
Pholas dactylus Linnaeus, 1758 Buzzurro and Greppi (1996)
Pinna nobilis Linnaeus, 1758 Buzzurro and Greppi (1996)
Eledone cirrhosa (Lamarck, 1798) Salman et al. (2002)
Rondeletiola minor (Naef, 1912) Salman and Katagan (2004)
Rossia macrosoma (Delle Chiaje, 1830) Salman et al. (2002)

Sepia officinalis Linnaeus, 1758 Salman and Katagan (2004)
Sepia elegans de Blainville, 1827 Salman and Katagan (2004)
Sepia orbignyana Férrussac, 1826 Salman and Katagan (2004)
Sepietta oweniana Naef, 1916 Salman and Katagan (2004)
Sepietta neglecta Naef, 1916 Salman and Katagan (2004)
Sepiola steenstrupiana Lévy, 1912 Salman and Katagan (2004)

Because most alien molluscs species entering the Mediterranean (mostly
Lessepsian) were first discovered in the Iskenderun Bay (Aartsen and Recevik 1998;
Engl and Ceviker 1999; Albayrak and Ceviker 2001; Ceviker 2001; Cecik et al. 2008;
Zenetos et al. 2010). Recently, Lodderia novemcarinata, Zafra obesula and Z. pumila
reported by Oztiirk et al. (2014) and Martesia striata reported by Cevik et al. (2015)
were first identified in the Iskenderun Bay in the Mediterranean. According to studies
performed to first quarter of 2016, among the 429 molluscs species present in the
Iskenderun Bay, 349 (81.4%) are native species, and 80 (18.6%) are non-native
molluscs species (Figure 2; Figure 3). The number of non-native dominant families are
given in Figure 4. As seen in aforementioned tables and figures, the alien molluscs
species in the Iskenderun Bay constitute a significant portion of total molluscs species.
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Figure 3. The number of non-native species per classes

Figure 4. The number of non-native dominant families in the Levantine Coast
of Turkey

With the expectation of increased migration through the Suez Canal, due to the
recent plans for the expansion of the canal and the construction of a parallel second
canal, it can be said that this number will be increasing in the future. For this reason,
southern coasts of Turkey, especially the Iskenderun Bay, needs to be monitored
through periodic studies, which would allow the identification of new alien species
migrations and determination of the effects of these on local species. These species will
provide significant data for us, which will help us to take precautions for future dangers
and reduce this invasion and its effects.
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CEPHALOPODS OF THE TURKISH MEDITERRANEAN COAST
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Mediterranean coast of Turkey is located in northeast of Levant Sea and
bathymetrically differs along east-west line. Its eastern part, also known as Cilicia Sea,
has sandy muddy bottom due to Goksu River and at most eastern part Seyhan and Ceyhan
rivers and has a long continental shelf.

In the western part, at Gulf of Antalya, where the continental shelf is much
narrower, it was reported that even though depths exceeds to 2500 m the average is around
1000 m (Eryilmaz and Eryilmaz 2002). Yilmaz (2002) reported that the biogeochemical
cycles of western and eastern coasts of both areas are different. According to Melanotte-
Rizzoli and Bergamasco (1989) the topographical features of the seas controls the
currents. Melanotte-Rizzoli and Bergamasco (1989), Rhodes Gyre where its velocity
varies in western parts of Turkey according to seasons, effects our coasts as a result of
narrow topographical continental shelf between Fethiye-Antalya. This also effects
Turkey' Mediterranean western and eastern coasts water movements. These topographical
and hydrographical formations also effect the cephalopod species in the areas. Species
that has nocturnal migration, such as Abralia veranyi, Ommastrephes bartramii and
Todarodes sagittaus, due to wide and very shallow continental shelf at the area between
Mersin-Iskenderun, inhabits offshore areas.

Figure 1. Geomorphologic features of Mediterranean coasts Turkey (source;
Google earth).

Even though the first study in eastern Mediterranean on cephalopods was
conducted by Degner (1925) in southern coasts of Rhodes, the first study in
Mediterranean coasts of Turkey on cephalopods was conducted by Katagan et al. (1992)
on the distribution of Ommastrephes bartramii in Gulf of Fethiye.
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In following years, Giicii and Bingel (1994) reported cephalopod species that
can be caught by trawlers in northeastern Mediterranean. Between years 1991-1993, with
the joint project on demersal fish stocks of Turkey between Republic of Turkey Ministry
of Agriculture and Rural Affairs and Japanese International Collation Agency (JICA),
Salman et al. (1999) reported species Amphioctopus aegina (as Octopus aegina cf.
kagoshimensis) as first for the Mediterranean fauna. Than Salman et al. (2002) gave
Rossia macrosoma, Alloteuthis media and Eledone cirrhosa species as new record for
Teuthofauna of southern shores of Turkey. Subsequently that Sepioteuthis lessoniana, a
lessepsian species from Teuthida ordo, was reported by Salman (2002). After studies
conducted by Duysak et al. (2004; 2008) at northeastern coasts of Mediterranean Jereb et
al. (2016) reported Octopoteuthis sicula from eastern Mediterranean in Octopoteuthidae
family revision. As a result of these faunistic studies, in Turkey' Mediterranean western
coasts from Iskenderun to Dalaman 33, and in eastern part 22, in total 37 cephalopod
species were determined.

It was reported that in whole Mediterranean, teuthofauna is represented with 67
species (Salman 2015). In Turkey' Mediterranean coasts with today's records there are
approximately 33 species, which corresponds to 55 % of Mediterranean teuthofauna.
Salman (2015) reported that Aegean Sea teuthofauna compiles 75 % of the Mediterranean
species. When compared with Aegean Sea teuthofauna it can be seen that Turkey'
Mediterranean coasts are more poor. List of cephalopod species from the studies to date
conducted in Turkey' Mediterranean coast is given in Table 1.

Species that prefer shallow and temperate waters as Amphioctopus aegina and
Macrotritopus defilippi inhabit our eastern Mediterranean coasts where species such as
Abralia veranyi, Pyroteuthis margaritifera, Todarodes sagittatus and Pteroctopus
tetracirrhus that prefer relatively colder and deeper waters inhabit western parts.

After first observation records of Amphioctopus aegina, that has indo-pacific
origin and belonging to family Octopodidae (Salman et al. 1999) and Sepioteuthis
lessoniana that belongs to Loliginidae (Salman 2002) in eastern regions of Mediterranean
coasts in Turkey, S. lessoniana extended its distribution to coasts of Rhodes Island
(Greece) in west (Lefkaditou et al. 2009) and coasts of Gokova Bay (Turkey) in north
(unpublished data) due to its planktonic paralarvae.

Genetic study by Giiven (2011) to understand differentiation of sub-populations
of Sepia officinalis, which has benthic eggs, in Aegean Sea and Mediterranean Sea has
been reported that individuals in Turkish Aegean population have different genetic
structure than individuals in Turkish Mediterranean population. Giiven (2011) explained
this differentiation by bio-ecology of the species and geographical barriers between the
regions. The species has benthic eggs, which have limited movement, however coastal
structure of the region between Antalya and Fenike (Figure 1) including narrow shallow
zones and underwater walls with sharp deepening; these are the main reasons for genetic
isolation.
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Table 1. Cephalopod species found in both region of Mediterranean.

SPECIES W MED E MED
SEPIIDA

Sepia officinalis Linnaeus, 1758 6,8,2,7
Sepia elegans Blainville, 1827 6,8,7
Sepia orbignyana Férussac, 1826 6
SEPIOLIDA

Heteroteuthis dispar (Riippell, 1844) 10

Sepiola steenstrupiana Lévy, 1912 6

Rondeletiola minor (Naef, 1912) 6

Sepietta oweniana Naef, 1916 6 6
Sepietta neglecta Naef, 1916 6

Rossia macrosoma (Delle Chiaje, 1830) 6 4,6
TEUTHIDA

Loligo vulgaris Lamarck, 1798 6 6,8,2,7
Loligo forbesi Steenstrup, 1856 6 6
Alloteuthis media (Linnaeus, 1758) 4,6
Alloteuthis subulata (Lamack, 1798) 6
Sepioteuthis lessoniana Lesson, 1830 5
Ancisrocheirus lesueurii (d’Orbigny, 1842) 9

Chiroteuthis veranii (Férussac, 1835) 10

Chtenopteryx sicula (Vérany, 1851)

Abralia veranyi (Rippell, 1844)

Histioteuthis reversa (Vérrill, 1880) 10

Octopoteuthis sicula Riippell, 1848 10 11
Illex coindetii (Vérany, 1839) 6 6,8
Todaropsis eblanae (Ball, 1841) 6 6
Todarodes sagittatus (Lamarck, 1798) 6,10

Ommastrephes bartramii (Lesueur, 1821) 1,10

Onychoteuthis banksii (Leach, 1817) 10

Ancitroteuthis lichstensteini (d’Orbigny, 1839) 10

Pyroteuthis margaritifera (Riippell, 1844) 6,10

OCTOPODA

Amphioctopus aegina (Gray, 1849) 6,3,7
Callistoctopus macropus (Risso, 1826) 6 8
Macrotritopus defilippi (Verany, 1851) 6,7
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Octopus vulgaris Cuvier, 1797 6 6,8,2,7
Scaeurgus unicirrhus

(Della Chiaje in de Férrusac and d’Dorbigny, 1841) 6,10 6
Pteroctopus tetracirrhus (Della Chiaje, 1830) 6

Eledone moschata (Lamarck, 1799) 6 6,8,2,7
Eledone cirrhosa (Lamarck, 1798) 4,10 8
Tremoctopus violaceus Delle Chiaje, 1830 10

Argonauta argo Linnaecus, 1758 10

Total numbers of species 33 22

1: Katagan et al. 1992; 2: Gucu and Bingel 1994; 3: Salman et al. 1999; 4: Salman et al.
2002; 5: Salman 2002; 6: Salman and Katagan 2004; 7: Duysak et al. 2004; 8: Duysak et
al. 2008; 9: Karakulak et al. 2009; 10 Salman and Karakulak 2009; 11: Jereb et al. inpress
2016.

Cephalopods have important roles in marine food web as prey and as predator.
Chitin tooth of cephalopods can stay for long time in stomachs of predators (Xavier et al.
2016). Even though they can be identified in studies on stomach contents, it is hard to
know where and how they became prey. Thus, regional existence records of cephalopod
species from stomach contents are required to have the remnants that can digest easily.

A study from coasts of Mediterranean Sea in Turkey by Karakulak et al. (2009)
has reported that cephalopods consists 37% of the food items of Thunnus thynnus, that is
one of top predator fish, while Salman and Karakulak (2009) reported that cephalopods
have a high dominancy with 95% in diet composition of Thunnus alalunga, that is another
top predator fish. Karakulak et al. (2009) also reported Ancistrocheirus lesueurii and
Chtenopteryx sicula as half digested cephalopod species in stomach contents of Thunnus
thynnus from Antalya Bay, which is located western part of Mediterranean coasts in
Turkey.

Studies on diet of cetaceans in coasts of Mediterranean in Turkey; Oztiirk et al.
(2007) and Dede et al. (2016) have reported seven and 12 cephalopod species,
respectively in stomach contents of Stenalla coeruleoalba. Oztiirk et al. (2007) has also
reported 14 species of cephalopods in stomach content of Gramphus griseus. The
common features of the cephalopod species found in stomach contents of cetaceans are
they being nocturnal migrant and luminous species.

Fisheries of Cephalopods

Regarding the statistics of Turkish fisheries in 2013, 63% of total cephalopod
fishing (1273 tons) belongs to coasts of Mediterranean in Turkey. Sepia officinalis that
belongs to order Sepiida is the most dominantly fished species with 76.6% fishing yield
among cephalopod species. Second dominant species is Loligo vulgaris, which belongs
to order Loliginidae, with 18.6%. Octopus spp and Eledone moschata take third place
with 4.8%. (Figure 2). Parallel to fishing yield in Mediterranean coasts, S. officinalis takes
a part of 78.4% of the overall in Turkey. The species inhabits abundantly between subtidal
zone and 100m depth, however their distribution is up to 200m in habitats of muddy-
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sandy textures of seabed (Jereb and Roper 2005). Fishing yield of S. officinalis is
relatively abundant in Yumurtalik-Karatas towns of Adana and adjacent regions, where
are located at the northeast of Mediterranean (Duysak 2007).
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Figure 2. Annual catch amounts (tons) of main cephalopod yield groups in coasts of
Mediterranean Sea in Turkey (1967-2013 TUIK).

Salman and Katagan (2004) studied seasonal fisheries yield of cephalopod
species in Turkish seas between 0-500 m by deep trawl. They found most abundant yield
of Sepia ofiicinalis, Sepia orbignyana, Loligo forbesi and Octopus vulgaris in the western
region, while yields of cephalopod species such as Sepia ofiicinalis, Sepia orbignyana,
Loligo forbesi and Octopus vulgaris were more abundant in the eastern region based on
catch per unit time. It should be also noted that in this study difference in fishing gear can
be reason for having more abundant catch of S. officinalis in the western region of
Mediterranean than the eastern region.

New and detailed studies are required regarding to understand intraspesific
properties of ecosystem due to settlement of lessepsian species in coasts of Mediterranean
in Turkey and intrusion of exotic species by anthropogenic reasons in the other seas of
Turkey.

As a result, number of scientific researches are limited in coasts of
Mediterranean in Turkey, which also indicates that marine researches in the region are
not valued. Thus, as being in many other faunistic marine groups, knowledge on
cephalopods are not sufficient especially in coasts of Mediterranean. This situation will
go on unless systematic marine researches are determined as strategy of the Turkey that
is surrounded by four different seas.
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ECHINODERM FAUNA OF THE MEDITERRANEAN COAST OF TURKEY
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1. Introduction

Among 93 echinoderm species (two Crinoidea, 25 Asteroidea, 24 Ophiuroidea,
20 Echinoidea and 22 Holothuroidea) reported from Turkey, 65 (one Crinoidea, 22
Asteroidea, 19 Ophiuroidea, 15 Echinoidea and 8 Holothuroidea) were reported from
the Mediterranean coast of Turkey.

2. Studies on Echinoderms

According to the available literature (Table 1), the echinoderm species in the
Mediterranean coast of Turkey were first reported by Artliz (1967 and 1968) as 15
Asteroid and 9 Echinoid species. Later, Giicii and Bingel (1994) reported eight species
with four new species to the region. Ozaydin et al. (1995) found 22 species in the region
and with their comprehensive study the number of species increased to 41. Between the
years of 2000 and 2010, the reported number of echinoderm species reached to 57 with
the contributions of the studies by Ergev (2002), Ozgiir (2004), Yokes and Galil (2006),
Ozgiir et al. (2008), Sahin (2008), and Stéhr et al. (2010). Ergev (2002) found 16
species in grab and six in sledge samples, however identified and reported only eight
species at species level. Ozvarol (2003) studied some biological characteristics of two
sea urchins in the Gulf of Antalya. Ozgir (2004) reported 16 echinoderm species
together with the alien holothurian species Synaptula reciprocans in the Gulf of Fethiye
and later, Cinar et al. (2006) also reported this species. Yokes and Galil (2006) and
Gokoglu et al. (2007) reported the alien long-spined sea urcin, Diadema setosum in the
Gulf of Antalya. Erkol (2008) reported 2 species in the Yumurtalik Bay and Sahin
(2008) 10 species in the Gulf of Antalya. Stéhr et al. (2010) first recorded Amphiodia
obtecta Mortensen, 1940 for the Mediterranean and Ophiactis macrolepidota
Marktanner-Turneretscher, 1887 for Turkey and explained the taxonomy and
distribution of 5 Ophiuroid species. Together with the new records given by Ozgir
Ozbek (2013) and this study, the number of the echinoderm species now increased to 65
in the Mediterranean coast of Turkey.

The check-list of the echinoderm fauna of Turkey was first given by Ozaydin et
al. (1995). Ozgir et al. (2008) and Ozgiir Ozbek (2013) reviewed the list with the new
findings from the Gulf of Antalya (E Mediterranean Sea). Recently the list was
reviewed again by Oztoprak et al. (2014).

Only the two studies, Ergev (2002) and Ozgir Ozbek (2013) have investigated

the temporal and spatial fluctuations of the echinoderms in the Mediterranean coast of
Turkey. So the knowledge on the abundance, biomass and distribution as well as the
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environmental factors affecting them is limited to the results of these studies conducted
in the Gulfs of Mersin and Antalya, respectively.

3. Echinoderm Fauna

Among 65 echinoderm species reported from the Mediterranean coast of Turkey,
there are one Crinoid, 22 Asteroids, 19 Ophiuroids,