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PREFACE 

 
The Black Sea is one of the major water bodies and a famous inland 

sea of the world. It is a connecting link between six different countries sharing 
its coasts with the boundaries of Turkey, Bulgaria, Romania, Ukraine, Russia 
and Georgia. The Black Sea has extraordinary natural conditions as the largest 
water body with a meromictic basin. This means that, the interaction between 
the oxygen rich surface waters and the Black Sea's deeper areas tends to be 
very limited compared to anywhere else in the world. This leads to a layering 
structure being created which affects the diversity of the organisms within the 
Black Sea. 

This book aims to be a good compilation bringing together articles 
focusing on the Black Sea looking at its ecosystem from different aspects. It 
goes without saying that the Black Sea is like a special kind of living organism 
which should be known in detail to be protected and saved. And, we deeply 
recognize that, during the last 50 years, its ecosystem changed extensively 
making it more vulnerable to anthropogenic effects. Marine resources have 
declined as a consequence of over-fishing, unplanned development of coastal 
zones and intense maritime traffic. Therefore, we believe that such kind of a 
compilation effort with an output can draw a general outline of the picture and 
help in concentrating attentions on such a special area.  

“Black Sea Marine Environment: The Turkish Shelf” is the latest of 
the series of Turkish Marine Research Foundation (TÜDAV), which covers 
29 articles under 4 main chapters (oceanography, biodiversity, pollution and 
conservation and science and policy) written by 61 authors from various 
universities and institutions working under different disciplines and who have 
studies in the Black Sea.  

We truly appreciate the contributions of the authors and the editors to 
this book. We are sure that this publication will serve as an exchange of 
knowledge with the other bordering countries in the Black Sea and also 
provide a brief insight to this fragile water body targeting all the readers who 
care for the better understanding, conservation and sustainable development 
of the Black Sea. 

 
Prof. Dr. Bayram ÖZTÜRK 

Director, Turkish Marine Research Foundation (TÜDAV) 
December 2017 
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PHYSICAL OCEANOGRAPHY 

Temel UZ 

Middle East Technical University, Institute of Marine Sciences, 
Erdemli, Mersin, Turkey 
temeloguz@gmail.com 

 

1. Introduction 

The Black Sea is a nearly enclosed and zonally elongated basin with the zonal 
dimension of about 1200 km and the meridional dimension varying from 500 km on the 
western side to 250 km towards the eastern side (Figure 1). With a surface area of 423,000 
km2, it is approximately one-fifth of the surface area of the Mediterranean. It has a limited 
interaction with the Aegean Sea through the Turkish Straits System. Its main bathymetric 
feature is the presence of a narrow shelf (generally less than 20 km) and steep topographic 
slope (generally less than 30 km) around deep interior basin having maximum depths of 
2200m (Figure 1). The north-western part of the sea, occupying ~20% of the total area, 
is characterized by a fairly wide shelf and its connection to the deep western basin through 
a wider topographic slope zone. The width of the western shelf gradually reduces towards 
south and finally terminates to the east of the Bosphorus Strait exit region (Figure 1). The 
Black Sea receives fresh water inflows all around the basin but the important ones 
(Danube, Dnieper and Dniester) discharge into the north-western coastal waters. The 
River Danube being one of the largest rivers in Europe introduced dramatic effects on the 
Black Sea ecosystem.  

2. Physical characteristics 

2.1. Stratification characteristics 

The Black Sea is a strongly stratified system; its stratification within the upper 
100 m layer (10% of the entire water column) varies up to t ~ 5 kg m-3 (Figure 2) and is 
an order of magnitude greater than, for example, in the neighbouring Mediterranean Sea. 
The pycnocline corresponding to the density surface t ~16.2 kg m-3 approximately 
conforms to 100-150 m depth within the interior cyclonic cell or may extend to 200 m 
within coastal anticyclones. The deep homogenous layer that has a thickness of 2000 m 
within the abyssal plain of the sea possesses almost vertically uniform characteristics 
below 200 m within the range of values of T ~ 8.9-9.1oC, S ~ 22-22.5, t ~ 17.0-17.3 kg 
m-3. The deepest part of the water column approximately below 1700 m involves 
homogeneous water mass formed by convective mixing due to the bottom geothermal 
heat flux during the last several thousands of years (Murray et al. 1991).  
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Figure 1. The location and bathymetry of the Black Sea 

 

The upper 50-60 m is homogenized in winter with T~6-7 oC, S ~18.5-18.8, t 
~14.0-14.5 kg m-3 when the north-western shelf and near-surface levels of the deep basin 
exposed to strong cooling by successive cold-air outbreaks, intensified wind mixing, and 
evaporative loss. As the spring warming stratifies the surface water, the remnant of 
convectively-generated cold layer is confined below the seasonal thermocline and forms 
the Cold Intermediate Layer (CIL) of the upper layer thermohaline structure. Following 
severe winters, the CIL may preserve its structure for the rest of the year, but it may 
gradually warm up and loose its character in the case of warm winter years. Stratification 
in summer months comprises a surface mixed layer with a thickness of 10-20 m with 
T~22-26oC, S~18-18.5 and t ~10.5-11.5 kg m-3. 

A distinct feature of the SST is the strong spatial variability as inferred by the 
long-term mean distribution (Figure 3). The temperature difference as high as 3oC extends 
diagonally from its lowest values (~13.5oC) within the north-western shelf region and 
relatively higher values (~16.5oC) within the eastern part of the eastern basin. This is 
related to the more frequent exposition of the western part to the cold air outbreaks from 
the continental Europe. On the contrary, the eastern basin is protected from such cold 
outbreaks by the mountain chains along the southern and eastern coastlines. Thus, the 
eastern basin favours milder winters and warmer winter temperatures in the surface mixed 
layer. Thus the decadal warming signature was felt more pronouncedly in the eastern 
basin during the 1990s. The relatively deep interior part of the sea is also slightly cooler 
than the peripheral zone due to the persistent upwelling motion associated with the 
cyclonic circulation system.   
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Figure 2. Vertical variations of density (expressed in terms of sigma-t, kg m-3) at various 
locations of the interior basin during different months representing different types of 
vertical structures 

 

An important feature of the upper layer physical structure is the intensity of 
diapycnal mixing that controls ventilation of the CIL and oxygen deficient zone and 
nutrient entrainment from its subsurface source in winter months. According to the recent 
microstructure measurements (Gregg and Yakushev 2005 and Zatsepin et al. 2007), the 
vertical diffusivity attains its maximal values on the order of 10-3–10-4 m2 s  in the surface 
mixed layer (0–15 m), but decreases to 10-5–10-6 m2 s  across the seasonal thermocline 
(15–30 m). An increase in the diapycnal diffusivity is observed in the CIL to the range 2–
6 x 10-5 m2 s . Below the base of the CIL, it rapidly decreases to its background values 
of 1–4×10-6 m2 s . Consequently, turbulent fluxes near the base of CIL are too weak to 
renew the oxygen deficient Suboxic Layer (SOL).  

 



4 
 

  
Figure 3. Time averaged (2002-2016) SST distribution over the Black Sea provided by 
the 4km resolution monthly mean MODIS satellite products 

 

The Mediterranean underflow that is characterized typically by T~13-14 oC and 
S~35-36 upon issuing from the Bosphorus modifies considerably by mixing with the 
upper layer waters and enters the shelf with T~12-13 oC and S~28-30. In the shelf, its 
track is regulated by small scale topographic variations. As it spreads out as a thin layer 
along the bottom, it is diluted by entrainment of relatively colder and less saline CIL 
waters and is barely distinguished by its slight temperature and salinity differences from 
the ambient shelf waters up on issuing the shelf break. The modified Mediterranean water 
is then injected in the form of thin multiple layers at intermediate depths (150-250 m) 
(Hiscoock and Millero 2006, Glazer et al. 2006). Signature of the Mediterranean inflow 
within the interior parts of the basin can be best monitored up to 500 m, where the 
residence time of the sinking plume varies from ~10 years at 100 m depth to ~400 years 
at 500 m (Ivanov and Samodurov 2001, Lee et al. 2002). 

On the basis of available data since the 1920s (Ilyin et al. 2005), the total river 
discharge and precipitation into the sea show weak but opposite trends that compensate 
each other and therefore their sum remain uniform at ~550 km3 y-1. Evaporation varied 
slightly around 400 km3 y-1 up to the mid-1970s (except 15% increase in the 1940s), and 
then decreased steadily to ~300 km3 y-1 during the subsequent 15 years and stabilized at 
this value afterwards. The net fresh water flux into the sea, therefore, revealed an 
increasing trend from ~120 km3 y-1 in the early 1970s to ~300 km3 y-1 in the mid-1990s. 
This freshwater excess is balanced by the net outflow through the Bosphorus defined as 
the difference between the transports of its two layers and implies a nearly two-fold 
change from the 1960s to the 1990s.  
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2.2. Climatic variations 

 The physical characteristics of the upper layer water column above the base of 
the permanent pycnocline experienced distinct decadal-scale oscillations (Oguz et al. 
2006, Piotukh et al. 2011). The sea surface temperature (SST) is used here as a proxy for 
describing climatic variability. It indicates a relatively mild cooling phase (0.5oC) during 
1960-1980 and a subsequent more pronounced cooling phase identified by the winter 
(December-March) mean sea surface temperature (SST) changes as high as 1.5oC during 
1980-1993 (Figure 4). Similar variations are also observed in the summer-autumn (May-
November) mean subsurface cold intermediate layer (CIL) temperature field (Figure 4). 
They are followed by an equally pronounced warming phase during 1993-2014. They 
imply a clear signal of climatic changes within the upper 100m water column above the 
permanent pycnocline. The climate-induced temperature changes are related to 
strengthening of the NAO; its positive phase resulting in colder, drier, and more severe 
winters contrary to the simultaneous wetter, warmer, and milder winters over the north-
western Europe and the Eastern North Atlantic Ocean (Oguz et al. 2006). The subsequent 
warming trend starting by 1993 up to 2001 increases the SST and CIL temperature back 
to their former levels prior to the 1980. Afterwards, both SST and CIL temperature 
undergoes to a decadal scale oscillation with an amplitude of ~1.5oC between the 
minimum at 2005-2006 and the maximum at 2010-2011, followed by a decreasing trend.  

 

Figure 4. Long term variations of the winter (December-March) mean sea surface 
temperature and the summer-autumn (May-November) mean Cold Intermediate Layer 
(CIL) temperature below the seasonal thermocline. The thin lines with symbols refer to 
the original data whereas the thick lines represent their smoothed variations by three point 
running averaged   
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Sea level changes provide best response of the physical climate to atmospheric 
forcing, because the link includes an overall response of the changes in the surface 
atmospheric pressure through the inverse barometer effect, water density changes in 
response to temperature and salinity variations (steric effects), precipitation, evaporation 
and river runoff. The detrended sea level anomaly time series at Poti tide gauge site 
located at the south-eastern corner of the sea (Figure 5) reveals higher (lower) SLA values 
coinciding with the warm (cold) cycles of the SST and exhibits a rising trend up to the 
mid-1999 (~3 cm y-1) followed by -3.0 cm y-1 declining trend 07/1999–12/2008 in 
consistent with the cooling phase indicated by the winter SST data and a rising trend 
afterwards. Good agreement between the SLA changes and the temporal variation of the 
Danube discharge suggest its predominant role on the basin-scale sea level oscillations. 

The general consistency between periods of positive (negative) NAO index and 
relatively low (high) sea surface and air temperatures, higher (lower) surface air pressures 
supports the presence of a teleconnection between the regional atmospheric conditions 
and the NAO-driven large scale atmospheric motion (Oguz et al. 2006, Kazmin and 
Zatsepin 2007). In terms of duration and intensity of events, the sequence of mild and 
severe winter cycles follows the temporal pattern of the negative and positive NAO 
cycles, respectively. In particular, the strong cooling trend during 1980-1993 
characterizes an extended strongly positive NAO phase. The subsequent warming trend 
in SST coincides with the weakening of positive NAO index and its decreasing trend. The 
NAO climatic control of the Black Sea may be further modulated by the EAWR 
oscillation (Oguz et al. 2006).   

 
Figure 5. The sea level anomaly time series at Poti tide-gauge site located at the south-
eastern corner of the sea 
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3. Circulation characteristics 

The upper layer (100-150m) water column of the Black Sea above the permanent 
pycnocline reveals a complex, eddy-dominated circulation (Figure 6). It comprises 
different types of structural organizations of water masses within the interior cyclonic 
cell, the Rim Current jet is confined mainly along the abruptly varying continental slope 
and margin topography around the basin, and a series of anticyclonic eddies along its 
onshore side (Oguz et al. 1994, Besiktepe et al. 2001, Blockhina and Afanasyev 2003, 
Korotaev et al. 2003, Zatsepin et al. 2003, Kubryakov and Stanichny 2015). The interior 
circulation consists of several sub-basin scale gyres, each of which is formed by several 
cyclonic eddies. They evolve continuously by interactions among each other, as well as 
with meanders and filaments of the Rim Current. The overall basin circulation is primarily 
forced by the curl of wind stress throughout the year, and further modulated by the 
seasonal evolution of the surface thermohaline fluxes and mesoscale features arising from 
the basin’s internal dynamics. The strong topographic slope together with the coastline 
configuration of the basin governs the main pattern of the Rim Current system. It changes 
seasonally from a more coherent structure in the winter and spring to more a turbulent, 
eddy-dominated structure in the late summer and autumn.  

 

Figure 6. A typical structure of the upper layer circulation field deduced from a 
circulation model using assimilation of altimeter sea level anomaly data as described by 
Korotaev et al. (2003) 

 

Larger scale characteristics of the upper layer circulation system possess a 
distinct seasonal cycle (Korotaev et al. 2003, Poulain et al. 2005). The interior cyclonic 
cell in winter months involves a well-defined two-gyre system surrounded by a rather 
strong and narrow jet without much lateral variations. This system gradually transforms 
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into a multi-centred composite cyclonic cell surrounded by a b roader and weaker Rim 
Current zone in summer. The interior flow field finally disintegrates into smaller scale 
cyclonic features in autumn (September-November) in which a composite Rim Current 
system is hardly noticeable. The turbulent flow field is rapidly converted into a more 
intense and organized structure after November-December. 

The circulation is accompanied by a well-defined, meandering salinity front 
separating relatively less saline and dense coastal waters from more saline and denser 
interior basin (Figure 7). The fresh water discharge from the Danube contributes to 
buoyancy-driven component of the basin-wide cyclonic circulation system. Baroclinic 
instability processes are responsible by introducing considerable variability of the Rim 
Current in the form of eddies, meanders, filaments, offshore jets that propagate 
cyclonically around the basin. Over the annual time scale, westward propagating Rossby 
waves further contribute to the complexity of basin wide circulation system. Eddy 
dynamics and mesoscale features evolving along the periphery of the basin as part of the 
Rim Current dynamic structure appear to be the major factor for the shelf-deep basin 
exchanges. They link coastal biogeochemical processes to those beyond the continental 
margin, and thus provide a mechanism for two-way transports between nearshore and 
offshore regions. 

 

Figure 7. Surface salinity distribution determined by the July 1992 multi-ship basin wide 
survey. The distribution possesses a meandering frontal structure between the relatively 
high interior basin salinity (>18.0 psu) compared to lower salinity values around the basin 
maintained by the coastal fresh water discharges and outflow from the Azov Sea 

The Ship mounted Acoustic Doppler Current Profiler (ADCP) and CTD 
measurements in the western Black Sea (Oguz and Besiktepe 1999), carried out soon after 
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an exceptionally severe winter conditions in 1993, has shown a vertically uniform current 
structure in excess of 50 cm/s (maximum value ~100 cm/s) within the upper 100 m layer, 
followed by a relatively sharp change across the pycnocline (between 100 and 200 m) 
and the vertically uniform sub-pycnocline currents of 20 cm/s (maximum value ~40 cm/s) 
up to 350 m being the approximate limit of ADCP measurements. The cross-stream 
velocity structure exhibited a narrow core region (~30 km) of the Rim Current jet that 
was flanked by a narrow zone of anticyclonic shear on its coastal side and a broader region 
of cyclonic shear on its offshore side. Such exceptionally strong sub-pycnocline currents 
of the order of 20-40 cm/s should be largely related with the severity of the winter 
conditions that was indeed one of the most severe winters of the last century (Oguz et al. 
2006). The corresponding geostrophically-estimated currents from the CTD 
measurements were relatively weak due to the lack of ageostrophic effects and barotropic 
component of the current. 

Lagrangian subsurface current measurements by the autonomous profiling floats 
deployed into the intermediate layer and deep layers provided direct, quantitative 
evidence for strong currents and a well-organized flow structure, which changed the 
traditional views built on a rather sluggish deep circulation of the Black Sea (Korotaev et 
al. 2006). The data suggested active role of mesoscale features on the basin-wide 
circulation system at 200m similar to the case observed in the upper layer (<100m) 
circulation system. The currents reach a maximum intensity of 15 cm s-1 along the Rim 
Current jet around the basin, which is consistent with the findings of ADCP 
measurements (Oguz and Besiktepe 1999). 

The magnitudes of deep currents may reach to 5 cm s-1 at 1500 m depth along 
the steep topographic slope (Korotaev et al. 2006). The combination of float and altimeter 
data suggests that deep currents are steered by the steep topographic slope and well-
correlated with the structure of surface currents at seasonal and longer time scales. The 
deep layer currents flow along the strong topographic slope following constant potential 

-effect. The wind stress, as the main driving 
force, can introduce a barotropic flow on the order of 5 cms-1 as further supported by the 
numerical modelling studies (Stanev 1990, Oguz et al. 1995, Stanev and Beckers 1999). 
The floats at the intermediate (750 m) and deep (1550 m) layers also delineate the 
importance of mesoscale eddies on the flow field. 
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Figure 8. SeaWiFS chlorophyll distributions showing two alternative forms of circulation 
structure in the north-western shelf; (a) a southward coastal current system during days 
152-155 (early June) and (b) a closed circulation system confined into its northern sector 
during days 194-197 (mid-July), 1998 (taken from Oguz et al. 2002). 

 

The basic mechanism which controls the flow structure in the surface layer of 
the north-western shelf is spreading of the Danube outflow. Wind stress is an additional 
modifier of the circulation. The Danube anticyclonic eddy confined within a narrow band 
along the coast between Odessa and Constanta and often introduced by the wind forcing 
prevails for almost half of the year during spring and summer months (Figure 8). It 
sometimes expands and occupies almost the whole NWS region (Figure 8b). The 
Constanta and Kaliakra anticyclones located further south have a typical lifespan of 50 
days are observed for about 190 days per year. An alternative configuration of the River 
Danube plume is the southward coastal current system (Figure 8a). The leading edge of 
this plume protrudes southward (i.e downstream) as a thin baroclinic boundary current 
along the western coastline. The flow system is separated from offshore waters by a well-
defined front as inferred from the large contrast between the chlorophyll concentrations 
in the figure. Its offshore flank may display unstable features, exhibits meanders and 
spawns filaments extending across the wide topographic slope zone (Figure 8b). Except 
such small scale features, there is almost no exchange between shelf and interior basin. 

All available finding of the Black Sea circulation system suggest that the most 
notable quasi-persistent and/or recurrent features of the circulation system include (i) the 
meandering Rim Current system cyclonically encircling the basin, (ii) two cyclonic sub-
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basin scale gyres comprising four or more gyres within the interior, (iii) the Bosphorus, 
rmak, Batumi, Sukhumi, Caucasus, Kerch, Crimea, Sevastopol, 

Danube, Constanta, and Kaliakra anticyclonic eddies on the coastal side of the Rim 
Current zone, (iv) bifurcation of the Rim Current near the southern tip of the Crimea; one 
branch flowing south-westward along the topographic slope zone and the other branch 
deflecting first north-westward into the shelf and then contributing to the southerly inner 
shelf current system, (v) convergence of these two current systems near the southwestern 
coast, (vi) presence of a large anticyclonic eddy within the northern part of the north-
western shelf.  
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1. Coastal Geomorphology of Black Sea Coasts of Turkey 

 The Black Sea coast of Turkey extends between the Rezve Creek on the 
western border of Bulgaria and the Sarp Creek on the border of Georgia to the east, as 
shown by the arrows on the location map (Figure 1 and 2). In general, the east-west 
direction of the mountain range in the north of Turkey was formed as a result of tectonic 
movements that occurred during the Alpine orogeny. Therefore, the Turkish Black Sea 
coast comprises a Pacific-type (longitudinal-type) coast in that it borders the mountain 
chain lying to the south (Ardel 1967-1968, . The length of the Turkish 

ure 3) 
-20 km from the coastline with 

the exception of the traverse-aligned coastal area lying near Cape Baba in Zonguldak-
Eregli due to presence of local tectonic lines. It is possible to see that the ultrabasic 
magmatites extend along the Black Sea coast, especially along with coast of the Eastern 
Black Sea of Turkey. 

According to plate tectonics, the best theory explaining the origin of the 
Anatolian Plate rising to the Tethys surface i.e., the level today of the Mediterranean, 
the African Plate moved to the north towards the Eurasian Plate in the Upper Miocene. 
At the end of this movement, the Anatolian Plate began to move to the west and 
southwest. At that moment, two large transformational faults occurred; one of which is 
the North Anatolian Fault (NAF) and the other is the East Anatolian Fault (EAF) 

 1980, maz 1981). Here, the Arabian Plate compresses to the 
north. The east of the country is mostly a contractional regime in Eastern Anatolia, a 
high plain regime in Central Anatolia shaped as if moving to the west, and an 
extensional regime in West Anatolia et al. 1992a, b). For this reason, in 
general, the mountains on the eastern shores of the Black Sea reach an altitude of almost 
4000 m (Kaçkar Mountain summit: 3932 m). This value gradually reduces in the 
Western Black Sea and decreases to 2019 m in the Küre Mountains. Further to the west, 
on the Kocaeli Peninsula, the elevation almost reaches sea level and turns into an 
average plateau of 200- the Thrace coastal zone, this value is repeated, but in 
the massive mountainous region of the Strandja Mountains, the altitude again reaches 
1019 meters.  
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Eastern Black Sea Coast: The issue of basin development, which is usually 
encountered in inland seas, is one of the most important problems faced in the Black 
Sea. The traces of this are clearly present here. One of them is the shelf, which is very 
narrow under the sea due to tectonic activity, and the steep descent to the 2000 m 
abyssal bottom at an average of 10 km offshore from the coast. This appears as fault 
scarps on the ground. For this reason, the Turkish Black Sea coast forms a broad 
protrusion to the north on the coast of Kerempe, two broad bays, and in the south Black 
Sea coast. This overall pattern intensifies in several places. These are: Cape Fener, Cape 

, Ç Peninsula, the city of Sinop is located. 
On the other hand, the middle of the western coast has the exit of the Bosphorus, which 
is connected to the Sea of Marmara. 

When looked at the coast of the Eastern Black Sea of Turkey, which lies in 
, due to the effect of tectonics, steep and cliff-

like high coastlines have developed. However, the sections corresponding to the mouths 
of rivers such as the 
creeks have a low shore or narrow coastal plains and beaches. These coastal plains are 
located at the mouths of rivers such as the 

, etc. These low areas and coastal plains are formed as a result of alluvial 
deposition. The other areas are mostly steep and high cliffs between these low coasts 
(Ardel 1963). 

 

Figure 1. Location map of the Black Sea Basin (Complied by Mater et al. 1994) 
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Figure 2. Location map of the Black Sea (from google earth). 

 

Today, the traces of Pleistocene glacialization in particular are visible on the 
Eastern Black Sea mountains. They are found at 
valley glaciers, glacial valleys or cirques and moraines on the eastern coastal range 
mountains, which form the summits of Mount Kaçkar, Hunut, and Verçenik on the 

, Kurter 1991, 
Çiner 2004, , et al. 2011). These active glaciers, 
according to our observations in 2014, (for example, the Kaçkar glaciers) are now on 
the wastage stage, based on global climate change. 

The rise of the old sea levels caused the formation of marine terraces based on 
the compression of Eastern Anatolia. These are also observed in the vicinity of Trabzon 
(Ardel 1943, , Solmaz 1990). Trabzon Airport is -20 m marine terrace, 
Karadeniz Technical University 60-100 m above sea level, and KTÜ Farabi Hospital at 
110-160 m is also located on a marine terrace. It can be said that marine terraces have 
also increased during the continuation of the squeezing of Eastern Anatolia. 

Marine terrace levels according to the climate change in Pleistocene around 
Trabzon (Ardel 1943) are as follows: 
1.Level: 2-8 m 

-40 m 
3.Level: 60-100 m 
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4.Level: 110-  
-180 m and at the farthest back of the plateau surface in the form 

of abrasion surfaces up to 200 m above sea level.  

In general, the shape of Turkey's Black Sea coasts is partially reorganized by 
anthropogenic effects. The harbors of 

were built during the Republican Period in Turkey. 
However, the Ordu-Giresun Airport (Figure , 
due to the fact that it is the third airport built in the world on the sea, partially 
deteriorates the dynamism of the coastal current. 

Middle Black Sea Coast: There are two important protrusions here. Their 
formation and development constitute an important morphological problem of these 
shores. Both of these deltas, which are exceptional low coastal types on the northern 
Anatolian coast, were formed by the large rivers of 
Anatolia. They enter a class of mixed delusions that form the crown of a crescent and 
offer common features of crescent-shaped and lobed deltas known as the Bafra Plain. 

Plain, formed by the River , has the same characteristics. The 
difference between them is due to the shaped irregularities that the 
formed due to meanderings in its plain (Erkal 1983). Indeed, the mak Delta is a 
more uniform triangle; the west coast is crescent-shaped, and the eastern coast is lobed 
but triangular in shape (  , a, b). There are many lagoons in the delta 
lakes such as 
Delta. Because of the dams built on th , all the alluvium is 
held within the reservoirs of the dam, and these deltas have started to decline in the 
direction of the land in the last 30 years (Zeybek et al. 2012). 
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Figure 3. Hydrology and geomorphology map of the Blac  

 

 

Figure 4. Landsat view of Ordu-Giresun Airport (from Google Earth) 
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The gorge between the Canik Mountains is the greatest power stage in the 
the Hasan 

(also called the 
This dam, which is located in the province of Samsun, is of rock-fill type, and the body 

 There is a hydroelectric power plant with 1217 MW power and the 
dam lake has an area of urlu Dam (also known as Balahor Dam) 
was built on the 
was also opened in 1981 and is used for power generation and irrigation at a 273 MW 
power plant. lake, which occupies an area of 
10 km² (dsi.gov.tr). 

 on the River and is located in the 
province of Samsun. It is of the rock-fill type and its 700 MW power is for power 
g area of 118 
km2 (dsi.gov.tr). 

The Samsun coast is located between the . It is 10 m 
above the present Black Sea level west of the River Mert, -10 m west of Ünye, 10 km 
west of Ünye a -10 m of  (Quaternary) marine sediments are encountered 

lower terrace, Bilgin also mentions 20-
terraces at the top (Bilgin 1963). As a result, the level of the marine terraces in the 
Central Black Sea Region is slightly lower than in the east . 

Western Black Sea Coast: Here, the city of Sinop is located to the east of the 
connection which is the neck of an old island and was later connected to the land by a 
tombolo. In addition, Cape Baba is an important extension into the Black Sea (Akkan 

. 

Hamsilos Cove at the mouth of the Karasu Stream is the most typical type of 
"Ria coast" on the Turkish Black Sea coast. Although it is referred to as such in some 
studies, Hamsilos cannot be a fjord, because the Pleistocene glaciation did not affect the 
Black Sea coasts of Turkey. 

The shores of Sinop are encountered in valleys in the direction of the slope, 
especially experiencing landslides and earthslides in coastal areas due to the effect of 
rainfall on the low- settled Eocene flysch land. The most typical of these is the "Çiftlik 
Landscape" on the 10th km of the Sinop-Gerze highway, a rescue site with landslide 
prevention work carried out by our team (Ertek et al. 1993). 

The marine terraces seen on the Sinop Peninsula at a height of 40-  
, Akkan , Barka and Sütçü 1993) and 80-100 m (Erinç and 

, where old Karangat fossils are found, are actually 6-16 m (Erol 1979). 
Therefore, it can be said that the ground o gher 
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than the terraces, which cannot rise to such high values. According to the age 
determination of the coastal terraces on the northern and eastern coast of the Black Sea; 
Karangat fossiliferous deposits extending from 8-20 m on Cape Karangat in the Crimea 
are 80-100,000 years old; while for the Ashe terraces corresponding to a 
in front of the Caucasus coast, 139,000 years has been given by U/Th aging 
(Tchepalyga et al. 1997). On the basis of these data, local tectonic activity continues on 
our Black Sea coasts (Ertek and Aytaç 2001, et al. 2013). 

The western Black Sea mountain ranges (i.e. the Küre Mountains) form a 
folded system parallel to the shore and generally form coastal, cliff-like and steep coasts 
between Sinop-Cide. However, the  and Devrekani creek mouths, for example, 
are drowned and low coastal features like the Eastern Black Sea coasts of Turkey. 

The same high coastal features occur between Filyos Creek mouth and Cide. 
The mouth of Filyos Creek Creek turn into a coastal plain. Also, due to local 
tectonism and anticline and syncline lines in the Cape Baba site at 
shore emerges due to the north-south direction of the fold lines. These shores take the 
form of transverse coastal features. 

The coast from Akçakoca gradually takes the shape of a low coast to the west. 
In addition to marine processes, there is also a large contribution by the Sakarya River. 
With the alluvial de Plain 
in Quaternary. Then the Sakarya River opened the  Gorge to the north of its 
plain and later transported its waters into the Black Sea. Here, in the presence of such an 
obstacle as the Basin in front of the river carrying alluvium, the submarine 
topography is deep and a delta in its mouth has not developed due to the narrowness of 
the shelf  1961, Algan et al. 2002). However, with the help of the coastal 
currents, the alluvium first spread to the coastal area and in front the Akçakoca-Karasu 
Beach was formed 30- . With the contribution of marine processes, this 
alluvial material has been transported to the interior under the influence of wind. As a 
result, a sand dune of 2-3 km width and 10-12 km length was formed from Karasu 
towards the east and west towards Cebeci region. 

The Black Sea coast of Turkey does not have large islands as on the Marmara 
and Aegean coast of Turkey. Except for the Amasra islands, there is no life on the 
others. Kefken Island, with a small area of 1 km2, is the largest island in the Black Sea 
due to the presence of resistant andesitic rocks. Giresun Island and Hoynat Island in 

 Island in Amasra, Ocakli Island, Zeytinli Island,  Island, 
Uzun Island,  Island and Aya Ana I and Aya Anna II islands (except for 
Island,  Island and Küçük Island, the others are connected to the land by 
anthropogenic factors) (Ertek and Evren he main islands on the Turkish 
Black Sea coast. 
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The areas where the cities of Giresun and Sinop are situated and the places they 
are located are tombolo. Also, to the west are  Island in 
Riva, which are miniature areas with a tombolo characteristic. 

The Black Sea Coast of Istanbul: The province of Istanbul named the 
“Çatalca-Kocaeli Peneplain” is the shoreline of a plateau area of average 200-
elevation, which is utilized land up to almost sea level (Ertek . Here, due to the 
presence of different rocks, the Black Sea coast of Istanbul also presents itself as a 
drowned coastal feature (Ertek 1992). However, in general, the West Black Sea Fault 
(WBF) is bounded in a northwest-southeast di

 2016) due to the fact that Istanbul's Black Sea coasts have a flat or nearly-flat 
extension.  

A mature shore type emerges on shores. Because of the presence of 
erosive soft rocks in front of the cliffs, the development of the beach is observed from 
low to high, and the connection of the cliffs to the sea is cut off due to accumulation on 
the coast. As a result, the active cliffs have now become "dead cliffs". They have large 
beaches in front of them. The 1km -

are lowlands  and like Riva Beach, are narrow and long sandy 
beaches. At the back of these beaches, there are sand dunes between Kumbaba and 
Sofular- - ure  

 

Figure 5. Most important dune areas of the northern part of Turkey (DHKD 1996) 

 

- coasts 
there are coquinites (beachrocks with coquinite fossil shells) and eolianites (fossil 
dunes). These are th  (Ertek 2001). The studies of 
Erginal indicate that paleosoils were deposited on the surface at a depth of 2-9 meters. 
The eolianites occurred between 174-772,000 years ago, showing the prevailing winds 
that swept northwest and east-southeast based on the existing cross-stratification. The 
age of the coquinites on the eolinites corresponds to MIS 6 between 163-187,000 years 
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ago (Polimeris et al. 2012, Erginal et al. 2013a, Erginal 2016, Erginal et al. 2016). 
Within the eolinites (i.e. fossil dunes), fossil plant roots have been dated by our team to 

-127,000 years ago (Polimeris et al. 2016). These are areas where the coastal zone 
 

 

Photo 1. 
Ertek archive 2014) 

 

The exit of the Bosphorus is 3 km wide and with the flow of water to the north, 
an old river valley formed the Istanbul Strait as a result of the sea flooding it. The east 
and west coasts at the exit of the Bosphorus are mainly composed of volcanic rocks, 
high and steep coasts. The n Selim Bridge, the third Bosphorus Bridge, was 
opened in 2016 and was built at the exit of the Istanbul Strait but not in the Black Sea 
(Photo 2). 

 

Photo 2. exit of the Istanbul Strait (sabah.com.tr) 
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Black Sea Coast of Thrace: These coasts extend in a northwest-southeast 
direction. This direction is parallel to the direction of the massive character of the 

generally composed of high, steep and cliff-like shores. Small river mouths and rocks 

with beaches, dead cliffs, Quaternary deposits of coquinites in Karaburun region 
(Erginal et al. 2012) and beachrock Erginal et al. 2013b). There are several 

(Kurter 1963). The easternmost of these lagoons is Terkos Lake to the north of Istanbul. 
The south shore of Terkos Lake represents the former Black Sea coast, but it has 
become a lagoon with a shoreline consisting of alluvial matter carried by marine 
processes. The lake is 39 km2 in area and the deepest part is 11 meters. 

2. Submarine Morphology of Black Sea Coasts of Turkey 

Both the bathymetric and geophysical character of the submarine morphology 
of the Black Sea are divided into three parts, in terms of which it resembles a miniature 

 1973, Erinç 1973, 1984, 2001) (Figure 
6,7,8,9).   

1. A shelf which resulted almost everywhere, around -90 m (37%). 
2. A continental slope, whose outer edge lies between -90 m and -2000 m 
(39%). 
3. An almost flat abyssal base extending between -2000 m and -2200 m in 
depth (24%).  
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Figure 6. North-south and east-west bathymetric profiles of the Black Sea (Mater et al. 
1994) 
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Figure 7. Bathymetry map of the  

 

Figure 8. Bathymetry map of the Black Sea (according to Ross et al. 1974 from Algan 
et al. 2002) 
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Figure 9. Morpho-tectonic map of the Black Sea (Erinç 1984) 

 

The abyssal base, which occupies close to half of this entire basin, is located in 
the central part of the depression. This central depression is covered by sediments, of 
which there are almost no deformations, extending from 10 to 16 km in thickness, most 
of which belong to the Oligocene, Neogene and Quaternary. On the other hand, 
seismocarotaige data reveal that the continental slope of the Anatolian and Caucasian 
borders displays a folded and faulted structure and the existence of displaced masses 
with landslides.  

One of the most interesting features of the Black Sea basin in terms of 
geomorphology and neotectonics is that the shelf and the continental slope are separated 
by numerous submarine valleys. Most of these are submerged in the waters of these 
submarine valleys or canyons, which are located in front of the estuaries of major rivers 
and show the same dandritic drainage pattern as the drainage network on land behind. 
The relative depth of the submarine canyons or the size of the cle -
the shelf and 700-800 m on the continental slope boundary. The longitudinal profile of 
each is a typical bending profile, consisting of two different parts, convex at the top and 
concave at the bottom. These canyons are followed up to 2000 m in front of the western 
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Caucasus coast, and 1000 m deep in the western part of the Black Sea basin. 

These morphological observations provide us with some conclusions about the 
type and age of the movements that led to the formation of the Black Sea basin and 
which affected it until recently. As a result of a subsidence movement expanding from 
the centre of the influence of the submarine canyon to the periphery of submarine 
canyons, as long as the formations between the lower boundaries of the submarine 
canyons that exist presently are taken into consideration, these movements are of 
different kinds and consequently the southern and south-eastern parts were further 
deepened. On the other hand, according to the geological and geophysical findings, it is 
believed that this subsidence continued throughout the entire Quaternary, especially 
since Oligocene. Geomorphological observations allow the age of recent movements to 
fall within the scope of neotectonics. As mentioned above, the submarine canyons are 
connected to the river network formed on the land at the end of the Miocene or at the 
beginning of the Pliocene due to rivers descending from the north, i.e. the newly 
elevated Pontids. This means that they must be of the same age in terms of occurrence. 
Accordingly, the neotectonic movements leading to today's bathymetric conditions must 
have occurred after the Pliocene. 

On the other hand, the fact that the shelf is at the same depth (-90 m) around 
almost all the surrounding the Black Sea basin indicates that large deformations did not 
occur except for one or two cuts after the formation of the shelf. The level indicated by 
the outer edge of the Black Sea shelf corresponds to the last glacial period, without any 
doubt. 

According to this scenario, it may be concluded that the main movements that 
led to the present character of the Black Sea basin came into play between the beginning 
of the Pliocene and the last glacial. The sea level dynamics were around 2. -
case of oscillations on the coast of Turkey. As seen on the shores of the Sea of Marmara 
and especially on the terraces of Hora Lighthouse to the west of 
not reach 100-120 meters in depth. Here, too, the area underwent young tectonic 
movements whereby the land rose and the Black Sea basin sunk. 
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1. Introduction 

The Black Sea is one of the largest anoxic basins in the world. It is surrounded 
by the North Anatolian Mountains in the south, and the Caucasus and Crimea Mountains 
in the east and north. It covers an area of 422,000 km2 with a volume of 534,000 km3. 
The Black Sea basin can be divided into four physiographic provinces: the shelf 
represents about 29.9% of the total area of the sea, the basin slope about 27.3% of the 
total area, the basin apron, with 30.6%, and the abyssal plain 12.2% (Panin 2008). 

The Black Sea is shared between six countries: Bulgaria, Romania, Ukraine, 
Russia, Georgia and Turkey. The total length of the Black Sea coastline is about 4869 
km. The longest coastline is the Turkish coast with a total length of 1700 km 
in the west to Sarp in the east (Stanchev et al. 2011). 

2. General Settings 

The Black Sea is located between the Eurasian plate in the north and the African-
Arabian plates in the south. It is generally accepted that the Black Sea formed as a result 
of a back-arc extension during the Cretaceous in connection with the northward closure 
of the Tethys Ocean (Robinson 1997, Spadini et al. 1996, Nikishin et al. 2003). The Black 
Sea, as a result, is surrounded by Cenozoic orogenic belts: the Pontides in the south, the 
Caucasus in the east, and the Balkanides in the west and the Crimean Mountains in the 
north (Robinson et al. 1996). 

The Black Sea basin has two sub-basins, western and the eastern. The sub-basins 
are separated by a basement uplift, the Mid Black Sea Ridge that consists of the Andrusov 
Ridge in the north and the Archangelsky Ridge in the south. 

Both sub-basins are tectonically active as a result of the ongoing northward 
movement of the Arabian plate that causes the westward escape of the Anatolian block 
along the North and East Anatolian Faults (Rangin et al. 2002, Shillington et al. 2008).  
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Figure 1. Bathymetry of the Black Sea. The numbers indicate the locations of geological 
and geophysical survey areas: (1) Okyar et al. 1994; (2) Okyar and Ediger 1999; (3) 

et al. 1999; (4) Aksu et al. 2002b; (5) Algan et al. 2002, 2007; (6) Duman et 
al. 2006; (7) Dondurur and Çifçi 2007, 2009; (8) Dondurur et al. 2013 

 
3. Oceanography  

The Black Sea is a semi-enclosed basin connected to the Mediterranean Sea via 
the Turkish Straits System (Bosporus Strait, Marmara Sea and Dardanelles). The water 
exchange between the Black Sea and the Marmara Sea is restricted by the shallow (32 m) 
Bosphorus Strait. 

The Bosphorus strait is the only source for warm and salty Mediterranean 
seawater that flows into the Black Sea. Meanwhile, rivers such as Danube, Dniester, 
Dnieper that have a drainage basin covering almost a third of Europe supply high rates of 
fresh water fluxes to the Black Sea. This fresh water input forms a surface layer with a 
low salinity. Due to the salinity gradient of almost 4 units between surface and sub-
pycnocline deep waters, the water column is strongly stratified with respect to density 
(Latif et al. 1991). The pycnocline between 100 and 200 m water depth separating surface 
water with salinity of about 18‰ from the deep saline water (about 22.5‰) restricts 
vertical mixing (Murray et al. 1991). As a result of the vertical stratification, limited 
ventilation of the deep basin and high amounts of organic matter fluxes, the deep Black 
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Sea is anoxic and contains high sulfide concentrations (Murray et al. 1989, Murray et al. 
1991) while the surface layer remains well-oxygenated. 

The vertical stratification forms a density driven two-layer flow exchange 
system in the Bosphorus Strait (Ünlüata et al. 1990, Özsoy and Ünlüata 1997, et al. 
2004). The surface layer carries the less dense water to the Sea of Marmara, and saltwater 
from the Mediterranean flows in the basin as a lower layer (O uz et al. 1990, Özsoy et 
al. 1993). 

The saline water from Marmara Sea creates a sub-aqueous saline exchange flow 
(gravity current) through the Bosphorus Strait into the southwest Black Sea (Latif et al. 
1991, Özsoy et al. 2001, O uz 2005, Flood et al. 2009, Parsons et al. 2010). 

4. Rivers 

The north-western part of the Black Sea basin receives input from the largest 
Europeans rivers: the Danube, the Dnieper, the Dniester and the Southern Bug. The 
Danube is the largest, with an 817,000 km2 of drainage basin. 

The southern coast of the Black Sea abounds with rivers. Most of them are small 
ephemeral streams, mostly fed by snow and rainwater. The major rivers are 

Sakarya from east to west, respectively. The rmak is 519 km long 
and has a catchment area of 36,129 km2. A delta has been formed at the mouth of 

rmak, 1 355 km long with a catchment area of 78 
646 km2, is the largest Turkish river flowing into the Black Sea. It flows through a wide 
coastal plain and reaches the sea near Bafra. The Sakarya River is the second largest 
Anatolian river discharging into the Black Sea with a drainage area of 56,504km2 and a 
length of 824 km. 

The north-western part of the Black Sea is the main depocentre for sediment 
supply from Central Europe via the Danube River (Popescu 2004). However, Dnieper, 
Dniester and Southern Bug are not significant suppliers of sediments because they 
discharge their sedimentary load into lagoons separated from the sea by beach barriers 
(Panin 2008). 

Although the contribution of Anatolian rivers to the total freshwater discharge is 
only 8%, they provide 33% of the total sediment input into the Black Sea (Panin 2008). 
A distinct feature of the rivers draining to the southern Black Sea is that they bring 
weathering products from a mostly high-relief, mountainous, humid terrain, which may 
constitute an unknown but important material source to the Black Sea that may shape the 
basin’s biogeochemical cycles. 
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5. Bathymetry and Morphology 

The Turkish coastal plain has three regions based on physical geography: the 
coastal North Anatolian Highland (Pontides) province in the east, the lowlands of the 
Kocaeli peninsula, from Sakarya to the Bosporus; and the hilly terrain of the Çatalca 
peninsula (Jaoshvili 2011). 

The southern margin of the Black Sea is both morphologically and geologically 
different from the northern margin (Algan et al. 2007). Compared to the north-western 
shelf that includes the Romanian, Ukrainian and northern part of the Bulgarian Shelf 
(comprising about 25 % of the total area of the sea), the southern shelf is significantly 
smaller. 

The Turkish coast is generally characterized by a narrow continental shelf 
(Figure 2). The total surface area of the Turkish shelf is about 28 000 km2. The shelf break 
occurs between 110 and 120 m water depth with slopes dipping steeply (5–9o) to the 
Black Sea abyssal plain at about 2200 m (Figure 2). 

The southwestern shelf that extends from the western boundary of Turkey to the 
Sakarya delta is generally flat (<1 ). This is the largest (36%) shelf along the Turkish 
coast with an area of 13, 000 km2  
decreases gradually towards the Sakarya delta. Off the Bosphorus, the shelf width is about 
42 km, and it diminishes to 25 km to the east. Here, the Sakarya submarine canyon 
dissects the shelf. The heads of the canyon are located at very short distances from the 
shoreline (Figure 2). 

After the heads of the Sakarya Canyon, the shelf width increases to 25 km in the 
vicinity of the Sakarya delta. 

To the east, , the shelf progressively narrows, ranging 
between 3 and 12 km. In this area the slope of the shelf also increases (1-3 ). Further east, 
the shelf area widens to more than 35 km o the 
Bafra. The minimum width of 10 km is located off the Sinop peninsula. In front of the 
the  , situated 3 km to 
the coast, cuts the shelf. Further east, the shelf width has an average of 10 km, but after 

delta, the width increases to 22 km. Near Fatsa, the shelf is dissected again 
by a submarine canyon that extends to the shore as close as 1 km (Figure 2). 

The coast in the east is partly dominated by steep rocky cliffs due to the presence 
of North Anatolian Highlands. Thus, eastwards of Fatsa, the shelf becomes narrower until 
the Georgia border with a maximum width of 8 km. Here in most areas, the shelf edge 
generally is delineated by the 100 m isobath (Okyar et al. 1994). 
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Figure 2. The southern shelf of the Black Sea. The black line shows the 100-meter depth 
contour 

 

6. Submarine Canyons 

The continental shelf edge occurs approximately at the 110 m isobath along the 
southern Black Sea. The slope is crossed by numerous submarine canyons and gullies 
extending from shelf to deep water depths of about 2000 m. Major submarine canyons 
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along the Turkish coast of the southern Black Sea are located offshore the Bosphorus 
strait, the Sakarya . 

The Sakarya Canyon is located off the mouth of the Sakarya River which is the 
second largest Anatolian river discharging into the Black Sea. Algan et al. (2002) have 
reported that the Sakarya submarine canyon has two heads: one immediately in front of 
the Sakarya Delta and the other to the east. Both of the canyon heads dissect the Sakarya 
delta to a water depth of less than 50 m with V-shaped profiles (Algan et al. 2002). The 
eastern head shows a relatively asymmetric profile, but the western canyon displays a 
relatively symmetric profile. As the canyon dissects all the seismic unit and the erosional 
surface, Algan et al. (2002) have claimed that the Sakarya canyon formed as a result of 
both tectonic and submarine processes. 

The Bosphorus submarine canyon is located 30 km north east of the Black Sea 
exit of the /Bosphorus Strait. The shelf between the canyon and the coast is cut 
by a channel (Bosphorus channel) that is 200-500 m wide and 10-25 m deep (Aksu et al. 
2002b). The channel extends in the north east direction for 10 km, then curves towards 
northwest. After this bend, the main channel splits into many smaller channels. One small 
channel changes its orientation to northeast and reaches the Bosphorus canyon. The other 
channels continue 35 km northwest through the shelf to reach the shelf edge.  

7. Seismic Stratigraphy 

In contrast to the extensive studies in the north-western shelf area, only a few 
studies (Okyar et al. 1994, Okyar and Ediger 1999, et al. 1999, Görür et al. 
2001, Aksu et al. 2002a, Algan et al. 2002) have been performed to determine the seismic 
stratigraphy of the narrow Turkish shelf. The study areas are shown in Figure 1. 

8. Seismic Units 

The stratigraphy of the late quaternary deposits in the south-eastern shelf of the 
Black Sea have been investigated by Okyar et al. (1994). They used high resolution 
seismic profiles, borehole and sedimentological data to describe the seismic facies and 
stratigraphy, thickness, and major sedimentary sequences. Seismic data were acquired by 
an Uniboom seismic system in two study areas located off Samsun and Trabzon (Figure 
1). 

Okyar et al. (1994) has shown that the shelf is formed by two distinct 
depositional sequences, A and B, which are separated by an erosional surface (Reflector 
R; Figure 3). They describe Sequence A as simple (parallel), complex (prograding 
sigmoid) and lenticular stratified reflectors in the sub seafloor of Samsun area. In the 
nearshore zone off Trabzon, Sequence A is commonly characterized by parallel-
subparalel and prograding sigmoidal reflectors similar to that in Samsun. They interpreted 
the prograding sigmoid configuration of Sequence A in the wedge shaped external form, 
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as being of a deltaic or shallow water origin and possibly related to the high sediment 
input from the adjacent coastal rivers. The lower depositional sequence B that is 
characterized by chaotic reflectors is defined either as strata deposited in a variable, 
relatively high energy setting, or as initially continuous strata that have been deformed 
(Okyar et al. 1994). They claim that the presence of some parallel-sub-parallel reflections 
within sequence B denote its original stratified character. The erosional unconformity 
(reflector R) that separates the sequences A and B is defined as a surface formed by falling 
sea level at the time of the Last Glacial Maximum (Okyar et al. 1994; Figure 3). 

In the  et al. (1999) investigated 
the effects of the opening of the Strait of Istanbul (Bosporus) on the shelf using a sparker 
seismic system (Figure 1). 

They identified five different seismic stratigraphic units based on their seismic 
reflection configurations on high resolution shallow seismic data collected from the 
southwestern shelf. The units A, B and C that belong to the Upper Cretaceous–Eocene, 
Oligocene–Miocene and Early Quaternary (prior to Holocene) sediments, constitute the 
basement for the Quaternary deposits (Units D and E). 

They defined unit D as a depositional unit that had been deposited on a truncated 
surface. The truncation surface underlies the units A, B and C. They indicate that Unit D 
covers units B and C with onlap at the shelf edge. Although they did not observe on their 
seismic data because of the lack of vertical resolution, they assume that a thin layer (Unit 
E) should be present on top based on the cores and higher resolution seismic data from 
other studies (Alpar et al. 1997, Ryan et al. 1997). et al. (1999) also argue that 
the recent sediments of the Strait of Istanbul must have been simultaneously deposited 
with the unit D. 

Another study in the southwestern shelf of the Black has been carried out by 
Aksu et al. (2002b). Using a single channel seismic reflection system, Huntec deep-tow 
boomer and sparker profiles, they identified five distinct seismic stratigraphic sequences 
(Unit 1, 2, 3, 4 and 5 from younger to older, respectively) separated by four unconformity 
surfaces ( , ,  and ). 

They have reported that the southwestern Black Sea shelf is formed by a 
protracted shelf - edge progradation since the Miocene-Pliocene. The youngest sequence 
Unit 1 is defined as the last phase of the progradational history that deposited during the 
last glacial lowstand and Holocene. 

Unit 1 is divided into four subunits: Subunit 1A is interpreted as a lowstand 
systems tract, 1B and 1C are interpreted as a transgressive systems tract, and Subunit 1D 
is interpreted as a highstand systems tract (Figure 3). They associated the transgressive 
systems tract units with the last Glacial-Holocene sea level rise. 
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Overlying all older units, Unit 1 deposited over a major shelf-crossing 
unconformity ( ), identified by a strong and regionally distinctive reflector on seismic 
profiles. This unconformity is recognized across the entire width of the southwestern 
Black Sea shelf extending into the shelf-slope break at 100-120 m. 

Further east, off the Sakarya river mouth, Algan et al. (2002) studied the 
submarine delta and the canyon to determine the sedimentary evolution of the Sakarya 
delta and the Sakarya submarine canyon. 

They have reported the presence of three units based on the analysis of high-
resolution seismic profiles: Unit 1, 2 and 3 (Figure 3). 

Unit 1 is a progradational seismic unit composed of seawardly dipping reflectors 
which show parallelism and concordance in regions proximal to the Sakarya River mouth 
and downlap and offlap terminations in distal areas. This unit is interpreted as the present-
day compound deltaic complex of the Sakarya River. Unit 2 is described as a lowstand 
deposit located at the edge of shelf break that is overlain only with a thin drape, where 
Unit 1 is absent. It has an oblique-parallel progradational internal configuration. Unit 3 is 
the oldest unit lying beneath Unit 1 in the shelf area and Unit 2 at the shelf edge. The 
boundary between Unit 3 and Unit 1 is a major erosional surface. Unit 3 is formed by 
locally folded and faulted acoustically reflective strata. Unit 3 has inclined parallel 
internal reflectors, but they are highly deformed in active fault zones. It is interpreted as 
an extension of land basement units consisting of Upper Cretaceous limestone, 
volcanogenic sedimentary rocks, and also Oligocene- Lower Miocene sedimentary 
sequences (Oktay et al. 1992, lmaz et al. 1997). 

 

Figure 3. Schematic illustration of the relationships between seismic-stratigraphic units: 
(a) Aksu et al. 2002b, (b)Algan et al. 2002, (c) Okyar et al. 1994 

 

9. Erosional Surface 

Several seismic surveys on the shelf of Black Sea in many locations have 
identified a major unconformity surface on seismic data. It is widely accepted that this 
surface on the shelf is formed under the sub-aerial conditions when the shelf was exposed 
during the latest glaciation. 
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This erosional surface was reported on the Romanian shelf (Popescu et al. 2004, 
Lericolais 2001, Lericolais et al. 2003, Lericolais et al. 2007), on the Bulgarian shelf 
(Coleman and Ballard 2007, Dimitrov and Peychev 2005, Genov et al. 2004, Dimitrov 
1982, Khrischev and Georgiev 1991). 

Many authors observed a similar surface on seismic data on the Turkish margin 
of the Black Sea (Aksu et al. 2002b, Algan et al. 2002, 2007, Demirbag et al. 1999, Okyar 
and Ediger 1999, Okyar et al. 1994). 

Off Samsun and Trabzon in the south-eastern shelf of the Black Sea, Okyar and 
Ediger (1999) and Okyar et al. (1994) have reported an erosional unconformity surface 
(reflector R) that is probably caused by falling sea level at the time of the Last Glacial 
Maximum. This surface exhibits a toplap termination with the seaward dipping reflectors 
of the underlying sequence at 91 m depth that indicates a stillstand of sea level during the 
Last Glacial Maximum. 

et al. (1999) have 
described the boundary between the depositional unit (Unit D) and the older units as a 
palaeoshoreline during the low stand in the Early Holocene. They observed the first onlap 
on the older units at about 105 m depth indicating the ancient shoreline prior to the 
drowning of the Black Sea shelf. 

In another study on the southwestern shelf, Aksu et al. (2002b) identified a 
strong and regionally distinctive reflector ( ), which is interpreted as a major shelf-
crossing unconformity extending into the shelf-slope break at 100-120 m. 

In the Sakarya delta plain, Algan et al. (2002) have defined a major erosional 
surface separating the deltaic complex of the Sakarya River from the older units. They 
claim that the sedimentary wedge of Unit 2, located at the shelf edge, the shelf area must 
have been exposed to subaerial erosion. This erosional surface between Units 3 and 1 in 
the shelf extends to shelf edge where it overlies Unit 2. They conclude that the 
paleoshoreline of this lowstand period was at a water depth of 105 m.  

10. Sedimentology 

Although little is known about the sedimentology of the shallow shelves along 
the southern Black Sea (Duman et al. 2006), it is generally accepted that most of the 
sediments accumulated on continental shelves are generated inland and transported by 
fluvial systems (Lericolais et al. 2010), while a contribution from the local organic matter 
production and deposition of the planktonic debris is also an important factor. 

In the southwestern Black Sea shelf, sediments are mainly transported by the 
two major rivers which are the Sakarya River and Filyos River (Duman et al. 2006). 
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Duman et al. (2006) collected 85 surface sediment samples from the shelf of south-central 
Black to investigate the contemporary sedimentary processes and the sources of these 
surficial sediments. The seafloor sediment samples were collected in areas representing 
anoxic, suboxic and oxic conditions. The grain size analysis show that the surface 
sediments in the study area on the shelf and upper slope consist of clayey silts and silty 
clays (Duman et al. 2006). The sediment trend analysis based on the grain size parameters 
(size, sorting and skewness) indicates that the main sediment transport is largely eastward 
along the southern central Black Sea shelf. 

 Yücesoy and Ergin (1992) collected 47 surface sediment samples along the 
southern shelf and upper slope of the Black Sea. Based on the grain size analysis, the 
samples consist of a wide variety of textural classes, from mud to sandy gravel. They 

 characterized by relatively high mud portions mainly due to the high 
sediment loads from these rivers. Coarser sediments are found off the Bosphorus and Rize 
indicating high-energy conditions in these areas.  

11. Mass Wasting 

Like many other locations in Black Sea, few mass wasting events also have been 
reported along the southern shelf of the Black Sea. 

Okyar et al. (1994) have demonstrated mounded seismic facies on seismic data 
acquired off Trabzon. They suggest that this conical to asymmetrical features which start 
immediately beyond the slope are the indication of slump masses. 

Ergün et al. (2001) and Çifci et al. (2003) showed that several slump and slide 
features  delta. 

Ballard et al. (2001) have reported a complex bottom morphology at north of 
Sinop formed as a result of massive slumps and landslides. 

Algan et al. (2002) highlighted some irregularities in the Sakarya submarine 
canyon walls which have possibly formed by mass movement as a result of both tectonic 
and submarine processes. 

Dondurur et al. (2013) investigated intensely the western Turkish margin in 
 

seismic data due to its potential for petroleum. They have identified four slides and four 
buried debris lobes in an unstable area offshore of Amasra what they named “Amasra 
mass failure zone”. They suggest that all kind of mass movements that they observed in 
the area are probably triggered by earthquake activities. 
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12. Gas Occurrence  

Different kinds of gas occurrences on the Black Sea floor have been studied for 
a long time. As a result of these studies many gas related features such as gas seepages, 
submarine mud volcanoes and gas hydrates have been reported in many places in Black 
Sea (e.g., Ginsburg et al. 1990, Limonov et al. 1994, Ivanov et al. 1996, Ivanov and 
Woodside 1996, Woodside et al. 1997, Kruglyakova et al. 2004) 

Similarly, a number of researcher have demonstrated the evidences for shallow 
gas in marine sediments in the southern Black Sea. 

Okyar and Ediger (1999) have observed anomalous zones on high-resolution 
seismic profiles collected on the south-eastern shelf. They have interpreted these 
anomalies as acoustic turbidity zones formed due to the presence of gas in the sediments. 

The gas accumulation in the sediments of the upper unit (Sequence A in Okyar 
et al. 1994) has been observed as rising to within 2-15 m of the seabed without reaching 
the surface. 

They have concluded that the gas in sediments is mainly methane of biogenic 
origin based on seismic and previous geochemical evidence. They haven’t observed any 
gas seepages in the seismically surveyed areas. 

Aksu et al. (2002) have highlighted the existence of mud volcanoes on the 
southwestern shelf. They have imaged the mud volcanoes using high resolution seismic 
and side-scan sonar. The volcanoes are 200-300 m in diameter, reach 20-25 m in height 
above the seafloor. They are predominantly found at 90-120 m water depths. 

Çifci et al. (2003) have reported circular and elongated pockmarks on the 
delta, between 180 and 

300 m water depths. They have identified several buried pockmarks in vertically stacked 
form in the deeper sedimentary strata indicating that the migration of gas is repeated 
periodically over certain periods of time rather than a continuous gas migration to the 
seabed. 

Dondurur and Çifci (2009) have observed pockmarks and several strong 
reflections on deep-towed, high resolution sub-bottom profiler data in the Turkish shelf 
and upper slope of the Eastern Black Sea at the water depths of 250 to 700 m. They have 
claim that the strong reflections located at the subsurface depths of 25-60 metres below 
the sea floor might be similar to the reflectors observed by Woodside et al. (2003) in the 
Sorokhin Trough in central Black Sea, where gas hydrates were also sampled using a 
gravity corer. 
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In the south-western Black Sea margin, off Amasra, Dondurur et al. (2013) have 
observed acoustic turbidity zones and bottom simulating reflector (BSR) on multichannel 
seismic profiles in approximately 180 metres below the sea floor, especially below the 
slide zones. They have argued that the BSRs might be the base of gas hydrate 
accumulation zone. They also have identified some possible gas accumulations and gas 
chimneys beneath the headwalls of the slides. They have concluded that gas occurrence 
in the form of shallow gas accumulation, gas seepage and gas hydrate dissociation as one 
of the factors that control the slope stability along the margins. 

13. Re-Connection 

The Black Sea is connected to the Mediterranean Sea by the shallow straits, 
Bosphorus and Dardanelles, with sill depths of 32 and 70 meters, respectively. Therefore, 
during the global sea level lowstands in glacial periods, the Black Sea was isolated and 
the water exchange between the Black Sea and the Mediterranean was interrupted. 
Following the Last Glacial Maximum (LGM) sea level rose and connected the Black Sea 
to the Mediterranean. 

The last reconnection of the Mediterranean with the Black Sea has been a hot 
topic of research for the last two decades. It is still a matter of debate how this connection 
happened. 

Ryan et al. (1997) have proposed that when the Mediterranean water reached the 
level of the Bosphorus, the water level in Black Sea was about 100 m below the present 
sea level. Then they argue that the Mediterranean waters flowed in to the Black Sea as a 
rapid flooding. They also suggest that this catastrophic flooding might be related to the 
origins of the Biblical Noah’s Flood story. 

The main evidence of the hypothesis of catastrophic flooding was based on a 
seismic survey on the northern continental shelf of Black Sea (Ryan et al. 1997). The 
seismic profiles reveal an erosional surface underlying a thin, uniform, transparent mud 
drape. They claim that there is no evidence of transgressive features that can be associated 
with a slow rise in sea level. The same erosion surface was reported at many different 
Black Sea shelf locations (see above). The authors also showed the lowstand shorelines 
characterized by wave-cut terraces in different areas of the Black Sea as another evidence 
of their hypothesis (Dimitrov 1982, Ryan et al. 1997, 2007; Ballard et al. 2000, Lericolais 
et al. 2003, 2007). 

A number of researchers have supported this view (Siddall et al. 2004, Göka an 
et al. 2005, Algan et al. 2007, Eri  et al. 2007, 2008, Lericolais et al. 2007). However, 
several other researchers have rejected the hypothesis of catastrophic flooding (Aksu et 
al. 1999, 2002a, b, Görür et al. 2001, Hiscott and Aksu 2002, Hiscott et al. 2002, 2008; 
Yanko-Hombach et al. 2007, 2014). 
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Using seismic data obtained on the shelf off the Bosphorus, Aksu et al. (2002b) 
showed that the top unit (Unit 1) overlying the erosional surface ( ) has transgressive 
systems tract components that are associated with the last Glacial-Holocene sea level rise. 
They suggested that the Black Sea level rose gradually since the LGM. Moreover, it has 
been claimed that an outflow from the Black Sea into the Marmara Sea via Bosphorus 
strait exists since ~10.5 ky BP. Until ~8.5 ky BP there was only one-way flow through 
the strait; the two-way flow system has been established since ~8.5 ky BP (Hiscott et al. 
2007). 

Some other authors also suggested a gradual rise of the sea level in an oscillating 
manner and some alternative connections, Izmit Bay–Sapanca Lake–Sakarya River, 
between Black Sea and the Marmara Sea (Yanko-Hombach et al. 2007). 

Since there are many studies on this subject, the reader is referred to books with 
compilation of different hypotheses entitled: “The Black Sea Flood Question. Changes in 
Coastline, Climate and Human Settlement”, edited by Yanko-Hombach et al. (2007) and 
“Geology and Geoarchaeology of the Black Sea Region: Beyond the Flood Hypothesis” 
edited by Buynevich et al. (2011). 

14. Future Research Directions 

The southern part of the Black Sea shelf is a morphologically complex area that 
combines a unique set of seafloor features such as submarine canyons, river deltas, 
smoothly deepening slopes and pockmarks. Detailed bathymetric maps of certain 
economically important sections of the shelf still needs to appear in scientific 
publications. Targeted coring, with both long gravity cores and short cores, is needed to 
resolve how this unique seafloor section of the Black Sea influences the turnover of 
material and biological fluxes.    
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NUTRIENTS, CHLOROPHYLL-A AND DISSOLVED OXYGEN DYNAMICS IN 
THE COASTAL WATER BODIES AND MARINE WATERS OF  
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3.  Surface layer (0-10 m) distribution of nutrients and Chl–a in the Turkish 
near-shore waters  
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Table 1. Mean -a t   s and 
-   

- season 
-a   

  std    
Coastal  
   205 0 79 0 31 0  1 50 
Coastal  

 259 0 52 0 31 0 10 1 47 
Open  

   0 74 0  0  1 35 
Open  

 109 0  0 24 0  1 14 
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Significant Spearman correlation coefficients of Chl-a with nutrients in
summer were observed both in the open waters {0.42(n=108, <0.0001) for PO4

3- and
0.29(n=109, <0.0001) for Si} and in the coastal waters {0.15(n=250, <0.015) for PO4

3-,
0.25(n=257, <0.0001) for Si} and no significant correlation (p>0.05) was observed 
between Chl-a and NOx neither in the coastal nor in the open waters. This is supported 
with the limiting nutrient experiments (Kuzyaka et al. 2011) and higly consumed levels 
of Si and PO4

3- and ratios presented above. During winter, correlations were much less 
significant and there was a positive significant correlation between Chl-a and PO4

3-

(0.30; n=83, <0.006) only for the open waters. In both seasons, there was a negative 
correlation between salinity and Chl-a, being more pronounced during summer. This is 
an expected result of increased primary production due to land based nutrient inputs.

. Vertical distribution of nutrients and dissolved oxygen

Summer NOx concentrations were very low in the surface layer. In the upper 
halocline between sigma-t 15.0-15.6 layer, the NOx reached a maximum value of about 
2.5-3 μM over the coastal basin (Figure 8). The NOx maximum values were greater in 
the offshore water as discussed extensively elsewhere (Tuğrul et al. 2014, Konovalov 
and Murray 2001). In the coastal waters, PO4

3- and Si concentrations increased 
gradually with increasing depth and sigma-t and reached their maximum in the anoxic 
bottom waters. NH4

+ concentrations were consistently low in the surface oxic and 
suboxic waters. However, it increased sharply in the anoxic water layer below sigma-t
16.0 density surface due to anaerobic oxidation of POM sinking from the surface. In the 
coastal waters, the concentration reached to about 15 μM levels at depths of the 17.0 
density surface.

Figure 8. Density-dependent vertical profiles of NOx, PO4
3-, NH4 and Si in the South

Western Black Sea (a) and the South Eastern coastal Black Sea (b)
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6. Relations of pressures and impacts in CWBs 
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MICROBIAL (PRIMARY AND BACTERIAL) PRODUCTION AND ORGANIC 
CARBON DISTRIBUTION IN THE SOUTHERN BLACK SEA  
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1. Brief Introduction of physico-chemical parameters 

 The Black Sea, fed by large volumes of nitrate and silicate-laden river discharges 
and NOx (nitrate+ammonia) rich wet precipitations, is one of the biggest semi-enclosed 
anoxic sea in the world (Sorokin 1983, rul et al. 2014). Therefore, its surface layer is 
occupied by brackish waters (salinity 16.5-18.5). The oxic upper layer is separated from 
the more saline, sulphide-bearing water layer by an oxic/anoxic transition layer situated 
in the permanent halocline below the upper winter mixing zone. These basic features are 

et al. 2014). It is connected to Sea of Marmara through the 
narrow Bosphorus Strait allowing salty waters of Mediterranean to flow into intermediate 
depths of the Black Sea. Cyclonic current system carries NW shelf waters with the 
associated biochemical properties to the WS shelf and some fraction of the chemical loads 
is transported to the adjacent sea through the Bosphorus surface flow. 

Major sources of nutrients for the Black Sea are the regional rivers (Danube, 
Dnieper and Dniester) flowing to NW shelf zone and Sakary
feeding the southern coastal ecosystem ( et al. 2008). In winter, the open sea upper 
layer received nutrients from the nutricline depths of the cyclonic gyres formed in the 
west- and east-central basins. Therefore, primary production and thus algal biomass 
concentrations display apparent spatial and temporal variability over the Black Sea. Large 
amounts of POM export from the productive euphotic zone to halocline depths and deep 
waters have led to the formation of oxygen gradient (oxycline), oxygen deficient layer 
(SubOxic Layer, SOL) and sulfidic water layer over the deep basin. 
shown that the sulfidic anoxic water masses appear at depths of sigma-t: 16.15-16.20 in 
the deep basin (  1992, et al. 2014); the boundary partly deepens in the WS 
coastal zone due to intrusion of the partly oxygenated Bosphorus Plume (mixture of cold 
upper layer water of Black Sea and salty Marmara deep water (Konovalov and Murray 
2001) into the suboxic/anoxic interface Currents on the SW shelf and slope 

et al. 1992). Enhancement of nutrient inputs to the coastal ecosystem from land-
based sources in these several decades increased rates of algal production in the coastal 
and open sea, POM abundance and export to greater depths below the euphotic zone 
leading to dramatic changes in the Black Sea ecosystem in the last fifty years et al. 
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2008). This report aims to evaluate recent studies performed on the microbial production, 
particularly in the southern Black Sea.   

2. Primary and Bacterial Production 

Autotrophs produce complex organic material from inorganic matter via 
photosynthesis or chemosynthesis; food chain starts with autotrophs called primary 
producers and chemoautotrophs in the aquatic environments. All marine life takes part in 
these processes to provide energy for their life (Kirchman 2008). In these processes, 
inorganic carbon and other major nutrients (N, P) are converted to organic forms 
(particulate and dissolved forms) and then finally oxidized to inorganic forms in different 
depths of water column and sediment layer with different rate of production and 
decomposition under oxygenated, suboxic and anoxic conditions. Primary producers need 
solar energy and nutrients to produce biodegradable organic matter (Kirchman 2008). 
Therefore, phytoplankton production takes place in the euphotic layer of the world 
oceans. Below the euphotic zone in the water column, chemoautotrophs take role of 
phytoplankters in the presence of anoxic waters. Similarly, marine bacteria show a vital 
role in the food web as acting efficiently in degradation of organic matter, cycling of 
elements and recycling of dissolved nutrients in marine ecosystem.   

3. Primary Production 

According to long-term data obtained in the Black Sea since 1960s, the rate of 
primary production (PP) peaks two times in a year; spring bloom is dominated by diatoms 
and autumn bloom mainly by dinoflagellates and coccolithophorids et al. 2006). 
However, PP data from the coastal and offshore regions of southern Black Sea is limited 

et al. 1998, 2006, Yayla et al. 2001, Yücel et al. 2011, 2013, et al. 2014). 
Available results on PP rates are compiled in Table 1, showing that the rate varied 
between 112-1925 mg C m-2 d-1 in southern Black Sea. The highest PP rate was recorded 
in April 1996 in the southern Black Sea-Sinop off waters, the lowest rates were measured 
in the south-western Black Se et al. 2006, Yücel et al. 2013). 
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Table 1. rimary production measured in the southern coastal and offshore 
waters of the Black Sea 

Referances 
Primary Production 

(PP)  
mg C m-2 d-1 

Location Period 

et al. 
2014 

285-565 Coastal 
126-530 Offshore Southeastern Black Sea March-Dec. 

2010 

Yücel et al. 2013 
259 Offshore 

374  
1131 Coastal 

Southwestern Black Sea 
Sakarya Canyon 

Southwestern Black Sea 
July 2013 

Yücel et al. 2011 

535  
330  
190  
386  

Southwestern Black Sea 
Southeastern Black Sea 
Southwestern Black Sea 
Southeastern Black Sea 

Apr 2008 
 

Oct 2008 

et al. 
2006 

 
355 
319 
145 
211 
119 
237 

(Western Black Sea) 
Bosphorus shelf break 

Transit to gyre 
Western central gyre 

Turkish transect 
Turkish shelf 

Turkish shelf break 

May 2001 
 

Yayla et al. 2001 
 

373 
785 
62 

257 
461 
447 
601 

487±184 (Average) 

Deep (Western) 
Nearshore (Western) 
Nearshore (Western) 
Nearshore (Eastern) 

Deep (Eastern) 
Nearshore (Eastern) 
Nearshore (Western) 

The Black Sea 

July 1997 
July 1997 
Mar 1998 
April 1998 
April 1998 
April 1998 
Sept. 1998 

Jul 1997-Sep 
1998 

et al. 
1998 

247-405-194  
  
 

603  
1925 

 
 
 

Sakarya Canyon region 
Sinop Offshore 

Spring 1995-
Autumn 1995-
Summer 1996 

 
Summer 1996 

Apr 1996 
 
 

et al. (1998) performed the measurements and PP and related parameters 
in different sub-regions of the southern Black Sea. According to their results, the PP rate 
varied between 247 and 1925 mg C m-2 d-1 in the spring and between 405 and 687 mg C 
m-2 d-1 in the summer-autumn period. They obtained the highest PP rate in frontal zone 
waters of the  Then, Yayla et al. (2001) 
measured the PP rate in the Black Sea and, fluctuating between 62-785 mg C m-2 d-1 in 
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July 1997, March 1988 and September 1988. Average primary production rate of the three 
surveys was calculated as 487±184 mg C m-2 d-1 for the southern Black Sea (Table 1). 
The highest PP rate was recorded in Sakarya Canyon in July 1997. The lowest rate value 

the Bosphorus Strait in March 1998, 
apparently lower than that measured in April (Table 1). et al. (2006) measured 
primary production in western Black Sea at the six shelf and offshore stations in May 
2001. Their PP rates ranged between 119 and 355 mg C m-2 d-1 and expectedly the highest 
value was obtained in the Bosphorus shelf break waters renewed by NW shelf waters via 
the cyclonic alongshore current system; the rate was lower in the Western central gyre in 
May 2001 (Table 1). More recently, Yücel et al. (2011) have measured PP at limited 
points of the southern Black Sea in 2008 (Figure 1); the rate varied from 190 m-2 d-1 in 
October 2008 and 535 mg C m-2 d-1 in April 2008 as depicted Figure 2. The SW coastal 
zone is naturally more productive in spring than late summer-autumn period when the 
near surface layer is seasonally stratified and terrestrial inputs decrease due to seasonally 
decreasing volume fluxes of the major rivers. In spring, bulk primary production was 
dominated by larger phytoplankton (>5 m) (145-379 mg C m-2 d-1) in the southern Black 
Sea (Figure 2). 

 

Figure 1. Location of stations for PP measurement in the southern Black Sea in 2008 
(from Yücel et al. 2011) 
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Figure 2. Vertical distributions of size fractionated and total primary production in the 
SW and SE Black Sea (Pico:Picoplankton (0.2-2.0 μM), Nano:Nanoplankton (2.0-5.0 
μM), Large:Larger cells (5.0 μM <) (modified from Yücel et al. 2011) 

 

More recent studies on primary production (PP) were performed in 2010 and 
2013. et al. (2014) studied seasonal variations of phytoplankton, chlorophyll a, 
primary production and their relation in the continental shelf waters of the SE Black Sea 
from March to December 2010. Depth integrated-daily primary production fluctuated 
between 285-565 mg C m-2 d-1 and 126-530 mg C m-2 d-1 in the coastal and offshore 
waters, respectively. Moreover, PP rates were measured 0.1-40 mg C m-3 d-1 in water 
column during the study period. 

Yücel et al. (2013) studied three stations in the SW Black Sea coastal and open 
waters in July 2013 (Figure 3). As clearly shown in Figure 4, PP was almost limited to 
upper 10-15 m, indicating the existence of relatively thin euphotic zone in SW regions. 
However, relatively low rates of PP were determined in the cool water between 15-45 m 
depths, dominated by nano- and pico-plankton. Depth integrated PP rates measured at the 
visited regions were 259 mg C m-2 d-1 for the coastal (St. E4 in Figure 3), 347 mg C m-2 
d-1 in the shelf waters off Bosphorus exit (E5) and 1131 mg C m-2 d-1 in the offshore 

rent ( St. E6). In the water column, PP rates ranged between 1.48 



77 
 

and 110 mg C m-3 d-1 in July 2013 (Figure 4). Higher rate values were consistently 
measured in the near-surface waters (Figure 4). Larger cells (>5 m) were observed to 
dominate PP at the offshore station (top 10 meters) and coastal waters (top 15 meters). 
However, the contribution of pico-size plankton enhanced below surface at St. 5 defined 
as the Sakarya Canyon point in Figure 4. PP s and contribution of larger cells to the 
total PP decreased from west to east in July 2013. 

 

Figure 3. Location of sampling stations in Black Sea (from Yücel et al. 2013) 

 

 

Figure 4. Vertical distribution of size fractionated and total primary production at SW 
Black Sea (Pico: Picoplankton (0.2-2.0 μM), Nano: Nanoplankton (2.0-5.0 μM), Large: 
Larger cells (5.0 μM <) (modified from Yücel et al. 2013) 
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4. Bacterial Production 

 There is no published study on the bacterial production in the southern Black 
Sea including Turkish Seas. Morgan et al. (2006) measured the bacterial abundance and 
production along the transect from NW Shelf waters to western Cyclonic Gyre of Black 
Sea in the period of May-June 2001. It is clear that NW shelf waters are highly productive 
and have different ecological properties compared to the SE coastal region. Water masses 
of NW zone; 
its physical and biochemical properties are partly modified during their transport to the 
SW shelf. Therefore, bacterial production measured in the NW and western deep basin 
may also indicate ranges of bacterial production rates for the SW shelf and . 
Surface bacterial production rate measured at a level of 0.15 mg C m-3 d-1 is greater than 
in suboxic and anoxic layers. Depth Integrated Bacterial Production varied slightly 
between 64-65 mg C m-2 d-1 in SW central Gyre in May-June. 

 In July 2013, Dr. Yücel (unpublished data) has measured bacterial production 
first time in the SW Black Sea at four stations (Figure 5). Bacterial Production rates varied 
between 0.025 - 0.658 mg C m-3 d-1 in the oxic and suboxic water column  Expectedly, 
Bacterial Production values generally decreased with increasing depth except Sta. E6 
where second peak (0.611 mg C m-3 d-1) was observed at 105 meters (Figure 6). Depth 
Integrated Bacterial Production values varied between 9.70 and 85.57 mg C m-2 d-1 at four 
stations (Figure 
the PP rate and algal biomass were relatively high (Figure 4). Bacterial activity (bacterial 
production) decrease with increasing depth below the euphotic zone down to lower 
boundary of oxycline, coinciding with the nitrate maximum depth. Then, it increases in 
suboxic layer where chemoautotrophic production is high (Figure 7) and then decreases 
in the upper depths of the anoxic waters where chemoautotrophic productions were 
determined at remarkable levels (Figure 7).  

Table 2. 
waters of the Black Sea. 

References 
Bacterial 

Production (BP)  
mg C m-2 d-1 

Location Period 

Yücel et al. 
unpublished 

 
 9.70  
17.40  
85.57   
11.23  

Southwestern Black Sea 
(Figure 5) 

(E4) 
(E5) 
(E6) 
(E7) 

July 2013 

Morgan et 
al. 2006 

64 
65 

Western Gyre (Black Sea) May-June 
2001 
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Figure 5. Location of sampling stations in Black Sea (from Yücel et al. unpublished data) 

 

 

Figure 6. Vertical distributions of bacterial production (A) and distributions of Depth 
Integrated Bacterial Production (DIBP) and DIBP/Depth (B) at SW Black Sea (modified 
from Yücel et al. unpublished data) 
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5. Particulate Organic Matter (POM) 

Not unexpectedly, coastal waters of the southwestern Black Sea are relatively 
rich in biogenic particulate organic matter (POM), because the fertile surface waters of 
the NW shelf region reach as far as SW coastal regions by strong along shore currents 
(Çoban 1997, Çoban-  et al. 2000, Polat and  1995). Accordingly, the western 
coastal surface waters of the Black Sea are always more productive and thus possess 
larger biomass and POM concentrations than in the cyclonically-dominated open sea 
having limited nutrient input from external and internal sources especially during the 
spring-autumn period. Typical depth profiles of particulate organic carbon (POC) and 
nitrogen (PON) in the Black Sea (Figure 7) are very similar to those in the oceans with 
the exception of an apparent maximum in the phosphate minimum zone and anoxic 
interface due to bio-mediated redox-dependent processes, fine particle formations and 
chemoautotrophic, bacterial productions (  1993, Çoban 1997, Çoban- et al. 
2006). Layer-averaged concentrations of POC and PON were calculated from limited data 
from the euphotic zone of the open and coastal-southwest Black Sea in between 1990 - 
2013 (Table 3). The Layer-averaged POM values indicate remarkable seasonal variations. 
The open sea POM concentrations varied between 5.5-16 μM for POC and 0.65-1.55 for 
PON; the layer–averaged C/N ratio varied seasonally between 8 and 14. The coastal POC 
concentrations varied seasonally from 9 in late autumn to 94 μM in the productive season; 
expectedly, the PON concentrations were similar temporal patterns, in the range of 0.65 
and 8.7 μM. In spring, the layer averaged POC concentrations generally varied between 
40-94 and 40 μM in the euphotic zone having 0.2-0.5 μM of nitrate and very low 
phosphate (0.02-0.06 μM) concentrations (Table 4). However, the POM were observed 
to reach peak values of 80-95 μM during the spring bloom period when the river-fed NW 
shelf waters (salinity:16.5-17.5) having excess concentrations of nutrients reached as far 
as the southwestern 
Then, POM production and thus concentrations of bulk POM (slowly sinking particulate 
matter) in the coastal surface waters decrease to their natural levels in the late summer-
autumn period when the nutrient inputs by the Danube inflow are almost consumed in the 
NW shelf. The C/N ratio in bulk POM, calculated from POC/PON measurements, varied 
between 7.7 and 14 in the euphotic zone (Table 3), with an average values of 10.4 for 
1990-
estimated for the ocean POM, due presumably to selective decay of nitrogenous organic 
compounds in bulk POM and contribution of biochemically resistant terrestrial POM 
(with higher C/N ratio) input to the POM pool in the coastal near-surface waters of Black 
Sea. Consistently higher C/N ratios of the southern Black Sea POM indicate the existence 
of carbohydrate and cellulose-enriched POM in the southern Black Sea surface waters. 
High POC / Chll-a ratios of bulk POM indicate significant contribution of non-living, 
biogenically refractory particulates to the POM pool in the near-surface waters of Black 
Sea (Çoban et al. 2000, Çoban- et al. 2006). 
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Figure 7. General biochemical characteristics of the Southern Black Sea in July 2013 
(OL:Oxic Layer, SL:Suboxic Layer, AL:Anoxic Layer) modified from Yücel et al. 2013 
and Yücel et al. unpublished) 

 

Table 3. Layer-averaged concentrations of POC and PON are in the euphotic zone of the 
coastal-southwestern Black Sea for 1990-1996 and in July 2013 

SEASON POC PON C/N 
September 1990 19.88 1.96 10.2 
September 1991 14.68 1.26 11.6 
December 1991 11.32 1.00 11.2 
July 1992 21.48 1.45 14.7 
April 1993 94.45 8.70 11.7 
August 1993 10.90 0.98 11.1 
December 1993 9.29 0.98 9.6 
May 1994 11.69 1.50 7.7 
Mar-Apr 1995 39.13 4.01 11.2 
Sep-Oct 1995 10.53 0.85 14.0 
June-July 1996 9.95 0.95 10.5 
1990-1996 Averages 15.6 1.5 10.4 
July 2013 25.7 2.75 8.9 
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Table 4. Layer averages of nutrients and Chl-a concentrations in the euphotic zone of 
SW Black Sea for the 1986-2013 period. 
 

Parameter Number of data  Mean  Min. Max. 
PO4 (μM) 1206 0.05 0.02 0.18 
NO3+NO2 (μM) 1279 0.21 0.03 1.53 
Chl-a (μg/L) 493 0.52 0.05 3.12 

 

6. Total Dissolved Organic Carbon (DOC) 

General biochemical characteristic of the southern Black Sea is shown in Figure 
the near surface layer (surface-15m), then 

decrease with depth. DOC and POM distributions are very similar to biomass (Chl-a) and 
PP profiles decreasing from the productive surface layer to the bottom of the euphotic 
zone. The  upper layer (surface-
using both the persulphate-UV oxidation (WET) and the high temperature dry oxidation 
(HTO), are relatively high 
Black Sea. The coastal DOC concentrations ranged between 165 and 250 μM in the early 

. The DOC, POC and nutrient- enriched NW shelf waters are 
transported to the SW coastal areas via alongshore currents during the year. (Sorokin 
1983,  1995, Çoban et al. 2000). The near-surface DOC concentrations 
were observed to decrease to levels of 155-190 μM in the central region of southwest 

 Çoban 1997), consistent with spatial variability in bulk POM 
concentrations. Below the euphotic zone, the DOC concentration decreases steadily with 
depth in the oxycline and suboxic waters and reaches the background values in the 
suboxic/anoxic interface and then remains almost constant in the deep anoxic waters, 
slightly deceasing from 130 μM in the suboxic waters to about 105 μM in the anoxic layer 

 1993, Çoban 1997).  
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1. Introduction 

The Black Sea, a typical enclosed ecosystem fed by the major rivers (mainly by 
the Danube), has been subject to anthropogenic pressures since the 1960’s (Cociascu et 
al. 1996, Sorokin 2002,  et al. 2008). The increased nutrient (N, P) loads of these 
rivers with modified N/P/Si molar (increased N/Si) ratios have drastically influenced bio-
chemical properties of the whole Black Sea after the mid 1970’s (Cociasu et al. 1996; 

et al. 2008). Expectedly, these changes occurred first in the wide northwestern 
(NW) shelf ecosystem receiving the increased inputs of nutrients and organic pollutants 
by mainly the Danube (Cociasu et al. 1996,  et al. 2008). Enhanced eutrophication 
in the NW shelf surface waters in the early 1980’s (Cociasu et al. 1996) then led to 
influence the whole ecosystem until mid 1990’s, via major cyclonic circulations (Mee 
1992, Konovalov and Murray 2001,  et al. 2002, 2003). Enhanced algal production 
(eutrophication) drastically altered species composition and bloom time and frequency, 
leading to marked decreases in water transparency and development of hypoxia and 
anoxia in the bottom waters of NW shelf (Cociasu et al. 1996, et al. 2008). Then, 
impacts of the human-induced eutrophication were observed over 
amounts of particulate organic matter (POM) produced in the surface layer were exported 

ons and open sea. Consequently, excess POM 
production has altered natural upper layer chemical and bio-optical properties of the 
whole Black Sea, leading to long-term (decadal) changes in the biological and distinct 
chemical properties of the oxic waters, the soboxic layer down to the suboxic/sulphidic 

 after the 1970’s (Murray et al. 1995, Konovalov and Murray 2001,  
et al. 1992, 2014). In order to better understand and assess long-term impacts of human-
induced eutrophication on the Black Sea sub-basins, we should first examine the basic 
hydrographic and bio-chemical properties of the Black Sea in the “pristine” period of 
1950-1960. On the other hand, oceanographic studies in the Black Sea by the 1970’s show 
that the open Black Sea had oligotrophic properties with low nutrient and biomass 
concentrations, high water transparency and healthy ecosystem developed in the wide 
NW shelf occupied with oxygenated bottom water and benthic habitat et al. 2008). 
In this period, total annual loads of nutrients supplied to the sea from natural and 
anthropogenic sources and molar (N/P/Si) ratios of nutrients in the major rivers before 
the mid 1960’ remained at acceptable levels for the marine ecosystem. In this study, we 
first evaluated basic chemical properties of the Black Sea based on limited data obtained 
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before the 1970’s and long-term data collected since the late 1980s. Then, the results 
reached from the comparison of limited data before the 1970’s and the present chemical 
features developed after the late 1980’s under the enhanced nutrient inputs are used to 
assess levels of long-term impacts of enhanced eutrophication on the oxic and suboxic 
water biochemical properties of the Western Black Sea. 

2. Basic Chemical Properties of Black Sea System 

The Black Sea, a land-locked deep basin with sulfide bearing waters below 125-
200m, is strongly stratified with a surface layer of low salinity (S~17-18) due to large 
riverine input of fresh water (Sorokin 2002). In the oxygenated upper layers, there is a 

so- , 6-8 oC; Figure 
1)
gyres under severe winter conditions (Gregg and Yakushev 2005, et al. 2003, 
2006). Below the oxygenated productive upper mixed layer, an oxygen gradient and 

 is formed in the permanent halocline (approximately 100-150 m 
thick); the steep oxycline developed in the upper halocline, is followed by the SubOxic 

 where the decreasing rate of oxygen is very low (Figure 1).The depth and 
thickness of the main oxy is dominated by the regionally variable depth of 
permanent halocline , deepening in the coastal rim current and 
anticyclonic eddies and decreasing towards the central gyres (  2002). The deep basin 

-bearing water masses. 

The permanent halocline is a natural barrier for nutrient supply from the deeper 
layers (EZ) and oxygen transport from the upper layer to the anoxic 
subhalocline waters (Konovalov and Murray 2001,  2002, Gregg and Yakushev 
2005). In summer, the formation of a seasonal thermocline becomes another natural factor 
limiting nutrient supply from the nutricline depths to the EZ et al. 1998,  
2002,  et al. 2014). Terrestrial inputs dominate the coastal water ecosystem; 
however, the open sea ecosystem is dominated by cyclonic rim currents and upwelling 
processes supplying nutrients from the upper halocline in winter (  2002, Gregg and 
Yakushev 2005). When the upper layer is thermally stratified during the spring-autumn 
period, new production in the euphot  is dominated by external sources. 

Typical depth profiles of nutrients display distinct chemical features in the 
suboxic and anoxic waters of the deep basin (Figure 1). Nitrate and phosphate 
concentrations are very low in the coastal and offshore euphotic , and then increase 
apparently in the upper halocline and then reach maximum levels just below the main 
oxycline. In the where O2<20 μM), as clearly shown in 
Figure 1, the nitrate declines steeply to nearly undetectable levels (<0.1 μM) within the 
suboxic/anoxic interface (O2 < 3.0 μM). The ammonium concentration is consistently 
very low in the upper oxic-suboxic layer waters in the coastal and open sea and then 
increases steadily in the sulfidic deep waters due to anaerobic decay of organic matter 
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sinking from the surface layer. The phosphate profile (Figure 1) exhibits a broad 
maximum within the suboxic layer water of the shelf and deep basin and then increased 
sharply to form the deep maximum at the sulfidic water boundary (H2S~1 μM). The 
silicate (Si) depth profiles in the shelf and open sea are very similar to that of salinity 
(Figure 1), increasing steadily within the permanent halocline to 75-80 levels μM at the 
anoxic boundary (Figure 1) and reaching the maximum concentrations of about 300-320 
μM in the deep basin waters below 1500 m (Codispoti et al. 1991,  et al. 2014).  

 

Figure 1. Typical depth profiles of salinity, temperature, nutrients, dissolved oxygen and 
sulfide in the western open sea and SW coastal regions (depth >200 m) in May 2007 

Salty Mediterranean waters are enriched in nutrients but depleted in oxygen. 
Before flowing into the SW Black Sea intermediate waters, it mixes with the overlying 
cold oxygenated brackish waters of the SW shelf ( et al. 1993; Murray et al. 1991) 
and sink into the pycnocline and down to sulfidic water layer; these limited intrusions 
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supply oxygen and nutrients to depths, and partly modify vertical distributions in the 
upper oxic waters of the SW shelf and  as discussed in the previous 
studies (Codispoti et al. 1991, Konovalov et al. 2001, 2003,  et al. 2014).  

3. Impacts of Human-Induced Pressures on Nutrient Contents of the Rivers 

istorical data from the “ pristine” (pre-anthropogenic and pre-damming 
of the rivers) period of 1950-1960 indicate that unpolluted major rivers feeding the NW 
shelf ecosystem had high concentrations of silicate and nitrate but low phosphate values 

et al. 2010). Therefore, the major rivers reached the coastal regions with very 
high N/P but lower N/Si (<1) ratios until the construction of dams on mainly the Danube 
was completed in mid 1970’s (Cociasu et al. 1996,  et al. 2008). After damming the 
major river waters in the NW Black  in the 1960’s, reactive silicate 
concentrations of the major river waters reaching the NW shelf decreased markedly whilst 
nutrients inputs from agricultural, industrial and domestic sources to the rivers enhanced 
drastically in the 1980’s, leading to at least 2-3 fold increases in the annual loads of DIN 
(nitrate +ammonia) and phosphorus (P) inputs by the major river to especially NW shelf 

in this period (Cociasu et al. 1996,  et al. 2008). The enhanced DIN contents 
of the major rivers expectedly led to a critical change in the DIN/Si ratio ( increasing over 
1.0) as compared to the “pristine” conditions (N/Si <1.0) in the 1950’s-1960’s (  et 
al. 2014). After the mid 1990’s, human-induced nutrient (DIN, P) input to the Danube 
has decreased gradually,  production and N, P loads of 
domestic and industrial wastewater discharges (Cociasu et al. 1996,  et al. 2008). 
However, the DIN/Si ratio in the Danube inflow to the Black Sea has still remained over 
one (>1), due to high rates of sedimentation of inorganic particulate matter leading to 
apparent decreases in Si content of the dammed river waters.   

4. Impacts of anthropogenic nutrient inputs on Black Sea Ecosystem 

The Black Sea is a typical river-fed enclosed ecosystem occupied with sulfide-
bearing waters below 150-200 m in the deep basin. Therefore, bio-chemical properties of 
its upper layer is sensitive to human-induced pressures as experienced drastically since 
the late 1970’s (Cociascu et al. 1996,  et al. 2008). The increased nutrient (N, P) 
inputs mainly by the Danube with increased N/Si ratios, have drastically altered the major 
bio-chemical properties of the NW shelf waters (Mee 1992, Cociasu et al. 1996,  et 
al. 2008) and then influenced the entire Black Sea after the mid 1970’s (Konovalov and 
Murray 2001,  2002, Yunev et al. 2002) via major cyclonic circulations and rim 
currents (Sorokin 2002). Enhanced eutrophication and thus increased particulate organic 
matter (POM) production in the (EZ) have led to excess export of POM to 
the depths below the EZ over the basin. Bio-chemical oxidation of excess POM within 
the oxycline and suboxic layer waters has altered natural chemical and bio-optical 
properties of the NW shelf waters and entire Black Sea. Briefly, enhanced algal 
production altered drastically species composition and bloom time and frequency, leading 
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to marked decreases in the EZ thickness by at least 10-15 m regionally to 4-8 m range in 
the coastal and 8-14 m open sea and also development of hypoxic and anoxic conditions 
in the bottom waters of NW shelf (Cociasu et al. 1996). Consequently, decadal changes 
have occurred in the upper layer (oxic-suboxic water) chemistry down to the sulfidic 
water boundary in the entire deep basin after the late 1970’s (  et al. 1992, 2014; 
Murray et al. 1995, Konovalov and Murray 2001).  

 

Figure 2. Annual variability in the Secchi and offshore 
regions the Black Sea for the 1991- et al. 1998) 

 

4.1. Impacts of the Increased Nutrient Inputs on the Surface Layer Chemical 
Properties 

In the pre-anthropogenic period before the mid 1960’s, the silicate 
concentrations of surface waters ranged between 30-70 μM (Sorokin 1983,  et al. 
1992, 2014). However, the surface nitrate was as low as < 0.1-0.2 μM in the open sea 
surface waters having low phosphate values (0.1-0.3 μM). The Si/N ratio in the surface 
layer was very high (> 100) for the pristine period, before the 1970’s. In this period, the 
major rivers and wet deposition fed the coastal and open system with high N/P ratios 
(>50) and but natural Si/N (>1) in the rivers but very low ratios in NOx (nitrate+nitrite)-
rich but silicate-low rain water. High Si/N ratio in the coastal and open Black Sea (Figure 
3) indicate that terrestrial NOx (nitrate+nitrite) inputs from natural sources were not 
sufficient to consume excess Si stock in the Black Sea  before the 1970’s. 
Very low N/P ratios (<5) in the past strongly suggest the nitrate-limited primary 
production over the basin, except the estuarine waters (salinity<17.0) in the NW shelf 
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one fed by the nitrate, Si-laden Danube discharges (with N/P ratio>25). Internal P-inputs 
from the nutricline depths and faster recycling in the EZ was sufficient to compensate P-
uptake by photosynthesis during the pre-anthorpogenic period (see Figure 3;  et al. 
2014). 

Then, in the 1970’s, dam constructions on the major rivers markedly reduced the 
annual inputs of reactive silicate to brackish waters of the wide NW shelf and other coastal 
regions. At this time, increased agricultural and industrial activities 
enhanced nitrate, ammonia, total and reactive phosphorus inputs to the major rivers 
feeding the Black Sea ecosystem. These human-induced pollution sources enhanced DIN 
and P inputs by the major rivers to the Black Sea by at least 2-3 fold. Excess POM 
produced in the near-surface waters consumed excess silicate in the surface layer and 
planktonic species composition and decreased the EZ thickness markedly after the mid 
1970’s et al. 2008 and references therein). Excess POM sinking below the EZ led 
to the development of hypoxia and anoxia in the NW shelf bottom waters and damaged 
all the demersal and benthic habitats in the 1980’s (  et al. 2008). Excess algal 
production almost drastically consumed excess Si and limited PO4 inventories of the near-
surface waters of the entire basin. Thus, the surface Si concentrations decreased 
apparently and reduced the Si/NO3 ratio by at least 100-fold in the coastal and open EZ 
waters in the 1980’s (Figure 3;  et al. 1992, 2014). 
Current, the surface Si concentrations increased gradually in the period of 1995-2005, 
and then displayed a decreasing trend to 1-2 μM levels in the spring-summer period of 
more recent years (Figure 3). The limited phosphate stock in the surface waters, available 
at levels of 0.1-0.3 μM in the 1950-1960’s (Figure 3), have been consumed and the 
concentration values declined to <0.02-0.05 μM levels in the 1980’s (  et al. 1992, 
2014). Since rivers discharges carried excess NOx to the coastal sea, after the mid 1970’s, 
the surface nitrate concentrations in the NW shelf were as high as 4-7 μM in winter, 
decreasing to 0.4-0.6 μM levels in the coastal and open waters of SW basin (  et al. 
2014). The N/P ratio (<10) has remained low in the coastal and open surface waters 
(salinity>17.5) during spring-autumn period (Figure 3), suggesting nitrate-limited algal 
production (Yayla et al. 2001). 

in the 1980’s increased the nitrate inventory of the upper layer (pynocline) in the coastal 
and open sea (see Figure 3;  et al. 2014). At this time, the excess Si in the euphotic 

 in the Si 
inventory of the upper layer down to the sulphidic water boundary at 150-200 m (  
et al. 2014). -term decreases in the silicate inventory of the upper layer has led to 
decreases dramatically to very low levels (even <1.0) in the in the 1980’s (Figure 3). 
Annual averages of long-term silicate data from the 1887-2013 period (mostly obtained 
in spring-
display an apparent decreasing trend between 1986-1990 period and then increased 



91 
 

gradually after mid 1990’s (Figure 3). The surface Si concentrations in the open sea 
(salinity>18.0) gradually increased to 5-7 μM in the early 1990’s (  et al. 2014) and 
have remained higher than those in the river-fed coastal water. In this period, however, 
human-induced nutrient (DIN, P) discharges to the major rivers were reduced (  et 
al. 2008) and Si supply from the halocline depths became sufficient for consumption in 
diatom production. Average Si/N ratios for the surface mixed layer (0-10m) have 
remained high (>10) after the early 1990’s (Figure 3). 

Salinity-dependent surface layer distribution of nutrient and oxygen data 
obtained in June 2013 are illustrated in Figure 4 to see levels of nutrients remained excess 
after uti x values 

-
depleted offshore waters, indicating increasing trend of Si/NOx ratio from coastal to the 
open sea. 

4.2. Long-Term Changes in the Chemical Features of the Oxic-Suboxic Layers  

 Typical depth and density-dependent vertical distributions of the major chemical 
p 

obtained in 1994, 1969, and between 1995-2013. The chemical profiles are principally 
similar over the deep basin (depth > 200m). However, the cold intermediate layer, the 
main oxycline and the increasing nutricline (Figure 1) are situated at greater depths in the 

from various physical and bio-chemical processes which include the circulation patterns, 
the POM export and ventilation processes of the oxic/suboxic halocline waters in the SW 

et al. et al. 2002, Konovalov et al. 2003). 

 In order to examine and then assess long-term impacts of human-induced 
eutrophication on the chemical features formed permanently in the permanent halocline 
of the Black Sea, density-dependent profiles should be compared, rather than depth 

et al. 1992, 2014, Konovalov and Murray 
2001). The increased export of POM after the 1970’s have altered the depths of the 

et al. 1992, 
2014 Murray et al. 1995). The nitrate concentrations (thus inventory) of the oxic upper 
layer down to nitrate maximum depth have increased by 2-4 folds from the mid-1960’s 

et al. 1992, 
Konovalov and Murray 2001). However, in the deep basin, the nitrate content (stock) of 
the nutricline waters could be eroded by denitrification in summer period (Figure 5), when 
the POM input much exceeded the rate of oxygen diffusion from the upper oxycline 
depths. The oxycline shifted upward in recent decades by 10-30 m and thus led to the 

2 decreasing gradient very small) in the deep Black Sea basin 
(Figure 5, 6). Old and recent oxygen profiles in Figure 5 and 6 clearly show that the 
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oxycline (O2 > 30 μM) extended down to sigma-t: 15.75 density surface in the 1960’s; 
then, its boundary has shifted upward by about 0.3-0.4 density units in the 1980’s. Winter 
ventilation of the upper layer enhanced oxygen diffusion into the upper subhalocline 
leading to seasonal enlargement of the main oxycline boundary downwards only by a few 
5 m’s (Figures 5, 6). 

 

 

 

Figure 3. -term variations of nutrients and their molar ratios in the surface waters 
(0-10 m averages) of modified from the Figure in  et al. 2014) 
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Figure 4. Salinity versus nutrients and dissolved oxygen in the SW coastal (depth < 100 
 m) regions of SW Black Sea in June 2013 

 

In conclusion, before the 1960’s when human-induced nutrient inputs to the 
major rivers remained at minimal levels, the less contaminated major rivers in the Black 
Sea region were rich in nitrate and reactive silicate, but depleted in reactive phosphate 
(Figure 3), leading to N/P ratio > 25 but low N/Si (<1) as wet deposition were rich in 
DIN, but depleted in reactive Si and phosphorus. At this time, the western Black Sea 
surface waters had high silicate (30-70 μM) (Figure 3) but low concentrations of 
phosphate (0.1-0.3 μM) and nitrate (< 0.1 μM), leading to very high Si/DIN ratios (>100) 
but low N/P (<10), indicating N-limited primary productivity in the coastal and open sea 
(salinity >17.5). It can be stated that before the 1970’s, the terrestrial inputs of nitrate 
were not sufficient to consume all the excess Si stock in the nitrate depleted euphotic 

. Construction of dams on the major rivers in the period of 1960-1970’s reduced 
drastically the silicate loads of the river waters reaching the sea whilst the DIN and TP 
inputs from domestic, industrial and agricultural sources to the major river increased 
drastically, leading to apparent changes in the Si/NO3 ratio (decreased from >1 to ~ 0.5 
level) of the rivers. 
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The current ecological conditions in the Black Sea and expected future trends in 
nutrient inputs from the external sources strongly suggest that the “reference conditions” 
of pre-anthropogenic and pre-damming period in the Black Sea before the 1960’s are 
unlikely to be reached in the future. Accordingly, present and future trends in external 
inputs of nutrients would lead to development of new ecological conditions in the coastal 
and open Black Sea. Therefore, the ultimate target for the sustainable management of the 
Black Sea ecosystem should be to estimate the minimum range of the total (river + 
precipitation) annual NOx inputs from the external sources to the entire Black Sea basin. 
Then the systematic observations are essential to monitor short and annual variability in 
POM production and export below the , the EZ thickness, oxygen 
supply into oxygen g
the results of these interacting process permits us to understand long-term variability in 
the main oxycline and thus anoxic boundary (O2 at undetectable level, < 1.0 μM) in the 
deep basin. 

 

 

Figure 5. Typical density-dependent vertical distributions of nutrients, oxygen (O2) and 
hydrogen sulfide (H2S) down to depths of sigma-t: 16.5 density surfaces in the west 
central Black Sea in March 1970, 1964 and between 1995-2013; green dashed lines 
represent the value of oxygen at 15.5 density surface in the past and after late 1980’s 
(modified from  et al. 2014) 
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Figure 6. -term variability in the density-dependent oxygen profiles (left panel, 
ürk et al. 1998) and density-dependent transects (right panel) of 

oxygen (blue) and sulphide (red) concentrations measured in the upper layer of the deep 
basin (left panel) between 1960-2005 (reproduced from Konovalov and Murray 2001) 
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1. The Black Sea and its catchment 

The Black Sea is a geologically younger sea. During the early Holocene, it was 
a large freshwater lake located lower than the water level of the Mediterranean Sea. The 
current Black Sea ecosystem was formed approximately seven or eight thousand years 
ago, when the Mediterranean waters broke through the Bosporus valley (Ryan et al. 
1997). This gradually formed a sea with maximum depth of c. 2 km and a strong density 
gradient (known as a pycnocline), where the salty water from the Mediterranean Sea sank 
to the bottom and fills the Black Sea from below. Overall, the water balance of Black Sea 
is positive and this extra mesohaline water is delivered to the Mediterranean Sea through 
the Dardanelles straight et al. 1990). The limited oxygen advection as well as 
respiration of organic matter fluxes has resulted in permanent anoxic conditions below 
150–200 m depth. 

Currently, the Black Sea covers 423,000 km2, while its catchment is 5.21 times 
larger the surface area (Jaoshvili 2002) with an average elevation of 398 m (Ludvig et al. 
2009). This catchment area drains approximately one-third of continental Europe, where 
is inhabited by more than 160 million people. Rivers as well as other surface and 
underground flows across this large and highly populated catchment delivers vast amount 
of water, solutes and particles into the Black Sea. These fluxes as well as the inland nature 
and long retention time of the Black Sea make the land-derived chemical pollutants and 
nutrients very important determinants of the Black Sea ecosystem. 

The largest ten rivers (with respect to water flux) of the Black Sea catchment are 
the Danube (203 km3 year–1), Dnieper (54 km3 year–1), Don (28 km3 year–1), Rioni (12,9 
km3 year–1), Kuban (13 km3 year–1), Dniester (10,2 km3 year–1), Çoruh, , 
Sakarya, and rmak rivers, carrying about 85% of the riverine freshwater to the Sea 
(Jaoshvili 2002, Algan 2006). While the total annual water influx to the Black Sea is 
estimated to be 350–400 km3 (Ludvig et al. 2009), the Danube constitutes approximately 
half of the total water input alone. An analysis of the water discharges of a set of rivers 
in the Black Sea catchment (not including Turkish coast or side) detected no trend during 
the two-decades study period (Ludvig et al. 2009). This is in contrast with the trends 
observed in the Mediterranean catchment, where a widespread decrease in river 
discharges driven by anthropogenic water use and climate change was observed (Ludvig 
et al. 2009). However, these estimates have been performed based on available 
monitoring of the main rivers and modelling studies (Ludvig et al. 2009), which rely on 
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limited data due to the lack of widespread, intensive monitoring. Therefore, the current 
estimates should be taken with caution and more detailed integrated observations are 
needed to better estimate water and mass fluxes between the catchment and the Black 
Sea. 

The Black Sea has a total coastal length of 4340 km and one-third (c. 1400 km) 
of this coastline is covered by Turkish catchments along the entire southern border of the 
Black Sea (Figure 1). The southern part of the Black Sea is  
steeply declining shelf in the sea and High Mountains parallel to the sea on the land. 
However, these mountains have clefts in several places by deep valleys formed by large 
rivers connecting northern Anatolia to the Black Sea (Jaoshvili 2002). Four of these 
catchments are formed by large rivers:  (1335 km), Sakarya (720 km), 

400 km) catchments (Table 1). Çoruh River is a trans-
boundary catchment, where the majority of the catchment is in Turkish territories, 
however the river drains in Black Sea in Georgia. The remaining three catchments consist 
of several small rivers and streams that are delineated together as a catchment: East Black 
Sea, West Black Sea and Marmara catchments. Marmara catchment and Black Sea 
interaction is complex as a large portion of this catchment draining into the Marmara Sea; 
however, still indirectly affecting Black Sea through water exchange between the 
Marmara and Black Seas. In total, 271,790 km2 –approximately one third of Turkey 
drains into the Black Sea (Figure 1, Table 1). 

 

Figure 1. Seven catchments along the Turkish coasts of the Black Sea. Notice that some 
of the catchments are aggregated catchments including several small adjacent streams 
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Table 1. Main characteristics of Turkish catchments draining into the Black Sea. The data 
is compiled mostly from the reports of Ministry of Forestry and Water Affairs. The values 
reflect assessments conducted between 2007 and 2016. 

Catchment Area 
(km2) 

River 
length 
(km) 

Total 
Population 
(Million) 

Average surface 
runoff (m3 s-1) 

Agricultural 
area (% cover) 

 78646 1355 3,1 206 55 
Sakarya 58160 720 7,6 203 52 

 38733 519 1,9 184 42 
Çoruh 19768 400 1 200 19 
East Black 
Sea 

22844 - 2,3 473 13 

West Black 
Sea 

28922 - 1,9 315 21 

Marmara 23385 - 15,2 264 37 
 

 

As the Black Sea shelf is very steep on the Turkish coastline, the majority of 
these catchments – especially in the eastern shelf – directly drains into the deep-sea 
environment. Few of the large rivers are capable of sustaining large deltas formed by the 
deposition of transported sediments, rmak and rmak rivers. Remaining 
river and streams can only sustain smaller coastal wetlands. Two of these wetlands - 

 - includes regionally rare coastal swamp forest ecosystems. All 
of these coastal wetlands host an important amount of biodiversity and thus provides 
important services for the Black Sea ecosystem; such as providing breeding grounds for 
seabirds, like Great Cormorants (Kirwan et al. 2010). 

2. Rivers and eutrophication 

Rivers constitute a network that carries terrestrial matter and energy from the 
catchment into the sea. As a consequence, rivers have also been transporting excess 
nutrients (nitrogen and phosphorus) from the catchments produced by urban and 
agricultural activities (e.g., wastewater effluent, point and 
nonpoint sources) to the Black Sea. This resulted in a dramatic increase in dissolved ion 
concentrations and suspended materials in rivers and consequently eutrophication in 
coastal seas. Eutrophication has led to alterations in plankton abundance and composition 
(Butcher 1947) as well as an increase in noxious phytoplankton blooms, oxygen depletion 
and loss of healthy benthic communities in many parts of the seas (Rosenberg 1985, Justic 
et al. 1995). 
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The Black Sea is regarded as a regional sea that has been most severely damaged 
as the result of human activity. Based upon comprehensive studies, in 1996, Ministers of 
the Environment from  the eutrophication of the Black 
Sea as an international problem (SoKolnikov 1999). Due to the coastal eutrophication 
resulting from the excess nutrients carried by rivers, high-frequency algal blooms have 
become characteristic of the north-western part of the Black Sea, and the area covered by 
the blooms increased 10±30-fold in comparison with 1950-1960 period (Zaitsev and 
Mamaev, 1997). Eutrophication have also led to permanent or ephemeral hypoxia (low 
oxygen levels) in north-western continental shelf of the Black Sea in the mid-1970s (Mee 
2006). These hypoxic conditions extended across 40,000 km2 by the 1990s causing 
devastating effects on benthic life (such as the loss of Cystoseria and Zostera habitats) as 
well as fish populations through destruction of spawning and nursery habitats (Dumont 
1999, Keskin 2010, Gücü et al. 2016, Mee 2006). As a result of the dramatic destruction 
of the Black Sea ecosystem, six Black Sea countries – Bulgaria, Georgia, Romania, the 
Russian Federation, Ukraine, and Turkey – have regionally teamed up to protect the Black 
Sea at the beginning of 1994 and initiated the Bucharest Convention on the protection of 
the Black Sea against pollution. 

An assessment on the dissolved nitrogen (N) and phosphorus (P) inputs to the 
Black Sea in 1998 (Topping et al. 1999) suggested that percent contribution of the 
neighbouring countries to the total nitrogen (TN) load were: Romania-27%, Bulgaria-
14%, Ukraine-12%, Russian Federation-10%, Turkey-6%, Georgia->1%, and non-
coastal countries- c 30.%. Whereas, the percent contribution of the neighbouring 
countries to the total phosphorus (TP) load were: Romania-23%, Ukraine-20%, Russian 
Federation -13%, Turkey-12%, Bulgaria-5%, Georgia-1% and non-coastal countries-
26%. However, another assessment by Tuncel et al. (1998) suggested that the 
contribution of Turkish rivers was 13% of all N discharges to the Black Sea, which might 
account up to 74% off all non-Danube sources. They also estimated that the P influx from 
Turkish rivers accounts for 8% of the annual P discharge to the Black Sea, which might 
account up to 46% off all non-Danube sources (Tuncel et al. 1998). 

Bakan and Büyükgüngör (2000) reported nutrient concentrations in major rivers 
and streams in the Black Sea coast of Turkey sampled in early 1990’s. Overall, Sakarya, 
Filyos, ,  and Mert rivers account for 78% of the total water and 
60% of the total nutrient discharge of the rivers assessed in the study. The main nutrient 
influx is concentrated on the central part of the Black sea coastline (Figure 2). However, 
few of the streams and rivers were surprisingly enriched by certain nutrients. For example, 

 2.4% of the total water discharge but accounted for 13% of 
o-P and 24% of the total TP discharge from Turkish catchments into the Black Sea. 
Similarly, was enriched with NH3, and Zonguldak Stream was enriched 
with TN (Table 2 and Figure 2). This probably reflects the effect of neighbouring large 
cities. When river and streams nutrient loads compared to annual load of nutrients from 
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on the coast of the Black Sea (Bakan and Büyükgüngör 2000, Table 3), total water 
discharge from the sewage was negligible (36 km3.yr -1 vs. 0.05 km3.yr -1) but, o-P and TP 
input from the sewage was substantially high, as expected. 

In another study by Tuncel et al. (1998), many of these rivers were resampled 
for nutrient concentrations in the same period - May, August and October 1993. A very 
high variability was observed in the nutrient fluxes as some measured variables had up to 
10-fold differences in comparison to previous measurements (Table 2). This reflects the 
significant variability in nutrient fluxes due to sampling extent, timing, frequency, 
duration and seasonality. 

There are also more recent studies on the nutrient concentrations in the rivers 
along the Black Sea catchment (Boran and Sivri 2001, Verep et al. 2005, Gültekin et al. 
2012, Alkan et al. 2013). Furthermore, recent seasonal monitoring programs 
have been commenced on the Turkish coasts by the governmental organisations. 
However, the data are not publicly accessible and therefore comparative analyses are not 
possible. Moreover, many of these studies have different spatial extents, different 
methodologies and varying temporal frequencies, which makes comparisons and 
synthesis difficult. Furthermore, it should be noted that these studies are not complete 
inventories of the nutrient load from Turkish catchments. For example, the Çoruh River 
is not included in these assessments as it discharges to the Black Sea from the Georgian 
territory although it has a significant discharge and it predominantly carries water and 
material from the Turkish catchments. Therefore, it is currently difficult to make strong 
inferences on the total nutrient flux from the Turkish catchments. 
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Figure 2. Annual loads of total nitrogen (TN, above) and total phosphorous (TP, below) 
from a set of rivers and streams along Turkish Black Sea coastline from west to east 
(Bakan and Büyükgüngör 2000) 
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Table 2. Annual loads of nutrients from rivers and streams along the Turkish Black Sea 
coast (Bakan and Büyükgüngör 2000 and Tuncel et al. 1998 (*)) 

Rivers and Streams  Discharge  
(km3 .yr -1)  

Discharge*  
(km3 .yr -1)  

o-PO4  
(t.yr-1)  

TP  
(t.yr-1)  

TP*  
(t.yr-1)  

NH3  
(t.yr-1)  

NO3  
(t.yr-1)  

NO3*  
(t.yr-1)  

TN  
(t.yr-1)  

Sakarya River  6.02 3.57 1214.4 1201.5 140.2 3449 11354 4087 38178 
Melen Stream 1.57 0.63 149.6 170.7 98 565 2006 723 11400 
Çark Stream 0.31  174.3 247.8  329 690  1989 

 0.27  44.4 60.7  67 550  1201.8 
Gülüç Stream 1.19  43.6 77.5  1459 5530  8850 

 0.02 0.02 10.9 12.4 2.4 96 71 11 148.7 
Zonguldak Stream 0.13  47.9 48.4  214 452  1366.9 

 0.13  4.8 19.9  298 315  874.6 
Filyos Stream 3.22 3.12 566.9 574.6 390 554 2152 3139 7022 

 0.36 0.2 28.7 36.5 36 102 81 25 483.9 
 7.39 7.63 78.8 147.2 88 6139 7765 1694 24274 

Mert Stream 1.06 0.16 371.7 473.7 29 1178 1694 94 2519 
Kurtun Stream 0.16 0.07 157.8 45.8 2.1 55 231 19 895 

 10.26 7.17 3277.7 1126.7 1000 2894 5813 5781 22983 
Miliç Stream 0.43 0.01 153.9 65.6 0.9 6.3 57 3.6 561.3 
Melet River  0.83  97.2 64.6  196 1774  2784 
Civil Stream 0.16 0.01 27.9 44.6 21 9.4 22 21 274.1 
Aksu Stream 0.97 1.18 84.3 41.2 903 98 1282 903 1934 
Fol Stream 0.2  67.8 67.4  100 483  649.1 
Sögütlü Stream 0.12  28.7 9.4  98 480  640.8 

Stream 0.87 0.99 989.3 1406.7 384 279 459 384 1609.8 

Total 36  7621 5943  18186 43261  130639 

 

 

Table 3. Annual load of nutrients from sewerage system of a set of cities along the 
Turkish Black Sea coast 

City  discharge  
(km3.yr -1) 

o-PO4  
(t.yr-1) 

TP  
(t.yr-1) 

NH3  
(t.yr-1) 

NO3 
(t.yr-1) 

TN  
(t.yr-1) 

Sinop 0.004 32.7 37.3 85.9 7.3 122.0 
Samsun 0.008 46.9 62.4 25.6 12.3 145.3 
Ordu 0.01 54.9 68.1 19.3 17.1 62.0 
Giresun 0.004 27.9 50.8 16.5 9.5 138.1 

 0.01 69.3 49.8 9.6 30.2 238.8 
 0.009 32.7 43.9 41.8 14.2 299.9 
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3. Rivers and contaminants 

The extent of marine pollution is relatively less documented in contrast to the 
general oceanography of the Black Sea. The pollution in the Black Sea is mostly driven 
by influx from land-based pressures, which is similar to other enclosed seas. These land-
based pollutants (heavy metals, poly aromatic hydrocarbons (PAHs), pesticides, 
polychlorinated biphenyls (PCBs), etc.) are predominantly transported by the rivers. The 
shallow, mixed surface waters of the Black Sea receive river discharges that are heavily 
loaded with nutrients and contaminated with industrial and mining wastes. Accordingly, 
the Black Sea suffers from serious environmental problems. Turkish catchments 
contribute relatively low to the total influx of contaminants into the Black Sea in 
comparison to the discharges from the larger rivers, like Danube. Main sources of 
contamination in Turkish catchments are transported via , Sakarya, and 

 Rivers, which carry mostly untreated domestic wastewater, domestic and 
industrial pollutants into the Black Sea (Bakan et al. 1996). 

The first comprehensive data set on the annual pollutant fluxes from land-based 
sources along the Turkish coast was reported by Tuncer et al. in 1998. The study covered 
up six industrial discharge channels, 12 sewage outlets, and 24 rivers and streams along 
the coast. The three sampling surveys were carried out in May, August and October 1993. 
The highest metal concentrations were measured in industrial discharges (Tuncer et al. 
1998). Concentrations of all measured metals were by far the highest in the direct 
discharges of the copper smelter located in the city of Samsun. Concentrations of metals 
were fairly low in rivers and streams in general compared to industrial discharges. This 
probably indicated the lower intensity of industrial activities in these river catchments 
(Tuncer et al. 1998). However, the total influx from the direct industrial and domestic 
discharges constitute only a minute fraction of annual pollutant fluxes to the Black Sea 
due to the low water discharge from these sources. The rivers, on the other hand, 
constitute a large fraction of the total pollutant discharge to Black Sea due to the larger 
total discharge volume, although the local pollutant concentrations were low. Overall, the 
total discharges and fluxes for a variety of pollutants from Turkish catchments were much 
lower than that of Danube catchment (Table 4). However, the contribution from Turkish 
catchments are still a significant pressure on Black Sea ecosystem. Generally, annual 
loads of pollutants from the Turkish coast are the second highest after Ukraine (Tuncer et 
al. 1998). 
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Table 4. Annual fluxes of total nitrogen (TN), total phosphorous (TP), Cu, Pb, and Zn 
into the Black Sea from Turkish coast and comparison the river discharges to Danube 
(Tuncer et al. 1998). 

 Fluxes from Turkish coast  

 

Domestic and 
industrial sources 
(t year-1) 

Rivers       
(t year-1) 

Flux from 
Danube (t year-1) 

discharge 0.019 27.3 203 
TN 3400 36300 229181 
TP 147 3534 34938 
Cu 34 303 900 
Pb 18 42 4500 
Zn 220 988 6000 

 
 

Organic contaminants resulting from discharges of untreated domestic waste 
appears to be the most important contamination problem along the Black Sea coast. A 
study quantified 11 pesticides and PCBs found that 316 tons of o,p'DDE, 176 tons of 
endrin and 115 tons of DDD were being discharged from the Turkish coast into the Black 
Sea on annual basis in 1993 (Tuncer et al. 1998). The highest concentrations of all 
parameters were measured in October and the lowest concentrations were measured in 
May following the trend in precipitation and water discharge of these rivers (Tuncer et 
al. 1998). Although the use of organic compounds, such as DDT, is not allowed for 
several decades, approximately 100 tons of DDT have been discharged via rivers 
suggesting continued unlawful usage of this  (Bakan 
and Ariman 2004). Sakarya River and its catchment, which lies to the western part of the 
Black Sea, include fertile plains and are by far the most important source for almost all 
of the pesticides (Tuncer et al. 1998) and it was followed by the  and 
Ye il rmak rivers. Moreover, high concentrations of total DDTs (7-71 ng/g) and HCHs 
(36-37 ng/g) discharge from the coast of Turkey into the Black Sea were detected in 
smaller riverine sources, such as Mert and Kurtun Stream (Bakan and Ariman 2004). No 
PCBs were detected in the central Black Sea coast indicating the effect of the lack of large 
scale industry in the region (Bakan and Ariman 2004). Concentrations of total petroleum 
hydrocarbons in the southern Black Sea shelf sediments were comparable to relatively 

et al. 2012). Overall, high 
concentrations of petroleum hydrocarbons in shelf sediments were associated with the 
discharges from the Samsun, Harbors as well as the inputs from the 
Sakarya, Yenice, and et al. 2012). 
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As mentioned before, industrial discharges account for a substantial fraction of 
metal discharges into the Black Sea on annual basis, although they do not make significant 
contributions to the fluxes of conventional pollutants. This phenomenon was particularly 
obvious for Cd since approximately 90% of the annual Cd flux had come from industries 
(Tuncer et al. 1998). , Y , Sakarya, Filyos and Gülüç Rivers are also 
important riverine sources along Turkish coasts for Cd, Cu, Pb and Zn as they account 
for approximately 7%, 78%, 50% and 60% of the Cd, Cu, Pb and Zn, respectively (% 
contribution in total load along Turkish coasts). 

A more recent study (Altas and Büyükgüngör 2007) focused on the central Black 
Sea region measured heavy metal concentrations seasonally in 21 rivers during May 
2000-October 2001. It was reported that Cd and Cu levels generally and Pb and Zn levels 
sometimes exceeded the thresholds set by the Marine General Quality Criteria given in 
Turkish environmental regulations. Whereas, Ni concentrations were at the desired levels. 
The transportation of heavy metals from  and Sakarya Rivers into 
the Black Sea was quite high (Altas and Büyükgüngör 2007). Furthermore, smaller rivers 
like Melet River and Filyos Stream had high contributions to the Black Sea heavy metal 
pollution although their annual water discharges were at low levels (Altas and 
Büyükgüngör 2007). The comparison of between the Altas and Büyükgüngör (2007) and 
Tuncer et al. (1998) study indicates a gradually increase in heavy metal pollution between 
1993 and 1996. 

A big data gap regarding pollutants from rivers, particularly last couple of 
decades, prevent us to draw robust conclusions about recent status of the effect of Turkish 
rivers and catchments on the Black Sea pollution. An extensive monitoring program is 
needed in most of the rivers and streams flowing along the Black Sea. Monitoring of 
pollutant trends in the rivers and streams, particularly in the major rivers that are not 
heavily polluted, is required since they can show the initial signs of pollution. Studies on 
rivers and streams should be given with their estimated annual flux for a better assessment 
on their overall impact on the Black Sea Ecosystem. Furthermore, more frequent 
measurements and inclusion of continuous data profiles from some critical rivers is 
required to better assess annual flux of pollutants along the coast of the Black Sea. 
Apparently, there are some ongoing or recently completed monitoring studies led by 
Turkish cly available. In 
all likelihood, disclosure of those data sets will help us better understand recent trends of 
pollutants in the Black Sea rivers.  
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4. Catchment-Black Sea interactions in a wider oceanographic context  

River inputs constitute the major source of nutrients to the coastal Black Sea – 
however the availability of these nutrients for basin-wide primary production is controlled 
by a complex web of biogeochemical interactions. If the nutrients are not supplied via 
lateral mixing from coast to offshore via eddies or far-reaching river plumes, they have 
to be supplied via vertical mixing. The origin of deep-water nutrients in the Black Sea is 
eventually river or atmospheric inputs, accumulating in deep waters after a number of 

-m t
2 and H2

denitrification, nitrate-depleting respiration pathway that yields N2 as a product, therefore 
causing net nitrogen removal. 

The primary production in the Black Sea is typically higher near the coastal areas 
along the rim current area (Hay et al. 1990, et al. 1998a, b). In the open sea, 
primary production rates range from 50-200 g C m 2 y 1 ne the 
rates easily exceed 400 g C m 2 y 1 (Bologa et al. 1999). The classical spring and fall 
phytoplankton blooms in the Black Sea now seem to emerge year-round, especially near 
the southern lu B., personal comm.). The productivity 
gradients are also reflected in the resource concentrations. In the open Black Sea surface 

concentratio
to 22-33 in the 1990s as compared to 12 in 1960s, the growth of phytoplankton in the 
Black Sea open waters have typically been considered as P-limited (Cociasu et al. 1996). 
However, in the deep waters of the open Black Sea, the N/P ratio decreases down to 8, 
due to the intense denitrification rates as discussed above. In the very open part of the 
Black Sea, in the middle of the great eastern and western cyclonic gyres, the N/P ratio 
further decreases to 5, implying the N limitation in the open part. This means that, despite 
proximity (150-200 km), the river input is not as important in the central basins, making 
vertical diapycnal transport, atmospheric N input and N-fixation important processes to 
consider. 

Despite gaps, our knowledge on the biogeochemical fate of river-derived 
macronutrient N and P in the Black Sea is still relatively developed. However, the known 

nd copper, is not 
sufficient to assess the fate of river-derived metal species. Few studies, such as by Duman 
et al. -reactive nature of metals: heavy metal distribution 

lf of Amasra. There is no study 
in the Turkish Black Sea coast conducted on metal micronutrient cycling across river 
mouths to open sea in high spatial resolution. Similar studies performed in front of 
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Danube indicated a complex web of redox-driven cycling of iron and manganese and their 
et al. 2002). Particle transport mechanisms could be 

important here: the extent of river freshwater plumes may determine the metal transport 
across the shelf. The shelf area width is another parameter, since the southern Black Sea 
shelf is not as wide as western, we can anticipate a less efficient entrainment of metal-

-deposited metals on the 
shelf, but as we do not have any information on the extent of hypoxia in the southern 
Black Sea shelf, we cannot determine the relative importance of this process. Plus, we 
have practically no data on the nature of metal species entering from Anatolian rivers and 
their differential mobil -ocean interface in the Black Sea. The 
added complexity stems from 
may transport large amounts of freshly deposited particles from shelf to deep sea, as 
evidenced by iron-oxide rich sediment layers in the deepest part of the Black Sea (Yücel 
et al. 2010a) and the associated non-steady state biogeochemical signatures in the surface 
sediments and deep bottom waters (Yücel et al. 2010b). 

Overall, in order to estimate the net effect of the river derived materials in the 
Black Sea ecosystems in the near future three major phenomena should be taken into 
account. First, the depositional and transport regimes across the narrow southern should 
be assessed: lateral transport via mesoscale eddies, or seafloor turbidity currents and the 

the incoming material is important as this will determine the immediate or far-field 
deposition of the material on the shelf or continental slope. In that case, local redox 

elements such as N, P, and Fe. In that regard, redox-sensitive and conservative elements 
should be studied with specifically tailored methods and approaches. Third, in addition 
to total concentration measurement, chemical speciation datasets need to be generated to 
mitigate limitations in the assessment of the influence of river inputs. 

5. Research gaps and future perspectives  

The spatial and temporal discontinuity, insufficient temporal intensity, lack and 
lag of data sharing as well as different and inadequate sampling methods significantly 
hampers the current level of understanding of the catchment-sea interactions in the Black 
Sea. The mechanisms for the transport of the catchment effect to the open sea habitats of 
the Black Sea should be better elucidated. Especially, the formation and functioning of 
mesoscale eddies, seafloor turbidity currents and the river plumes requires addressing. 
Therefore, integrative and smart sampling monitoring programmes, from open sea to full 
extent of the catchment, supported by autonomous and real time monitoring platforms are 
urgently needed to better understand the current state of the catchment-sea interactions 
and to better predict future changes. Specifically, for some rivers, which carry critical 

also be 
integrated in those monitoring programmes and monitored at least once every season with 
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their water flux rate. Overall, it will provide better implementation of Marine Strategy 
and Water Framework Directives in harmony. 

There is accumulating knowledge on the importance of extreme events for the 
functioning of the ecosystems and climate change predictions indicate an increase in the 
intensity of these extreme events. The catchment Black Sea interaction is largely driven 
by the water discharge, which is very sensitive to extreme events in precipitation. 
Therefore, more studies on the intensity and the effect of extreme events on the catchment 
sea interactions are needed. Moreover, biological responses of these discharges need to 
be addressed for ecotoxicology and ecosystem functioning studies. The response at 
autotrophic organism fairly well studied comparing to heterotrophic communities. 
Therefore, studies focusing on the cascading effects of pollutants on heterotrophic 
communities are needed. 

Lastly, the catchment and sea interactions are complex interplay of the surface 
and underground flows. The majority of the current studies are focusing on the surface 
flow in the rivers and streams. There is a need for the better understanding on the fluxes 
and dynamics of underground and remaining surface flows (surface runoff, ephemeral 
flows, leakages, etc.). Especially, the knowledge gap on small streams draining from high 
mountains / high relief eastern Black Sea coast requires attention. Although they are small 
in volume, they might still carry significant fluxes. Furthermore, Turkey has engaged in 
a large-scale hydro power plant (HPP) investment plan along the Black Sea catchment 
with expected dramatic impacts on the sediment and nutrient transport to the sea (Hay 
1994). Therefore, the potential impact of HPP on the Si flux and overall ecosystem change 
should be addressed immediately for the Black Sea. 
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1. Introduction 

Offshore directed currents formed in the surf zone due to breaking waves are 
called “rip currents” and essentially typical to the oceans. Being a nearly closed basin, the 
Black Sea is probably the only exception with frequent rip currents on its beaches. As the 
name implies, the rip currents run counter to the incoming waves and establish itself as a 
strong stream channel with somewhat different colour. The prominent characteristic of 
running against the waves is a rather puzzling aspect of rip currents therefore their 
occurrence and generation mechanism require careful examination. Particularly in 
countries with shores facing the oceans such as Australia and United States, numerous 
studies and articles are available regarding rip currents, their formation, and related 
drowning incidents. Coasts of the Black Sea, while harbouring many rip currents, have 
not received much attention in this aspect. Apparently, no study on rip currents seems to 
be undertaken in Turkey until relatively recently (Beji and Barlas 2007). 

Formation and physical aspects of rip currents are important to understand the 
mechanism working behind. Covering these aspects, Dalrymple et al. (2011) gave a 
detailed review on field measurements, instrumentation, laboratory techniques, and 
numerical modelling. Kumar et al. (2011) used a 3D numerical ocean model for surf zone 
applications using examples of rip current formation in longshore bar. Orzech et al. 
(2011) investigated the formation of mega cusps on rip channel bathymetry. The 
relationship between alongshore rip channel migration and sediment transport was 
investigated using time-averaged video images to identify the positions of rip channels 
by Orzech et al. (2010). Thiebot et al. (2012) analysed the influence of wave direction on 
the morphological response of a double sandbar system, and interactions between the 
patterns in the two shore-parallel bars. 

Potential hazards of rip currents to human lives are among the most important 
issues for studying rip currents. Brighton et al. (2013) studied rip current related drowning 
incidents in Australia while Gensini and Ashley (2010) analysed fatalities caused by rip 
currents in the United States for the period of 1994-2007. Sherker et al. (2010) assessed 
the beliefs and behaviours of Australian beachgoers in relation to beach flags and rip 
currents. Miloshis and Stephenson (2011) suggested rip current escape strategies as "do 
nothing" and "swim parallel to the beach". Drowning risk factors at surf beaches in 
Australia were analysed by Morgan et al. (2009). Chandramohan et al. (1997) identified 
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rip current zones on the Goa beaches in India while Sabet and Barani (2011) did the same 
for the southern coast of Caspian Sea. Studies on rip current related drownings on the 
Black Sea beaches of Istanbul were given in Barlas et al. (2012) and Beji and Barlas 
(2013). 

The Black Sea beaches of Istanbul are among the most dangerous regions of the 
world in terms of rip current fatalities. According to the records, each year on the average 
33 people fall victim to rip currents on these beaches. This fatality rate for a city of 
approximately 15 million population is remarkably greater than those observed in 
Australia and in U. S. Such a high fatality rate raises a number of questions ranging from 
educational aspects to cultural attitudes. Therefore, extensive campaigning concerning 
the dangers of rip currents and the relevant rescue techniques as well as other educational 
recommendations related to social attitudes is needed. 

2. General Characteristics of Rip Currents 

A rip current is a powerful and separate seaward current that can flow over 2 m/s 
running usually perpendicular to the beach, out into the sea. In general the speeds of rip 
currents are between 0.3 to 1.5 m/s (Dalrymple et al. 2011). Compared to the 800 m 
freestyle World record in swimming, which is nearly 1.8 m/s, the speeds of the rip 
currents are quite high. The rip currents may extend 50 to 300 meter in length, and 6 to 
30 meter in width (Short and Hogan, 1994). The formation of rip currents depends on 
definite aspects, which may be enumerated under the following items (Bowen 1969, 
Lyons 1991).  

 Nearshore bathymetry, 

 Wind direction and speed; wave height and period, 

 Sand properties of the beach, 

 Shape of the shoreline, 

 Structures at the beach. 

The nearshore bathymetry is probably the most important factor in the formation 
of rip currents. A bar-trough-bar type bottom configuration is a trademark of a rip current 
as seen in Figure 1 (Hansen and Svendsen 1986). 
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Figure 1. A typical bathymetry allowing rip current formation (COMET 2017) 

 

The offshore directed rip currents interact with the incident waves to produce a 
negative feedback on the wave forcing, hence to reduce the strength and offshore extent 
of the currents. The two physical processes arising from refraction by currents; namely, 
bending of wave rays and changes of wave energy, are both found to be important. The 
incident wave height has some effects on the strength and offshore extent of rip currents, 
but these are rather weak compared to the effects of rip channel spacing and depth (Yu 
and Slinn 2003). Once the waves are high enough to break over the top of the bar, the 
question of how high they can become is relatively unimportant. Since wave breaking 
over a bar is primarily dictated by water depth, it is sufficient condition for breaking to 
get wave heights comparable or greater than the water depth over the bar. If the bar is 
shallow enough the required wave height for breaking is smaller (Haller and Dalyrymple 
1999). The process is determined by the ratio of water depth to wave height, which is a 
relative quantity. On the other hand, the depth of the trough across which the rip flows 
offshore is a quite important parameter in determining the strength of the rip current. In 
principle the deeper the channel the stronger the current is. Rip currents are usually 
observed in the aftermath of a storm or windy weather conditions if the wind blows from 
a favorable direction to generate sufficiently high waves advancing perpendicular to the 
beach. Atmospheric conditions are therefore another crucial factor in the formation of rip 
currents. Average bottom slope in the nearshore region is also observed to influence the 
current strength by dictating the rate of change of shoaling. Gradual shoaling over long 
distances or a mild-slope type bathymetry gives rise to stronger currents (Arthur 1962). 
Finally, fine sand beaches increase the probability of rip current formations, while coarse 
sand or pebble beaches decrease the probability (Pfaff 2003). 

Sandbar

Rip 
channel 

Sandbar parallel 
to shore
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3. Rip Currents on Black Sea Shores 

Rip currents are rather common features of beaches facing oceans but rather 
unusual for relatively small enclosed bodies of water. In this respect, the Black Sea is 
remarkably different in that rip currents are encountered frequently along the southern 
shores of it. Reasons for rip current occurrences are related to favourable aspects of the 
beaches of the Black Sea, as the existence of rip currents depends on the beach 
bathymetry, wind direction and speed, wave height and wave period, the form of the 
beach, physical structures at the beach, and the sand characteristics. Especially with cusp-
like shore forms, many beaches on the southern coasts of the Black Sea have rather fine 
sand, bar-trough-bar type underwater formations, and are open to high northerly winds 
with severe waves as high as 5 meters or even higher. Co-existence of all these factors 
make the beaches of the Black Sea quite predisposed to rip currents and the overall result 
is that year after year lives are lost at the beaches due to rip currents. If the bottom 
topography has gentle slopes and shoals over long distances, rip currents are usually 
stronger and effective over large regions. For other type bathymetries strength and extend 
of rip currents are somewhat limited. Depending on the formation type, some rip currents 
may be permanent; that is to say, they may exist on yearly basis throughout the favourable 
conditions. However, there are also temporary rip currents which exist only for a few or 
several hours. In the aftermath of severe storms it is much more likely to observe rip 
currents. With increasing wave period and wave height, the speed and extend of rip 
currents increase. Gently sloping and fine sand beach types are especially favourable for 
rip current formation. Figure 2 -

 

 

Figure 2. Schematic description of rip current formation on - shores 

Rip channel (Broken sandbar) 

Wave direction 

Rip current 
Sandbar (shallow) 
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Sand properties of a beach is another important factor that determine the 
character of rips and decide whether rip currents form or not. Actually, sand properties 
affect rip currents not directly but indirectly by shaping the bottom topography or 
bathymetry. With the action of waves and currents, fine sand spreads more homogenously 
and evenly over the area and creates gently sloping regions. Such a bathymetry is more 
favourable for the formation of rips. On the other hand, coarse sand reduces probability 
of rip formation by creating a bottom topography with somewhat steeper slope. A pebble 
beach has the least probability of generating rip currents (Pfaff 2003). Figure 3 shows 
relatively fine sand structure of Ağaçlı (Eyüp) and Kilyos (Sarıyer) beaches. Fine sand 
beaches, as indicated, have gently sloping depths hence provide favourable conditions for 
the formation of strong rip currents. Coarse sand beaches however have relatively steeper 
slopes hence generate weaker rip currents or no rip currents at all.  

  

Figure 3. Fine sand structure of Ağaçlı (Eyüp) ve Kilyos (Sarıyer) shores (photo by B. 
Barlas). 

Reports from actual rescue operations reveal that the observed rip currents on 
the shores of the Black Sea are quite severe. Wind speeds basically determine wave 
heights and in turn wave heights directly affect the strength of rip currents. Therefore, 
weather condition is the primary factor for rip currents. For the shores of Black Sea, a 
wind of Beaufort 3-4 may initiate rip currents because the wave heights near the shore 
may approach 2-3 m. As the weather gets severer, for Beaufort 4-5 the wave heights 
increase to 4-5 m and for Beaufort 7-8 wave heights exceed 5 m. The latter is a very 
severe weather condition and normally people would avoid getting into sea but there may 
be some exceptional cases as for instance one reported by the Underwater Search and 
Rescue Team of Istanbul Gendarmerie Command. On the eve of a storm on 30 June 2013 
a person was reported lost off the Kurna Beach in Sile, Istanbul. But the weather was 
getting much worse and no other information about the person was obtained therefore no 
search could be initiated for two days. On 02 July 2013, in presence of a storm with 
Beaufort 7.9 and nearshore wave heights exceeding 5.5 m the body of the victim was 
reportedly seen adrift in the sea. Despite the extreme wind and sea conditions, the 
Underwater Search and Rescue Team arrived at the indicated location and began attempts 
to recover the body from the water. The Team observed virtually a mega rip channel of 
200-300 m long into the sea and a current speed of 4-5 m/s. The body was trapped in a 
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vicious circle: the rip was carrying the body 200-300 m offshore and wherever the rip 
was weakening, the body, being free of the current, was overtaken and carried back 
towards the shore by the very high waves moving onshore. Then, approximately 50 m to 
the shore the body was again caught up by the rip current and quickly drifted offshore. 
The Rescue Team was trying to get hold of the body whenever it was closest to the shore 
but that was a very difficult and dangerous task even for the divers. Despite the heavy 
diver’s equipment they were also being caught up in the current and carried away for 
hundreds of meters. Most of the times they were trying to save their own lives. Eventually, 
after more than an hour’s efforts the body was recovered from the sea. This single 
incidence shows clearly that the Black Sea may be even more dangerous than the Oceans 
when it comes to rip currents and may produce rip channels of 300 m long and 4-5 m/s 
current speeds, which are extremely rare (Beji 2015). 

4. Rip Current Casualties on the Black Sea Shores of Istanbul 

When a swimmer is caught up in a rip, he/she is pulled offshore. If the swimmer 
is inexperienced, he/she attempts to swim back to the shore against the rip current and 
consequently becomes tired of struggling, suffers exhaustion, fears, and eventually 
panics. In the end, as a result of wasted efforts, the swimmer drowns. 

Literature regarding the casualties due to rip currents is quite diverse about the 
incident rates. Lushine (1991) reported on the average 150 annual deaths due to rip 
currents in the United States while his figures were criticized by Gensini and Ashley 
(2010) who gave 35 annual deaths for the period of 1994-2007. On the other hand, in 
Australia Sherker et al. (2010) indicated an average of 82 annual drownings, many of 
these attributable to rip currents while Brighton et al. (2013) gave 21 annual deaths on 
the average. Outside the U. S. and Australia, studies are relatively fewer. Chandramohan 
et al. (1997) identified rip current zones on the Goa beaches in India and Sabet and Barani 
(2011) did the same for the southern coast of Caspian Sea. Arozarena et al. (2015) 
presented an analysis of data from the Judicial Investigation Organization of Costa Rica 
which indicated 1391 drownings between 2001 and 2012; approximately 590 of those 
drownings, 42%, were reported as due to rip currents. 

Istanbul is the largest city in Turkey with a population over 15 million and has 
nine known beaches, four in the European and five in the Asian part of the Black Sea 
coasts as sketched in Figure 4. The total length of the coastline is approximately 153 km 
(92 km in European side and 61 km in Asian side); the coastline length of popular beaches 
is approximately 57 km (30 km in European side and 27 km in Asian side). 
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Figure 4. Beaches (red lines) under the responsibility of Istanbul Gendarmerie Command 

 

Examination of the Istanbul Gendarmerie Command’s hazard event data gives a 
total number of 341 incidents during the period of 2007-2013, and among all the reported 
drownings, the fatalities associated with rip currents are 227 or nearly 67%. This 
percentage is higher than the international average range of 49-58% reported by Brighton 
et al. (2013). However, variations do occur depending probably on the beach 
characteristics; Brewester (2010) for instance, puts the figure to 80% for rip current 
drownings in California, U.S.A. though this is likely to be an overestimate. 

While the figure of 67% for the Black Sea beaches is above the international 
range, it cannot be attributed solely to uncertainty involved in the identification of the 
exact cause of drownings. The logs kept according to the reports of the well-trained 
rescuers and/or the Underwater Search and Rescue Team of the Gendarmerie are quite 
detailed and the examination of these records shows that every care is taken to ascertain 
the exact nature of the drownings. The team usually arrives within less than an hour of 
drowning, question the eyewitnesses and frequently observe the rip current itself if it still 
exists. Therefore, considering all these points, approximately 67% rate of rip-related 
events obtained from the records is considered an accurate enough figure. Thus, in an 
average year approximately 33 people drown due to rip-related drowning incidents on the 
Black Sea beaches of Istanbul. Considering the range between minimum rate 53% in 2011 
and maximum rate 82% in 2009, the lowest and highest number of rip drownings would 
respectively be 27 and 44 people, depending on wind and wave conditions occurring on 
that particular summer (Table 1). 

European side 
b h

Black  Sea 

Asian side 
b hIstanbul 
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Table 1. Reported rip-related drowning fatalities during the period of 2007-2013 

Year Drowning  
fatalities  

Rip current 
fatalities 

Percentage of 
rip current fatalities (%) 

2007 51 36 71 
2008 34 27 79 
2009 54 44 82 
2010 47 30 64 
2011 51 27 53 
2012 53 31 59 
2013 51 32 63 
Total 341 227 Avg. 67 

 

A breakdown of fatalities, where deaths by beaches and the percentage of 
fatalities per kilometre, is given in Table 2. Fatality percentage per kilometre is presented 
as an indicator of the “danger level” of a particular beach. Since the number of swimmers 
would be approximately proportional to the beach length; the mere number of deaths or 
their percentage for a definite beach would not correctly reflect its danger level. 
Therefore, it should be more meaningful to give the fatality percentage per kilometre of 
beach. Accordingly, Riva and Karaburun respectively are the most dangerous beaches in 
terms of rip current fatalities. These two beaches account for 6.9% and 5.1% of total 
deaths per km. Many of these fatalities occur on weekends, especially on Sundays when 
daily beach-going tourist population is highest. There is a relatively large difference in 
fatalities between Saturday and Sunday due to the fact that in Turkey most people in 
private sector work half a day on Saturdays; therefore, considerably more people go to 
the beaches on Sundays compared to Saturdays. As expected, weekends with 56% of total 
fatalities, have more fatalities than all the weekdays combined. 

The fatality reports also reveal a difference in gender vulnerability. Males are 
over seven times more likely to drown in rip currents than females. The percentage of 
male fatalities due to rip currents stands as 77.2% while female fatalities are 11.9% out 
of 89.1% fatalities of total incidents. This trend is also reported in international statistics 
(Brighton et al. 2013), but the difference is accentuated in Turkey due to the fact that 
socially men go to beaches more frequently, while women prefer to stay at home or if 
they go they refrain from swimming because of religious and cultural attitudes; i.e., not 
wanting to show her body. In addition, many men are reported to be drown while trying 
to save their family members or friends from the rip currents. Socially another persistent 
problem is the over-confident attitude of young adults to warnings. These young people 
refuse to heed any safety advice and even in some cases go so far as to harass lifeguards 
or gendarmeries who warn them on the beach. 
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Table 2. Total number of reported rip current fatalities by beach during the period of 
2007-2013 

Beach Rip 
Drownings 

Percentage 
(%) 

Beach 
length 
(km) 

Percentage of rip 
drownings per 

km* (%) 

 9 4.6 2 2.3 
Karaburun 30 15.4 3 5.1 

A  10 5.1 2.5 2.0 
Kilyos 9 4.6 4.5 1.0 
Riva 20 10.3 1.5 6.9 

Sahilköy 7 3.6 2.2 1.6 
 8 4.1 2 2.0 

Sofular 10 5.1 2 2.6 
va 9 4.6 3 1.5 

Other beaches 83 42.6   
*Percentage of rip drownings per km was calculated by dividing each percentage by beach length 
in km. 

 

Children aged younger than 18 account for 22% of all rip current fatalities. 54% 
of fatalities are between the ages 18-35. This group are risk takers and over-represented 
in drowning statistics. Lifeguards indicate that most beach-going tourists, those other than 
local inhabitants, lack knowledge and experience about rip currents and most are not good 
swimmers. When fatalities are considered by month, July stands out as the most 
dangerous. Half of the total fatalities occur in July, followed by 28% in August. Normally, 
being a summer vacation time, August would be expected to be nearly as dangerous as 
July but for the effect of Ramadan. Ramadan, the religious fasting month for Muslims, is 
very prominent during the period of the data set examined. The beginning and ending of 
Ramadan are determined by the lunar Islamic calendar. Since the lunar year is 10 to 12 
days shorter than the solar year, Ramadan migrates throughout the seasons and each year 
Ramadan begins about 10 to 12 days earlier than the previous year. The month of 
Ramadan is spent by Muslims for fasting during the daylight hours from dawn to sunset. 
Fasting practices are primarily an act of willing abstinence from all food, drink, sexual 
intercourse and some other activities. Thus, among other refrainments, people do not go 
to beaches, or if they go, they do not swim to avoid unintentional water intake. The month 
of Ramadan therefore has a very significant effect on reducing drowning fatalities. For 
example, fatalities during August were considerably lower than July because the month 
of Ramadan befall in the month of August from 2009 to 2012. 

Although absence of lifeguards in some beaches is a problem, a more dangerous 
practice is that some families or groups especially prefer desolate beach parts for quite 
different reasons. In such remote beach areas without lifeguards, when one is in danger, 
the others from the family or friends try to help him/her, resulting usually in more 



123 
 

fatalities. For example, on July 7th, 2012 four sisters aged 10, 14, 16 and 17 drowned 
together. According to the drowning report, the two youngest siblings were in danger and 
the elder ones attempted to rescue them, but they were all caught by the rip current and 
all four drowned. On July 24th, 2010 two friends aged 30 and 32 drowned together. 
According to the drowning report, at first, one of the friends was in danger and the other 
one was trying to rescue him, eventually both were caught by the rip current, and both 
drowned. There were 18 families or groups involved in the rip current fatality reports, 
and out of these 38 people died. 

5. Winds versus Rip Currents for the Black Sea Shores of Istanbul 

The presence of rip currents along a coastline may be related to the presence of 
onshore wind and associated wind-driven wave breaking activity. While several studies 
have related the wind speed to the presence and hazard level of rip currents (see for 
instance Brewster, 2010), here we simply relate wind speed to the occurrence of drowning 
fatalities in rip currents. 

The data set relevant to the analysis presented below was obtained from Turkish 
State Meteorological Service. The wind data obtained from two different meteorological 
stations located in close proximity of the beaches, Kumkoy in European side and Sile in 
Asian side were used here. This database includes atmospheric events, such as wind 
directions, and magnitudes. The fatality reports and meteorological data were considered 
together to get an insight into fatalities by first ascertaining whether the casualties were 
related to the rip currents or not, and then checking if a correlation could be established 
between the casualties and the atmospheric events. Fatality locations were mapped to 
depict the spatial distribution of fatal rip currents. On the day that a rip current fatality 
occurred, the atmospheric condition in relation to the beach was also indicated. 

 

Table 3. Wind speed versus reported rip current fatalities for the period of 2008-2012 

Wind speed (m/s) Rip current fatalities % 
<1.0 0 0.0 

1.0-1.5 22 17.2 
1.5-2.0 41 32.0 
2.0-2.5 21 16.4 
2.5-3.0 21 16.4 
3.0-3.5 20 15.6 
3.5-4.0 3 2.3 

4+ 0 0.0 
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Thus, considering the wind speeds versus rip current fatalities, about one third 
of the fatalities occurs when the wind speed is between 1.5-2.0 m/s as shown in Table 3. 
When the wind speed is below 0.8 m/s, there are no rip current fatalities, simply because 
there are no rip currents. When the wind speed is greater than 4 m/s, the people do not go 
to the beaches because of very severe weather conditions. However, for the wind speeds 
of 1.0-1.5 m/s, the rip current magnitude is not too intense, so people consider themselves 
capable enough to swim, but for poor swimmers this is the most dangerous case. Nearly 
60% of the fatalities in this wind speed interval is found to be children. By using 
regression analysis, the wind speed versus fatality risk is shown in Figure 5. 

 

Figure 5. Wind speed versus fatality risk due to rip currents for the Black Sea shores of 
Istanbul 

 

6. Surviving Rip Currents 

Ballantyne et al. (2005) studied the behaviour of international and domestic 
students and their knowledge of beach safety practices while drowning risk factors at surf 
beaches are analysed by Morgan et al. (2009). Dangers of rip currents and prevention 
methods were reported by Hatfield et al. (2012) on a campaign to improve beachgoer 
recognition of calm-looking rip currents, which are known to contribute to surf 
drownings. Drozdzewski et al. (2012) surveyed people who had been caught in a rip 
current and survived. Williamson et al. (2012) compared attitudes and knowledge of 
beachgoers from rural inland residents and international tourists in Australia concerning 
beach safety. An important outcome of this study was that the odds of international 
tourists making a safe swimming choice in the vicinity of a rip current were three times 
lower than usual beachgoers and rural inland residents. Quite similar views concerning 
daily tourists were reported by natives and lifeguards of towns on the coasts of the Black 
Sea in Turkey during in person interviews. Caldwell et al. (2013) studied the ability of 
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beach users’ knowledge of rip currents at Pensacola Beach, Florida and found that most 
beach users, and particularly local participants, are overconfident in their ability to 
identify rip channels and currents. In the same vein, Brannstrom et al. (2014) surveyed 
the ability of beach users on three heavily used public beaches in Texas to identify a rip 
current. Only 13% of respondents correctly selected the photograph showing the most 
hazardous conditions and correctly identified the precise location of the rip current. In a 
similar vein, Drozdzewski et al. (2015) reported the experiences of weak and non-
swimmers caught in rip currents at Australian beaches. While it may not be always easy 
to recognize a rip current the following points are helpful for deciding. 

 A mixture of water masses irregularly moving away from the shore as if in a channel, 

 Notable change of the colour of water in a limited region, 

 A foamy region moving into the sea, 

 Irregular and turbulent appearance in waves approaching the shore. 

 

 

Figure 6. Photograph of a clearly identifiable rip current 

 

Existence of one or more of the above items usually indicate the presence of a 
rip current. An observer on the beach may see these signs easier with the aid of an UV 
filter sunglass. Figure 6 shows the photograph of a rip current taken above the sea. Note 
that the current sets the bottom sediments in motion and creates a murky and brownish 
water region. 
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Figure 7. Strategy to escape from a rip current (NOAA 2017) 

 

The foremost escape technique from rip currents advices victim to swim parallel 
to the beach wherever the rip current weakens in strength as sketched in Figure 7. 
Likewise, Miloshis and Stephenson (2011) suggest rip current escape strategies as "do 
nothing" and "swim parallel to the beach". In particular, they indicate that, of the two 
methods, “do nothing” or “allow the rip current to take a swimmer” is the most effective 
strategy. However, recent studies have shown dominant rip current re-circulation within 
the surf zone and have endorsed “just floating” as an appropriate escape strategy 
(McCarroll et al. 2014).  

The following items are essential for surviving rip currents: 

 Improve your swimming skills, 

 Do not swim alone, 

 Always be alert about potential dangers, 

 If caught up in a rip current, remain calm and do not waste your energy in vain, 

 Do not fight against the current. Swim parallel to the shore wherever the current 
weakens enough to allow you to do so and then swim back to the shore from a 
different path, 

 If too tired to swim, just calmly try to remain afloat and let the current take you till it 
weakens in strength. Then, swim parallel to the shore outside the rip and return back. 

 If too tired to swim back after getting out of the grip of the current, ask for help from 
the shore by holding your arm. 
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To help someone caught up in a rip current: 

 Ask for help from a lifeguard if within the reach, 

 If no lifeguard present throw something floatable (life jacket, buoy ring, beach ball, 
any kind of personal floatation devices –PFDs) to the person in danger. 

 Very loudly tell the person what he/she should do to survive. 

 Do not forget that many people who try to rescue a person from a rip current get 
drowned so unless you are a really expert swimmer do not get into water. 

7. Concluding Remarks 

Rip currents are mostly encountered across the shores facing the oceans. 
Therefore, countries like U.S. and Australia have accumulated a considerable literature 
concerning various aspects of rip currents. The Black Sea, being an almost completely 
isolated basin, stands out as an unusual case in terms of rip current occurrences. Across 
the southern shores of the Black Sea, rip currents are considerably frequent and rather 
dangerous owing to exceptionally high waves at times of northerly winds. Studies on the 
rip currents of the Black Sea beaches are rather few and have started only recently for the 
beaches of Istanbul facing the Black Sea (Beji and Barlas 2007). The main reason for this 
late attention is probably the late identification of the rip currents themselves on the Black 
Sea shores of Turkey. Nevertheless, in recent years more studies on incident rates, 
prevention techniques and mechanisms of rip currents on the Black Sea beaches of Turkey 
have been reported and campaigns for public awareness have been initiated (Barlas et al. 
2012, Beji and Barlas 2013, Barlas and Beji 2013, 2016). 

Records of Istanbul Gendarmerie Command reveal that on the average 33 people 
are drown each year in rip currents on the Black Sea beaches of Istanbul. Such high 
drowning rate calls for a questioning of the role of educational aspects and cultural 
attitudes in this problem. Besides the usual precautions such as warning signs concerning 
the dangers of rip currents and the relevant rescue techniques of remaining afloat and 
avoiding to swim against the current, other educational recommendations related to social 
and cultural aspects are needed. Pamphlets explaining the rip currents and their dangers, 
one-page brochures advising on correct attitude, educational programs for children, 
preachers addressing the problem and recommending obedience to authorities in 
mosques, magazine and TV spots may be considered as educational activities. 

The absence of lifeguards on some beaches contributes to fatalities. However, 
an equally important problem stems from the social attitudes of beach-goers. For different 
reasons, some young couples and families prefer isolated parts of beaches where no 
guards are on duty. In such circumstances, when one is in danger, in the absence of 
lifeguards, family or friends try to help the victim, often resulting in more fatalities. 
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Precautions appropriate to the cultural attitudes of the people are suggested to reduce 
downing incidents and related fatalities. The success of educational or informational 
activities in this region therefore requires much effort, especially when young adults are 
in question. Children are relatively easier to reach and they are more willing to listen to 
the warnings and obey the instructions. Therefore, it is expected that the brochures and 
billboards prepared in this context will be effective over the medium term by first 
educating children and youngsters. 

References 

Arozarena, I., C. Houser, A. Gutierrez Echeverria, and C. Brannstrom. 2015. The rip 
current hazard in Costa Rica. Natural Hazards, 77(2): 753-768. 

Arthur, R.S. 1962.A note on the dynamics of rip currents. Journal of Geophysical 
Research, 67(7): 2778-2779. 

Ballantyne, R., N. Carr, and K. Hughes. 2005. Between the flags: an assessment of 
domestic and international university students' knowledge of beach safety in Australia. 
Tourism Management, 26 (4): 617-622. 

Barlas, B. and S. Beji. 2013. Drownings associated with rip currents in the gendarmerie 
region of Istanbul, (in Turkish), p. 1-12. In Proceedings of Rip Currents and Drownings 
Workshop, Istanbul. 

Istanbul’s coastline (in Turkish), p. 299-308. In Proceedings of Technical Congress of 
Naval Architecture and Ocean Engineering, Istanbul. 

Barlas, B. and S. Beji. 2016. Rip current fatalities on the Black Sea beaches of Istanbul 
and effects of cultural aspects in shaping the incidents. Natural Hazards, 80(2): 811-821. 

Beji, S. and B. Barlas. 2007. The investigation of rip currents that cause drownings off 
(in Turkish). Research Report, Chamber of Turkish Naval 

Architects and Marine Engineers, Istanbul. 

Beji S. and B. Barlas. 2013. Mechanism of rip currents (in Turkish), p. 13-22. In 
Proceedings of Rip Currents and Drownings Workshop, Istanbul. 

Beji, S. 2015. Observations on severe rip currents on the shores of the Black Sea (in 
Turkish), p. 7-9. In Rip Currents and Drownings, AFAD, Istanbul. 

Bowen, A.J. 1969. Rip currents 1: Theoretical investigations. Journal of Geophysical 
Research, 74: 5468-5478. 



129 
 

Brannstrom, C., S. Trimble, A. Santos, H.L. Brown, and C. Houser. 2014. Perception of 
the rip current hazard on Galveston Island and North Padre Island, Texas, USA. Nat. 
Haz., 72: 1123-1138. 

Brewster, B.C. 2010. Rip current misunderstandings. Nat. Haz., 55: 161-162.  

Brighton, B., S. Sherker, R. Brander, and A. Bradstreet. 2013. Rip current related 
drowning deaths and rescues in Australia 2004-2011. Nat. Hazards Earth Syst. Sci., 13: 
1069-1075. 

Caldwell, N., C. Houser, and K. Meyer-Arendt. 2013. Ability of beach users to identify 
rip currents at Pensacola Beach, Florida. Nat. Haz., 68:1041-1056. 

Chandramohan, P., V.S. Kumar, and B.K. Jena. 1997. Rip current zones along beaches 
in Goa, West Coast of India. Journal of Waterway Port Coastal and Ocean Engineering, 
123(6): 322-328.  

COMET, 2017. Rip Currents: Nearshore Fundamentals, http://www.meted.ucar.edu/ 
marine/ripcurrents/NSF/print.htm. 

Dalrymple, R.A., J.H. MacMahan, J.H.M. Reniers, and V. Nelko. 2011. Rip currents. 
Annu. Rev. Fluid Mech., 43: 551-581. 

Drozdzewski, D, W. Shaw, D. Dominey-Howes, R.W. Brander et al. 2012. Surveying rip 
current survivors: preliminary insights into the experiences of being caught in rip 
currents. Nat. Haz. & Earth Syst. Sci., 12: 1201-1211. 

Drozdzewski, D., A. Roberts, D. Dominey-Howes, and R.W. Brander. 2015. The 
experiences of weak and non-swimmers caught in rip currents at Australian beaches. 
Aust. Geog. 46(1):15-32. 

Gensini, V.A. and W.S. Ashley. 2010. An examination of rip current fatalities in the 
United States. Nat. Hazards, 54: 159-175.  

Haller, M.C. and R.A. Dalrymple. 1999. Rip current dynamics and nearshore circulation. 
Research Report CACR-99-05, Center for Applied Coastal Research, University of 
Delaware. 

Hansen, J.B. and I.A. Svendsen. 1986. Experimental investigation of the wave and current 
motion over a longshore bar. Proceedings 20th International Conference Coastal 
Engineering, American Society Civil Engineers. 

Hatfield, J., A. Williamson, S. Sherker, R.W. Brander, et al. 2012. Development and 
evaluation of an intervention to reduce rip current related beach drowning. Acc. Anal. & 
Prev., 46: 45-51. 



130 
 

Kumar, N., G. Voulgaris, and J.C. Warner. 2011. Implementation and modification of a 
three-dimensional radiation stress formulation for surf zone and rip-current applications. 
Coastal Engineering, 58: 1097-1117. 

Lushine, J.B. 1991. A study of rip current drownings and related weather factors. National 
Weather Digest, 16: 13-19.  

Lyons, S. 1991. Rip Currents: Description, Observations and Theories. Cooperative 
Institute for Applied Meteorological Studies, Department of Atmospheric Sciences, 
Texas A&M University, 3150 TAMU, College Station, TX 77843-3150. 

McCarroll, R.J., R.W. Brander, J. MacMahan, et al. 2014. Evaluation of swimmer-based 
rip current escape strategies. Nat Haz., 71(3):1821-1846. 

Miloshis, M. and W.J. Stephenson. 2011. Rip current escape strategies: lessons for 
swimmers and coastal rescue authorities. Nat. Hazards, 59: 823-832. 

Morgan, D., J. Ozanne-Smith, and T. Triggs. 2009. Self-reported water and drowning risk 
exposure at surf beaches. Aust N Z J Public Health, 33: 180-188. 

NOAA, 2017. Rip currents: break the grip of the rip, 
http://www.ripcurrents.noaa.gov/signs_brochures.shtml. 

Orzech, M.D., E.B. Thornton, J.H. MacMahan, W.C. O'Reilly, and T.P. Stanton. 2010. 
Alongshore rip channel migration and sediment transport. Marine Geology, 271: 278-
291. 

Orzech, M.D., J.H.M. Reniers, E.B. Thornton, and J.H. MacMahan. 2011. Megacusps on 
rip channel bathymetry: Observations and modelling. Coastal Engineering, 58: 890-907. 

Pfaff, S. 2003. Rip Current Forecasting, WFO MHX Coastal and Marine Conference, 
Morehead City, NC, USA. 

Sabet, B.S. and G.A. Barani. 2011. Field investigation of rip currents along the southern 
coast of the Caspian Sea. Scientia Iranica, 18(4): 878-884. 

Sherker, S., A. Williamson, J. Hatfield, R. Brander, and A. Hayen. 2010. Beachgoers’ 
beliefs and behaviours in relation to beach flags and rip currents. Accident Analysis and 
Prevention, 42: 1785-1804. 

Short, A.D. and C.L. Hogan. 1994. Rip currents and beach hazards: Their impact on 
public safety and implications for coastal management. Journal Coastal Research, 12: 
197-209. 



131 
 

Thiebot, J., D. Idier, R. Garnier, A. Falques, and B.G. Ruessink. 2012. The influence of 
wave direction on the morphological response of a double sandbar system. Continental 
Shelf Research, 32: 71-85. 

Williamson, A., J. Hatfield, S. Sherker, R.W. Brander, and A. Hayen. 2012. A comparison 
of attitudes and knowledge of beach safety for Australian beachgoers, rural residents and 
international tourists. Aust. & NZ J. Pub. Health, 36(4): 385-391.  

Yu, J. and D.N. Slinn, 2003. Effects of wave-current interaction on rip currents. Journal 
of Geophysical Research, 108(C3): 1-19.  



132 
 

CARBON FLOW WITHIN PLANKTONIC FOOD WEB 

Ülgen AYTAN 

Faculty of Fisheries, Recep Tayyip Erdogan University, Rize, Turkey 
ulgen.kopuz@erdogan.edu.tr 

 

1. Introduction 

In aquatic environment, there are two main pathways by which carbon flows 
from autotrophic to heterotrophic organisms: the classical herbivorous food web and the 
microbial food web (Azam et al. 1983, Sherr et al. 1986, Legendre and Rassaulzadegan 
1995). In the classical herbivorous food web, the carbon flows directly from large 
autotrophs to metazoans (Pomeroy 1974). In the microbial food web, the carbon flows 
from bacteria and small phytoplankton (< 20μm) to nano- microzooplankton and then to 
higher trophic levels (Azam et al. 1983, Calbet and Landry 2004). The importance of the 
nano- and micrograzers was first described in oligotrophic ecosystems, where autotrophs 
are dominated by smaller cells. However, since then, it has been recognized that these 
grazers (heterotrophic nanoflagellates and microzooplankton < 200 μm) also control 
lower level production and dynamics in productive coastal regions (Calbet and Landry 
2004). They are also favourite prey for mesozooplankton in a range of aquatic 
environments, from the poles to upwelling regions (Stoecker and Capuzzo 1990; 
Atkinson 1996; Calbet and Saiz 2005). By this way they play significant roles in 
structuring plankton communities and in nutrient regeneration (Calbet and Saiz 2005, 
Calbet 2008). Making a distinction between the two historical perspectives, in the 
herbivorous food web the predators are metazoans, while in the microbial food web the 
predators are protozoans. An intermediate situation is called the multivorous food web, 
where both metazoan and protozoan consume both large and small cells (Legendre and 
Rassoulzadegan 1995). As a result of these studies, the traditional view of a short and 
efficient herbivorous food web, has been gradually replaced in last decades by a 
perspective where the year-round workhorses are actually the smaller cells, while larger 
cells have a more sporadic and seasonal importance. 

Drastic changes in biogeochemical properties occurred in the Black Sea 
ecosystem during the last half century due to pollution, eutrophication, over-fishing, 
climatic cooling/warming and introduction of non-native species (Besiktepe et al. 1999, 
Kideys 2002, Daskalov 2002, Oguz and Gilbert 2007, Oguz et al. 2012). Decreases of 
nutrient levels during the 1990’s were regarded as an improvement of the state of the 
ecosystem. However, the ecosystem seems not to have return to the classical herbivorous 
food web of the pre-eutrophication period and is now dominated by dinoflagellates and 
other nano-size phytoplankton species with respect to diatoms, and relatively low levels 
of phytoplankton (Oguz and Velikova 2010). In addition, the Black Sea is still under 
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serious environmental threats in result of being a semi-enclosed basin, with high river 
discharge of several industrialized countries and uncontrolled coastal pollution. The 
domination of dinoflagellates and nanoflagellates, reduced frequency and magnitude of 
phytoplankton blooms, and declines in phytoplankton biomass may have also been related 
to climatic variability (Kideys 2002, Daskalo 2002, Oguz and Gilbert 2007, Nesterova et 
al. 2008, Oguz et al. 2012). For example, in-situ phytoplankton biomass in the interior 
basin followed closely temperature decadal variations, with higher (lower) biomass 
occurred during cold (warm) years (Oguz et al. 2006, Nesterova et al. 2008). Predicted 
warming over the next decades (Collins et al. 2013) might significantly increase carbon 

ow through the microbial food web (Caron and Hutchins 2012). Monitoring of the status 
of the marine food web has been considered essential for the implementation of the “food 
web” descriptive of the Marine Strategy Framework Directive (EU 2008), which aims to 
achieve a healthy functioning of marine ecosystems and a sustainable use of marine 
resources. 

In this chapter the carbon flow within planktonic food web were reviewed from 
the available literature in the Black Sea. First the importance of nano-micrograzers as 
grazers on lower levels is discussed, and then their role as a prey for higher trophic levels 
is considered.  

2. Carbon flow within the microbial food web in the Black Sea 

The number of available studies on microbial communities (< 200 um) in the 
Black Sea are strongly biased toward classical herbivorous food web contributors such as 
diatoms, dinoflagellates and their mesozooplankton predators, in particular copepods 
(BSC 2008). A few studies on microbial food web components (heterotrophic bacteria, 
pico autotrophs, small flagellates, and microzooplankton) are accessible (Bird and Karl 
1991, Sorokin et al. 1995, Bouvier et al. 1998, Uysal 2001, Feyzioglu et al. 2004, Morgan 
et al. 2006, Kopuz 2010, Kopuz et al. 2012), but for the most part they only contemplate 
abundances and distribution of specific compartments and do not examine trophic 
interactions. As a result, little is known about the dynamics of the microbial food web in 
the Black Sea, in particular the role of nano-and microzooplankton grazing on controlling 
lower level production. The only available information on the growth and grazing 
dynamics within microbial food web comes from studies in NW Black Sea (Bouvier et 
al. 1998), in the Western and Northern Black Sea (Stelmakh et al. 2009, Stelmakh 2013, 
Stelmakh and Georgieva 2014) and in the SE Black Sea (Aytan et al. 2017). The 
importance of nano- and micrograzers on heterotrophic bacteria and phytoplankton in the 
Black Sea will be reviewed in the following subsections. 

2.1. Nano- and Microzooplankton grazing on Heterotrophic Bacteria 

Heterotrophic bacteria are a crucial component of marine food webs (Pomeroy 
1974, Azam et al. 1983) and play key role in carbon and nutrient cycling in the ocean 
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(Azam et al. 1994). The flow of carbon from heterotrophic bacteria to upper trophic levels 
is still a poorly understood aspect of microbial food web dynamics. Abundance and 
distribution of heterotrophic bacteria were subject to several studies in the Black Sea, but 
only a few studies are available on bacterial growth and mortality due to nano- and 
microzooplankton.  

Bouvier et al. (1999) measured feeding activity of nano- and micrograzers on 
heterotrophic bacteria during summer 1995 in the NW Black Sea based on the uptake of 
fluorescently labelled-prey. Predation on heterotrophic bacteria by both nano- and micro-
grazer was found, but notably nano-sized mixotrophic ciliates only fed on bacteria. This 
study proved an active microbial food web. However as noted by the authors the feeding 
activity might have been underestimated because of the employed methodology. In a 
recent study (Aytan et al. 2017), all compartments of microbial communities (Figure 1) 
during 2011 in SE Black Sea coastal waters were investigated. They also examined nano- 
and microzooplankton bacterivory from size-fractionated dilution experiments in 
February, June and December 2011. Growth and grazing rates of heterotrophic bacteria 
were calculated based on cell count. Production and grazing losses were computed based 
on the estimated growth and grazing rates, and initial carbon biomass. In this study, 
heterotrophic bacteria were the most substantial component of the Hetero-C biomass, 
with contributions ranging between 19% and 70% (Figure 1b). 

 

Figure 1. Contribution of size classes to autotrophic (a) and heterotrophic (b) carbon 
biomass from February to December 2011 at the sampling station (Aytan et al. 2017) 

 

In agreement with Bouvier et al. (1999), Aytan et al. (2017) also found evident 
grazing of nano- and micrograzers on heterotrophic bacteria. The grazing rates of grazers 
were always higher than growth rates of heterotrophic bacteria, except on one occasion 
(< 20 μm size fraction) in December. This clear pattern showed that nano- and 
microzooplankton heavily grazed on heterotrophic bacteria and removed > 100% of daily 
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bacterial production (Table 1). The highest daily bacterial production was found in the 
June experiment together with the highest bacterial biomass.  

 

Table 1. Mean growth and grazing mortality rates of heterotrophic bacteria calculated 
from the size-fractioned dilution experiments.  = growth rate, g = grazing mortality rate; 
r2 = the correlation coefficient of the linear regression of apparent growth rate against the 
fraction of unfiltered seawater; BP= bacterial production, G= grazing losses; ns = not 
significant; * p < 0.05; ** p < 0.01 (modified from Aytan et al. 2017) 

Date Size Fraction μ 
 (d ¹) 

g  
(d ¹) 

g: μ r2 BP 
(μg C l-1d-1) 

G 
(μg C l-1d-1) 

February 2011 < 200 μm 0.34 0.40 1.17 ns 3.7 4.3 
 < 20 μm 0.15 0.38 2.53 0.62* 1.2 3.1 
June 2011 < 200 μm 0.80 1.20 1.50 0.90** 37.6 56.5 
 < 20 μm 0.77 1.22 1.58 0.95** 35.5 56.4 
December 2011 < 200 μm 0.63 0.76 1.20 0.96** 11.1 13.4 
 < 20 μm 0.79 0.49 0.62 ns 18.6 11.6 

 

Despite heavy predation on bacterial production, relatively high standing stocks 
of heterotrophic bacteria were reported in the region throughout the year (Figure 1b). The 
high heterotrophic bacteria standing stock was suggested to may have been supported by 
the high dissolved organic carbon concentrations in the Black Sea (~2 times higher than 
the ocean; Ducklow et al. 2007) and other sources than local phytoplankton production 
such as river-transported materials, terrestrial runoff, anthropogenic discharges, benthic 
fluxes, cycles of sediment resuspension and seasonal reemergence of subsurface CDOM 
accumulations (Lee et al. 2001). The author concluded that heterotrophic bacteria are an 
important carbon source for nano- and micrograzers in the region, especially in the period 
of low primary production.  

2.2. Nano- and Microzooplankton grazing on phytoplankton 

Phytoplankton growth and microzooplankton grazing are crucial processes to 
 Phytoplankton are primary producers, 

and microzooplankton (<20-200μm) are the main consumer of the daily primary 
production in the sea (Calbet 2008). However, little attention has been given to 
phytoplankton growth and microzooplankton grazing in the Black Sea.  

Seasonal dynamics of microzooplankton grazing were assessed by dilution 
experiment in Southern Crimea coastal waters during 2006-2007 and 2010 (Stelmahk 
2013). Large diatoms were found as favourite prey of microzooplankton and annual 
removal of primary production in the surface waters was reported as ca. 65%. In May 
2013, as a part of Black Sea expedition of the “R/V "Professor Vodyanitsky", removal of 
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primary production by microzooplankton reported between 4-204% in Western Black Sea 
coastal waters, 18-72% in Western Black Sea open waters and 12-30% in Eastern Black 
Sea coastal waters (Table 2) (Stelmak and Georgieva 2014). In the same study, they found 
that phytoplankton bloom occurred when daily grazing on primary production (g/μ) was 
less than 75%. Author conclude that microzooplankton play an important trophic function 
by removing major part of the phytoplankton primary production.  

 

Table 2. Chlorophyll-a, microzooplankton grazing rate (g), net phytoplankton growth 
rate (μ-g), the ratio g/μ (%) over the Black Sea in May 2013 (modified from Stelmak and 
Georgiva 2014) 

 

 

In the previously described study of Aytan et al. (2017), concomitantly with the 
bacterivory, nano- and microzooplankton herbivory was also estimated from the size-
fractionated dilution experiments (Landry and Hassett 1982) of February, June and 
December 2011. Growth and grazing rates of phytoplankton were calculated based on the 
net changes in chlorophyll-a. Considering the whole autotrophic community (< 200 μm 
fraction experiment) the percentage of primary production consumed by nano- and 
microzooplankton was reported to be as 46%, 21% and 30% in February, June and 



137 
 

December, respectively (Table 3). The relatively low grazing in June was found to be 
associated with E. huxleyi bloom which might deter grazing. This situation was also 
reported in the Northern Black Sea (Stelmakh 2013, Stelmakh and Georgieva 2014) and 
other regions (e.g. Fileman et al. 2002, Strom et al. 2003, Fredrickson and Strom 2009). 
The low grazing in December was suggested to might have been related to nutritional 
quality of phytoplankton given the low growth rates measured.  

 

Table 3. Mean growth and grazing mortality rates of phytoplankton calculated from the 
size-fractioned dilution experiments.  = growth rate, g = grazing mortality rate; r2 = the 
correlation coefficient of the linear regression of apparent growth rate against to fraction 
of unfiltered seawater; P= primary production, G= grazing losses; ns = not significant; * 

p < 0.05; ** p < 0.01 (modified from Aytan et al. 2017) 

Date Size Fraction Initial 
Chl-a 

μ 
 (d ¹) 

g  
(d ¹) 

g: μ r2 P 
(μg C l-1d-1) 

G 
(μg C l-1d-1) 

February 2011 < 200 μm 0.47 1.67 0.77 0.46 0.67* 43.1 20.0 
 < 20 μm 0.36 1.14 0.47 0.41 0.82** 19.9 8.2 
June 2011 < 200 μm 1.52 2.43 0.53 0.21 0.79*a 289.7 63.2 
 < 20 μm 0.48 1.68 0.11 0.07 ns 50.0 3.3 
December 2011 < 200 μm 0.74 0.23 0.07 0.30 ns 3.0 0.9 
 < 20 μm 0.29 0.28 0.39 1.44 nsa 1.2 1.7 

 

In the same study, in addition to chlorophyll-a growth and mortality, the growth 
and mortality of Synechococcus spp. was also estimated based on cell count during 
February and December 2011. 194 and 44% of daily Synechococcus spp. production was 
removed by nano- and micrograzers in February and December (Table 4). Synechococcus 
spp. can be an important contributor to Auto-C (e.g. Kopuz et al. 2012) in the Black Sea. 
However, carbon flow to grazers was lower during the reported study, because of the low 
biomass and growth rates of Synechococcus spp. Authors stated that the importance of 
Synechococcus spp. to grazers might increase deeper in the water column since maximal 
biomass has been reported around euphotic depth (~30 m) in the Black Sea especially 
during thermal stratification (e.g. Uysal 2001, Kopuz et al. 2012).  
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Table 4. Mean growth and grazing mortality rates of Synechococcus spp. calculated from 
the size-fractioned dilution experiments.  = growth rate, g = grazing mortality rate; r2 = 
the correlation coefficient of the linear regression of apparent growth rate against to 
fraction of unfiltered seawater; P= production, G= grazing losses; ns = not significant; * 

p < 0.05; ** p < 0.01 (modified from Aytan et al. 2017). 

Date Size 
Fraction 

μ 
 (d ¹) 

g  
(d ¹) 

g: μ r2 P 
(μg C l-1d-1) 

G 
(μg C l-1d-1) 

February 2011 < 200 μm 0.35 0.68 1.94 0.90** 0.4 0.8 
 < 20 μm 0.11 0.72 6.54 0.89** 0.1 0.8 
December 2011 < 200 μm 0.46 0.19 0.41 ns 1.1 0.4 
 < 20 μm 1.27 0.51 0.40 0.56* 3.7 1.5 

 

By analysing the full spectrum of prey and predator <200 um, total carbon 
consumption (bacterivory+herbivory) revealed high-energy flux through the nano- and 
microzooplankton in the SE Black Sea (Aytan et al. 2017). Trophic interactions obtained 
from the study revealed that in February, an active microbial web with a pronounced 
importance of autotrophic preys (66%) as a carbon source compared to heterotrophic 
preys (heterotrophic bacteria and heterotrophic nanoflagellates) (Figure 2). In contrast to 
February, there was a change in the contribution of different prey to total carbon 
consumed with an increased importance of heterotrophic prey (53%) compared to 
autotrophs (47%) in Juna. In December, dilution experiments showed relative importance 
of HB as a carbon source for nano- and microzooplankton compared to autotrophs (Figure 
2). 

 

Figure 2. Schematic representation of carbon flow within microbial food web in the SE 
Black Sea during 2011. Arrows show daily grazing losses (μg C l-1 d-1) according to 
estimation of < 200 μm experiments. A-Pico=Synechococcus, A-Nano=autotrophic 
nanoflagellates, A-Micro=diatom and autotrophic dinoflagellates, H-Pico=heterotrophic 
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bacteria, H-Nano=heterotrophic nanoflagellates, H-Micro=Ciliates and heterotrophic 
dinoflagellates.B= Biomass (μg C l-1), P= Daily production (μg C l-1 d-1) (Aytan et al. 
2017).   

 

Recently, as a part of TUBITAK ÇAYDAG 114Y232 project (entitled “The role 
of microzooplankton within the planktonic food web of the SE Black Sea”), the dynamics 
of classical herbivorous food web and microbial food web were assessed in the SE Black 
Sea between May 2015 and April 2016 in river mouth, and the coastal and open waters 
of Southeastern Black Sea. Seasonal dilution experiments (Landry and Hassett 1982) 
were conducted to determine grazing pressure of microzooplankton on phytoplankton 
size groups. Growth rates and daily primary productions of pico-, nano-and 
microphytoplankton with mortality rates and daily grazing losses due to 
microzooplankton grazing were calculated. 

For the first time, detailed community assessment of microzoplankton was done. 
It was found that microzooplankton was represented by a total of 108 species belonging 
to Protozoa and Metazoa. Microzooplankton abundance ranged from 63 to 2733 cell.l-1 

dominated by heterotrophic dinoflagellates. Microzooplankton biomass ranged from 0.7 
to 28.9 μgC.l-1 and dominated by micrometazoans. Abundance and biomass values tended 
to decrease from river mouth to open waters. Total microplankton abundance was 
dominated by microphytoplankton, whereas microzooplankton was an important 
contributor of total microplankton biomass (41-50%). Estimated primary production and 
grazing losses -1 d -1 -1 d -1, 
respectively. Microzooplankton were main grazers of phytoplankton and responsible for 
greater than 100 % of daily primary production losses. Microzooplankton mostly 
consumed micro-size phytoplankton. Primary production and grazing losses due to 
grazing decreased from the river mouth to the open waters. A significant positive 
correlation (R2 = 0.36, p<0.001) between the phytoplankton growth and the 
microzooplankton grazing rate was found in the study (Figure 3b) and the results strongly 
agree with the global assessment in the coastal and open ocean regions (Figure 3a) made 
by Calbet and Landry (2004). The results of TUBITAK ÇAYDAG project 114Y232 
suggest that microzooplankton is an important component of plankton and a main grazer 
of phytoplankton in the Southeastern Black Sea. 
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Figure 3. Relation between phytoplankton growth and microzooplankton grazing (A- 
Global data, Calbet and Landry 2004, B- SE Black Sea, TUBITAK CAYDAG 114Y232 

 

3. Carbon flow from microphytoplankton and microzooplankton to 
copepods 

The transfer of carbon via the microbial food web to higher trophic levels 
challenges much of the traditional views on marine food webs. As shown above, nano- 
and microzooplankton can consume more than half of phytoplankton biomass per day 
and most of the primary production could be circulated by microzooplankton to higher 
trophic levels instead of sedimentation or advection.  
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Traditionally, phytoplankton are known to be the main food source for 
mesozooplankton, in particular copepods (Calbet and Alcaraz 2008). Among 
mesozooplankton, copepods play a key role in pelagic food web transferring energy from 
primary producers to planktivorous fish. Copepods, in particular calanoids and cyclopoids 
are considered as selective feeders (Lampert 1987). Although copepods comprise an 
important part of total mesozooplankton biomass in the Black Sea, their feeding 
behaviour is still poorly understood. In the Black Sea, Petipa (1964) reported that 
dinoflagellates and diatoms were found as dominant food item in the gut content of 
Calanus; Crustacean exoskeletons and small dinoflagellates in the gut of Calanus were 
reported by Arashkevich et al. (1997). Besiktepe et al. (2005) reported herbivory of 
female C. euxinus ranged from 6% to 11% of their body carbon weight in April and from 
15% to 35% in September 1995 by gut pigment content analysis. They indicate that the 

female C. euxinus in April and September 1995 in the Black Sea. Recently, contrary to 
traditional view, microzooplankton (< 200μm, protozoa and metazoa) have been 
recognised as a favourite prey for mesozooplankton (200-2000 μm), in particular 
copepods in a range of aquatic environments, from upwelling regions to oligotrophic 
ocean gyres to polars (Calbet 2008). They can consume more than half of phytoplankton 
biomass per day and most of the primary production is circulated by microzooplankton 
to higher trophic levels instead of sedimentation or advection (Calbet and Alcaraz 2008).  

As a part of previously described TUBITAK CAYDAG 114Y232 project, a total 
of 51 copepod feeding experiments were conducted between May 2015-April 2016 in the 
Southeastern Black Sea to assess the contribution of microphytoplankton (diatom and 
autotrophic dinoflagellates) and microzooplankton (heterotrophic dinoflagellates, ciliates 
and micrometazoa) to Calanus euxinus and Acartia clausi diet. Filtration and ingestion 
rates for each copepod species were calculated. To understand feeding selectivity the 
“Relative Preference Index” was also calculated. In open waters of the SE Black Sea, 
filtration rates of Acartia clausi ranged between 8-535 (mean 92±181) ml.copepod-1.d-1 

and 0-485 (mean 148±151) ml.copepod-1.d-1 for microphytoplankton and 
microzooplankton, respectively (Figure 4a). The highest filtration rates of Acartia clausi 
was estimated for heterotrophic dinoflagellates (mean 291±607 ml. copepod-1. d-1). 
Filtration rates of Calanus euxinus ranged between 0-237 (mean 94±88) ml.copepod-1.d-

1 and 0-247(mean 137±109) ml.copepod-1.d-1 for microphytoplankton and 
microzooplankton, respectively (Figure 4b). The highest filtration rates of Calanus 
euxinus was estimated for micrometazoa (235±171 ml. copepod-1. d-1).  
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Figure 4. Filtration rates of Acartia clausi (A) and Calanus euxinus (B) on different prey 
groups in open waters (20 nm) of SE Black Sea 

 

Results obtained from the study showed that, in open waters, ingestion rate of 
Acartia clausi for microphytoplankton and microzooplankton ranged between 0.003-
0.104 (0.06±0.08) μgC. copepod. d-1, and 0-0.301 (0.08±0.1) μg C.copepod.d-1 , 
respectively. Among preys, the highest ingestion rate was estimated for heterotrophic 
dinoflagellates (0.05±0.12 μg C.copepod.d-1). Overall, averaged contribution of 
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microphytoplankton and microzooplankton to Acartia clausi diet was 46% (10-82%) and 
54% (18-90%), respectively (Figure56a). Ingestion rate of Calanus euxinus for 
microphytoplankton and microzooplankton ranged between 0-0.312 (0.081±0.101) μgC. 
copepod. d-1, and 0-0.224 (0.091±0.087) μg C.copepod.d-1, respectively. Among preys, 
the highest ingestion rate was estimated for autotrophic dinoflagellates (0.047±0.04 
μgC.copepod.d-1) and micrometazoans (0.046±0.04 μgC.copepod.d-1). Overall, averaged 
contribution of microphytoplankton and microzooplankton to Calanus euxinus diet was 
42% (0-100%) and 58% (0-100%), respectively (Figure 5b). These results indicate that 
both calanoid copepods exhibited selective feeding behaviour on microzooplankton. 
Copepods mostly fed on microphytoplankton during the short-term bloom period. 
However, microzooplankton was an important carbon source for copepods during critical 
periods of low food concentration.  

 

Figure 5. Contribution of different prey group to Acartia clausi (A) and Calanus euxinus 
(B) diet in open waters (20 nm) of SE Black Sea  
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4. Conclusion 

Reviewed studies in this chapter show the strong grazing impact of nano- and 
microzooplankton on bacterial and primary production in the Black Sea. It is also shown 
that microzooplankton is a key group in the energy flow between the primary production 
and copepods. This suggests an active microbial food web. These results add up to 
increased evidence indicating that microzooplankton is an important participant of 
plankton and main grazer of phytoplankton in temperate coastal systems. Nevertheless, 
the classical food web seems also an important pathway of carbon to higher trophic levels 
during the phytoplankton seasonal blooms. Therefore, the system seems better described 
as a multivorous food web since both the microbial and herbivorous food webs appear to 
play significant roles in carbon flow within pelagic food web. Monitoring studies are 
necessary to understand the transient nature between these two extreme trophic modes 
and for realistic approaches in modelling studies these should be considered.  
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1. Introduction 

Enclosed or semi-enclosed sea means a gulf, basin or sea surrounded by two or 
more States and connected to another sea or the ocean by a narrow outlet or consisting 
entirely or primarily of the territorial seas. The European continent has tree large semi 
enclosed seas. The Black Sea is one of the enclosed sea basin in European continent. 
Beside these properties, it is the largest anoxic basin in the world (Mee 1992 and Turgut 
et al. 1992). 
small and narrow channel, Bosphorus and characterized by two large cyclonic gyres in 
eastern and western parts (Oguz et al. 1993). This two cyclonic gyre system separates the 
Black Sea as east and west Black Sea Region in the south along the Anatolian coast. 
Because of the enclosed basin characteristics, the pelagic ecosystem of the Black Sea is 
continuously changing at surprising rates (Soydemir et al. 2002). 

exchange processes. First category includes the 

 water balance, where the inflow of fresh water from precipitation and from 

 
stratification between low saline surface layers and more saline deep water (Barale and 
Murray 1995). This two layer stratified system is accompanied by a distinct biochemical 
structure characterized by complete anoxia of sub-pycnocline waters and their separation 

The oxygenated surface layer comprises the euphotic zone of about 40-50 m (Oguz et al. 
1999). 

Euphotic zone can be described as upper layers of water body which 
sufficient light for photosynthesis. Pigment contain plants by making use of light energy 
are able to combine simple substance to synthesize complex organic molecules by means 
of photosynthesis. Plankton which contains chlorophyll and carotenoids as pigment 
material calls phytoplankton, is an important component of pelagic system. By far the 
greater part of primary production in the sea is performed by the phytoplankton (Tait and 
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Dipper 2001). Structure and functional characteristics of the phytoplankton are closely 

the ecological stage costal ecosystem in the Black Sea ( et al. 2002). 

Phytoplankton are tiny drifting plants which 
and freshwater aquatic food chains. These organisms include drifting or floating bacteria, 
archaea, algae. Out of the systematic description the most common classification of the 
planktonic organisms is ous size categories of plankton 
phytoplankton are as follows: Picoplankton (0.2–2 μm) are mostly bacteria (called 
bacterioplankton). Nanoplankton (2–20 μm) include small phytoplankton (mostly 
single-celled diatom), flagellates (both photosynthetic and heterotrophic), small ciliates, 
radiolarians and coccolithophorids. Microplankton (20–200 μm) include large 
phytoplankton (large single-celled or chain-forming diatoms, dinoflagellates), 
foraminiferans, ciliates, nauplii (early stages of crustaceans such as copepods and 
barnacles). Mesoplankton (0.2–

 include completely zooplankton (Suthers 
and Rissik 2009). 

on 
 1996). There isn’t enough background data on phytoplankton 

composition and unique species distribution for South Eastern Black sea coast. A few 
Benli , Tuncer and Feyzioglu 

1989, Karacam and Duzgunes 1990, Feyzioglu and Tunc
Feyzioglu and Duzgunes 1996, et al. 1998, Ekere et al. 1999, Feyziog  
2003,  2009, Bat et al. , Sahin et al. 2003, Sahin et al , Sahin 
et al. 2008, Baytut and Gonulol 2010, Baytut et al. 2005, Kopuz et al. 2012, Kopuz et al. 
2014, Ag s et al. 2014, Ag s et al. 2015, Feyzioglu et al. 2015, Ediger et al. 2015, 
Feyzioglu and Guneroglu 2011, Feyzioglu and Ogut 2006, Feyzioglu et al. 2004 and 

 2002). 

Black Sea phytoplankton. During p
in size class. The data 

present here mostly belong to the 
after 1989 to present.  

2. Piko and Nanoplankton 

Pico and nanoplankton are cosmopolitan in distribution in the surface waters of 

-containing unicellular cyanobacteria 
Synechococcus (Waterbury et al. , Johnson and Sieburth  
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species comprises small picoplanktonic algae which are particularly small phytoplankton 
with size between 0.2 and 2 μm and include mainly chroococcoid cyanobacteria, 
Synechococcus spp. (Suthers and Rissik 2009,  

 (1986) 
indicate that they comprise 64% of the total photosynthesis in the North Pacific Ocean. 

groups , 
2001, Kurt 2002,  2006, Feyzioglu et al. 2004, Kopuz et al. 2012, Kopuz 2012, 
Feyzioglu et al. 2015). 

 

Figure 1. Fluorescence image of Synechococcus spp. (x100) (Photo: by A.M.Feyzioglu) 

 

 

Figure 2. Changes of Synechococcus spp. cells number in biweekly period in Black Sea 
Anatolian coast  
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The most important picoplanktonic group is Synechococcus spp. (Figure 1) in 
the Black Sea Pelagic zone. Their biomass can reach to 105 cells ml-1 during the autumn 

2 ml-1 during the summer and spring 
period (Figure 2). As a , these groups reach a 
maximum abundance between 20m-40m depth. Their pigment composition help them to 

 So contribution of Synechococcus spp. 
to chlorophyll-a biomass near the photic depth is the highest (Figure 3A and B).  

                  

                A                                                           B 

Figure 3.  (cells ml-1) (A) and Chlorophyll-a 
(μg l-1) (B) 

 

 

Figure 4. Sampling locations (Feyzioglu et al. 2015) 
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differences along the southern Black Sea et al. 2015). 
According to Feyzioglu et al. (2015) Synechococcus spp. community structure can be 

into 20 regional groups along the Black Sea Anatolian coast (Figure 4). Those 
– Karacakoy, , Sakarya-

 , Samsun, Yes  r, Fatsa, Ordu, Giresun, 
Cayeli-  (Figure 5). Similar trend of the cluster 

analysis result were shown in the same region by the  

 

Figure 5. Regional distribution of Synechococcus spp. according to community 
structure. 

 

 

Figure 6. A) B) MDS analyses 
results for Synechococcus spp. 

 

 are useful tools to compare the 
region community. According to result of the analysis, the similarity of the regions were 
higher than 85% (Figure 5). Along south eastern Black Sea coast,   and 
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 were shown different picoplankton structure (Figure 6).  off was the 
most specific site along the Anatolian coast. Because Synechococcus spp. biomass was 

e off. Therefore  showed high differences along Anatolian coast. This 
 

 is also an important area for picoplanktonic organism along the Anatolian 
coast of the Black Sea. Although some region in western 
part of the Anatolian coast, in general Synechococcus spp. cell consecrations were higher 
at eastern part than western part of the Anatolian coast. The largest cell size of 
Synechococcus spp. were found at late autumn (Feyzioglu et al. 2015). 
profiles of the cell numbers show that maximum cell numbers were between 20-50 m 
depth along the water column (Figure 6) (Kopuz 2012, Kopuz et al. 2012 and Feyzioglu 
et al. 2011). This group is responsible from the deep sea chlorophyll maximum. 
said that cell size and the carbon biomass were high and p
high production rate in that depth. So they cause elongation of the food chain. This group 
should be monitored for the understanding of the process of ecosystem. 

 

Figure 7. SEM image of Emiliania huxleyi (x10000) (Photo: by A.M. Feyzioglu). 

 

size range between 
2-20 μm and the well-known  of this group in the Black Sea is Emiliania 
huxleii. Contribution of eukaryotic picoplankton like Emiliamia huxleyi to the total 
phytoplankton biomass, as a rule, was not significant, except in special cases mainly in 
warm months and in deep layers. The growth of E. huxleyi population is limited to 
approximately upper 20 m layer because of their strong light requirement, but recently E. 
huxleyi became one of the main contributors to the abundance and biomass of 
phytoplankton in surface water of Black sea (Mikaelyan et al. 2011). This species was 
recorded 
in the Black Emiliania huxleyi blooms were rare 
(Mikaelyan et al. 2005 and Mikaelyan et al. 2011
outbreaks of coccolythophorids in the early summer season were started to be d 
in the Black Sea . 
bloom has occupied the sea interior and has spread on shelf areas. Most frequently, 
blooms occurred in the coastal waters and were absent in the deep basin (Mikaelyan et 
al. 2015). 
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Figure 8. 
Black Sea basin. (Oguz and Merico 2006) 

 

T  during 
the bloom period are shown Figure 8. Coloured area shows that the May–July period in 
which E.huxleyi blooms occur in the Black Sea according to satellite image analysis is 

-
and Merico 2006). 

3. Microphytoplankton 

Microphytoplankton include s which size range 
between 20-200μm in dimension. These 
phytoplankton biomass. dinoflagellate 
species. Numerous researches conducted in the XX th century showed that generally two 
main taxonomic groups determined the structure of planktonic microalgae communities 
in the Black Sea: diatoms and dinoflagellates (Mikaelyan et al. 2015). Their contribution 
to the phytoplankton biomass is significant in photic zone especially upper 25 meter depth 
because of their chlorophyll-a content. 

The number of phytoplankton species in the world oceans are 
approximately 4000 species. About 1400–1800 of them are diatoms, 1,555 are 
dinoflagellates  to other groups (Sournia 1991 and Gómez 
2005). The Black Sea comprises about 15% of the world species. So, Black Sea 
phytoplankton includes approx. 600 species (Anonymous 2005). Among these species, 
58 Diatom, 53 Dinoflagellate, 4 Silicoflagellate and 3 Euglena species are the most 
abundant ones and frequent 1) 
( . 
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Table 1. Microphytoplankton species all around the year 
in the Black Sea Anatolian coast 

Diatom 
Achnanthes longipes C.Agardh 
Amphora arenicola Grunow 
Amphora sp. 
Amphora ovalis (Kützing) Kützing 
Asterionellopsis glacialis (Castracane) Round 
Bacteriastrum delicatulum  
Bacteriastrum furcatum Shadbolt 
Cerataulina pelagica  
Ceratoneis closterium Ehrenberg 
Chaetoceros affinis  
Chaetoceros brevis F.Schütt 
Chaetoceros compressus  
Chaetoceros crinitus F.Schütt 
Chaetoceros curvisetus  
Chaetoceros danicus  
Chaetoceros decipiens  
Chaetoceros lauderi Ralfs  
Chaetoceros vixvisibilis Schiller 
Chaetoceros wighamii Brightwell 
Coscinodiscus granii  
Coscinodiscus nodulifer A.W.F.Schmidt 
Coscinodiscus radiatus Ehrenberg 
Cyclotella choctawhatcheeana Prasad 
Cymatopleura sp. 
Cymbella sp. 
Dactyliosolen fragilissimus (Bergon)  
Didymosphenia geminata  
Ditylum brightwellii (T.West) Grunow 
Epithmia sp. 
Grammatophora marina  
Hannaea arcus (Ehrenberg) R.M.Patrick 
Hemiaulus hauckii Grunow  
Hemiaulus sinensis  
Leptocylindrus danicus  
Licmophora ehrenbergii (Kützing) Grunow 
Lyrella lyra  
Melosira moniliformis (O.F.Müller) C.Agardh 
Melosira nummuloides C.Agardh 
Melosira varians C.Agardh 
Nitzschia longissima (Brébisson) Ralfs 
Odontidium hyemale (Roth) Kützing 
Pleurosigma normanii Ralfs 
Proboscia alata (Brightwell) Sundström 
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Pseudo-nitzschia australis Frenguelli 
Pseudo-nitzschia delicatissima  
Pseudo-nitzschia pungens (Grunow  
Pseudosolenia calcar-avis (Schultze) B.G.Sundström 
Rhizosolenia setigera Brightwell 
Skeletonema costatum  
Striatella delicatula (Kützing) Grunow  
Surirella sp. 
Thalassionema nitzschioides (Grunow) Mereschkowsky 
Thalassiosira angustelineata  
Thalassiosira decipiens (Grunow  
Thalassiosira gravida  
Thalassiosira nordenskioeldii  
Tryblionella angustata W.Smith 
Ulnaria ulna (Nitzsch) Compère 
Dinoflagellates 
Achradina pulchra  
Akashiwo sanguinea  & Ø.Moestrup 
Alexandrium minutum  
Dinophysis acuminata  
Dinophysis acuta Ehrenberg 
Dinophysis caudata -Kent 
Dinophysis fortii  
Dinophysis hastata Stein 
Dinophysis norvegica  
Dinophysis saccula Stein 
Diplopsalis lenticula Bergh 
Gonyaulax africana Schiller 
Gonyaulax digitalis (Pouchet) Kofoid 
Gonyaulax spinifera  
Gyrodinium spirale (Bergh) Kofoid & Swezy 
Heterocapsa triquetra (Ehrenberg) Stein 
Lingulodinium polyedra (F.Stein) J.D.Dodge 
Oxitoxum sp. 
Phalacroma rotundatum  
Pronoctiluca pelagica Fabre-Domergue 
Prorocentrum compressum (J.W.Bailey) Abé ex Dodge 
Prorocentrum micans Ehrenberg 
Prorocentrum aporum (Schiller) Dodge 
Prorocentrum cordatum (Ostenfeld) J.D.Dodge 
Protoceratium reticulatum  
Protoperidinium bipes (Paulsen) Balech 
Protoperidinium brevipes (Paulsen) Balech 
Protoperidinium claudicans (Paulsen) Balech 
Protoperidinium conicum (Gran) Balech 
Protoperidinium crassipes (Kofoid) Balech 
Protoperidinium curtipes  
Protoperidinium depressum (Bailey) Balech 
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Protoperidinium divergens (Ehrenberg) Balech 
Protoperidinium excentricum (Paulsen) Balech 
Protoperidinium granii (Ostenfeld) Balech 
Protoperidinium leonis  
Protoperidinium oblongum  Parke & Dodge 
Protoperidinium pallidum (Ostenfeld) Balech 
Protoperidinium paulsenii  
Protoperidinium pellucidum  
Protoperidinium steinii (Jörgensen) Balech 
Protoperidinium subinerme  
Scrippsiella trochoidea (Stein) Balech  
Torodinium robustum Kofoid & Swezy 
Tripos furca (Ehrenberg) F.Gómez 
Tripos fusus (Ehrenberg) F.Gómez 
Tripos muelleri Bory 
Dictyochophyceae 
Dictyocha fibula Ehrenberg 
Octactis octonaria  
Octactis speculum  
Euglenophyceae 
Euglena acusformis J.Schiller 
Euglena viridis (O.F.Müller) Ehrenberg 
Eutreptia lanowii Steuer 
Noctilucophyceae 

 (Macartney) Kofoid & Swezy 
Scaphodinium mirabile 
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Figure 7. phytoplanktonic species of the Black Sea 
phytoplankton (A-Rhizosolenia calcar-avis, B-Pseudo-nitzshia delicatissima, C- 
Thalassionema nitzschioides, D-Ceratium fusus, E-Prorocentrum micans, F-
Alexandrium minutum, G-Protoceratium retikulatum -Prorocentrum compressum, -
Dinophysis caudata, J -Ditylum brightwelli, K-Octactis octonaria, -Rhizosolenia 
fragilisima, M-Proboscia alata) (Photo: by A.M. Feyzioglu) 

 

The Black Sea is ecologically in a dramatic change. This is because of the 
climate change, changes in hydrological and meteorological conditions, pollution, 

construction -off, increase in light transmittance due to reduction of 
particulate matter. This reduction causes to increase Secchi disc depth and deeper light 

s low phytoplankton production and a deeper PAR depth. After 2000, 
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Secchi disc depth was two times deeper in than 
before 2000 (Figure 8). 
before the late 1990s and after 2000 and the effects on the phytoplankton populations. 

 

Figure 8. Mean Secchi disc depth before and after millennium 

 

 

Figure 9. Ratio of main phytoplankton classes the Black Sea Anatolian coast  

 

 Sea, the species composition was shifted from 
diatoms to coccolithophores the decrease in the 

  Pennate diatom species were more 
copious before 2000 when compared to the species composition after 2000. Diatom and 
dinoflagellate ratio changed and dinoflagellate ratio increased. Diatom and dinoflagellate 

, this 
ratio was % for diatom and dinoflagellate, 
(Figure 9). The reason for the increase in dinoflagellate ratio after 2000 may be due to the 
difference in the use of nitrogen and phosphorus ratio by diatom and dinoflagellates. 
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Because low nitrogen to phosphorus (N:P) ratio (below the Read field ratio) was 
 

the Redfield ratio opment of diatoms (Silkin et al. 2014).  

 shown that species composition tend to change not only 
years but also geographically. When the spatial distribution of microphytoplankton is 
compared, it is that there are 4 regions in the comparisons made basically using 
phytoplankton similarity indices. When a is used, which is most 
useful to distinguish, 3 different groups were able to be distinguished. These groups are 
at the west part, eastern part and center part of the Black Sea where the east and west 
anticyclonic gyro meet. Although the   and Yes   are located 
at the eastern Black Sea continental shelf area, their plume areas show different 
characteristics from those at the other part of the eastern Black Sea continental shelf area 
in microphytoplankton sp  (Figure 10). 

 

 

Figure 10. A similarity index of phytoplankton in the Black Sea coast (Feyzioglu and 
Guneroglu 2010) 
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              A                                                          B 

  

             C                                                            D 

Figure 11. Cell concentrations in litre and bloom species of microphytoplankton during 
the bloom season along the 20 year times period  

 

Time series data show that not only microphytoplanktonic species composition 
decades in the region. 

90s phytoplankton bloom consisted of diatom population in spring 
and late fall. Skelotonema costatum was the key species of the bloom and 
the species reached to 1,2x 106 cells l-1 (Figure 11-A). The following year the blooms 

Pseudo-nitzschia spp. 
and reached to 1,1x106 cells l-1. Second year in mid-90s microphytoplankton population 
reached to maximum biomass so far and reached 4,5x106 cells l-1 in June. Proboscia alata, 
Pseudosolenia calcar-avis and Pseudo-nitzshia pungens were the dominant diatom 
species in this bloom period (Figure 11-B). Although, dominant species were Pseudo-
nitzshia spp. and Skeletonema costatum in the early 2000s, their concentrations per litre 
didn’t exceed 3,5x 105 cell l-1 (Figure 11-C). After this period, the cell concentrations of 
diatom were l-1 
Dinoflagellate blooms occasionally suppressed diatoms. Dominant dinoflagellate species 
were Scrippsiella trochoidea and Prorocentrum cordatum and their concentration 
exceeded 2x105 cells l-1 (Figure 11-D). Beside the dinoflagellate species like 
Protoperidinium spp., Gymnodium spp., Gyrodinium spp. started to dominate in the Black 
Sea pelagic ecosystem, some species like Achradina pulchra, Lessardia elongata and 
Opisthoaulax vorticella also began to be monitored despite their low number recently. 
Noctiluca scintillans which is one of the important species because of their large size, 

nts along the shore 
line in the period of April and May. This species also started to play important role as key 
species due to its feeding preference (Zhang et al. 2016). 
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Recent studies indicate that when microphytoplankton biomass decrease, pico- 
and 

microbial loop. Decrease of the 
microplankton biomass and increase of the microbial process cause loss of energy along 
the food web in the Black Sea continental shelf area. This increase in energy loose is 
thought to be  

References 

Agirbas, E., A.M. Feyzioglu, and . 2014. Seasonal changes of phytoplankton 
chlorophyll a, primary production and their relation in the continental shelf area of the 
south e -  

Agirbas, E., A.M. Feyzioglu, Kopuz, and C. . 2015. Phytoplankton 
community composition in the south-eastern Black Sea determined with pigments 
measured by - analyses and microscopy cell counts. Journal of the 

: 35-52. 

Anonymous, 2005. Black Sea, Phytoplankton in the Black Sea. http://blacksea-
education.ru/phytoplankton.shtml 

Barale, A. and C. Murray. 1995. The surface color field of enclosed marine basins: 
pigment patterns of the Black Sea. : 61-82. 

F. Sahin, F. A.E. Kideys, and . 
Black Sea of Cape 

Sinop, Turkey in 1999-
Aberdeen Exhibition and Conference Centre, Aberdeen, Scotland 18- -3, 
186-191. 

Baytut, O., Gonulol A. and T. Koray. 2005. New records for marine phytoplankton of 
Turkish seas from southern Black Sea c
Sciences, 22(1-2): 229-231. 

Baytut, O. and A. Gonulol. 2010. Temporal 
eutrophication in Samsun Bay, Southern Black Sea, Turkish Journal of Fisheries and 
Aquatic Sciences, 10(3): 363- .  

uli, pp. -  

Ediger D., C. Beken, A.M. Feyzioglu, F. Sahin, and . Tan. 2015. Establishing boundary 
classes for the quality classification of southeastern Black Sea using phytoplankton 
biomass. Turkish Journal of Fisheries and Aquatic Sciences, 15(3): -  



163 
 

Eker, E., Senichkina, and A. E. Kideys. 1999. Phytoplankton distribution 
in the western and eastern Black Sea in spring and autumn 
Science, 56: 15-22. 

Eker- , E. and V. . 2009. New record of a Dinoflagellate species, Lessardia 
elongata in the Black Sea. Journal of the Marine Biological Association-2 JMBA2- 

ersity Records, 6545: 1-3. 

Feyzioglu, A.M. and S. Tuncer. 1994. Seasonal changes in net phytoplankton along 
Trabzon coastline in e   

Feyzioglu, M. and E. Duzgunes. 1996. Seasonal dynamic of Ceratium (Dinophyceae) in 
gleri, 416-424. 

Feyzioglu, A.M. and . 2003. Spatial and temporal changes of N. scintillans 
Kofoid&Swezy along Trabzon coastal in eastern Black Sea (in Turkish). E. . Su Ürünleri 
Dergisi, -  

Feyzioglu, A.M., Kurt, M. . 2004. Abundance and Distribution of 
Synechococcus spp in the south-eastern Black Sea during 2001 summer. : 
365-368. 

Feyzioglu, A.M. and Ogut. 2006. Red Black Sea 
coast of Turkey. Turk J Bot., 30: -  

Feyzioglu, A.M. and A. Guneroglu. 2011. Community structure of phytoplankton and 
some physical parameters of continental shelf waters of Anatolian coast of the Black Sea. 

-  

Feyzioglu, A. M., . 2011. Picophytoplankton (Synechococcus spp) 
dynamic at Eastern Black Sea coastal ecosystem in  (in Turkish). FABA Fisheries 
and Aquatic Sciences (FABA), Samsun, Turkey -9 September, p 9.  

Feyzioglu, A.M, C. Eruz, and . 2015. Geographic Picocyanobacteria 
Synechococcus spp. along the Anatolian Coast of the Black Sea during the late autumn of 
2013. Turkish Journal of Fisheries and Aquatic Sciences, 15: 465-469. 

Fogg, G.E. 1995. Some comments on Picoplankton and its importance in the pelagic 
ecosystem. Aquatic Microbial Ecology, 9: 33-39. 

Gómez, F. 2005. A list of free- Dinoflagellate species in the World's Oceans. Acta 
Botanica Croatica, 64(1): 129-212. 



164 
 

. and B.G. Mitchell. 1986. Chroococcoid Cyanobacteria: A significant 
component in the food web dynamics of the open ocean. Marine Ecology Progress Series, 
28: 291-  

Johnson, P.W. and J.Mc.N. Sieburth. Cyanobacteria in thesSea: a 
 , 24: 928-

935. 

Karac . and E. Duzgunes. 1990. A study on phytoplankton in Trabzon coast (in 
Turkish) . Su Ürunleri Dergisi 4: 95-102. 

 2012. Picoplankton dynamics in microbial loop and their importance at pelagic 
food web in the south-eastern Black Sea. PhD Thesis, 

. 

A.M. Feyzioglu, and E. Agirbas. 2012. Picoplankton dynamics during late 
spring 2010 in the south eastern Black Sea. Turkish Journal of Fisheries and Aquatic 

-405.  

A.M. Feyzioglu, and A. Valente. 2014. An unusual red- Noctiluca 
Scintillans (Macartney) in the south-eastern Black Sea. Turkish Journal of Fisheries and 
Aquatic Sciences, 14: 261-268. 

 2002. Seasonal and spatial distribution of cyanobacterium Synechococcus which 
influences to primary production in Black Sea, Master thesis, Karadeniz Technical 

 

1992. The Black Sea in crisis: a need for concerted international action. Ambio, 
21(4): 286. 

Mikaelyan, A.S., Pogosyan, and . 2005. Summer bloom 
of Coccolithophorids in the northeastern Black Sea. Oceanology, 45(Suppl. 1): -138. 

Mikaelyan, A.S., V.A. Silkin, and . 2011. Coccolithophorids in the Black 
Sea: their interannual and longterm changes. Oceanology, 51(1): 39-48. 

Mikaelyan, A.S., V.K. S.A. Mosha  and V.A. Silkin. 
2015. Alternation of diatoms and Coccolithophores in the northeastern Black Sea: a 
response to nutrient changes. , : 89-105. 

. and   
Black Sea shelf -93. E. Ozsoy, and A.S. Mikaelyan [eds.], 
Black Sea, Baltic Sea and North Sea. Kluwer Academic Publishers, Dordrecht. 

 



165 
 

 

intermediate layer of the Black Sea. Deep- -1612. 

-
-biochemical model of phytoplankton 

- -636.  

Oguz, T. and A. Merico. 2006. Factors controlling the summer Emiliania huxleyi bloom 
in the Black Sea: A modelling study. J. Mar. Syst., 59: -188. 

. 2003. 
Seasonal changes in net phytoplankton of the central Black Sea off cape Sinop, Turkey. 

-18 October, Albena, Bulgaria, Abstract Book, 90p. 

Z. Birinci-Ozdemir, A.E. Kideys, and E.E. 
. dinoflagellate-diatom ratio in the southern Black Sea off Sinop in the 

years 1999-2000. 38th - -13 April. 

F. , Z. Birinci-Ozdemir, . 2008. Changes in 
composition and distribution of phytoplankton in the southern Black Sea during the last 
decade, 65 p. 2nd Biannual and . Climate Change 
in the Black Sea- , , Trends Scenarios and Mitigation Strategy 
for the Ecosystem. 6-9 October 2008 Sofia, Bulgaria. Conference Abstracts Book. 

  and V.K. 
C . mental Control on Phytoplankton Community Structure in 
the Neblack Sea. Journal -  

Sournia, A., Chrtiennot-Dinet, M.J. and M. Ricard. 1991. Marine Phytoplankt
many species in the world? Journal of Plankton Research 13:1093-1099. 

Soydemir, N., A.E. G. Eringen. 2002. Phytoplankton composition of the 
western Black Sea during the R/V Knorr cruise in May-June 2001. Oceanography of the 
Eastern Mediterranean and Black Sea, 1418 October, pp. 624-  

. and D.D. Rissik. 2009. Plankton A Guide to Their Ecology and Monitoring 
for Water Quality.  

Tait, R.V. and F.A. Dipper. 2001. Elements of Marine Ecology. Butterworth-
Pub., Forth Edition, Great Britain, 462 p.  

Tuncer, S. and A.M. Feyzioglu. 1989. Distribution of phytoplankton population of eastern 
Black Sea, 49 p. . 



166 
 

Turgut, S., O. Basturk, C. Saydam, and A. Yilmaz. 1992. Changes in the hydrochemistry 
of Black Sea inferred from water density profiles. Nature, 359: -139. 

. and 
Black Sea coast in winter 1990. Oceanologica Acta, 18: 639-    

, Z. 1996. A net plankton study in the Bosphorus unction of the Sea of Marmara. 
Tr. J. Botany, 20: 321-  

. 1998. Phytoplankton patches formed along the southern 
Black Sea coast in spring and summer 1996, Vol. 1: 151-

Publishers. Printed in Netherlands. 

Synechococcus spp. in the Black Sea. 
Journal of Marine Systems, 24 (3-4): 313-326.  

Synechococcus spp. in the Black Sea: 
pigments, size, distribution, growt

-189.  

. On the formation of net phytoplankton patches in the southern Black Sea 
during the Spring. : -182. 

distribution of marine Cyanobacteria Synechococcus spp. in the 
Black, Marmara, Aegean, and Eastern Mediterranean Seas. Deep- , 53: 

-  

Waterbury, J.B., S.W. Watson, Guillard, and . 
occurrence of a unicellular, marine, planktonic cyanobacterium. Nature, : 293-294. 

 O.A., O. Basturk, A. Yilmaz, A.E. Kideys, S. 
S.K. . -  and primary 
production in the open Black Sea. Marine Ecology Progress Series, 230: 11-28. 

Zhang, S., , C. Guo, . 2016. Differential feeding and growth of 
Noctiluca scintillans on monospecific and mixed diets. Mar. Ecol. Prog. Ser., 549: -40. 



167 
 

MACROALGAE AND PHANEROGAMS OF THE BLACK SEA 

Ali KARAÇUHA 1 and  2 

1  
2  

 

  

et al. 
et al. 

et al. 

“
 e 

  

T est to east until 
2 Aysel et al. 

coast  coasts  
) -

 t et al. 
 

ae  

 

Table 1. e 
 * ata ) 

RHODOPHYTA (168) Reference no 
Acrochaetium humile   
Acrochaetium kylinii   
Acrochaetium leptonema   
Acrochaetium mahumetanum   
Acrochaetium mediterraneum  4  
Acrochaetium microscopicum 

  

Acrochaetium moniliforme   
Acrochaetium parvulum   
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Acrochaetium secundatum 
  

Acrochaetium subpinnatum  2 
Aglaothamnion tenuissimum -

  

Alsidium corallinum  11  
Amphiroa rigida   
Antithamnion cruciatum   
Antithamnion heterocladum  11  
Antithamnion tenuissimum   
Apoglossum ruscifolium   
Asterfilopsis furcellata   
Bangia atropurpurea   
Bonnemaisonia asparagoides  2  
Bornetia secundiflora  10 
Callithamnion corymbosum   
Callithamnion granulatum   
Ceramium arborescens   
Ceramium ciliatum   
Ceramium ciliatum robustum   
Ceramium diaphanum   
Ceramium circinatum   
Ceramium codii   
Ceramium deslongchampsii   
Ceramium diaphanum zostericola acrocarpum 
Feldmann-   

Ceramium gaditanum   
Ceramium rubrum  barbatum Feldmann-   
Ceramium secundatum   
Ceramium siliquosum   
Ceramium siliquosum  minusculum et al. 
2001  

Ceramium siliquosum  elegans 
  

Ceramium siliquosum  lophophorum -
  

Ceramium siliquosum zostericola -
  

Ceramium tenerrimum   
Ceramium tenerrimum  brevizonatum 
Feldmann-   

Ceramium tenuicorne   
Ceramium virgatum   
Ceramium virgatum implexo-contortum 

et al.   
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Chondracanthus acicularis 
  

Chondria boryana   
Chondria capillaris   
Chondria dasyphylla   
Choreonema thuretii   
Chroodactylon ornatum   
Chrysymenia ventricosa   
Chylocladia verticillata   
Coccotylus truncatus   
Colaconema codicola 

  

Colaconema daviesii   
Colaconema hallandicum -

-   

Colaconema savianum   
Compsothamnion thuioides   
Corallina officinalis   
Corallina panizzoi   
Dasya baillouviana - & 

  

Dasya corymbifera   
Dasya hutchinsiae   
Dasya ocellata   
Dermocorynus dichotomus 

  

Dipterosiphonia rigens   
Ellisolandia elongata 

  

Erythrotrichia carnea   
Erythrotrichia investiens  4 
Erythrotrichia vexillaris  4 
Eupogodon planus   
Gayliella flaccida 

et al.   

Gelidiella nigrescens   
Gelidiocolax christianae  2 
Gelidium crinale   
Gelidium crinale corymbosum 

  

Gelidium pulchellum   
Gelidium pusillum   
Gelidium serra  2 
Gelidium spathulatum   
Gelidium spinosum 

  



170 
 

Gelidium spinosum var. hystrix et 
al.   

Gracilaria armata   
Gracilaria dura   
Gracilaria gracilis 

  

Gracilariopsis longissima 
  

Gymnogongrus griffithsiae   
Herposiphonia secunda   
Herposiphonia secunda  tenella   
Heterosiphonia crispella   
Heterosiphonia plumosa   
Huismaniella ramellosa 

et al.   

Hydrolithon farinosum 
  

Hypnea musciformis   
Hypoglossum hypoglossoides   
Jania longifurca   
Jania rosea   
Jania rubens   
Jania rubens corniculata   
Jania virgata   
Kylinia rosulata   
Laurencia glandulifera   
Laurencia microcladia   
Laurencia obtusa   
Laurencia obtusa gracilis   
Liagora viscida   
Lithophyllum corallinae   
Lithophyllum cystosirae   
Lithophyllum orbiculatum   
Lomentaria articulata   
Lomentaria articulata  linearis   
Lomentaria clavellosa   
Lomentaria uncinata   
Lophosiphonia cristata   
Lophosiphonia obscura 

  

Melobesia membranacea   
Nemalion helminthoides   
Nitophyllum punctatum   
Osmundea pinnatifida   
Palisada perforata   
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Palisada thuyoides -
et al.   

Parviphycus antipai   
Parviphycus pannosus et al. 2010 2 
Peyssonnelia dubyi    
Peyssonnelia rosa-marina   
Peyssonnelia rubra   
Peyssonnelia squamaria (   
Phyllophora crispa   
Phyllophora pseudoceranoïdes 

  

Phymatolithon lenormandii   
Pneophyllum confervicola   
Polysiphonia breviarticulata   
Polysiphonia brodiei   
Polysiphonia denudata 

  

Polysiphonia deusta   
Polysiphonia elongata   
Polysiphonia elongella   
Polysiphonia fibrillosa   
Polysiphonia opaca   
Polysiphonia paniculata   
Polysiphonia pulvinata   
Polysiphonia scopulorum  4 
Polysiphonia sertularioides   
Polysiphonia stricta   
Polysiphonia tenerrima   
Porphyra atropurpurea   
Porphyra laciniata   
Porphyra minor   
Porphyra umbilicalis   
Pterocladiella capillacea 

  

Pterocladiella melanoidea  
  

Pterocladiella melanoidea filamentosa 
  

Pterothamnion plumula   
Pyropia leucosticta et 
al. 2011  

Rubrointrusa membranacea 
  

Sahlingia subintegra   
Seirospora giraudyi   
Solieria dura   
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Spermothamnion flabellatum   
Spermothamnion repens   
Spermothamnion repens var. flagelliferum Feldmann-

 4 

Stylonema alsidii   
Stylonema cornu-cervi   
Titanoderma pustulatum 

  

Vertebrata fucoides   
Vertebrata subulifera   
Vertebrata tripinnata   
Xiphosiphonia pennata   
OCHROPHYTA (68) References no 
Acinetospora crinita   
Asperococcus bullosus   
Asperococcus ensiformis   
Asperococcus fistulosus   
Cladostephus spongiosum verticillatum 

  

Colpomenia sinuosa 
  

Corynophlaea umbellata   
Cutleria multifida   
*Cystoseira barbata   
*Cystoseira barbata f. aurantia et al. 

  

*Cystoseira bosphorica   
*Cystoseira compressa   
*Cystoseira corniculata   
*Cystoseira crinita   
*Cystoseira foeniculacea   
*Cystoseira schiffneri   
Dictyopteris polypodioides 

  

Dictyota dichotoma   
Dictyota fasciola   
Dictyota fasciola  repens   
Dictyota implexa   
Dictyota mediterranea et al.   
Dictyota menstrualis -

  

Dictyota spiralis   
Ectocarpus fasciculatus   
Ectocarpus penicillatus   
Ectocarpus siliculosus   
Ectocarpus siliculosus arctus   
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Ectocarpus siliculosus dasycarpus   
Ectocarpus siliculosus var. hiemalis 

  

Eudesme virescens   
Feldmannia caespitula -   
Feldmannia globifera (Kützing) Hamel 1939  
Feldmannia irregularis   
Feldmannia lebelii 

  

Feldmannia padinae   
Giraudya sphacelarioides   
Halopteris filicina   
Halopteris scoparia   
Halothrix lumbricalis   
Hecatonema streblonematoides 

 2 

Hincksia sandriana 
  

Kuetzingiella battersii   
Litosiphon laminariae   
Microcoryne ocellata  2 
Mikrosyphar polysiphoniae   
Myriactula arabica   
Myriactula rivulariae   
Myrionema orbiculare   
Myrionema strangulans   
Myriotrichia clavaeformis   
Padina pavonica   
Petalonia zosterifolia   
Protectocarpus speciosus   
Punctaria plantaginea   
Punctaria tenuissima  2 
Pylaiella littoralis   
*Sargassum acinarium   
*Sargassum hornschuchii   
*Sargassum vulgare   
Scytosiphon lomentaria   
Spermatochnus paradoxus   
Sphacelaria cirrosa   
Stilophora nodulosa 

  

Stilophora tenella 
  

Streblonema fasciculatum   
Striaria attenuata   
Zanardinia typus   
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CHLOROPHYTA (61) References no 
Acrocladus echinus et al   
Acrocladus pellucidus et al    
Aegagropila linnaei  2 
Blidingia marginata   
Blidingia minima   
Bolbocoleon piliferum   
Bryopsis corymbosa   
Bryopsis cupressina   
Bryopsis duplex    
Bryopsis hypnoides   
Bryopsis plumosa   
Chaetomorpha aerea   
Chaetomorpha ligustica   
Chaetomorpha linum   
Cladophora albida   
Cladophora coelothrix   
Cladophora dalmatica   
Cladophora flexuosa   
Cladophora fracta   
Cladophora glomerata   
Cladophora hauckii   
Cladophora hutchinsiae   
Cladophora laetevirens   
Cladophora lehmanniana   
Cladophora prolifera   
Cladophora sericea   
Cladophora vagabunda   
Codium tomentosum   
Codium vermilara   
Enteromorpha linza minor   
Entocladia cladophorae   
Flabellia petiolata   
Halimeda tuna   
Neodangemannia microcystis 

  

Neostromatella monostromatica 
  

Phaeophila dendroides   
Rhizoclonium riparium   
Rhizoclonium tortuosum   
Sphaeroplea annulina   
Ulothrix flacca   
Ulothrix implexa   
Ulothrix tenerrima   
Ulothrix zonata   
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Ulva clathrata   
Ulva compressa   
Ulva curvata   
Ulva fasciata   
Ulva flexuosa   
Ulva intestinalis   
Ulva kylinii 

  

Ulva linza   
Ulva prolifera   
Ulva pseudolinza 

  

Ulva rigida   
Ulva taeniata  2 
Ulvella lens   
Ulvella leptochaete 

et al.   

Ulvella scutata 
et al.   

Ulvella viridis 
et al    

Valonia macrophysa  4 
Valonia utricularis  4 
 

Table 2. coast 
et al. ) 

Region Seaweeds Magnoliophyta Total CY R O C 
       

 1      
       

 14    4  
 22      

 20   22   
Kastomomu 22      

 12      
 20 100 42    

       
   24    

Total  142   4  
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Table 3. the et al. 
) 

Region 
Division 

R/O R/C R/CY 0/C O/CY C/CY 
       

       
       

       
       

       
Kastamonu       

       
       

       
       

 

 Zostera marina  Zostera noltii  Ruppia 
cirrhosa  Potamogeton pectinatus, Potamogeton gramineus and Zannichelia palustris) 

et al. 2000  et al.  

References 
Numbers in [ ] referred to those in Table 1. 

and  
-  [1] 

Aysel - Aysel  

- -  [2] 

Aysel  - a
-  [ ] 

Aysel -  

11 -  [4] 

Aysel  
-  

[ ] 
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Aysel  and  
I  14 -  

[ ] 

  Aysel  
 

-  [ ] 

Bat L  - and 
- 2011  

-   

and 
 f

c c
 -   

 and 
Atalay  

-  [10] 

 Aysel - and Aysel  

 -  [11] 

A   
-12 12] 

 -list 
-ii]-[1]-  [1 ] 
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ZOOPLANKTON OF THE SOUTHERN BLACK SEA 
 

 1,  2  3 

1  
2  

3  
 

 
 

1. Introduction 

 

et al. 

 

 
et al

2

 - -
 et al
-

- 1  et al
 

 
- et al  

-
et al. 

et al
et al
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et al et al
et al   et al

et al
et al et al
 

 

 
et al et al. 

et al et al
 

 

 

2. Group/Species composition 

, 
,  , 

 
et al  

-   
,  

 
 , 

 

Acartia clausi, Calanus euxinus, Centropages ponticus, Paracalanus parvus, 
Pseudocalanus elongatus Oithona similis 
C. ponticus Acartia tonsa Pontella mediterranea  

 Cymbasoma sinopense 
et al  O. davisae  
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Oithona davisae 
Oithona brevicornis 

O. brevicornis -

 

Calanus C. finmarchicus 

C. helgolandicus ponticus 
C. euxinus   

et al. et al. 
Calanus euxinus Calanus helgolandicus 

et al
Calanus helgolandicus euxinus  

et al

-
et al et al

Acartia tonsa 
  - et al

 
et al ,  

A. tonsa 
A. tonsa 

et al  

Paracartia latisetosa, 
Acartia margalefi  Oithona nana et al

et al et al O. nana 
et al  

-
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Acartia Noctiluca scintillans,   Oikopleura dioica, 

Calanus euxinus Oithona similis, 
Pseudocalanus elongatus

Calanus euxinus 
Oithona similis et al et al  

 

Table 1.  

Species Reference 

Copepoda  
Acanthodiaptomus denticornis    
Acartia (Acartiura) clausi   
Acartia (Acanthacartia) tonsa  et al  
Acartia   
Aetideus armatus  et al  
Aetideus .  et al  
Anomalocera petersonii   
Canthocamptus   
Calanipeda aqua dulcis   
Calanus euxinus (helgolandicus) 

  
 

Calocalanus pavo  et al  
Canuella perplexa    
Centropages kroyeri 

 Centropages kröyeri  
 

Centropages ponticus   
Centropages typicus  et al  
Clausocalanus arcuicornis  et al  
Clausocalanus pergens  et al   
Corycaeus Urocorycaeus furcifer 

 
et al  

Corycaeus Agetus typicus  et al  
Ctenocalanus vanus   et al  
Cymbasoma sinopense et al  
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Enhydrosoma longifurcatum  
Euchaeta marina  et al  
Euterpina acutifrons   
Farranula rostrata  et al  
Labidocera brunescens  et al  
Lucicutia flavicornis   
Mecynocera clausi,  et al  
Metridia lucens   
Metridia   
Microcalanus pusillus  et al  
Microsetella norvegica      
Microsetella rosea   
Oithona davisae   et al  
Oithona nana   
Oithona similis helgolandica   
Oncaea media  et al  
Oncaea mediterranea      
Oncaea minuta  et al  
Oncaea obscura  et al  
Oncaea   
Oncaea subtilils  et al  
Paracalanus nanus  et al  
Paracalanus parvus   
Paracartia letisetosa (Kriczagin, 1873) et al  
Paramphiascella robinsoni   
Pareucalanus attenuatus  et al  
Pleuromamma abdominalis     
Pleuromamma gracilis  et al  
Pontella mediterranea Claus, 1863  
Pseudocalanus elongatus   
Scolecithricella sp. et al  
Triconia minuta   
Cladocera  
Evadne nordmanni   
Evadne spinifera   
Penilia avirostris   
Penilia schmackeri  Demir 1954 
Pleopis Podon polyphemoides   
Pseudevadne (Evadne) tergestina    
Appendicularia  
Oikopleura dioica   
Chaetognatha  
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Parasagitta Sagitta  setosa   
Sagitta bipunctata  
Sagitta  et al  
Siphonophora  
Lensia conoidea  
Scyphozoa  
Aurelia aurita   
Rhizostoma pulmo   
Chrysaora hysoscella   
Ctenophora  
Beroe ovata  et al  
Mnemiopsis leidyi  et al  
Pleurobrachia pileus  et al  
Bolinopsis vitrea  et al   

 

3. Spatiotemporal patterns of zooplankton abundance  

et al - et al. 
  

-
  , 

 
  Aurelia aurita

, 
Noctiluca scintillans 

- - Mnemiopsis leidyi 
et al   

  
 -

  et al  

, 
-  A. clausi, O. similis P. polyphemoides  N. 

scintillans,   
 Oithona 

similis, Acartia clausi, Pseudocalanus elongates, Penilia avirostris Noctiluca 
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scintillans et al Calanus euxinus, 
Pseudocalanus elongatus, Oithona similis Pleopis polyphemoides -

Penilia avirostris, Acartia clausi, Paracalanus parvus 
Centropages  

 
-

 , 
,  -3

-3

-3  

Noctiluca scintillans
 

 -  -
-   

 et al. , 

-
N. scintillans 

-  

 

Figure 1. - -
 Noctiluca scintillans , , 

 Noctiluca scintillans  
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-
   

2  , 
  

   

 
-  , 

 

 

 

Figure 2. 
 ,   

4. Jellyfish 

Aurelia aurita Rhizostoma pulmo 
Beroe ovata  Mnemiopsis leidyi 

Pleurobrachia pileus 
R. pulmo 
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Aurelia  
  Aurelia 

-2

 -2 -  -2 et al.  
  Aurelia  -2 

3  

Rhizostoma pulmo  
et al. R. pulmo 

   

 -2 
,  R. pulmo   

  

Pleurobrachia pileus 

 
P. pileus 

-  -2

-2  
Pleurobrachia 

 3  

Mnemiopsis leidyi 
et al. 

Mnemiopsis 

 -2 -

2 et al.  M. leidyi 
 e.g. 

 -2 
-

3 M. leidyi -
 -2 M. leidyi 

 

Beroe ovata   

Beroe ovata
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- -2 -2  
B. ovata 

M. leidyi  

Bolinopsis vitrea  

et al

et al
Chrysaora hysoscella, 

 

 

Figure 3. 
   

 

N. scintillans 
- -

et al  
   

 

et al  

et al. et al  N. 
scintillan et al

et al et 
al   
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, -  
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    , 
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Mnemiopsis leidyi -  
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MEIOBENTHIC RESEARCH ON THE BLACK SEA SHELF OF TURKEY:  
A REVIEW 

Derya ÜRKMEZ 1  2 and  3 

1

 
2  

3    
 

 
 

1. Introduction 

 Mare  

– 
–  

–  

  (  , 
, – et al. , et al    

 –ran
  
 

  
 

 
 et al. 

 

et al. 
–
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–

  
e.g.  

   

  
and 

 

et al. et al. 
–

et al.  et al.  et 
al.  et al.  

–  

 

recent 
  

 
We  

,  are  
ed a   

 – –  
– 

–
 

2. Previous Data 

and 
d 

 

Academic Kovalevsky –
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d Modiolula 
phaseolina –  Sternaspis 
scutata and Amphiura stepanovi – Terebellides stroemi –

ern    

 –
  

  
– Sabatieria praebosporica 

S. asperum Filoncholaimus ponticus Parironus 
ponticus Halichoanolaimus lukjanovae Mesacanthion 
heterospiculum 

Crenopharinx brevicaudata –
Paramesacanthion truncus Viscosia minudonta 

  

and  
 

neanu 
 

 –

and 
  and 

,   

 -    
–

 
( –

-
3 –2

 re – ed  
–

, d, and –  
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Free–  at 
a 3 –2  

 Terschellingia 
longicaudata 

Sabatieria pulchra 
–  (Psammophaga simplora 

and  
 

 
 c  
 

   

 

  recent 

  

3. Recent Data 

3.1. Central Black Sea Coast of Turkey 

  

 

 
 

  3 –2 
 3 –2 – –   

 –2

–2 
–2  
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Figure 1. 
 

 



201 
 

 

Figure 2.  –2 at 
 

 

 3  
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Figure 3. D –

 ( et al. a  

 

 

 
 

 
d 

 
 

3 –2 
3 –2 

3 –2 3 –2 
See 



203 
 

et al. ( a  –
 

 

Figure 4. –  at 
 –  

 

 –
–

 133  
   –

36 –  
 –
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et al. et al. et al. et al. 
et al.  

 recent 
Echinoderes dujardinii 

    

 –
E. dujardinii  et al. 

 
 et 

al.  

 

Figure 5. 
Echinoderes dujardinii 

 

 

a 
 

Megastygarctides sezginii 
and  

 
 Megastygarctides 
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Figure 6.  
Megastygarctides sezginii  

  

 

3.2. Southwestern Coast of the Black Sea  

 

– –

et al c
– 3  

–  
et al. a

et al. 
et al. 

et al. et al. et al. 

–

 

Free–

 
et al. et al. 

Desmodora pontica  
Viscosia Neochromadora sabulicola 

and Sabatieria et al. a  Bathylaimus australis , 
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Bolbolaimus murinae , Neochromadora poecilosomoides 
, Neochromadora sabulicola , Oncholaimellus 

mediterraneus  and Onyx perfectus  

  

 

Figure 7. Desmodora pontica 

 

 

 
 –   at 

 Ectinosoma 
melaniceps Halectinosoma herdmani 

Paramesochra Ameira parvula parvula 
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 et al. 
 Ammonia and 

Elphidium 
Adelosina and Spiroloculina  

 

 

–
et al. c  

3.3. Deep Waters of the Black Sea Exit of the Bosphorus 

Arar’ 
Maria S. Merian’ –

2

2   
–

 –

2
–1  2 –1

et al.  
et al.  et al.  

 

et al. 

et al.  and 

nt 
 (Se  et al. 

–
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e –
–

 

– 3 –2

 

–

et al. 
   

 

– incertae 
sedis

3 –  3  –2  

 

– –
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– –

–  

–
 

 

–
 

 et al.  

 ‘Arar’ 
 3 –2 

–2  Maria S. 
Merian’ –

   3  –2 –
  3 –2   

 

Figure 8. 

Arar’ Maria S. Merian  et al.  
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– – – – d 
1– –

 
Arar et al   

 

Figure 9. 
Arar  Maria S. Merian (

et al.  

 

Haloschizopera pontarchis 3 –2

Amphiascella subdebilis  3 –2 Enhydrosoma 
longifurcatum 3 –2  

E. longifurcatum, B. imus and Mesochra 
Maria S. Merian 3 

–2  Cletodes tenuipes  – 1  
3 –2 

C. tenuipes 
 

 –2  Arar
3 –2 E. melaniceps 3 –2

  3 –2 E. caeni, E. sarsi and E. mucronata
 –2  

H. herdmani, C. tenuipes, Typhlamphiascus confuses 
, Laophonte brevifurca and Amphiascus 

( et al.  
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–
3 –2 

 3 –2  
– Vigtorniella zaikai Protodrilus 

–

 ‘Arar’ V. zaikai 
–

–
–  

Vigtorniella zaikai Protodrilus 

et al. and et al. 
V. zaika  

 ‘Maria S. Merian’ 
V. zaikai – – Protodrilus –at 116–

– 
V. zaikai – 

– 
– V. zaikai Protodrilus  

 

Figure 10   
V. zaikai Protodrillus   

and  
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‘Arar’ 
‘Maria S. Merian’

–
Dipodarctus subterraneus (Renaud–

Tanarctus ramazzottii (Renaud–
–2 3 

–2

– –
–1 

–1 

– 
– – 

 

et al. and 
Cothurnia maritima 

Tubificoides Paracineta livadiana 
Corynophrya lyngbyi A. subdebilis, H. 
pontarchis, C. tenuipes and E. longifurcatum 

and Loricophrya bosporica 
Desmoscolex 

 –
–

et al.  Ü

   

Hard– –

 – ‘Arar’ 
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–
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–2  3 –2 a

–2 Hyperammina
arena

Hyperammina 
Ammonia compacta 

and Eggerella scabra 
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3.4. Deep Waters off the Central Black Sea  

et al. –

 et al. 
 2 and H2  

(Murray et al. et al. 
 

–
 

–1 et al. 
et al. 

– – 
 (  et al. et al. 

 

 
 

Hercules’ and Argus’

Hercules’

 
 

 

 



215 
 

Table 1.  

Exped. No 
Dive 
No. 

Date Latitude Longitude 
Depth 
(m) 

O2 (μM) 
Sediment 
characteristic 

-         

-        
 

-         
 

and 

3 –2 3 –2 
–

 
Leptolaimus sergeevae and 

Trefusia longicauda 
 et al. 

et al.  

 
 

et al. 

Trefusia longicauda 
 

 
-  

 2  

4. Conclusion 

-  are 
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Figure 3.  
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Table 1.  

Polychaeta References 
Capitellethus dispar  Rullier  
Prionospio pulchra   
Crustacea  
Callinectes sapidus  et al.  
Pilumnus minutus  -Demirci  
Mollusca  
Anadara kagoshimensis   
Mya arenaria  Uysal et al.  
Rapana venosa  Fischer-Piette  
Teredo navalis  -Demirci  
Echinodermata  
Asterias rubens  Karhan et al.  
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1. Introduction 

The Black Sea is in a constant change since the day it was formed, which can be 
described as an evolution. Fish that live in the Black Sea have also taken their share of 
this evolution which started during the Tethys Ocean period and is still ongoing (Van der 
Voo 1993). We see the traces of the geological origins of the Black Sea in present 
sturgeon and some of the shad species (Helfman et al. 2009). The physical, chemical and 
biological changes in the Black Sea can be defined as "Mediterranization", which 
continue today to turn it into the Red Sea with the contribution of the Suez Canal and 
global climate changes (Oral 2010, Yankova et al. 2013). In addition, introduction of new 
fish species was observed to the fish fauna of the Black Sea every new day by means of 
maritime transportation, aquaculture and fishkeeping activities. Thus, the Black Sea fish 
fauna is becoming more and more cosmopolitan than its original ecosystem. 

The Black Sea fishes have different origins including freshwater species, 
brackish Ponto-Caspian relicts, cold-water species with Boreal-Atlantic origin and warm-
water species with Mediterranean origin. The last two groups include the most widely 
spread and commercially important species in the Black Sea (Bat et al. 2005). Recent 
studies reported the total number of the Black Sea fish species as about 180. Keskin 
(2010) reported et al. (2014) stated that the fish fauna of the 
Black Sea Turkish coasts was composed of 153 species whereas by Yankova et al. (2013) 
180 species were reported for all the Black Sea, 109 of which are Atlanto-Mediterranean 
origin, 11 are cosmopolitans, 23 are Mediterranean endemics, 34are Black Sea endemics, 
and 3 species are introduced. 

The Black Sea was the most important spawning and feeding area for so many 
commercial pelagic fish species, which migrated for spawning or feeding from the 
Mediterranean. These fish species form the basis of the Black Sea fisheries. In the Black 
Sea, the situation of small pelagic fish (mainly sprat and anchovy) has recovered 
somewhat from the drastic decline suffered in the 1990s, probably as a consequence of 
unfavourable oceanographic conditions. However, they are still considered overfished, 
an assessment shared with turbot, while most other stocks are probably fully fished to 
overfished. In general, the Mediterranean and the Black Sea had 52 percent of assessed 
stocks fished at unsustainable levels, and 48 percent fully or underfished in 2011 (FAO 
2014). Fishing pressure is the greatest of many threats to the Black Sea biodiversity and 
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fish stocks. Each year another fish species enters the endangered species list or landings 
of a fish species falls below the economic limit because of overfishing. 

2. Fishes in Major Groups 

The total number of reported fish in the Black Sea fish varies between 150 and 
200. According to Yankova et al. (2014) there are 189 fish species in 56 different families 
in the fauna, including 10 species of elasmobranchii (sharks and rays), 7 species of 
chondrostei (sturgeons and paddlefishes) and 172 species of teleostei (bony fishes) 
belonging to 48 families. There are some ambiguous or synonym names according to 
Eschmeyer et al. (2017) in the list. They have been presented in the chapter with as much 
adjusting as possible. 

Because of its low salinity the Black Sea is considered as brackish water 
(Affholder and Valiron 2001). Some freshwater fishes are found in the Black Sea, which 
belong to Cyprinidae, Gasterosteidae, Acipenseridae, Centrarchidae, Cyprinodontidae, 
Gobiidae and Salmonidae families. The freshwater fish species live in coastal waters 
associated with rivers, lagoons and estuaries. The Black Sea fishes are mostly associated 
with sea bottom, including 81% of demersal and semipelagic species. The Black Sea 
ichtiofauna is composed of bathydemersal, benthopelagic, demersal, pelagic, pelagic-
neritic, pelagic – oceanic and reef-associated species according to Froese and Pauly 
(2017) in fish base records (Figure 1.). 

 

Figure 1. Distribution of the habitat of Black Sea fishes (Froese and Pauly 2015) 
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2.1. Cartilaginous Fishes (Chondrichthyes) of the Black Sea 

There are 10 cartilaginous fishes in the Black Sea (Table 1). Two of them, the 
picked dogfish (Squalus acanthias) and the thornback ray (Raja clavata) have significant 
stocks and commercial importance. Although Dasyatis pastinaca is also a common fish 
species, it is not of commercial value. The rest of the cartilaginous fish species are found 
rare in the Black Sea. Landings of picked dogfish in catch statistics was changing year 
after year between 70 and 250 tons, and for thornback ray between 150 and 500 tons 
(FAO 2017). 

 

Table 1. Cartilaginous fishes of the Black Sea fauna et al. 2014) 

Family Species Common Names 
Hexanchidae Hexanchus griseus (Bonnaterre, 1788) Bluntnose sixgill shark 
Alopiidae Alopias vulpinus (Bonnaterre, 1788) Thresher 
Scyliorhinidae Scyliorhinus canicula (Linnaeus, 1758) Lesser spotted dogfish 
Triakidae Mustelus asterias Cloquet, 1821 Starry smooth-hound 
Squalidae Squalus acanthias Linnaeus, 1758 Picked dogfish 
Squalidae Squalus blainville (Risso, 1827) Longnose spurdog 
Squatinidae Squatina squatina (Linnaeus, 1758) Angelshark 
Rajidae Raja clavata Linnaeus, 1758 Thornback ray 
Dasyatidae Dasyatis pastinaca (Linnaeus, 1758) Common stingray 
Gymnuridae Gymnura altavela (Linnaeus, 1758) Spiny butterfly ray 
 

 

 

Figure 2. Picked dogfish (Squalus acanthias) (Compagno, 1984) 
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2.2. Sturgeons (Chondrostei) of the Black Sea 

Sturgeon is the common name for the 27 species of fish belonging to the family 
Acipenseridae. Their evolution dates back to the Triassic, some 245 to 208 million years 
ago. The family is grouped into four genera and two of them, including Acipenser and 
Huso, live in the Black Sea basin. Sturgeons have the highest commercial value and the 
threats faced by this fish include overfishing, damming of the rivers, loss of spawning 
areas and water pollution. Sturgeons mature and reproduce slowly, making them highly 
vulnerable to fishing. Yankova et al. (2014) reported that a total of 7 sturgeon species in 
the Black Sea fish fauna, along with Acipenser ruthenus and Acipenser persicus; belong 
to fresh waters and the Caspian Sea. 

Table 2. Sturgeon fishes species of the Black Sea (Yankova et al. 2014) 

Species Common Names 
Acipenser gueldenstaedtii Brandt & Ratzeburg, 1833 Danube sturgeon 
Acipenser nudiventris Lovetsky, 1828 Fringebarbel sturgeon 
Acipenser stellatus Pallas, 1771 Starry sturgeon 
Acipenser sturio Linnaeus, 1758 Common sturgeon 
Acipenser ruthenus Linnaeus, 1758 Sterlet sturgeon
Acipenser persicus Borodin,1897 Persian sturgeon 
Huso huso (Linnaeus, 1758) Beluga 
 

 

 

Figure 3. Common sturgeon (Acipenser sturio) (Fischer et al. 1987) 
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Figure 4. A sturgeon (Acipenser sp.) photographed in the coast of Sinop  

 

2.3. Bony Fishes (Teleostei) of the Black Sea 

Bony fish make up 96% of all fish of the entire world and 91% of the Black Sea 
fish fauna. According to the recent studies, about 175 bony fish members are arranged in 
17 orders and 48 families (Yankova et al. 2014, Froese and Pauly 2017). Gobiidae is the 
most crowded (35 species) family followed by Sparidae, Blenniidae and Clupeidae (Table 
3). 
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Figure 5. Red-mouthed goby (Gobius cruentatus Gmelin, 1789) in a rock cavity  

 

Table 3. Bony Fish Orders and Families of the Black Sea 

Order Family No of Sp. Order Family No of Sp. 
Anguilliformes Anguillidae 1 

Perciformes 

Ammodytidae 1 
Congridae 1 Blenniidae 10 

Atheriniformes Atherinidae 2 Callionymidae 4 
Beloniformes Belonidae 1 Carangidae 4 
Clupeiformes Clupeidae 9 Chaetodontidae 1 

Engraulidae 1 Echeneididae 1 

Gadiformes 
Gadidae 2 Gobiidae 35 
Merlucciidae 1 Labridae 8 
Phycidae 1 Moronidae 2 

Gasterosteiformes Gasterosteidae 2 Mullidae 3 
Gobiesociformes Gobiesocidae 5 Percidae 2 
Lophiiformes Lophiidae 2 Pomacentridae 1 
Mugiliformes Mugilidae 6 Pomatomidae 1 
Ophidiiformes Ophidiidae 2 Sciaenidae 3 

Pleuronectiformes 
Bothidae 3 Scombridae 6 
Pleuronectidae 1 Serranidae 3 
Scophthalmidae 3 Sparidae 16 
Soleidae 4 Sphyraenidae 2 

Salmoniformes Salmonidae 4 Trachinidae 1 

Scorpaeniformes 
Dactylopteridae 1 Trichiuridae 1 
Scorpaenidae 2 Tripterygiidae 1 
Triglidae 3 Uranoscopidae 1 

Syngnathiformes Syngnathidae 8 Xiphiidae 1 
Tetraodontiformes Balistidae 1 Zeiformes Zeidae 1 

Total 66  109 
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Figure 6. European flounder (Platichthys flesus (Linnaeus, 1758)) on sandy sea bottom  

 

Pelagic fish such as anchovy, sprats, horse mackerel, bluefish and Atlantic 
bonito form the basis of the Black Sea fisheries. 26 bony fish species are commonly seen 
in landings and fish markets and form the major part of fish trade in the Black Sea (Table 
4). 

Capture production follows a tumultuous course in the Black Sea and total 
landing of fish amounted to about 550.000 tons at 2015. Turkey has the largest shares in 
the Black Sea fisheries with over 70%, followed by Russian Federation (17.2%) and 
Ukraine (6.2%). The Black Sea countries are mainly fish importers because they have 
more fish imports than exports, and the total volume of fish trades are about 3 million US 
dollars (FAO 2017). Fish stocks are insufficient for fish needs of the Black Sea countries. 
Supply and demand imbalance in production of fish can be reduced through development 
of aquaculture production and achievement of sustainability of wild fish stocks in the 
Black Sea. 
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Table 4. List of commercial bony fishes of the Black Sea 

Species Common Names Species Common Names 

Alosa spp. Shads Mullus barbatus 
ponticus Pontic red mullet 

Atherina spp. Sand smelts Platichthys flesus European flounder 
Belone belone Garfish Pomatomus saltatrix Bluefish 
Chelidonichthys lucerna Tub gurnard Sarda sarda Atlantic bonito 
Clupeonella cultriventris Black Sea sprat Sardina pilchardus European pilchard 
Dicentrarcus labrax European seabass Sciaena umbra Brown meagre 

Diplodus annularis Annular seabream Scophthalmus 
maximus Turbot 

Diplodus puntazzo Sharpsnout 
seabream Scorpaena porcus Black scorpionfish 

Engraulis engrasicholus European anchovy Solea solea Common sole 
Gobiidae Gobies Spicara maena Blotched picarel 
Liza aurata Golden grey mullet Sprattus sprattus European sprat 
Merlangius merlangus Whiting Trachurus spp. Horse mackerel 

Mugil cephalus Flathead grey 
mullet Umbrina cirrosa Shi drum 

 

 

Figure 7. Black Sea red mullets (Mullus barbatus ponticus Essipov, 1927) in the coast of 
Sinop 
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3. Conservation Status of Marine Fishes of the Black Sea 

Overfishing, environmental issues like pollution, global climate changes put the 
fish fauna of the Black Sea under heavy pressure. Aside from that, it’s geographic and 
geologic features and the fact that it is a moderate sea which is highly productive, makes 
the Black Sea an important target for invasive species. All these factors change the 
biodiversity of the Black Sea, and as new species are introduced, endemic species face 
extinction. 

 
Figure 8. Brown meagre (Sciaena umbra Linnaeus, 1758) in the coast of Sinop  

 

Ten fish species in the Black Sea ichtiofauna are protected by CITES against 
over-exploitation through international trade, one species of them classified as 
international trade banned (App. I) and another 9 fish species as international trade 
monitored (App. II) (Table 5). 
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Table 5. CITES Status of the Black Sea Ichtiofauna (CITES 2017) 

Species CITES Status 
Acipenser sturio Appendix I 
Acipenser gueldenstaedtii  Appendix II 
Acipenser nudiventris Appendix II 
Acipenser stellatus  Appendix II 
Acipenser ruthenus  Appendix II 
Acipenser persicus Appendix II 
Huso huso  Appendix II 
Anguilla anguilla Appendix II 
Hippocampus guttulatus Appendix II 
Hippocampus hippocampus Appendix II 

 

Among the 173 fish species listed by IUCN, 10 species are given as critically 
endangered, 2 as endangered, 6 as near threatened, 11 as vulnerable, 128 as least concern, 
16 as data deficient while 21 species are not included in the list. 

 

Table 6. Number and percentage of species in each IUCN Red List category for fish 
species in the Black Sea (IUCN 2017) 

Red List Category Number of 
species 

Percentage in 
category 

Critically Endangered (CR) 10 5.7 
Endangered (EN) 2 1.2 
Vulnerable (VU) 11 6.4 
Near Threatened (NT) 6 3.5 
Least Concern (LC) 128 74.0 
Data Deficient (DD) 16 9.2 

Total 173 100.0 
 

 

Yankova et al. (2014) overviewed that the high percentage of data deficiency 
and underevaluated fish species in the Black Sea indicates the necessity for additional 
careful study of these species, because some of them could be threatened species. Red 
List is prepared from a global perspective and it can be said that some insufficiencies may 
arise while representing specific local distortions. For example, IUCN Red List considers 
mackerel as “least concern”, however its stock is completely extinct in the Black Sea. 

According to IUCN, stocks of 27 fish species are decreasing, stocks of 55 species 
are stable and one stock is increased. Unfortunately, there are no data about 111 stocks in 
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the list. There should be specific approaches to the extinction of stocks for the 
sustainability of fishing resources in the Black Sea. It is necessary to take urgent 
conservation and protection measures for endangered species. It is also important to 
implement further monitoring and appropriate managements and recovery plans for each 
species. 
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1.1. The Factors Leading the Bird Diversity in the Black Sea Region 
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2. The Key Habitats of The Black Sea Region 

2.1. Vegetation / Forest and Mountain Ecosystems 
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2.2. Wetland Ecosystems 
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5. The Black Sea Region Bird Check List 

Order Family Scientific Turkish English IUCN 

  

Anser fabalis    

Anser anser    

Anser albifrons Sakarca -
  

Anser 
erythropus  -

  

Branta leucopsis    

Branta ruficollis  -
  

Cygnus olor    
Cygnus 

columbianus     

Cygnus cygnus    
Tadorna 
tadorna Suna   

Tadorna 
ferruginea  Ruddy 

  

Anas strepera  Gadwall  

Anas penelope Fiyu   

Anas 
platyrhynchos  Mallard  

Anas clypeata    

Anas acuta    

Anas 
querquedula    

Anas crecca    
Marmaronetta 
angustirostris    

Netta rufina  -
  

Aythya ferina    

Aythya nyroca  Duck  

Aythya fuligula    
Aythya marila    

Somateria 
mollissima    

Melanitta fusca    

Melanitta nigra    

Clangula 
hyemalis  -

Duck  

Bucephala 
clangula    
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Mergellus 
albellus    

Mergus 
merganser    

Mergus serrator  -
  

Oxyura 
leucocephala Dikkuyruk -

Duck EN 

  

Lyrurus 
mlokosiewiczi    

Tetraogallus 
caspius  Snowcock  

Alectoris chukar    

Perdix perdix    
Coturnix 
coturnix    

Phasianus 
colchicus Sülün   

  
Gavia stellata  

-
  

Gavia arctica  
Black-

  

  

Calonectris 
diomedea    

Puffinus 
yelkouan    

  

Tachybaptus 
ruficollis    

Podiceps 
grisegena  

-
  

Podiceps 
cristatus    

Podiceps auritus    
Podiceps 
nigricollis  

Black-
  

  Phoenicopterus 
roseus Flamingo Flamingo  

  Ciconia nigra    
Ciconia ciconia    

 

 

Plegadis 
falcinellus    

Platalea 
leucorodia    

 

Botaurus 
stellaris    

Ixobrychus 
minutus    

Nycticorax 
nycticorax  Black-

  

Ardeola 
ralloides    

Bubulcus ibis    

Ardea cinerea    
Ardea purpurea    

Egretta garzetta    
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Ardea alba Büyük Ak 
   

 

Pelecanus 
onocrotalus    

Pelecanus 
crispus    

  

Microcarbo 
pygmeus    

Phalacrocorax 
aristotelis    

Phalacrocorax 
carbo    

 

 Pandion 
haliaetus    

 

Elanus 
caeruleus  Black-

  

Gypaetus 
barbatus    

Neophron 
percnopterus   EN 

Pernis apivorus  
Buzzard 

 

Pernis 
ptilorhyncus  Buzzard  

Gyps fulvus    

Aegypius 
monachus    

Circaetus 
gallicus  -

  

Clanga 
pomarina    

Clanga clanga Büyük Orman 
   

Hieraaetus 
pennatus    

Aquila 
nipalensis   EN 

Aquila heliaca    

Aquila 
chrysaetos    

Aquila fasciata    
Accipiter 
brevipes    

Accipiter nisus    

Accipiter 
gentilis    

Circus 
aeruginosus    

Circus cyaneus    
Circus 

macrourus    

Circus pygargus    

Milvus milvus    
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Milvus migrans    
Haliaeetus 

albicilla  
-

  

Buteo lagopus  -
Buzzard  

Buteo buteo  Buzzard  

Buteo rufinus  -
Buzzard  

  

Falco naumanni    
Falco 

tinnunculus    

Falco 
vespertinus  -

Falcon  

Falco eleonorae   
Falcon  

Falco 
columbarius    

Falco subbuteo    

Falco biarmicus    
Falco cherrug   EN 

Falco 
peregrinus  Falcon  

  Otis tarda    
Tetrax tetrax    

 

 

Rallus aquaticus    
Crex crex    

Porzana parva    

Porzana pusilla    

Porzana 
porzana    

Porphyrio 
porphyrio    

Gallinula 
chloropus    

Fulica atra    

 
Grus virgo    

Grus grus    

 

 Burhinus 
oedicnemus  -   

 Haematopus 
ostralegus    

 

Himantopus 
himantopus  Black-

  

Recurvirostra 
avosetta    

 

Vanellus 
vanellus    

Vanellus 
spinosus  

Spur-
  

Vanellus 
gregarius     
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Vanellus 
leucurus  

-
  

Pluvialis 
apricaria    

Pluvialis fulva    

Pluvialis 
squatarola    

Charadrius 
hiaticula    

Charadrius 
dubius    

Charadrius 
alexandrinus    

Charadrius 
leschenaultii    

Charadrius 
asiaticus     

Charadrius 
morinellus    

 

Scolopax 
rusticola    

Lymnocryptes 
minimus    

Gallinago media    
Gallinago 
gallinago    

Limosa limosa  Black-
  

Limosa 
lapponica  

Bar-
  

Numenius 
arquata    

Numenius 
phaeopus    

Tringa 
erythropus    

Tringa totanus    

Tringa 
stagnatilis Düdükçünü   

Tringa 
nebularia    

Tringa flavipes    

Tringa ochropus    

Tringa glareola Orman 
Düdükçünü   

Xenus cinereus Düdükçünü   

Actitis 
hypoleucos    

Arenaria 
interpres  Ruddy 

  

Calidris canutus    
Calidris alba    

Calidris minuta    
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Calidris 
temminckii    

Calidris 
ferruginea    

Calidris alpina  Dunlin  

Limicola 
falcinellus  

Broad-
  

Philomachus 
pugnax    

Phalaropus 
tricolor 

Büyük 
   

Phalaropus 
lobatus  -

  

 

Glareola 
pratincola    

Glareola 
nordmanni 

 
 

Black-
  

 

Rissa tridactyla  
Black-

  

Chroicocephalus 
genei  -

Gull  

Chroicocephalus 
ridibundus  Black-

Gull  

Hydrocoloeus 
minutus    

Ichthyaetus 
ichthyaetus    

Ichthyaetus 
melanocephalus  Gull  

Larus canus    

Larus marinus  
-
  

Larus 
hyperboreus    

Larus 
argentatus    

Larus 
cachinnans    

Larus 
michahellis  -

Gull  

Larus armenicus    

Larus fuscus  -
  

Gelochelidon 
nilotica  Gull-

  

Hydroprogne 
caspia    

Thalasseus 
sandvicensis Sumru   

Sternula 
albifrons    

Sterna hirundo Sumru   
Sterna 

paradisaea    

Chlidonias 
hybrida    
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Chlidonias 
leucopterus Sumru 

-
  

Chlidonias niger    

 

Stercorarius 
pomarinus    

Stercorarius 
parasiticus    

Stercorarius 
longicaudus  

-
  

  

Columba livia    
Columba oenas    

Columba 
palumbus    

Streptopelia 
turtur    

Streptopelia 
decaocto    

Spilopelia 
senegalensis    

Oena capensis    

  

Clamator 
glandarius    

Cuculus canorus Guguk   

 

 Tyto alba  Owl  

 

Otus scops  Owl  

Bubo bubo  -Owl  

Strix aluco    
Athene noctua    

Asio otus  
-

Owl  

Asio flammeus  -
Owl  

  Caprimulgus 
europaeus    

  

Tachymarptis 
melba    

Apus apus    
Apus pallidus    

 

 Coracias 
garrulus    

 Alcedo atthis    

 
Merops apiaster  -

  

Merops persicus  -
-   

  Upupa epops    

  
Jynx torquilla    

Dendrocopos 
minor    
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Dendrocopos 
medius    

Dendrocopos 
leucotos  

-
  

Dendrocopos 
syriacus  Syrian 

  

Dendrocopos 
major 

Orman Alaca 
   

Dryocopus 
martius  Black 

  

Picus viridis  
 

 

Picus canus  
-

  

  

Psittacula 
eupatria    

Psittacula 
krameri  -

  

 

 

Lanius collurio  
-

  

Lanius 
isabellinus    

Lanius minor    

Lanius excubitor Büyük 
   

Lanius senator    

Lanius nubicus    

 Oriolus oriolus    

 

Garrulus 
glandarius Alakarga   

Pica pica    

Nucifraga 
caryocatactes    

Pyrrhocorax 
pyrrhocorax  

-
  

Pyrrhocorax 
graculus    

Coloeus 
monedula    

Corvus 
frugilegus Ekin  Rook  

Corvus cornix    

Corvus corax    

 Bombycilla 
garrulus    

 

Periparus ater    

Poecile lugubris    

Poecile palustris    
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Cyanistes 
caeruleus    

Parus major Büyük 
   

 Remiz 
pendulinus    

 Panurus 
biarmicus    

 

Lullula arborea    

Alauda arvensis  Skylark  

Galerida 
cristata    

Eremophila 
alpestris    

Calandrella 
brachydactyla  -

  

Melanocorypha 
calandra    

Alaudala 
rufescens  -

  

 

Riparia riparia    
Hirundo rustica  Barn Swallow  
Ptyonoprogne 

rupestris    

Delichon 
urbicum    

Cecropis 
daurica  -

Swallow  

 Cettia cetti    

 Aegithalos 
caudatus  -   

 

Phylloscopus 
trochilus    

Phylloscopus 
collybita    

Phylloscopus 
sindianus    

Phylloscopus 
bonelli  

 
 

Phylloscopus 
sibilatrix    

Phylloscopus 
fuscatus    

Phylloscopus 
proregulus    

Phylloscopus 
inornatus  

-

 
 

Phylloscopus 
borealis    

Phylloscopus 
nitidus    

Phylloscopus 
throchiloides    

 Acrocephalus 
arundinaceus    
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Acrocephalus 
melanopogon    

Acrocephalus 
paludicola    

Acrocephalus 
schoenobaenus    

Acrocephalus 
agricola    

Acrocephalus 
dumetorum    

Acrocephalus 
scirpaceus    

Acrocephalus 
palustris    

Iduna caligata    

Iduna pallida  
 

 

Iduna opaca Mukallidi  
 

Hippolais 
icterina    

 

Locustella 
naevia   

 

Locustella 
fluviatilis    

Locustella 
lusciniodies    

 Cisticola 
juncidis    

 

Sylvia 
atricapilla  Blackcap  

Sylvia borin    

Sylvia nisoria    

Sylvia curruca    

Sylvia 
crassirostris   

 

Sylvia nana    

Sylvia communis    

Sylvia cantillans    

Sylvia 
melanocephala  Sardinian 

  

Sylvia ruppeli    

 
Regulus 

ignicapilla    

Regulus regulus    

 Troglodytes 
troglodytes    
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Sitta europaea    

Sitta krueperi    

Sitta neumayer    

 Tichodroma 
muraria 

Duvar 
   

 

Certhia 
familiaris 

Orman 
   

Certhia 
brachydactyla  

-
  

 

Acridotheres 
tristis  Myna  

Pastor roseus    

Sturnus vulgaris    

 

Turdus 
torquatus    

Turdus merula    

Turdus 
atrogularis  

Black-
  

Turdus pilaris    
Turdus iliacus    

Turdus 
philomelos    

Turdus 
viscivorus    

 

Cercotrichas 
galactotes  -

  

Muscicapa 
striata    

Erithacus 
rubecula    

Luscinia svecica    
Luscinia 
luscinia    

Luscinia 
megarhynchos    

Irania gutturalis  -
  

Ficedula 
hypoleuca    

Ficedula 
albicollis    

Ficedula 
semitorquata 

Alaca 
   

Ficedula parva  
-

  

Phoenicurus 
ochruros    

Phoenicurus 
phoenicurus    

Monticola 
saxatilis    

Saxicola rubetra    
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Saxicola 
rubicola    

Saxicola maurus    

Oenanthe 
oenanthe    

Oenanthe 
isabellina 

Boz 
   

Oenanthe 
deserti    

Oenanthe 
hispanica  

Black-
  

Oenanthe 
cypriaca    

Oenanthe 
pleschanka 

Alaca 
   

 Cinclus cinclus  -
  

 

Passer 
domesticus    

Passer 
hispaniolensis  Sparrow  

Passer 
montanus  Sparrow  

Rock Sparrow    

 

Prunella collaris Büyük 
   

Prunella 
montanella    

Prunella 
ocularis    

Prunella 
atrogularis  

Black-
  

Prunella 
modularis  Dunnock  

 

Motacilla flava   
 

Motacilla 
citreola    

Motacilla 
cinerea    

Motacilla alba Ak 
   

Anthus richardi    

Anthus 
campestris    

Anthus pratensis    
Anthus trivialis    

Anthus hodgsoni  
-

  

Anthus cervinus  
-

  

Anthus 
spinoletta    

 Fringilla 
coelebs    
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Fringilla 
montifringilla    

Coccothraustes 
coccothraustes    

Pyrrhula 
pyrrhula    

Bucanetes 
githagineus    

Carpodacus 
erythrinus    

Chloris chloris Florya   

Linaria 
flavirostris    

Linaria 
cannabina    

Acanthis 
flammea    

Loxia 
curvirostra    

Carduelis 
carduelis Saka   

Serinus pusillus  -
  

Serinus serinus    

Spinus spinus    

 

Emberiza 
calandra    

Emberiza 
citrinella    

Emberiza 
leucocephalos    

Emberiza cia  Rock   
Emberiza 
cineracea    

Emberiza 
hortulana    

Emberiza caesia    

Emberiza cirlus    
Emberiza pusilla    

Emberiza 
melanocephala  Black-

  

Emberiza 
schoeniclus    

Calcarius 
lapponicus    

Plectrophenax 
nivalis    
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1. Marine mammal species of the Black Sea  

There are four marine mammal species in the Black Sea; three of them are 
cetaceans Phocoena phocoena (Linnaeus, 1758) (harbour porpoise), Tursiops truncatus 
(Montagu, 1821) (bottlenose dolphin) and Delphinus delphis Linnaeus, 1758 (short-
beaked common dolphin), and one of them is a pinniped Monachus monachus 
(Mediterranean monk seal) (Öztürk 1999). 

Fur seal Arctocephalus pusillus (Schreber, 1775) and Beluga Delphinapterus 
leucas (Pallas, 1776) are alien species escaped (released) from the Black Sea coasts of 
the former USSR and recorded in the Turkish Black Sea (Güçlüsoy et al. 2014). A grey 
seal, Halichoerus grypus (Fabricius, 1791) has also been encountered in the northeastern 
Black Sea however not observed in Turkish Black Sea coasts (Gladilina et al. 2013). 

2. Distribution and population size 
 

2.1. Black Sea harbour porpoise (Phocoena phocoena relicta) 

According to Çelikkale et al. (1989) harbour porpoises were found all along the 
Turkish Black Sea coast, and particularly dominant in the eastern coast where several 
rivers enter the Black Sea (Figure 1).  
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Figure 1. Distribition map of cetaceans in the Turkish Black Sea in spring and summer 
of 1997 (after Çelikkale et al. 1989) 

 

All Turkish Black Sea coasts are important habitats for harbour porpoises. Major 
habitats are shallow seas over the continental shelf, and 
Trabzon regions in the Black Sea. Prebosphoric area in the Black Sea and also the Istanbul 
Strait are important areas for the pelagic fish migration, consequently for fisheries, 
especially purse seiners, and for cetaceans as their feeding area. The primary 
overwintering area of Black Sea harbour porpoises is the southeastern Black Sea that 
covers southern territorial waters of Georgia and eastern Turkish territorial waters 
(Birkun 2008). 

The western Black Sea coast is where the continental shelf is widening as an 
important area for turbot fishery, which causes bycatch of this species. Besides, several 
observations of live animals and strandings have been recorded also in the Turkish Straits 
System (TSS) and Aegean Sea (Tonay and Dede 2013, Cucknell et al. 2016, Dede et al. 
2016). 

Previous region-wide estimates of cetacean abundance in the Black Sea, based 
on line transect surveys, were made in the Turkish territorial water and EEZ in 1987 
(Çelikkale et al. 1989). Between the eastern and western border, two surveys were 
conducted in April and July from the Turkish coastline. According to Çelikkale et al. 
(1989), harbour porpoises were the most abundant cetacean species (59%) in the Turkish 
coast in April and the second most abundant (32%) in July. The mean density was 
calculated as 1.09 (0.05-5.48) dolphin per square km. The total cetacean population was 
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estimated however, this estimate made by Çelikkale et al. (1989) has been discredited by 
the Scientific Committee of the International Whaling Commission (IWC) due to 
irremediable methodological and interpretative problems (Bjorge et al. 1994, Birkun 
2008). According to Birkun (2008), the population size of harbour porpoises in the Black 
Sea is at least several 1000s or, rather, some 10,000s. 

Cetacean sighting data were collected on a research cruise carried out in autumn 
2007 in the western Black Sea between Istanbul (Turkey) and Constanta (Romania). The 
overall encounter rate was 3.83 sightings/100nmiles. The harbour porpoise (6%) was the 
least observed species in this study (Dede and Tonay 2010) (Figure 2).  

 

Figure 2. Survey track line and sighting locations in autumn 2007 survey (Dede and 
Tonay 2010) 
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2.2. Short-beaked common dolphin (Delphinus delphis) 

According to Çelikkale et al. (1989) common dolphins were present all along 
the Turkish Black Sea coast, especially abundant in the eastern coast and pelagic waters 
(Figure 1). Common dolphins occurred mainly in deep waters and in areas where the sea 
surface temperature was low in the Black Sea (Sánchez-Cabanes et al. 2017). 

All Turkish Black Sea coast, especially pelagic waters are important for the 

Samsun and Giresun and near Istanbul. Prebosphoric area in the Black Sea and the 
Istanbul Strait are important for common dolphins as their feeding area. The 
overwintering area of common dolphins is the southeastern Black Sea like the harbour 
porpoises (Birkun 2008). 

According to Çelikkale et al. (1989), the common dolphin was the most common 
cetacean species (53%) in the Turkish coast in July and the second most common (26%) 
in April. According to Birkun (2008), the population size of common dolphins in the 
Black Sea is at least several 10,000s. 

Dede and Tonay (2010) reported that the common dolphin was the most often 
observed species (50%) in the western Black Sea in autumn.  

2.3. Bottlenose dolphin (Tursiops truncatus) 

The coastal areas are important for the bottlenose dolphin. Major habitats are 
shallow sea and over the continental shelf, especially around Zonguldak and Sinop area. 
There is no detailed information on habitats of this species in Turkish waters, except that 
they are rare in the eastern coast of the Turkish Black Sea. The prebosphoric area in the 
Black Sea and particularly the Istanbul Strait are important areas for bottlenose dolphins. 

According to Çelikkale et al. (1989), the bottlenose dolphins were found in the 
western and central Turkish Black Sea coast, but rearly seen in the eastern Black Sea 
coast (Figure 1). There were also some records in the eastern Turkish Black Sea between 
March and May 2010 (Sánchez-Cabanes et al. 2017), but none in July and October 2014 
(Saydam 2015). 

The bottlenose dolphin is the least common cetacean species (15% in April and 
in July) in the Turkish coast (Çelikkale et al. 1989). According to Birkun (2008), the 
population size of bottlenose dolphin in the Black Sea is not less than several 1000s. Dede 
and Tonay (2010) reported the bottlenose dolphin was the second most commonly 
observed species (44%) in the western Black Sea in autumn.  
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2.4. Mediterranean Monk Seal (Monachus monachus) 

The historical distribution of the monk seal in the Black Sea extends from the 
enterance of the Istanbul Strait eastwards to Sinop and northwards to Crimea. The monk 
seal population of the Black Sea has always been small but has fallen to dangerously low 
levels during the 1970s (Öztürk 1999). Berkes et al. (1978) stated that there were 15 
individuals along the Turkish coast of the Black Sea. According to Öztürk (1993, 2007), 
based on field observations and inquiries, two seals have been reported along the coast 

 Abana and -1994. However, 
Mediterranean monk seals are believed to be extinct since 1997 (Kiraç and Savas 1996, 
Kiraç 2001) although the last sighting was in 2005 in Çatalzeytin (Öztürk 2007). There 
had been no sightings in the Sea of Marmara over the last two decades until a seal was 
occasionally seen in the southern Sea of Marmara in 2014 (Inanmaz et al. 2014). This 
might also be the case in the Black Sea. 

3. Strandings 

Periodical stranding surveys are carried out on the Turkish Western Black Sea 
-TUDAV Cetacean 

Stranding Network and media during 2003-2016 are shown in Table 1. During the 
surveys, stranded cetaceans were photographed, measured, sex and species were 
identified and recorded. Besides, the tissue samples were collected for further studies. In 
total, 1243 stranded cetaceans (harbour porpoises 77%, bottlenose dolphins 10%, 
common dolphins 7% and unidentified 6%) were recorded. Strandings of harbour 
porpoises, the most negatively affected species by turbot fishery, were observed at high 
rate during spring and summer, which coincides with the illegal turbot fishing season. In 
the summers of 2003 and 2009, unusual mass stranding events occurred, but the causes 
could not be identified. High mortality of harbour porpoise neonates (total 60 individuals) 
was observed in June and July 2010-2012 (Öztürk et al. 2012, Tonay et al. 2013). This 
may be related with turbot fishery’s indirect effect. Because of the death of lactating and 
nursing mothers in turbot nets, neonates may have starved to death and stranded ashore. 
In July 2016, another unusual mass stranding of harbour porpoise’s neonates was 
recorded on the Turkish and Bulgarian coast in the western Black Sea. Any reason for 
such mortality was not detected, however, due to the advanced stage of decomposition of 
almost all specimens. Highest cetacean stranding rate was recorded (7.1 ind./km) in 
Turkey since 2003 compared to normal rates ranging between 0.1 and 1.1 (ind./km) in 
summer months (Öztürk et al. 2017).  
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Table 1. Stranding studies on the Turkish Western coast 

Year Period 
Species 

Total Reference 
Pp Dd Tt unid. 

2003-2005 Early summer 
(43km by walk) 175 22 10 4 211 Tonay et al. (2008) 

2007 Jun-
2009 Aug 

Seasonal 
(2007: 43km by 
walk, 2008-09 
123km by ATV ) 

77 15 22 50 164 Tonay et al.  
(2012a, 2012b) 

2009 Sep-
2010 Aug 

Monthly 
(45km by ATV ) 40 9 11 1 61 Tonay et al. 

(2012c) 

2010 Sep- 
2012 Sep 

Monthly 
(45km by ATV and 
600km network) 

155 14 32 10 211 Tonay et al. (2013) 

2012 Oct-
2013 Sep 

Monthly 
(45km by ATV and 
800km network) 

19 11 22 2 54 Tonay (2016a) 

2013 Oct-
2016 Oct 

Monthly 
(22km by ATV and 
800km network) 

489 15 27 11 542 Tonay et al. 
(2016a) 

TOTAL 955 86 124 78 1243  

 

4. Population Structure 

Morphological and genetic differences between Black Sea harbour porpoises 
and other populations of the harbour porpoise have been well studied and resulted in the 
confirmation of a subspecies, Phocoena phocoena relicta Abel, 1905 (Rosel et al. 1995, 
2003, Fontaine et al. 2007, 2010, Viaud-Martinez et al. 2007, Galatius and Gol’din 2011, 
Tonay et al. 2016b). 

The Black Sea population of common dolphin has been suggested to be the 
subspecies D. delphis ponticus Barabash-Nikiforov, 1935 due to its genetic (Natoli et al. 
2008, Rosel et al. 1994) and morphological differences (Amaha 1994). Moreover, genetic 
differentiation of the Black Sea and TSS population was detected based on haplotype 
frequencies, supporting the previous inference that common dolphins have been 
differentiated from those in the Atlantic. At the same time, common dolphins in the 
Turkish Black Sea and TSS have some degree of genetic connectivity to the 
Mediterranean populations (Tonay et al. 2017). 

The Black Sea population of bottlenose dolphin has been suggested to be the 
subspecies Tursiops truncatus ponticus Barabash-Nikiforov, 1960 due to its genetic and 



275 
 

morphological differences (Natoli et al. 2005, Viaud-Martinez et al. 2008). Tonay et al. 
(2017) suggested there might be two subpopulations in the Turkish Black Sea; one might 
have originated from the Mediterranean Sea, whereas the other might have been initially 
present in the Black Sea, and subsequently migrated south to the Aegean and the 
Mediterranean Sea. 

5. Diet 

Stomach contents of three common dolphins, six harbour porpoises, and two 
bottlenose dolphins were studied in the eastern Turkish Black Sea coast. Horse mackerel 
(Trachurus trachurus) and anchovy (Engraulis encrasicolus) in common dolphins and 
harbour porpoises; horse mackerel and whiting (Merlangius merlangus euxinus) in 
bottlenose dolphins were identified (Çelikkale et al. 1988). 

According to the study on the stomach contents of 70 bycaught harbour 
porpoises in spring and early summer in the western Turkish Black Sea, sprat (Sprattus 
sprattus) and whiting (Merlangus merlangus euxinus) are the most important prey species 
for the harbour porpoise (Tonay and Öz 1999, Tonay et al. 2007). Beside them, five fish 
species were identified; sole (Solea spp.), gobies (Gobiidae), European hake (Merluccius 
merluccius), anchovy (Engraulis encrasicolus), red mullet (Mullus barbatus) as well as 
crustaceans (Tonay et al. 2007). Meanwhile, plastic debris was found in five porpoises. 
One animal was found with the stomach full of plastic bags and sheeting weighing of 
40.9g in dry weight (Tonay et al. 2007) (Figure 3).  

 

Figure 3. Plastic debris in the stomach of the harbour porpoise (Background grid 
15x15cm).  
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According to Bilgin et al. (2013), who studied the stomach content of 48 
bycaught and 4 stranded cetaceans in spring in the eastern Turkish Black Sea, anchovy 
and whiting are the most important fish species for harbour porpoises. The other fish 
species identified in harbour porpoises are horse mackerel (Trachurus trachurus) and 
seahorse (Hippocampus hippocampus). Anchovy, horse mackerel and whiting were 
found in stomach content of six common dolphins. 

6. Body length 

Body length distribution of 232 bycaught (Tonay and Öz 1999, Tonay and 
Öztürk 2003, Tonay 2016) and stranded harbour porpoises (Tonay et al. 2008, 2012b) 
between 1999 and 2009 in the Turkish western Black Sea is shown in Figure 4 (Tonay 
2010). The highest frequency (67 individuals) was found in the 121-130 cm interval. 
Whereas the maximum length range of males was 111-120 cm and that of females was 
121-130 cm. No harbour porpoise bigger than 140 cm was found. But Karaçam et al. 
(1990) collected specimens with lengths up to 160–166 cm from the northern coast of 
Turkey (Table 2). Gol’din (2004) mentioned that they may be related to migrating 
specimens from the Sea of Azov because of the size. The harbour porpoises in the Black 
Sea region are at present the smallest representatives of harbour porpoises in the world 
(Gol’din 2004) which can be explained by intensive dolphin fishery and bycatch.  

 

Table 2. Average length of harbour porpoise by sex in Turkish Black Sea studies 

Numbe of samples Average length (cm) Referance Female Male 
14(6F, 8M) 129,08 112,69 Çelikkale et al. 1988 
12 147.58±4.350 Karaçam et al. 1990 
48 (24F, 24M) 115,76 115,46 Tanabe et al. 1997a 
92 132,1* Gönener and Bilgin, 2009 
232 121,1±22,37 111,1±28,93 Tonay 2010  

* measured from the tip of rostrum to the tip of flukes; F: Female, M: Male 
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Figure 4. Length distribution of harbour porpoise specimens during 1999-2009 in the 
Turkish western Black Sea 

 

7. Threats 

In the past, the most serious threats for the Black Sea cetaceans were commercial 
dolphin fishery and live capture. Presently, the most apparent threats affecting the Black 
Sea cetaceans are accidental mortality in fishing gear (bycatch in bottom nets especially 
for harbour porpoises); habitat degradation causing the reduction of prey resources; water 
pollution and epizootics resulting in cetacean mass mortality events (Öztürk 1996, Birkun 
2008). Effects of underwater noise (recently increased seismic surveys for oil and gas), 
military operations, and shipping effects are still unknown. 

7.1. Dolphin Fishery and Live Capture 

The Black Sea has a long history of cetacean fishery. This fishery is the main 
cause for the decline in the cetacean populations in the Black Sea. According to the review 
paper by Tonay and Öztürk (2012), the cetacean fishery began in ancient times in Anatolia 
and continued for over 2,300 years, until 1966 in USSR, Bulgaria and Romania, and 1983 
in Turkey, when the fishery was banned. In the 20th century, the catch increased, peaked 
in the 1930’s, and later in the 1950’s in other Black Sea countries. It was increased, 
especially in the 50’s and 70’s, in Turkey because the Meat and Fish Institution (EBK) 
Fish Meal and Oil Factory was established in Trabzon in 1952 and was modernized in 
1962. Before petroleum-based industries were developed, dolphin oil was essential for 
the people of the Black Sea. They used it for pharmacy, lamp oil, currier’s oil, engine oil, 
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lubricating oil, drugs containing vitamin D, albumin, paints, varnishes, soap, cosmetics, 
tinned meat and sausage, leather shoe wares, fish meal as feed to poultry, bone fertilizer 
and glue in all Black Sea countries (Acara 1965, Birkun 2008). The produced oil was 
used domestically as well as exported. After the cetacean fishery was banned in 1983 they 
used bycaught cetaceans in bottom nets until the 1990’s. 

According to TUIK (Turkish Statistical Institute) data between 1967 and 1983, 
a total of 44,178 t of dolphins were caught (Öztürk et al. 2004, Arpa 2012). According to 
the report of the sub-committee on small cetaceans, International Whaling Commission, 
in 1983, harbour porpoises were believed to account for 80%, common dolphins 15-16%, 
bottlenose dolphins 2-3% of the total catch of dolphin fisheries in Turkey from 1976 to 
1981 (Bjørge et al. 1994). In the 20th century, it is estimated that a total of 4-5 million 
cetaceans were killed in the whole Black Sea (Birkun 2006). The strong reduction in the 
population of Black Sea harbour porpoise (approximately 90%) within the past 50 years 
was related to massive dolphin fishery and bycatch (Fontaine et al. 2012). 

Since the 1960s, approximately 1000 bottlenose dolphins have been live-
captured, not in the Turkish waters, but in the former USSR (such as Russia and Ukraine) 
and Romania for military, commercial (for dolphinarium) and scientific purposes. Until 
2002, the live-capture of 10-20 animals took place annually in May-June in the Kerch 
Strait (Birkun 2008). According to CITES statistics, at least 92 individuals were removed 
from the Black Sea between 1990 and1999 (Reeves and Notarbartolo di Sciara 2006). 

7.2. Fishery interactions 

There are several cetacean bycatch studies in the Turkish Black Sea, such as 
Öztürk et al. (1999), Tonay and Öz (1999), Tonay and Öztürk (2003), Gönener and Bilgin 
(2009), Bilgin et al. (2013), Tonay (2016b). Many cetaceans are drowned in bottom gill 
nets some of which strand ashore as a result of incidental catch during the sole, turbot and 
sturgeon fishing between early April and June in the Turkish Black Sea (Öztürk 1996). 
Sturgeon fishery was banned in 1997. Nowadays, the most hazardous gear is bottom nets 
(trammel and gillnets) for turbot fishery. Turbot fishing area is within 100m isobath in 
the Turkish Black Sea in general (Tonay and Öztürk 2003). During the periodical 
stranding surveys, it was found that the fin and tail flukes of some stranded individuals 
were partly missing, which may have been removed during fishing operations due to 
bycatch (Tonay et al. 2012b and 2013). These carcases were found especially in spring 
and early summer which coincided with the turbot fishing season and also in autumn 
when other types of fishing were common. Turbot fishery makes impacts mainly on 
harbour porpoises (98%) among three cetacean species living in the Turkish western 
Black Sea waters (Table 3). It was observed that 76% of the bycatch occurred during May 
and June, when turbot fishery was banned. Turbot fishing carried out by using bottom 
nets, especially in that period is a threat to the sustainability of harbour porpoise 
populations (Tonay 2016b). It was estimated by Öztürk (1996) that at least 2000-3000 
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individuals of two species (harbour porpoise and bottlenose dolphin) were bycaught in 
the Turkish Black Sea each year. Bycatch rates in Turkish turbot fishery are shown in 
Table 4. 

Table 3. List of the cetacean species in the bycatch studies in the Turkish Black Sea 

Year Region Pp Tt Dd Total References 
1993-1997 Western 62 - 1 63 Öztürk et al. (1999) 

1999 Western 28 - - 28 Tonay and Öz (1999) 
2002-2003 Western 40 1 1 42 Tonay and Öztürk (2003) 

2006 Centre 94 - - 94 Gönener and Bilgin (2009) 
2007-2008 Western 24 1 - 25 Tonay (2016) 
2010-2012 Eastern 79 - 4 103 Bilgin et al. (2013) 

 Total 327 2 6 355  
Pp: Harbour porpoise, Tt: Bottlenose dolphin, Dd: Common dolphin 

 
 

Table 4. Harbour porpoise bycatch rates in turbot fishery studies in the Black Sea 

Area in the Black Sea Bycatch rate 
(individuals/km) References 

Middle of Southern coast 4.14 Gönener and Bilgin (2009) 
West Southern coast 0.33 Tonay and Öztürk (2003)* 
West Southern coast 0.19 Tonay (2016b) 
East Southern coast 0.43** Bilgin et al. (2013) 

*The figure was recalculated based on the data presented in the paper. 
** CPUE; ind/km x 24hour 

 
 

Tonay (2016b) estimated that the number of harbour porpoises died were; 
167(±153) (SE) (CV: 0.92) in 2007; 329(±220) (SE) (CV: 0.67) in 2008 during the legal 
period (April and July) and 2011(±742) (SE) (CV: 0.37) in 2007; 2249(±806) (SE) (CV: 
0.35) in 2008 during legal and illegal periods of turbot fishing season. In conclusion, the 
estimated number of bycaught harbour porpoises in turbot fishery on the Turkish western 
Black Sea coast would be a combination of these two estimates. The bycaught harbour 
porpoises were between 1-8 years of age and 78% were physically immature individuals 
(Tonay 2016b). Gönener and Bilgin (2009) demonstrated that pingers were effective in 
reducing bycatch in turbot gill net fisheries and also emphasized the necessity of long 
term studies to determine the negative effects of pingers such as habituation, habitat 
exclusion etc. 

In summer of 2010-2012, 50 harbour porpoise neonates were found stranded on 
the western coast of the Turkish Black Sea. Usually there was no net mark or cut observed 
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on these stranded neonates, which implied that these were not bycaught animals. 
Considering the period of events and their small body size, they were probably still 
suckling at the time of death and it is unlikely that they were diving to the sea bottom to 
feed as adult animals do. Therefore, it is assumed that they had died and stranded from 
starvation as they had lost their mothers which were accidentally caught by turbot nets. It 
may be considered as indirect effects of turbot fishery (Öztürk et al. 2012, Tonay et al. 
2013). 

Gönener and Özdemir (2012) carried out a study in Sinop Bay (centre of Turkish 
Black Sea coast) between April 2007 and February 2008 where intensive red mullet 
(Mullus barbatus) fishing activities were conducted with bottom gill nets. Average loss 
was calculated for each fishing boat throughout the season due to depredation by 
bottlenose dolphins. During the last 30 years, complaints of small coastal fishermen in 
the Black Sea have been increasing. They accused the bottlenose dolphins for stealing the 
fish from the nets and damaging the nets. This interraction is strictly related with 
decreasing good environmental status of the Black Sea because of pollution and 
overfishing thus causing habitat loss and declining fish population. 

7.3. Habitat degradation 

The stocks of the small pelagic fish in the Black Sea showed drastic fluctuations 
especially within the last three decades. These changes are believed to be driven by four 
major factors; the changes in the climatic regime; changes in the trophic structure in 
ecosystem due to eutrophication, and malfunctioning of food web; deterioration of prey-
predator relations due to selective and overfishing; and introduction of invasive alien 
species (Gücü 2012). No fish remains were found in 12 % of the stomach content of 
bycaught harbour porpoises (Tonay et al. 2007). Based on the available information as 
above, deterioration of cetacean habitats due to the decrease of prey fish is inevitable. 

7.4. Water pollution and epizootics 

High concentrations of organochlorines and relatively low concentrations of 
toxic trace elements have been detected in harbour porpoises in the Turkish Black Sea 
(Madhusree et al. 1997, Tanabe et al. 1997a, b). The contamination of harbour porpoises 
by DDTs and HCHs in the 1990s was higher than that reported for this species elsewhere 
in the world (Tanabe et al. 1997a). 

Of two mass mortality events that eliminated large numbers of common dolphins 
in 1990 and 1994, one was considered to be due to the result of a morbillivirus epizootic 
in the Black Sea (Birkun et al.1999). The reduced prey availability concurred with two 
mass mortality events (in 1989 and 1990) impacted on all three Black Sea cetacean 
species but mostly on harbour porpoises. The malnutrition along with bioaccumulation 
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of POPs could provoke epizootics, suppressing the resistance of cetacean to pathogens 
(Birkun 2002).  

Macroscopic parasites were found in 81% of the stomach contents of 42 harbour 
porpoises in the western Turkish Black Sea. So far, findings related to larval forms of 
Contraceacum spp. have been found (Danyer et al. 2010). Halocercus invaginatus, 
Stenurus minor were reported in harbour porpoises from the coast of Turkish Black Sea 
(Veryeri 2012, Pekmezci et al. 2013, Aytemiz et al. 2014). Severe verminous pneumonia, 
cellular pneumonia, hemorrhage, edema and emphysema lesions were detected in the 
porpoise’s lungs by histopathological examination (Aytemiz et al. 2014). 

8. Status and Conservation 

The Black Sea subpopulations of marine mammal species are all listed in the 
IUCN Red List of Threatened Species (IUCN, 2016); Mediterranean monk seal, harbour 
porpoise and bottlenose dolphin are EN (Endangered), common dolphin is VU 
(Vulnerable). 

In the 20th century, the abundance of Black Sea cetaceans was considerably 
reduced by massive direct killing until 1983. According to Birkun (2008), it could be 
suspected also that the populations did not recover adequately during the subsequent 
period (1983-2006) and their population size was even diminished or showed very little 
recovery owing to the escalation of ongoing major threats, such as bycatch, habitat 
degradation, and mass mortality events. Anthropogenic problems appeared more recently, 
such as bycatch, especially in bottom nets, and overfishing of pelagic fish. Long-term 
researches on reducing cetacean entanglement, dolphin-safe fishing methods, fishing 
gears and technology (pingers and acoustically reflective nets), adopted and 
recommended in the “Conservation Plan for Black Sea Cetaceans” in 2006 and “Strategic 
Action Plan for the Environmental Protection and Rehabilitation of the Black Sea” in 
2009, should be started as soon as possible. It is also noted that Turkey should elaborate 
and implement its own “Conservation Plan for Cetaceans” in its national waters. Several 
MPA sites which are important for marine mammals are suggested by Öztürk (1999) and 
Öztürk et al. (2013) in the Black Sea. Turkey accedes to several international agreements 
such as ACCOBAMS (Agreement on the Conservation of Cetaceans in the Black Sea, 
Mediterranean Sea and contiguous Atlantic area) being the latest one. 

In the Black Sea, detailed studies are deemed necessary especially on abundance 
estimation, population genetics, and habitat preferences. In the meantime, a national 
stranding network for dead and live strandings or by-catch animals as well as a 
rehabilitation center for cetaceans should be established urgently. 
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1. Introduction 

Parasites are among the most significant components of aquatic environment and 
it seems unlikely for any fish species to escape being parasitised in their complete life 
histories. As such, much of biodiversity (species richness) may be viewed as a diversity 
of hosts for parasites (Littlewood 2005). Fish species play a role for parasites as primary, 
secondary (intermediate) and/or final hosts. Some parasite groups reach their adulthood 
in or on the definitive or final host while secondary (intermediate) host harbours parasites 
for only one stage of their life cycle. Rohde (2005) divided parasites into several types, 
life cycles and hosts; ectoparasites, endoparasites, obligate parasites, facultative 
parasites, temporary parasites, permanent parasites, larval parasites, periodic parasites, 
hyperparasites, microparasites and macroparasites. Fish parasites are represented within 
two main groups, protista and metazoa. Protistan parasites requires only one fish host in 
their simple life histories while metazoans need several host including fish in their 
developmental stages. These parasites are separated to be ecto- and endoparasites and 
most of them are cosmopolitan throughout aquatic environment all over the world and 
major fish parasites are represented by the members of Mastigophora (flagellates), 
Sarcodina (amoebae), Haplosporidia, Apicomplexa, Microsporidia and Ciliophora 
(ciliates). On the other hand, metazoan parasites comprise more diverse groups belonging 
to Monogenea, Trematoda, Cestoda, Nematoda, Acanthocephala and Crustacea, some 
having more complex life cycle strategies including several hosts including fish in their 
development. Littlewood (2005) mentioned that not every organism was a suitable host 
for every parasite, but to understand fully the taxonomic range of host-parasite 
interactions, obligate and facultative interactions, and even the paratenic hosts must be 
considered to help to bridge trophic gaps. Many of the lineages in the tree of life are 
exclusively marine, but considerably fewer are exclusively parasitic and marine 
parasitism is generally restricted to marine hosts (Littlewood 2005). 

Despite many parasitological reports of marine fishes living at the coastal areas 
of the Turkish Black Sea, there is a need to obtain an up to date checklist on fish parasites 
for current and further studies. Thus, the main purpose of the present study is to provide 
a comprehensive list of parasites, including the members of all different phyla, reported 
in fish species collected from Turkish coastal areas of the Black Sea.    



290 
 

 

2. Materials and Methods 

The list of parasite species, excluding myxosporeans, of the Black Sea fishes 
collected from Turkish coastal areas is based on published papers and presentations and 
the checklist provides a complete list of references. For each parasite species, their hosts 
and geographical locality are listed with references for published records. Each 
publication is numbered and explanations are provided underneath of the checklist table 
for easy follow-up. Developmental stages of some parasites having complex life cycles 
involving two or more hosts are indicated next to the parasite’s name as larvae or adult if 
provided in the publication. The scientific names of fish hosts follow Froese and Pauly 
(2015). 

3. Results 

The present checklist of fish parasites reported from the Turkish Black Sea 
coasts includes 115 parasite species from 44 host fish and shellfish species (Table 1). 
Brief details of all parasitic higher taxa and their host reports in this particular part of the 
Black Sea are provided below;  

3.1. Protista 

3.1.1. Apicomplexa (Coccidia) 

The phylum Apicomplexa is a huge group including rather different protozoan 
parasites which have a special cell organelle, the apical complex, which facilitates 
invasion of the host cell. Fish apicomplexans are divided into two major groups; one host 
involving Coccidia and heteroxenous two hosts involving Coccidia sensu lato. Most of 
the known coccidians develop in the gut but there are species developing in inner organs 
of spleen, liver, kidney and swimbladder (Nowak 2005). Members of genera Eimeria and 
Gaussia are the most reported parasites in fishes. However, despite so many 
parasitological studies on the parasite diversity of Black Sea fishes, only one species 
namely Eimeria sardinae has been reported from whiting Merlangius merlangus in Sinop 
coasts of the Black Sea by Özer et al. (2014a) (Table 1). This species is a cosmopolitan 
coccidian that has been reported from Clupeiformes, including twaite shad Alosa fallax, 
Pacific herring Clupea harengus, European anchovy Engraulis engrasicolus in the Black 
Sea and Özer et al. (2014a) reported their data led them to conclude that E. sardinae 
oocytes presented in the intestine of whiting due to ingestion of European sprat or 
European anchovy as food fish and M. merlangus was not a true host for the oocysts. 
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3.1.2. Ciliophora (Ciliates) 

Among the protozoans, ciliophorans are the most specious parasites (Lom and 
Dyková 1992). Free-living species inhabit a range of aquatic and terrestrial environments, 
and other species live in various symbiotic relations with aquatic animals including fish. 
They are either epibiotic, ectoparasitic or endozoic in fishes. Ciliates display a wide range 
of adaptations to a symbiotic way of life, ranging from facultative parasites to innocuous 
symphobionts to true parasites (Nowak 2005). Scuticociliate parasites such as 
Philasterides and Uronema are known as facultative parasite especially in fish cultures. 
They attack the skin and gills first, hampering respiration, and then make their way into 
the internal body organs, disintegrating them and causing mortalities (Lom and Dyková 
1992). Species of the peritrichous genus Trichodina, causative agents of trichodiniasis on 
fish, are common inhabitants of the surface of some freshwater and marine fish species 
(Lom 1995). Trichodinids are probably the most commonly encountered protozoan 
parasites on wild and cultured fishes in marine as well as freshwater environments (Urawa 
1992). There are many studies on the occurrence of ciliophoran parasites such as the 
members of genus Trichodina, as well as parasites belonging to Philasterides, 
Riboscyphidia, Ambiphrya and Vorticella despite being rare, on the Black Sea fishes 
(Table 1). Thus far, a total of 10 trichodinid species have been reported from many 
different fish hosts collected from Turkish Black Sea coasts by several authors (see Table 
1 for details). Of these reported trichodinids, T. domerguei had the most diverse fish host 
range (6), followed by T. puytoraci (3) and T. lepsii (2). On the other hand, members of 
genera Philasterides, Riboscyphidia, Ambiphrya and Vorticella were represented by only 
one host species (Table 1). Philasterides dicentrarchi is the causative agent of 
scuticociliatosis in cultured turbot Psetta maxima.  

3.2. Metazoa 

3.2.1. Platyhelminthes 

3.2.1.1. Monogenea 

Monogeneans are the most diverse group of ectoparasites of fish belonging to 
two main groups, Monopisthocotylea and Polyopisthocotylea. The Polyopisthocotylea is 
a large group of monogeneans, with about 1000 described species which occur in all seas 
of the world, from the littoral zone to open oceanic waters, from the poles to the tropics, 
and from surface waters to the depths of the sea (Whittington 2005). These parasites are 
oviparous in general, only some being viviparous in their life cycle. Members of both 
groups have direct life cycles (i.e. they infect only a single host). Both groups typically 
live on the external surfaces of the gills, skin and fins of their fish hosts or oral cavity, 
and attach using a unique disc-like haptor. Marine Polyopisthocotylea feed on blood of 
host fish. High host specificity is a well-known pattern for both groups. Their special 
structure named haptor and opishaptor organised with hooks and clumps for attachment 
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to respective organ of their hosts (Nowak 2005). The number of haptoral clamps in most 
groups is fixed at three or four pairs and in a few groups, clamps are more numerous, 
ranging from tens of pairs, to over 200 pairs depending on parasite species. Unlike 
Polyopisthocotylea, the haptor of Monopisthocotylea comprises a single, symmetrical 
attachment unit called haptor comprise 14 or 16 small hooklets. The approximately 1000 
marine monopisthocotylean species has been reported worldwide (Whittington 2005). 
There are many monogenean parasite species reported from the Black Sea fishes 
throughout Turkish coastal areas and these parasites are represented by 7 different genera 
(Table 1). Members of the genus Ligophorus, including L. cephali and L. mediterraneus, 

(Table 1). The most of the members of the genus Lamellodiscus are known to be gill 
parasites of sparid fish and two species namely Lamellodiscus elegans and L. fraternus 
have been reported from a sparid fish species in the Black Sea by Özer et al. (2015b) 
(Table 1). Gyrodactylus are viviparous parasites and infect a wide range of teleost and 
amphibian hosts and live as ectoparasites on the skin, fins and gills of fish. This genus 
has been represented by 5 species on the Black Sea fishes (Table 1). On the other hand, 
members of Mazocraes, Axine, Solostamenides and Diplectanum have been reported by 
only one species from their specific hosts in the Black Sea (Table 1).   

3.2.1.2. Trematoda 

The Class Trematoda is the most abundant group of parasitic platyhelminthes 
(Niewiadomska and Pojmanska 2011) and due to so large number of individuals 
belonging to about 70 families occurring in teleost fishes and well over 5000 species 
known from all fishes (including freshwater species), members of this group have 
difficulties in their classification (Cribb 2005). They have complex life cycles involving 
several larval stages some of which multiply in the intermediate hosts. Sexual adults 
infect all classes of marine vertebrates, asexual reproduction occurs in molluscs, and 
metacercariae occur in many groups of invertebrates and vertebrates such as fish (Cribb 
2005). Their life cycle involves generation of eggs, miracidium, sporocycts, redia, 
cercaria, metarcercaria and sexual adults in at least two hosts, and all these steps take 
place exclusively in either entirely aquatic environment, a semi-aquatic environment or a 
terrestrial environment (Cribb 2005, Niewiadomska and Pojmanska 2011). These 
parasites can be found primarily in the gut, however, they can also occur under the scales, 
on the gills, in the swim bladder, body cavity, urinary bladder, gall bladder, flesh, ovary 
and circulatory system of fish (Cribb 2005). Despite the tremendous diversity in fishes, 
about ten groups dominate the fauna by accounting for about two-thirds of records of 
digeneans in fishes (Cribb 2005). Digenean trematodes are one of the most specious 
parasitic group that has been reported in the Black Sea fishes of Turkish coastal areas 
with 32 identified parasites to species level and 4 identified to generic level (Table 1). Of 
the reported parasites, most were found to be in their adult stages while the rest were in 
metacercarial stage. Parvatrema duboisi is the only species reported from the gonads, 
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hepatopancreas and gill filaments of Mediterranean mussel Mytilus galloprovincialis 
(Table 1).     

3.2.1.3. Cestoda 

According to Caira and Reyda (2005), two major subgroups are recognised: the 
Cestodaria, consisting of the orders Gyrocotylidea and Amphilinidea, and the Eucestoda, 
consisting of the remaining 11 cestode orders. Three of the 11 orders of eucestodes are 
exclusively marine: the Diphyllidea, Lecanicephalidea and Tetrabothriidea; three of the 
most speciose orders are predominantly marine: Pseudophyllidea, Trypanorhyncha and 
Tetraphyllidea. The body of eucestodes possess a distinct anterior holdfast organ called 
the scolex and posterior linear series of segments named proglottids. The life cycles of 
marine cestodes are poorly known, in general, their developmental stages involve the first 
mollusc and arthropod hosts; the second and paratenic hosts such as osteichthyes and 
chondrichthyes and adult stages in vertebrate definitive hosts such as osteichthyes and 
chondrichthyes and cetaceans. Over 1400 species of cestodes are known to occur in 
marine habitats (Caira and Reyda 2005). A total of 10 cestode species, 8 of which were 
identified to species level, have been reported from a wide range of teleost and 
cartilaginous fishes in the Turkish coastal areas of the Black Sea (Table 1). Scolex 
pleuronectis, at its plerocercoid stage, has been the most reported cestode from 14 
different teleost fish host species while some cestode species e.g. Tetrarhynchobothrium 
tenuicolle, Echeneibothrium variabile, Acanthobothrium coronatum, were found only 
one cartilaginous fish species (Table 1). 

3.2.1.4. Rhabditophora 

Members of the class Rhabditophora are the most primitive group within the 
phylum Platyhelminthes and Ursatoma cyprinae is the only species reported from Mytilus 
galloprovincialis in Sinop coasts of the Black Sea (Table 1).  

3.2.2. Nematoda 

The Phylum Nematoda (roundworms) is one of the most diverse and frequent 
group of parasites of fishes in the freshwater, brackish-water and marine environments 
throughout the world. According to Roberts and Janovy (2005), the phylum Nematoda is 
comprised of two classes: the Enoplea and the Rhabditea, and marine parasitic nematodes 
are found in three dorylaimian (Enoplea) orders the Trichurida, Dioctophymatida and 
Mermithida, and four rhabditian orders, the Strongylata, Ascaridida, Oxyurida and 
Spirurida. Their life cycles could be either monoxenous or heteroxenous. 
Hysterothylacium aduncum is a generalist nematode registered from many marine fish 
species (Andersen 1993) and it has been reported from 29 different fish species collected 
from the Turkish Black Sea (Table 1). They live as sexually mature adults in the digestive 
tracts of marine teleost fishes (Navone et al. 1998) and their larvae are known to occur in 
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marine invertebrates and in fish (Koie 1993). The 3rd-stage larvae have been found 
encapsulated in the mesentery and viscera of a wide range of fishes that act as transport 
hosts (Berland 1961, Koie 1993). The first intermediate hosts for H. aduncum are 
crustaceans, such as copepods, amphipods, decapods, shrimps, euphasiids, and isopods 
(Koie 1993, Marcogliese 1996). Gadoids are generally believed to be the main final hosts 
(Berland 1961) and Black Sea whiting Merlangius merlangus was reported to host both 
larval and adult stages of this parasite species (Özer et al. 2016). Along with 
Hysterothylacium, members of 9 different genera, Contraceacum, Cucullanus, Anisakis, 
Philometra, Ascarophis, Dichelyne, Spiroxys, Capillaria, Spinitectus, have also been 
reported from wide range of marine fishes at the Turkish Black Sea coasts (Table 1).   

3.2.3. Acanthocephala 

According to Garcia-Varela et al. (2002), the Phylum Acanthocephala comprises 
four subtaxa: Palaeacanthocephala, Eoacanthocephala, Polyacanthocephala and 
Archiacanthocephala which differ in morphology, life cycles and several ecological 
features. The body of a typical acanthocephalan consists of the metasoma (trunk) lying 
inside the intestinal lumen of the host, and the presoma (proboscis and neck) inserted into 
the intestinal wall (Taraschewski 2005). The proboscis is one of the most significant part 
of these parasites and hooks on the proboscis must be counted in fully everted situations. 
Their life cycle involve amphipoda, fish and seals as internediate, paratenic and definitive 
hosts. There are about 1000 parasite species reported from all over the world. A total of 
4 acanthocephalan species has been reported from 9 host fish species in the Turkish 
coastal are of the Black Sea (Table 1). Acanthocephaloides irregularis is the only species 
that has 4 different host species (Table 1).  

3.2.4. Crustacea 

The Phylum Crustacea is one of the most speciose group of metazoan 
ectoparasites of marine fishes and they infect a wide range of marine invertebrates (Rohde 
2005). Crustacean parasites include species of copepods, isopods, branchiurans, 
amphipods and barnacles in marine environment. Crustaceans are oviparous, first laying 
eggs which later develop into several free-living nauplius stages including nauplic, 
metanauplic and young crustacean stages and then subsequent molting which results with 
adult parasitic stage. These ectoparasites infest the skin and gills of their fish hosts. Nearly 
30 families of copepods contain parasites that utilise fishes as hosts and most are found 
exclusively on fishes (Boxshall 2005). Parasitic isopods are typically marine, and usually 
inhabit the warmer seas. There are three major groups: cymothoids, epicaridians and 
gnathiids. Most parasitic isopods are ectoparasites and feed on host blood or host 
haemolymph (Lester 2005). Branchiurans are primarily ectoparasites of fishes and the 
Branchiura comprises about 175 species classified in four genera placed in a single 
family, the Argulidae, but only the genus Argulus occurs in the marine environment 
(Boxshall 2005). Crustaceans, however, can be found parasitic on fishes from all over the 
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world. A total of 7 crustacean species, belonging to genera Ergasilus, Mothocya, 
Nerocila, Livoneca, Caligus, Lernantropus, have been reported from 8 different host fish 
species in the Turkish coastal areas of the Black Sea (Table 1).  

3.2.5. Annelida 

Members of the class Polychaeta are common marine annelids belonging to the 
Phylum Annelida that have special armatures in their morphology. Polydora ciliata is an 
infective spionid polychaeta and considered to be the causative agent of the lower 
fecundity in mussels due to the reduction in mantle tissues, the main repository of 
gametes, and reduced flesh content as a consequence of lowered condition index (Kent 
1979). This species has been reported from Mytilus galloprovincialis collected from 
Turkish coasts of the Black Sea (Table 1).  

3.2.6. Microsporidia 

Microsporidian parasites belonging to phylum Microsporidia have been reported 
from marine freshwater fishes worldwide. Currently, microsporidia are considered 
atypical fungi without mitochrondria (Thomarat et al. 2004, Xiang et al. 2014). More 
than 1200 species are described, some of which are able to infect multiple host species 
(Life cycles of these parasites may be simple or complex, however, the complete life 
cycles for most species remain unknown. On the other hand, many fish microsporidian 
parasites are transmitted directly by ingestion (e.g. Nucleospora salmonis, Glugea spp. 
and Loma spp.). Members of the genera Glugea and Loma are among the most reported 
parasites in fishes by enlarged tumour-like host cells filled with spores, however, thus far 
there is only one Loma species reported from Mullus barbatus ponticus in Sinop coasts 
of the Black Sea (Table 1).  

3.2.7. Myzozoa 

These parasites are known to parasitize commercially important marine molluscs 
and especially gregarines parasitize bivalves. Nematopsis legeri is the only member that 
has been reported from Mytilus galloprovincialis from Sinop coasts of the Black Sea 
(Table 1). 

4. Discussion 

This study provided an up to date checklist of reported parasites of fishes 
collected from the coastal areas of the Turkish Black Sea. It is obvious from this checklist 
that Black Sea fishes have a wide range of parasites yielding a total of 115 parasites from 
44 different host fish species. Some parasites such as Trichodina lepsii, Ligophorus 
cephali, L. mediterraneus, were reported to be host specific to mugilids while 
Hysterothylacium aduncum was reported to be a generalist parasite infecting a very wide 
range of fish hosts belonging to different genera. These reports are in accordance to 
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previous reports elsewhere in the world. It can also be seen from this checklist that someof 
the literatures provided first occurrence of some parasites in this particular part of the 
Black Sea and it can be said that, considering a total of about 160 fish species reported 
from Turkish coastal areas of the Black Sea, more studies on fish parasites will provide 
more insight to our knowledge.  

 

Table 1. Checklist of parasite species reported from Black Sea fishes collected from 
Turkish coastal areas. Si: Sinop coasts, Sa: Samsun coasts, Ea: Eastern coasts, Tr: 
Trabzon coasts, Tmc: Trabzon Marine Research Center 

Parasite Species Host species Area Ref. 
APICOMPLEXA 
Eimeria sardinae (Thélohan, 1890) 
Reichenow, 1921 Merlangius merlangus Si 32 

CILIOPHORA 

Trichodina domerguei Wallengren, 
1897 

Merlangius merlangus Si 21 
Neogobius fluviatilis Sa 29 
Pomatoschistus marmoratus Sa 29 
Gasterosteus aculeatus Si 6 
Neogobius melanostomus Si 7 
Platichthyes flesus Si 12 
Mullus barbatus ponticus Si 35 

Trichodina puytoraci Lom, 1962 

Mugil cephalus Si 8 
Mugil cephalus Sa 39 
Merlangius merlangus Ea 18 
Liza aurata Si 14, 28 
Liza aurata Sa 24 

Trichodina jadranica Raabe, 1958 Platichthyes flesus Si 12 
Trichodina claviformis Dobberstein 
& Palm, 2000 Merlangius merlangus Ea 18 

Trichodina gobii Raabe, 1959 Merlangius merlangus Si 40 
Trichodina tenuidens Faure-Fremiet, 
1944 Gasterosteus aculeatus Si 6 

Trichodina lepsii Lom, 1962 

Mugil cephalus Si 8 
Mugil cephalus Sa 39 

Liza aurata Si 8, 14, 
28 

Liza aurata Sa 23 

Trichodina heterodentata Duncan, 
1977 

Neogobius fluviatilis Sa 29 
Pomatoschistus marmoratus Sa 29 
Proterorhinus marmoratus Sa 29 

Paratrichodina corlissi Lom et 
Haldar, 1977 Neogobius fluviatilis Sa 29 
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Peniculistoma mytili (Morgan, 1925) 
Jankowski, 1964 Mytilus galloprovincialis Si 38 

Philasterides dicentrarchi Dragesco, 
Dragesco, Coste, Gasc, Romestand, 
Raymond & Bouix, 1995 

Psetta maxima  Tmc 16 

Trichodina sp. 

Merlangius merlangus Ea 18 
Belone belone Si 25 
Psetta maxima Tr 5 
Mullus barbatus ponticus  Si 35 

Paratrichodina sp.  Mullus barbatus ponticus  Si 35 
Riboscyphidia sp.    Platichthyes flesus Si 12 
Ambiphrya sp. Platichthyes flesus Si 12 
Riboscyphidia sp.    Platichthyes flesus Si 12 
Ambiphrya sp. Platichthyes flesus Si 12 
Vorticella sp. Platichthyes flesus  Si 12 
MONOGENEA 

Ligophorus cephali Rubtsova et 
Euzet, 2006 

Liza aurata Sa 24 
Liza aurata Si 28 
Mugil cephalus Sa 39 
Liza saliens Si 49 

Ligophorus mediterraneus (Sarabeev 
et Euzet, 2005) 

Liza aurata Sa 24 
Liza aurata Si 28 
Mugil cephalus Sa 39 

Ligophorus mugilinus (Hargis, 1955) 
Euzet & Suriano, 1977 Liza aurata Si 14 

Lamellodiscus elegans Bychowsky, 
1957 Diplodus annularis Si 41 

Lamellodiscus fraternus Bychowsky, 
1957 Diplodus annularis Si 41 

Gyrodactylus alviga Dmitrieva et 
Gerasev, 2000 

Merlangius merlangus Si 42 
Merlangius merlangus Si 50 

Gyrodactylus proterorhini Ergens, 
1967 

Neogobius melanostomus Si 10 
Proterorhinus marmoratus Sa 34 
Neogobius fluviatilis Sa 34 
Pomatoschistus marmoratus Sa 34 

Gyrodactylus arcuatus Bychowsky, 
1933 

Gasterosteus aculeatus Si 9 
Gasterosteus aculeatus Sa 34 

Gyrodactylus flesi Malmberg, 1957 Platichthyes flesus Si 12 
Mazocraes alosae (Herman, 1782) Alosa immaculata Si 26 
Axine belones Abildgaard, 1794 Belone belone Si 25 

Solostamenides mugilis (Vogt, 1879) 
Mugil cephalus Sa 27 
Liza aurata Sa 27 
Liza aurata Si 28 

Microcotyle mugilis Vogt, 1878 
(Syn; Solostamenides mugilis) 

Liza aurata Sa 24 
Liza aurata Si 14 
Mugil cephalus Sa 39 
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Diplectanum aequans (Wagener, 
1857) Dicentrarchus labrax Ea 20 

Gyrodactylus sp. Liza aurata Si 14 
TREMATODA 
Ascocotyle (Phagicola) longa 
Ransom, 1920 

Liza aurata Sa 24 
Mugil cephalus Sa 39 

Ascocotyle mugilis Liza aurata Si 14 
Haplosplanchnus pachysomus 
(Eysenhardt, 1829) Looss, 1902 

Liza aurata Sa 24 
Mugil cephalus Sa 39 

Diplostomum spathaceum (Rudolphi, 
1819) Olsson, 1876 Mugil cephalus Sa 39 

Tylodelphys clavata Nordmann, 
1832 

Liza aurata Sa 24 
Mugil cephalus Sa 39 

Parvatrema duboisi (Dollfus, 1923)   Mytilus galloprovincialis Si 38 
Pronoprymna ventricosa (Rudolphi, 
1891) Alosa immaculata Si 26 

Lecithaster confusus Odhner, 1905 Alosa immaculata Si 26 
Anisocladium fallax (Rudolphi, 
1819) Uranoscopus scaber Ea 36 

Lecithaster confusus Odhner, 1905 Uranoscopus scaber Si 26 
Anisocladium gracile (Looss, 1901) Uranoscopus scaber Ea 36 
Anisocoelium capitellatum 
(Rudolphi, 1819) Uranoscopus scaber Ea 36 

Stephanostomum minutum (Looss, 
1901) Manter, 1940 Uranoscopus scaber Si 48 

Helicometra fasciata (Rudolphi, 
1819) Odhner, 1902 

Mesogobius 
bathriocephalus Si 46 

Neogobius melanostomus Si 46 
Neogobius kessleri Si 46 
Gobius niger Si 46 
Scorpaena porcus Si 48 
Symphodus cinereus Si 48 

Lecithochirium musculus (Looss, 
1907) Nasir & Diaz, 1971 

Ophidion rochei Si 48, 45 
Solea solea Si 45 
Triglia lucerna Si 45 
Scorpaena porcus Si 45 
Gaidropsarus 
mediterraneus Si 45 

Mesogobius 
bathriocephalus Si 45 

Pygidiopsis genata Looss, 1907 Neogobius melanostomus Si 10, 44 
Prodistomum polonii (Molin, 1859) Trachurus trachurus Si 53 
Lasiotocus typicus (Nicoll, 1912) Trachurus trachurus Si 53 
Ectenurus lepidus Looss, 1907 Trachurus trachurus Si 53 
Monascus filiformis (Rudolphi 1819) Trachurus trachurus Si 53 

Trachurus trachurus Si 53 
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Stephanostomum cesticillum (Molin, 
1858) Looss, 1899 Parablennius tentacularis Si 48 

Cryptocotyle concava (Creplin, 
1825) 

Neogobius melanostomus Si 53 
Proterorhinus marmoratus Si 53 

Ascocotyle felippei Travassos, 1929 

Neogobius melanostomus Si 53 
Proterorhinus marmoratus Si 53 
Gasterosteus aculeatus Si 53 
Platichthyes flesus Si 53 
Liza aurata Si 53 

Arnola microcirrus (Vlasenko, 1931) Diplodus annularis Si 48 
Monarchis parvus Looss, 1902 Diplodus annularis Si 48 
Bucephalus marinum Vlasenko, 
1931 mtc Parablennius tentacularis Si 48 

Phyllodistomum acceptum Looss, 
1901 Parablennius tentacularis Si 48 

Stephanostomum minitum (Looss, 
1901) Manter, 1940 Uranoscopus scaber Si 48 

Stephanostomum bicoronatum 
(Stossich, 1883) Fuhrmann, 1928 
mtc. 

Neogobius melanostomus Si 48 
Gaidropsarus 
mediterraneus Si 51 

Galactosomum lacteum (Jagerskiöld, 
1896) 

Mullus barbatus Si 35 
Neogobius melanostomus Si 46 
Gobius niger Si 46 
Gaidropsarus 
mediterraneus Si 51 

Rhipidocotyle genovi Dimitrov, 
Kostadinova & Gibson, 1996 

Gaidropsarus 
mediterraneus Si 51 

Metadena pauli (Vlasenko, 1931) 
Yamaguti, 1958 

Gaidropsarus 
mediterraneus Si 51 

Magnibursatus skrjabini (Vlasenko, 
1931) 

Gaidropsarus 
mediterraneus Si 51 

Mesogobius 
bathriocephalus Si 46 

Proctotrema bacilliovatum Odhner, 
1911 

Mesogobius 
bathriocephalus Si 35 

Derogenes sp.  
Mesogobius 
bathriocephalus Si 46 

Gobius niger Si 46 

Ascocotyle sp. 
Neogobius melanostomus Si 44 
Platichthyes flesus Si 44 
Liza aurata Si 28 

Digenea gen. sp. Neogobius melanostomus Si 10 

Cainocreadium sp.  Gaidropsarus 
mediterraneus Si 51 

CESTODA 
Grillotia erinaceus (van Beneden, 
1858) plerocercoid Merlangius merlangus Si 33 
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Progrillotia dasyatidis Beveridge, 
Neifar & Euzet, 2004 plerocercoid 

Merlangius merlangus Ea 36 
Uranoscopus scaber Ea 36 
Ophidion rochei Ea 36 
Ophidion rochei Si 46 
Mullus barbatus Ea 36 
Mullus barbatus Si 35, 46 
Gobius niger Ea 35 
Gobius niger Si 46 
Gaidropsarus 
mediterraneus Ea 35 

Gaidropsarus 
mediterraneus Si 46 

Neogobius melanostomus Si 46 
Mesogobius 
bathriocephalus Si 46 

Solea solea Si 46 
Scorpaena porcus Si 46 

Scolex pleuronectis Müller, 1788 
plerocercoid 

Merlangius merlangus Si 42, 46 
Ophidion rochei Ea 35 
Trachurus trachurus Si 37 
Gaidropsarus 
mediterraneus Si 37, 46 

Spicara flexuosa Si 37 
Zosterizessor ophiocephalus Si 37 
Neogobius melanostomus Si 37, 46 
Mullus barbatus Si 35 
Neogobius kessleri Si 46 
Mesogobius 
bathriocephalus Si 46 

Gobius niger Si 46 
Solea solea Si 46 
Trigla lucerna Si 46 
Spicara smaris Si 46 

Bothriocephalus scorpii (Müller, 
1776) Psetta maxima Si 23 

Paradilepis scolecina (Rudolphi, 
1819) Platichthyes flesus Si 12 

Tetrarhynchobothrium tenuicolle 
Diesing, 1850 Raja clavata Si 52 

Echeneibothrium variabile Van 
Beneden, 1850 

Raja clavata Si 52 
Squalus acanthias Si 52 

Acanthobothrium coronatum 
(Rudolphi, 1819) Raja clavata Si 52 

Bothriocephalus sp.  Raja clavata Si 52 
Diphyllobothrium sp. Belone belone Si 25 
NEMATODA 
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Hysterothylacium aduncum 
(Rudolphi, 1802) 

Merlangius merlangus Si 
3, 15, 
21, 23, 
50 

Merlangius merlangus Ea 2 
Merlangius merlangus Sa 1 
Neogobius melanostomus Si 10, 45 
Mesogobius 
bathriocephalus Si 45 

Gobius niger Si 45 
Solea solea Si 47 
Alosa pontica Si 11 
Platichthyes flesus Si 12 
Maena smaris Si 15 
Belone belone Si 25 
Belone belone Ea 31 
Mullus barbatus ponticus  Ea 30 
Mullus barbatus ponticus  Si 35 
Trachurus trachurus Ea 30 
Caspialosa sp. Ea 31 
Engraulis encrasicholus Ea 31 
Gaidropsarus mediterranes Ea 31 
Gobius niger Ea 31 
Merlangius merlangus Ea 31 
Mullus barbatus Ea 31 
Neogobius melanostomus Ea 31 
Ophidion rochei Ea 31 
Platichthys flesus Ea 31 
Sarda sarda Ea 31 
Sciaena umbra Ea 31 
Scorpaena porcus Ea 31 
Solea vulgaris Ea 31 
Spicara smaris Ea 31 
Syngnathus acus Ea 31 
Trachinus draco Ea 31 
Trachurus mediterraneus Ea 31 
Uranoscopus scaber Ea 31 

Hysterothylacium fabri (Rudolphi, 
1819) Mullus barbatus ponticus  Si 35 

Cucullanus campanae Lebre & 
Petter, 1984 Solea solea Si 47 

Anisakis pegreffii Campana-Rouget 
& Biocca, 1955 Trachurus mediterraneus Ea 31 

Philometra globiceps (Rudolphi, 
1819) 

Trachurus mediterraneus Ea 31 
Uranoscopus scaber Ea 31 
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Ascarophis valentina Ferrer, Aznar, 
Balbuena, Kostadinova, Raga & 
Moravec, 2005 

Mullus barbatus ponticus  Si 35 

Dichelyne minutus (Rudolphi, 1819) Neogobius melanostomus Si 10 
Platichthyes flesus Si 12 

Spiroxys contortus  Platichthyes flesus Si 12 
Capillaria gracilis (Bellingham, 
1840) Solea solea Si 47 

Spinitectus tamari Naidenova, 1966 Gaidropsarus mediterranes Si 52 
Spiroxys sp. Neogobius melanostomus Si 10 
Capillaria sp.   Platichthyes flesus Si 12 
Capillaria sp. Mullus barbatus ponticus  Si 35 
Capillaria sp. Gobius niger Si 46 
Capillaria sp. Neogobius kessleri Si 46 
Contraceacum sp.  Mullus barbatus ponticus  Si 35 
Ascarophis sp. Scorpaena porcus Ea 31 
ACANTHOCEPHALA 
Neoechinorhynchus rutili (Müller, 
1780) 

Neogobius melanostomus Si 10 
Platichthyes flesus Si 12 

Neoechinorhynchus agilis Rudolphi, 
1819 

Liza aurata Sa 24 
Liza aurata Ea 31 
Mugil cephalus Sa 39 

Acanthocephaloides irregularis 
Amin et Kvach, 2011 

Scorpaena porcus Ea 31 
Mullus barbatus Si 35 
Neogobius kessleri Si 46 

Acanthocephaloides irregularis 
Amin et Kvach, 2011 

Mesogobius 
bathriocephalus Si 46 

Solearhynchus kostylewi (Meyer, 
1932) Kvach & Oguz, 2010 Solea solea Si 47 

CRUSTACEA 

Ergasilus lizae Kroyer 1863 

Liza aurata Sa 24 
Liza aurata Si 14 
Liza aurata Si 28 
Mugil cephalus Sa 39 

Mothocya epimerica Costa, 1851 Atherina boyeri Si 4 

Nerocila bivittata (Risso, 1816) 
Parablennius 
sanguinolentus Sa 22 

Diplodus annularis Tr 13 
Nerocila orbignys (Guerin-Meleville, 
1832) Solea solea Si 47 

Livoneca punctata (Uljanin, 1872) Alosa pontica Si 11 
Caligus minimus Otto, 1821 Dicentrarchus labrax Si 19 
Lernantropus kroyeri Van Beneden, 
1851 Dicentrarchus labrax Or 17 

ANNELIDA 
Polydora ciliata (Johnston, 1838)   Mytilus galloprovincialis Si 38 
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MYZOZOA 
Nematopsis legeri de Beauchamp, 
1910   Mytilus galloprovincialis Si 38 

MICROSPORIDIA 
Loma sp. Mullus barbatus ponticus Si 35 
RHABDITOPHORA 
Urastoma cyprinae (Graff, 1882)   Mytilus galloprovincialis Si 38 

et al. (2000), 4. Özer (2002), 5. Aksungur 
(2003), 6. Özer (2003a), 7. Özer (2003b), 8. Özer and Öztürk (2004), 9. Özer et al. (2004), 10. Özer 
(2007), 11. Özer et al. et al. (2009), 14. Öztürk and 
Özer (2009), 15. Özer et al. et al. (2010), 17. Öktener et al. 

er et al. (2012), 22. 
et al. 

Yurakhno (2013), 26. Özer et al. (2013a), 27. Özer et al (2013b), 28. Öztürk (2013), 29. Öztürk and 
Çam (2013), 30. Pekmezci et al. (2013) et al. (2014a), 33. 
Özer et al. et al. (2014), 

et al. 
Özer et al. (2015a), 41. Özer et al. (2015b), 42. Özer et al. (2015c), 43. Özer et al. (2015d), 44. 
Öztürk and Özer (2015), 45. Çam and Öztürk (2016a), 46. Çam and Öztürk (2016b), 47. Çam and 
Öztürk (2016c), 48. Kornyychuk et al. (2016), 49. Özer and Acar (2016), 50. Özer et al. (2016), 
51. Öztürk and Çam (2016a), 52. Öztürk and Çam (2016b), 53. Öztürk and Özer (2016). 
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1. Introduction 

Degradation of the marine ecosystems, particularly coastal areas, occurs because 
of land- and sea-based activities polluting the environment, altering the ecological 
surroundings and causing degradation such as habitat loss. Several elements are necessary 
for understanding the impacts of human activities on marine ecosystems. Sources of 
marine pollution contain the land-based sources and industrial activities, shipping and 
fishing activities and aquaculture, domestic wastes, dumping, seabed activities both 
coastal and offshore, touristic activities, and atmospheric sources. Land-based activities 
create the greatest origins of pollution in the marine coastal environment (Ünsal et al. 
1995, Bakan and Büyükgüngör 2000, Altas and Büyükgüngör 2007, Bat et al. 2009, 
Büyükgüngör et al. 2014). In shipping, oil pollution increases due to occurrence of tanker 
grounding and clash has been an important international attention (Alkan and Boran 
2014). This anxiety has interpolated dangerous and deleterious substances (Förstner and 
Wittmann 1983, Mance 1987, Depledge et al. 1994, Bat 2014), ballast water discharge 
and antifouling paints (Bellinger and Benham 1978, Young 1979, Paradas et al. 2007). 
Marine pollution as defined by Štirn (1981) and Clark (1986) is the "introduction by man, 
directly or indirectly, of substances or energy into the marine environment (including 
estuaries) resulting in such deleterious effects as harm to living resources, hazards to 
human health, hindrance to marine activities including fishing, impairment of quality for 
use of sea water, and reduction of amenities". Coastal degradation, climate changeability 
and increased industrialization will rise jeopardize of mobilization of anthropogenically 
derived and natural toxic agents in the marine environment and thus their transfer to 
humans. 

2. The Black Sea 

The Black Sea is a semi closed and one of the most exceptional regional seas in 
the world. Kovalev et al. (1999) described the Black Sea with the following sentences: 
“The Black Sea is one of the most interesting seas of the world both in scientific and non-
scientific aspects. Its history is full of romantic and dramatic events. Its diverse marine 
fauna has been influenced by the long and short term (geological, climatic, hydrological) 
natural and anthropogenic processes of the last three decades”. It is located between SE 
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Europe and Asia, connected with the Mediterranean Sea by the Bosphorus, the Sea of 
Marmara, and the Dardanelles. It is about 2212 m deep with a volume of 550000 km3 and 
is an estuarine type basin due to the large river discharge, especially on its north-western 
shelf area (Zaitsev and Mamaev 1997). The Black Sea is enclosed by Bulgaria and 
Romania on the west, Ukraine and Russia on the north, Georgia on the east, and Turkey 
on the south. Along the Black Sea, the heavily salty bottom layer which originates in 
inflowing the Mediterranean waters, has a very slow motion and contains hydrogen 
sulphide; it has no eukaryotic marine life. About 87 % of the Black Sea is entirely anoxic 
and contains high amounts of hydrogen sulphide (Zaitsev and Mamaev 1997), a solvable 
toxic gas mostly associated with the smell of rotten eggs (Mee 2005). The top layer, much 
less saline, flows in a counter clockwise direction around the sea. There is little tidal 
action. Every year, about 350 km3 of river water enter into the Black Sea from an area 
covering almost a third of continental Europe and including significant areas of seventeen 
countries, namely Austria, Belarus, Bosnia and Herzegovina, Bulgaria, Croatia, Czech 
Republic, Georgia, Germany, Hungary, Moldova, Slovakia, Slovenia, Romania, Russia, 
Turkey, Ukraine, and Yugoslavia (Mee 2005) including about 170 million people (Köse 
et al. 2013). Europe's second, third and fourth rivers (the Danube, Dnieper and Don) all 
flow into the Black Sea. The Bosphorus has a two layer flow, carrying about 300 km3 of 
seawater to the Black Sea from the Mediterranean along the bottom layer and returning a 
mixture of seawater and freshwater with twice this volume in the upper layer (Mee 2005). 
The increasing human population in coastal areas of the Black Sea continue to increase 
pressure on the region. Eutrophication or over fertilization is the most visible danger 
facing the Black Sea and also has the greatest impact. Nitrogen and phosphorus 
compounds are major nutrients. Troubles began in the end of 1960s with “green 
revolution” which was observed as theincreasing eutrophication in the sea due tonutrient 
inputs from the rivers (Mee 2005). The Danube River constituted nearly 75 percent of the 
total input (Zaitsev and Mamaev 1997). Death and subsequent decay used up the oxygen 
in the water (Mee 1992). These death zones on the seabed are but one symptom of the 
sickness that is afflicting the Black Sea.  

Heavy metals do not seem to contaminate the entire Black Sea but appear as "hot spots" 
near well-identified sources (Mee 2005). They are usually related to waste from heavy 
industry and the ash retraining from burning coal for generating electricity. On the other 
hand, as a consequence of economic decline the usage of these substances has decreased 
considerably and no more presents a major hazard in the sea, except where their use was 
very intensive in the past (Mee 2005). Mee (2005) strongly emphasized that “the Black 
Sea is seriously ill but certainly isn't dead”. 

3. Definition of heavy metals 

Heavy metal is the generic term for metallic elements having an atomic weight 
higher than 40.04. They are chemical elements with a specific gravity that is about 5 times 
the specific gravity of water which is 1 at 4°C. Clearly stated, specific gravity is a measure 
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of density of a given amount of a solid material when it is compared to a same amount of 
water. Some well-known toxic metallic elements with a specific gravity that is 5 or more 
times that of water are Hg (13.546), Cd (8.65), Pb (11.34) and As (5.7) (Appenroth 2010). 
Of the 92 naturally consisting elements, nearly 30 metals and metalloids are potentially 
toxic to humans such as Hg, Cd, Pb, As, Cu, Mn, Co, Ni, etc. The term of heavy metals 
has been replaced in years by a classification scheme that considers their chemistry rather 
than relative density (Nieboer and Richardson 1980). Separation of some essential and 
non-essential metal ions of importance as pollutants into class A (oxygen-seeking) 
including Ca, Mg, Mn, K, Sr, Na, class B (sulphur or nitrogen-seeking) including Zn, Pb, 
Fe, Cr, Co, Ni, As, V and borderline elements including Cd, Cu, Hg, Ag are based on the 
classification scheme of Nieboer and Richardson (1980). 

4. Importance of heavy metals 

All pollutants affect the coastal ecosystem. Heavy metals are among the most 
important of these pollutants. All heavy metals occur naturally in the marine environment, 
however their levels are greatly increased where they have been extracted and are used 
for industrial activities. Heavy metals are a group of elements with a wide range of 
chemical properties and biological effects. Some of them, such as Zn, Cu and Mn, are 
essential trace elements in the diet and their absence can lead to serious illness. Others, 
such as Hg, Cd and Pb, have no biological function and their presence in all but very 
small quantities can cause poisoning. Hg, Cd, Pb, Cr, Cu, Ni and As are the very common 
heavy metals, and Hg, Cd and Pb are of the supreme concern. The issues posed by heavy 
metals vary. Aquatic organisms, including fish, concentrate heavy metals in their tissues 
even in edible muscles, becoming extremely toxic in the course. A number of land-based 
waste products, notably toxic heavy metals, exert a direct effect on commercial fish-
stocks. Especially Hg, Cd and Pb turn into a concentrated structure thanks to the food-
chains, posing a toxic risk to species in higher trophic levels in the food web. Especially, 
people who are living in the coastal areas are the most sensitive and the most affected by 
these contaminants. It is well known that heavy metal accumulation impact human health. 
Perhaps the best famous case was in Minamata Bay in Japan when Hg discharged by a 
factory was passed up the marine food chain to fish, which formed the main diet of local 
people (The Earth Report-3 1992). The form of Hg involved was methylmercury which 
was poisoning and known to cause Minamata disease. The first cases of Minamata disease 
were diagnosed in 1953. Brain damage, delirium, spasms, blurred vision, and death were 
caused while exposed women produced physical deformities in new-born babies. By 
1966, 43 people had died and a further 68 were permanently disabled from neurological 
effects. By 1983 more than 300 people had died and over 1500 were officially recognised 
but some 6000 claimed to have been effected and it has been predicted that a considerable 
broad number may have been exposed to unsafe levels of Hg. It is still in use even in 
children’s toys (The Earth Report-3 1992).  
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Cd is a toxic heavy metal with harmful effects on human health such as Hg. 
Chronic Cd poisoning causes damage to the kidneys and heart. Long term exposure 
results in a loss of calcium off the bone, which then become brittle and break easily. In 
Japan, again, a whole village was afflicted with Cd poisoning known as “itai-itai” disease 
meaning “it hurts-it hurts” after industrial effluent contaminated rice supplies. Cd is 
naturally available in phosphate fertilizers and is drained to the marine environment when 
they are refined. It is utilization in metal plating, in certain plastics as a colour and in 
some rechargeable batteries (The Earth Report-3 1992).  

Pb is also a highly toxic heavy metal which has caused considerable damage to 
human health. Pb is much more common than Hg in the Earth's crust and has been in 
widespread use for thousands of years. Like other heavy metals, Pb can accumulate in the 
food web and species such as fish of prey at the top of the chain may contain great 
quantities. Acute Pb is poisonous and the disease is called saturnism which causes 
stomach pains, headaches, tremor, irritability and in severe cases, comma and death. It is 
also known to affect the nerves and the brain at very low concentrations (The Earth 
Report-3 1992).  

5. Disturbance of heavy metals in the sea 

When a contaminant such as chemical discharges is let into the marine 
environment, advection will occur far from its source by the equated large-scale current 
while at the same time undergoing mixing by small-scale turbulent eddies. The mixing 
process causes the first contaminant patch to increase with time, thereby reducing levels 
within the patch. As the patch continues to increase, the size of eddies that can act on it 
also rises. In general, eddies larger than the patch act to advent the contaminant away 
from its source, while eddies the same size as or smaller than it produce turbulent mixing. 
Turbulent mixing, or diffusion, increases with time in rate to patch size.  

The Black Sea is characterized by a predominantly cyclonic and vigorously time-
dependent basin wide circulation that follows almost the continental slope around the 
basin (Figure 1). The Sakarya, Sinop and K z l rmak eddies of the south coast become to 
be not as quasi-persistent structures as the Batumi and Bosphorus eddies. They may create 
recurrently once or twice a year for about a season. When they are enough massive, the 
Sinop and  eddies may be combined and form a single entity. The presence of 
these three eddies usually bounds up with spread characteristics of the meanders 
superimposed on the Rim Current system (Korotaev et al. 2003). Korotaev et al. (2003) 
also pointed out that a chain of eddies throughout the Anatolian coast have more 
intermittent character and travel slowly eastward along the coast. The Sakarya, Sinop and 
Kizilirmak eddies incline to display more quasi-permanent character owing to controls 
exerted by regional topographies. 



326 
 

 

Figure 1. The main features of the upper layer circulation in the Black Sea (Its original 
was given by Oguz et al. 1993 and 2009) 

 

Once released into the marine environment, heavy metals can remain in the water 
for very long periods. They can reach dangerous levels in fish species. As a result, food 
security and pollution are some of the main issues in the world. It would appear that 
bioaccumulation in edible tissues of the fish is a certain problem. Contaminants especially 
heavy metals have become an increasing concern on food security mainly fish.  

6. Importance of heavy metals in fish  

Heavy metals have also become the focus of particular interest in recent decades 
within the Marine Strategy Framework Directive 2008/56/EC (MSFD) which lists the 
thematic qualitative descriptors for pollutants including heavy metals for determining 
Good Environmental Status (GES) within Descriptors 8 and 9. Descriptor 8 states that 
“concentrations of contaminants are at levels not giving rise to pollution effects” while 
Descriptor 9 states that “contaminants in fish and other sea food for human consumption 
do not exceed levels established by Community legislation or other relevant standards”. 
Monitoring of heavy metals in fish is required in order to improve knowledge of the health 
state of the ecosystem and the threats, if there are any, against human population, and also 
in order to enable Turkey as candidate country to fulfil its international obligations under 
EC Directives (Marine Strategy Framework Directive 2008/56/EC). In order to the final 
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achieving GES in the Black Sea by the year 2020, metal levels in the environment near 
background values for naturally occurring substances and close to zero for man-made 
synthetic substances, further studies will be necessary both at national and European 
levels. Connecting the health of the Black Sea with that of human health is a long term 
struggle that will require remarkable effort and resources. All of these issues are vital to 
ensure sustainable development of coastal and marine resources. The main objectives in 
any assessment of marine environmental health on a national scale are to provide 
information necessary to safeguard human health. 

Toxic metals, lack of oxygen, too many nutrients and overfishing make life hard 

protein sources. Heavy metals in the food web are threatening all fishing communities 
that still depend on seafood for their subsistence. Increasing sea water temperature is 
suspected to be a contributing factor to this unconventional status. The unsuitable use, 
storage and transport of all types of waste, including toxic and dangerous materials 
especially heavy metals, are growing problems all around the Black Sea. Fish can be 
contaminated with heavy metals at any stage from the captured until it is consumed.  

Heavy metals are readily absorbed with food, but they are not easily excreted, 
and even organisms low in the food web can be affected by them. The higher the position 
in the food chain and the longer-lived the individual organism, the more metal it 
accumulates. Top predators including fish can gather levels of heavy metals millions of 
times greater than those in the surrounding water. These may kill them directly, or reduce 
their ability to cope with disease. Heavy metal concentrations in fish may be changed 
from year to year and seasonally.  

7. Importance of fish consume 

EFSA (European Food Safety Authority) (2014 and 2015) concluded that fish is 
a source of energy and protein with high biological value, and concludes to the intake of 
essential nutrients, with well-established health utilities. Fish also supplies n-3 long-chain 
polyunsaturated fatty acids (LCPUFA), and is a component of dietary patterns associated 
with good health (Domingo et al. 2007, Sioen et al. 2007). Many European guidelines 
and scientists suggest a minimum of two servings of fish per week for big children and 
adults (Domingo et al. 2007, EFSA 2014, 2015). Suggestions for children and pregnant 
women attribute to the type of fish and are also based on safety considerations. 
Consumption of more or less 1-2 servings of fish per week and up to 3-4 servings per 
week during pregnancy has been associated with better functional outcomes of 
neurodevelopment in children compared to no fish (EFSA 2014, 2015). Moreover, 
consumption of fatty fish might reduce the risk of prostate cancer (Domingo et al. 2007, 
Terry et al. 2001) and decrease in mild hypertension (Sioen et al. 2007). Such quantities 
have also been associated with a lower risk of coronary heart disease (Cohen et al. 2005, 
Sioen et al. 2007, Gladyshev et al. 2009) and stroke disease (Cohen et al. 2005) mortality, 
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in adults and are suitable for these intakes and recommendations in many countries 
including European Union and Turkey considered. No additional benefits on 
neurodevelopmental outcomes and no benefit on coronary heart disease mortality risk 
might be expected at higher intakes. The health benefits of seafood consumption in 
reducing the risk of coronary heart disease mortality are probably owing to the content of 
n-3 LCPUFA in fish (Cohen et al. 2005, Sioen et al. 2007, Gladyshev et al. 2009, EFSA 
2014, 2015).  

8. Maximum Permitted Limits (MPL) of heavy metals in fish 

It should not be forgotten that among all the animal species, fish are natural 
marine residents; therefore they cannot get away the harmful effects of heavy metals. Fish 
are exposed to heavy metals in polluted and contaminated waters. Heavy metals from the 
human activities and sources are continually released into marine coastal ecosystems. 
Thus they are serious health risks due to their toxicity, long persistence, bio-accumulation 
and bio-magnifications in the food web. Now, it is well understood that fish are used as a 
biological model to assess the health of marine ecosystems since heavy metals accumulate 
in edible muscles. 

The Maximum Permitted Limits of any toxic metal, the level that is thought to 
be safe, is called the threshold limit value. The MPLs for metals in fish are shown in Table 
1. 

Table 1. The tolerable values of measured metals in the fish (mg/kg wet wt.) 

Standards  As Cd Pb Cu Zn Hg 
MAFF (1995) The 
Food Safety  

-- <0.2 2.0 20 50 -- 

Turkish Legislation 
(1995) 

1.0 0.1 1.0 20 50 0.5  

EC (2001) The 
Commission 
Regulation  

-- 0.05 0.2 -- -- 0.5 

Georgian Food 
Safety Rules (2001) 

2.0 0.2 1.0 10 40 0.5 

TFC (2002) Turkish 
Food Codex 

1.0 0.05 (0.10)1 0.2 
(0.4)2 

20 50 0.5 
(1.0)3 

GAIN Report (2006) 
Russian Federation 

2.0 0.2 1.0 10 40 0.5 

Commission 
Regulation (EC) 
2006 

-- 0.05 0.3 -- -- 0.5 

TFC (2008) Turkish 
Food Codex 

-- 0.05 (0.10)4(0.30)5 0.3 -- -- 0.5 
(1.0)6 

TFC (2009) Turkish 
Food Codex 

-- 0.05 0.3 -- -- 0.5 

Australia and New 2.0 -- 0.5 -- -- 0.5 
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Zealand Food 
Standards (2011) 
Turkish Legislation 
(2011) 

-- 0.05 (0.10)7(0.20)8(0.30)9 0.3 -- -- 0.5 
(1.0)10 

Commission 
Regulation (EU) 
2014 

-- 0.05 
(0.10)11(0.15)12(0.25)13 

-- -- -- -- 

Commission 
Regulation (EU) 
2015 

-- -- 0.3 -- -- -- 

1) Dicologoglossa cuneata, Anguilla anguilla, Engraulis encrasicholus, Luvarus imperialis, 
Trachurus trachurus, Mugil labrosus labrosus, Diplodus vulgaris, Sardina pilchardus, Sardine 
spp., Sarda sarda, Thunnus and Euthynnus spp. 
2) Dicologoglossa cuneata, Anguilla anguilla, Dicentrarchus punctatus, Trachurus trachurus, 
Mugil labrosus labrosus, Diplodus vulgaris, Pomadasys benneti, Sardina pilchardus, Sardine 
spp., Sarda sarda, Thunnus and Euthynnus spp. 
3) Lophius spp., Anarhicdas lupus, Dicentrarchus labrax, Molva dipterygia, Sarda sarda, 
Anguilla spp., Hoplostethus atlanticus,Coryphaenoides rupestris, Hippoglossus hippoglossus, 
Makaira spp., Esox lucius, Orcynopsis unicolor, Centroscymnes coelolepis, Raja spp., Sebastes 
marinus, S.mentella, S. viviparus, Istiophorus platypterus, Lepidopus caudatus, Aphanopus 
carbo, Dogfish (all species), Lepidocybium flavobrunneum, Ruvettus pretiousus, Gempylus 
serpens, Acipenser spp., Xiphias gladius, Thunnus spp. and Euthynnus spp. 
4) Engraulis sp., Sarda sarda, Diplodus vulgaris, Anguilla anguilla, Mugil labrosus labrosus, 
Trachurus sp., Luvarus imperialis, Sardina pilchardus, Sardinops sp., Thunnus sp. and 
Euthynnys sp., Katsuwonus pelamis, Dicologoglossa cuneata. 
5) Xiphias gladius. 
6) Lophius spp., Anarhichas lupus, Sarda sarda, Anguilla spp., Hoplostethus spp., 
Coryphaenoides rupestris, Hippoglossus hippoglossus, Makaria sp., Lepidorhombus sp., Mullus 
sp., Esox lucius, Orcynopsis unicolor, Tricopterus minutes, Centroscymnes coelolepis, Raja 
spp., Sebastes marinus, S. mentella, S. viviparus, Istiophorus platypterus, Lepidopus caudatus, 
Aphanopus carbo, Pagellus sp., Dogfish (all species), Lepidocybium flavobrunneum, Ruvettus 
pretiosus, Gempylus serpens, Acipenser spp., Xiphias gladius, Thunnus spp. and Euthynnus spp., 
Katsuwonus pelamis. 
7) Sarda sarda, Diplodus vulgaris, Anguilla anguilla, Mugil labrosus labrosus,Trachurus sp., 
Luvarus imperialis, Scomber sp., Sardina pilchardus, Sardinops sp., Thunnus sp. and Euthynnys 
sp., Katsuwonus pelamis, Dicologoglossa cuneata. 
8) Auxis sp. 
9) Xiphias gladius, Engraulis sp. 
10) Lophius spp., Anarhichas lupus, Sarda sarda, Anguilla spp., Hoplostethus spp., 
Coryphaenoides rupestris, Hippoglossus hippoglossus, Genypterus capensis, Makaria sp., 
Lepidorhombus sp., Mullus sp., Genypterus blacodes, Esox lucius, Orcynopsis unicolor, 
Tricopterus minutes, Centroscymnes coelolepis, Raja spp., Sebastes marinus, S. mentella, S. 
viviparus, Istiophorus platypterus, Lepidopus caudatus, Aphanopus carbo, Pagellus sp., 
Dogfish (all species), Lepidocybium flavobrunneum, Ruvettus pretiosus, Gempylus serpens, 
Acipenser spp., Xiphias gladius, Thunnus spp. and Euthynnus spp., Katsuwonus pelamis. 
11) Scomber spp., Thunnus spp., Katsuwonus pelamis, Euthynnus spp., Sicyopterus 
lagocephalus. 
12) Auxis spp. 
13) Engraulis spp., Xiphias gladius, Sardina pilchardus. 
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What makes the heavy metals toxic, is not their essential characteristics, but the 
amounts that may occur, and most importantly, the type of shape given on distinctive 
environment; its risk is increased by not being chemically or biologically decomposed, 
once emitted metals can reside in the marine environment for hundreds of years, and 
thereof, they are incorporated into marine organisms, like fish, as free metal cations being 
absorbed through the gills and going straight to the blood, they can also be absorbed by 
the body and then spread passively through bloodstream. 

9. Intake metal levels calculation 

It is possible that short-term over exposure in low concentrations to heavy metals 
do not make direct health threats to humans. At the end, on the other hand, it could induce 
heart and liver damage, anaemia, weight loss, respiratory and digestive problems, and 
may have negative effects on blood and kidneys. With regard to health risk, the tolerable 
weekly intakes were estimated by means of references for edible tissues of fishes 
consumed by people. The annual quantity of fish consumed was 6.2 kg/person in 2015 
(TUIK 2016), which is equivalent to nearly 17 g/day for Turkey. However, there is a large 
variation in the amount of fish consumed across regions in Turkey and age groups, as 
well as in the type of species eaten. 

The acceptable daily intake is inappropriate for any metal that causes cancer by 
a mutagenic route - and perhaps by other routes too - because with those metals it cannot 
be assumed that there is any threshold level below which they can safely be used. 
Acceptable daily intake is the amount of mg of a heavy metal that can safely be consumed 
every day by an average human, for each kg of body wt. The Estimated Weekly Intake 
(EWI) and values were estimated by assuming that a 70-kg person would consume 17 g 
fish/day which is equal to 119 g fish/week.  

The EWI of metals was determined using the following equation: 

EWI = Cmetal ×Wfish / Bwt.              

Where: Cmetal is the average concentrations of metals in fish; Wfish represents the weekly 
average consumption of fish; Bwt. is the body wt. of an adult (kg).  

The Estimated Daily Intake (EDI) values were calculated from EWI values. 
Intake estimates were expressed as per unit body weight (mg/kg body wt. /weekly and 
daily). The tolerable weekly intake of heavy metals as PTWI (Provisional Tolerable 
Weekly Intake), are set by the Food and Agriculture Organization/World Health 
Organization (FAO/WHO) Joint Expert Committee on Food Additives (JECFA). PTWI 
is the maximum level of a metal to which a person can be exposed per week over a lifetime 
without an unacceptable risk of health effects (National Academy of Sciences 1989, 
WHO 1996, Council of Europe 2001, FAO/WHO 2010, EFSA 2010, 2012a, b, c). 
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The European Food Safety Authority’s (EFSA) in its 2012b scientific opinion 
revised the provisional tolerable weekly intake (PTWI) of methylmercury to 

Hg.  

However, Joint FAO/WHO Expert Committee on Food Additives and 
Contaminants (JECFA) evaluation, health-based guidance values for these heavy metals 
are: No PTWI is health protective for inorganic As . provisional 
tolerable monthly intakes (PTMI), no PTWI is health protective for Pb  
PTWI as inorganic Hg 
PTWI applies to fish (FAO/WHO 2010, EFSA 2010, 2012a, b, c, 2014, 2015). 

10. Calculations of Hazard Quotient (HQ) for benefit-risk ratio 

Risk from metals intake through ingestion may be characterized using a Hazard 
Quotient (HQ) as the ratio of the estimated metal dose (D mg/kg of body wt. per day) and 
the reference dose (Rf. D mg/ kg).  

Rf. D values were taken from US EPA table developed for ingestion as estimates 
of daily exposures to a substance that are likely to be without a discernible risk of 
deleterious effects to the general population during a lifetime of exposure. 

If HQ > 1.0, then the EDI of a particular metal exceeds the Rf. D, indicating that 
there is a potential risk associated with that metal. The EDI depends on both the metal 
concentration level and the amount of consumption of fish. 

11. Heavy metal concentrations in fish species from the Black Sea coasts of 
Turkey 

The following parts give information about the heavy metals in edible muscles 
of fish species from the southern Black Sea. The quality of available data from different 
studies should be kept in view when interpreting the results and conclusions presented in 
this review.  

The Hg, Cd, Pb, As, Cu, Zn, Co, Cr, Ni, Mn and Fe in the edible tissues of 
commercial fish species are given in Tables 2-12 with means or minimum and maximum 
values. The mean values of the heavy metals concentrations in the muscles of the fish 
species are compared with Maximum Permitted Limits in Figures 2-12. However heavy 
metal analysis in edible tissues of fish is generally given on the dry wt. but the legal limits 
are given as wet wt. which requires converting dry into wet weights. For this purpose if 
heavy metal concentrations in this review were given as dry wt., they were converted to 
wet wt. dividing by 4 as factor and all results are expressed on a wet wt. basis as mg/kg. 
There were big differences between the heavy metal levels in the edible tissues of 
different fish species.  
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12. Mercury (Hg) 

Hg is a naturally occurring metal which has several forms (ATSDR 1999). 
Metallic Hg is used to produce chlorine gas and caustic soda, utilized in electrochemical 
processes and is also used in dental fillings, switches, light bulbs, batteries thermometers, 
barometers and instruments for measuring blood pressure (Järup 2003, Martin and 
Griswold 2009). The nervous system is very sensitive to all forms of Hg. Also exposure 
to high amounts of Hg permanently effects the brain, kidneys, and developing foetuses 
(Martin and Griswold 2009). The highest total Hg content was found in the muscle tissue 
of Trachurus sp. (0.30 mg /kg wet wt.) caught in Sakarya (Ünsal et al. 1993). High levels 
(0.12 mg /kg wet wt.) was obtained in M. barbatus from the Black Sea by Ergül and 
Aksan (2013). Similar result (0.1 mg /kg wet wt.) was given in M. merlangus from 
Kastamonu and Zonguldak by Ünsal (1993). Tüzen (2009) also found high level (0.084 
mg /kg wet wt.) in the muscle tissue of M. merlangus caught in the Black Sea (see Table 
2). The data obtained for Hg content in the analyzed fish species were confirmed with the 
European Commission Regulation (EC) No. 1881/2006 that the maximum allowed level 
of Hg (0.5 mg /kg wet wt.) can be tolerated in the following fish species such as Trachurus 
sp., M. merlangius and M. barbatus. In the obtained data the overall mean Hg content 
was below the maximum permissible level of 0.5 mg/ kg wet wt. and in the Turkish Black 
Sea coasts this does not represent risk for consumers (see Figure 2). 

 

Figure 2. Overall mean concentrations of Hg in the edible tissues of fish species from the 
Turkish Black Sea coasts 
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Table 2. Mercury (Hg) concentrations in the edible muscles of fish species from the 
Turkish Black Sea coasts 

Species Mean± 
SD 

Min-
Max 

Meth
od Locations References 

Clupea sprattus 0.042 ± 
0.002   wet 

wt. Black Sea Tüzen 2009 

Engraulis 
encrasicolus 

0.02 ± 
0.02   wet 

wt.  Ünsal et al. 
1993 

0.055 ± 
0.003   wet 

wt. Black Sea Tüzen 2009 

<0.05   wet 
wt. 

Sinop, Samsun, Fatsa, 
Batumi Bat et al. 2014 

Gadus merlangus 
euxinus <0.05   wet 

wt. Sinop, Samsun Das et al. 2009 

Liza aurata <0.05   wet 
wt. Sinop  Bat et al. 2015 

Liza ramada 0.06 ± 
0.01   dry 

wt. Black Sea Ergül and 
Aksan 2013 

Merlangius merlangus 

0.1   wet 
wt. Kastamonu, Zonguldak Ünsal et al. 

1993 0.035   
0.084 ± 
0.005   wet 

wt. Black Sea Tüzen 2009 

0.33 ± 
0.02   dry 

wt. Black Sea Ergül and 
Aksan 2013 

<0.05   wet 
wt. Sinop  Bat et al. 2015 

Merlangius merlangus 
euxinus  

0.08 0.01-
0.15 dry 

wt. Trabzon, Black Sea Alkan et al. 
2012 0.03 0.01-

0.05 

0.167 <0.01-
0.5 

dry 
wt. 

Terkos, Sakarya, Bafra, 
Ordu 

Balkis et al. 
2012 

Mugil cephalus 0.070 ± 
0.004   wet 

wt. Black Sea Tüzen 2009 

Mullus barbatus 

<0.05   wet 
wt. Sinop, Samsun Das et al. 2009 

0.036 ± 
0.002   wet 

wt. Black Sea Tüzen 2009 

0.47 ± 
0.02   dry 

wt. Black Sea Ergül and 
Aksan 2013 

<0.05   wet 
wt. Sinop  Bat et al. 2015 

Mullus barbatus 
ponticus   0.07-

0.18 
dry 
wt. Trabzon Alkan et al. 

2012 

Mullus surmuletus 0.29 ± 
0.04   dry 

wt. Black Sea Ergül and 
Aksan 2013 

Platichthys flesus <0.05   wet 
wt. Sinop Das et al. 2009 

Pomatomus saltator 0.062 ± 
0.003   wet 

wt. Black Sea Tüzen 2009 
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Pomatomus saltatrix 0.11 ± 
0.01   dry 

wt. Black Sea Ergül and 
Aksan 2013 

Psetta maxima 

0.045 ± 
0.002   wet 

wt. Black Sea Tüzen 2009 

0.50 ± 
0.01   dry 

wt. Black Sea Ergül and 
Aksan 2013 

Sarda sarda 0.025 ± 
0.002   wet 

wt. Black Sea Tüzen 2009 

  0.11 ± 
0.01   dry 

wt. Black Sea Ergül and 
Aksan 2013 

Sciaena umbra 0.30 ± 
0.02   dry 

wt. Black Sea Ergül and 
Aksan 2013 

Scomber scombrus 0.060 ± 
0.003   wet 

wt. Black Sea Tüzen 2009 

Scopthalmus 
maeoticus 

0.065 ± 
0.004   wet 

wt. Sinop Das et al. 2009 

Solea solea 0.09 ± 
0.02   dry 

wt. Black Sea Ergül and 
Aksan 2013 

Sprattus sprattus <0.05   wet 
wt. Samsun, Sinop 2016b 

Trachurus 
mediterraneus <0.05   wet 

wt. Sinop  Bat et al. 2015 

Trachurus sp. 

0.11   

wet 
wt. 

Filyos, Sakarya, 
 

Ünsal et al. 
1993 

0.30 ± 
0.24 

 

0.09 ± 
0.09 

 

0.08   

Trachurus trachurus 0.078 ± 
0.005   wet 

wt. Black Sea Tüzen 2009 

 

13. Cadmium (Cd) 

Cd which is a very toxic metal is a naturally occurring non-essential metal and 
its tendency to constantly accumulate in fish may be in dangerous amounts which raises 
environmental concern. All soils and rocks, including coal and mineral fertilizers, include 
some Cd. Cd has many uses, with the inclusion of batteries, pigments, metal coatings, and 
plastic stabilizers. It is extensively utilized in electroplating and thus leads to 
contamination of marine ecosystems. Martin and Griswold (2009) emphasize that Cd and 
its compounds are human carcinogens. It is well known that ingesting very high amounts 
of Cd seriously irritates the stomach, leading to vomiting and diarrhoea and long-term 
exposure to lower levels of Cd leads to a collapse in the kidneys and likely kidney disease, 
lung harm, and fragile bones (Martin and Griswold 2009). 

Table 3 shows Cd levels in the edible muscles of fish species from the Turkish 
Black Sea coasts. The highest Pb content was found in P. flesus (0.88 mg /kg) sampled 
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in Sinop (Das et al. 2009) followed by T. trachurus (0.76 
2014) and B. belone (0.60 mg /kg)  2014). It can be seen from Figure 
3 that maximum Cd levels in some species were higher than MPL. However these values 
were exceptional. 

 

Figure 3. Overall mean concentrations of Cd in the edible tissues of fish species from the 
Turkish Black Sea coasts 

 

Table 3. Cadmium (Cd) concentrations in the edible muscles of fish from the Turkish 
Black Sea coasts 

Species Mean± 
SD

Min-
Max

Meth
od Locations References 

Alosa alosa 

0.18 ± 
0.06   wet 

wt. Trabzon, Rize  2014 0.22 ± 
0.10   

0.12 ± 
0.03   wet 

wt. Samsun Türkmen and 
Dura 2016 

Alosa bulgarica  
0.33 0.19-

0.47
dry 
wt. Sinop Bat 1992 

0.19 ± 
0.056   dry 

wt. Sinop Öztürk and Bat 
1994 

Alosa caspia 

0.34 ± 
0.08   dry 

wt. Samsun Tüzen 2003 0.35 ± 
0.05 
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0.02   dry 
wt. 

Samsun, Sinop, Terme, 
Fatsa, Ordu 

Nisbet et al. 
2010 

Alosa fallax <0.02   wet 
wt. Sinop  Bat et al. 2017  

Alosa fallax nilotica 0.02   wet 
wt. Sinop  Bat and Sezgin 

2015 

Belone belone 

0.05 ± 
0.007   dry 

wt. Sinop Bat et al. 1998 

0.05 0.04-
0.06 

dry 
wt. Sinop Bat et al. 2013 

0.12 ± 
0.02   

wet 
wt. Trabzon, Giresun, Rize 2014 0.42 ± 

0.19 
 

0.60 ± 
0.27   

0.08 ± 
0.00   

wet 
wt. Samsun, Sinop, Kocaeli Türkmen and 

Dura 2016 
0.08 ± 
0.03 

 

0.40 ± 
0.11   

Chelidonichthys 
lucerna <0.02   wet 

wt. Sinop  Bat et al. 2017 

Clupea sprattus 

0.30 ± 
0.15   dry 

wt. Samsun Tüzen 2003 0.30 ± 
0.28   

0.30 ± 
0.03   wet 

wt. Black Sea Tüzen 2009 

Engraulis 
encrasicolus 

0.025 ± 
0.005   dry 

wt. Sinop Bat et al. 1996 

0.1  wet 
wt. Amasra et al. 

2002 
0.18 ± 
0.02 

 
dry 
wt. Samsun Tüzen 2003 0.20 ± 

0.03   

2.25 ± 
0.21   dry 

wt. 
Black Sea and River 

 
Tüzen et al. 
2004 

0.65   dry 
wt. Black Sea Uluozlu et al. 

2007 
0.02 ± 
0.00   wet 

wt. 

 Türkmen et al. 
2008b 

0.03 ± 
0.01 

 wet 
wt. 

0.06 ± 
0.02   wet 

wt. 
0.124 ± 
0.018   dry 

wt. Black Sea Turan et al. 
2009 

0.27 ± 
0.02   wet 

wt. Black Sea Tüzen 2009 
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0.04   dry 
wt. 

Samsun, Sinop, Terme, 
Fatsa, Ordu 

Nisbet et al. 
2010 

0.2 ± 
0.05   dry 

wt. Samsun Aygun and 
Abanoz 2011 

0.30 ± 
0.03   dry 

wt. Trabzon Alkan et al. 
2013 

0.13 0.09-
0.17 

dry 
wt. Sinop Bat et al. 2013 

0.04 ± 
0.02   

wet 
wt. Trabzon, Giresun, Rize 2014 0.15 ± 

0.05 
 

0.31 ± 
0.15   

<0.03   wet 
wt. 

Sinop, Samsun, Fatsa, 
Batumi Bat et al. 2014 

0.02   wet 
wt. Sinop  Bat and Sezgin 

2015 
0.02 ± 
0.01   

dry 
wt. Sinop et al. 

2016 

0.05 ± 
0.01 

 

0.09 ± 
0.02 

 

0.16 ± 
0.00 

 

0.19 ± 
0.07 

 

0.23 ± 
0.04 

 

0.24 ± 
0.04 

 

0.27 ± 
0.00   

0.06 ± 
0.01   

wet 
wt. Samsun, Sinop, Kocaeli Türkmen and 

Dura 2016 
0.08 ± 
0.06 

 

0.19 ± 
0.17   

Gadus marlangus 1.08 ± 
0.09   dry 

wt. 
Black Sea and River 

 
Tüzen et al. 
2004 

Gadus merlangus 
euxinus <0.02   wet 

wt. Sinop, Samsun Das et al. 2009 

Gaidropsarus 
mediterraneus 

0.02 ± 
0.00   wet 

wt. Sinop et al. 2015 

Gobius cephalarges 0.02   dry 
wt. 

Samsun, Sinop, Terme, 
Fatsa, Ordu 

Nisbet et al. 
2010 

Liza aurata <0.02   wet 
wt. Sinop  Bat et al. 2015 

Liza ramada 0.02 ± 
0.01   dry 

wt. Black Sea Ergül and Aksan 
2013 
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Merlangius euxinus 0.002   dry 
wt. 

Samsun, Sinop, Terme, 
Fatsa, Ordu 

Nisbet et al. 
2010 

Merlangius 
merlangus 

<0.02   wet 
wt.  et al. 

2002 

0.0131   wet 
wt. Black Sea Dalman et al. 

2006 
0.01 ± 
0.00   

wet 
wt.  Tepe et al. 2008 0.02 ± 

0.00 
 

0.04 ± 
0.01   

0.192 ± 
0.020   dry 

wt. Black Sea Turan et al. 
2009 

0.21 ± 
0.02   wet 

wt. Black Sea Tüzen 2009 

0.18   wet 
wt. Black Sea Mendil et al. 

2010a 
0.18 ± 
0.02   wet 

wt. 
Samsun, Ordu, 
Trabzon, Rize 

Mendil et al. 
2010b 

0.40 ± 
0.29 

0.15-
0.89 

wet 
wt.  Çiçek 2011 

0.03 ± 
0.01   dry 

wt. Black Sea Ergül and Aksan 
2013 

0.05 ± 
0.00   

wet 
wt. Giresun, Rize, Trabzon  2014 0.08 ± 

0.02 
 

0.12 ± 
0.03   

<0.02   wet 
wt. Sinop  Bat et al. 2015 

0.031 0.01-
0.05 

dry 
wt. Samsun, Ordu Alkan et al. 

2016 

0.03   wet 
wt. Sinop  

2016a 
0.05 ± 
0.003   

wet 
wt. Samsun, Sinop, Kocaeli Türkmen and 

Dura 2016 
0.06 ± 
0.01 

 

0.06 ± 
0.02   

Merlangius 
merlangus euxinus  

0.60   dry 
wt. Black Sea Boran et al. 

2000  

0.36   dry 
wt. Sinop Bat and 

2003 
0.2 ± 
0.03   dry 

wt. Samsun Aygun and 
Abanoz 2011 

0.12 0.01-
0.22 dry 

wt. Trabzon Alkan et al. 
2012 0.04   
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0.22 0.07-
0.35 

dry 
wt. 

Terkos, Sakarya, Bafra, 
Ordu 

Balkis et al. 
2012 

0.13 0.08-
0.18 

dry 
wt. Sinop Bat et al. 2013 

0.02   wet 
wt. Sinop  Bat and Sezgin 

2015 

Mugil cephalus 

0.35 ± 
0.03   wet 

wt. Black Sea Tüzen 2009 

0.30 ± 
0.17   wet 

wt. Rize, Giresun  2014 0.57 ± 
0.27   

Mugil soiuy <0.01 ± 
0.00   wet 

wt. Sinop et al. 2015 

Mugil sp. 0.18   dry 
wt. Sinop Bat and 

 2003 

Mullus barbatus 

0.023 ± 
0.002   dry 

wt. Sinop Bat et al. 1996 

0.23   dry 
wt. Sinop Bat and 

 2003 0.227   

0.017   wet 
wt. Black Sea Dalman et al. 

2006 

0.45   dry 
wt. Black Sea Uluozlu et al. 

2007 
0.02 ± 
0.00   wet 

wt. Trabzon, Sinop Tepe et al. 2008 0.03 ± 
0.00   

<0.02   wet 
wt. Sinop, Samsun Das et al. 2009 

0.208 ± 
0.017   dry 

wt. Black Sea Turan et al. 
2009 

0.17 ± 
0.02   wet 

wt. Black Sea Tüzen 2009 

0.23   wet 
wt. Black Sea Durali et al. 

2010 

0.02   dry 
wt. 

Samsun, Sinop, Terme, 
Fatsa, Ordu 

Nisbet et al. 
2010 

0.11 ± 
0.13 

0.02-
0.55 

wet 
wt.  Çiçek 2011 

0.02   dry 
wt. Sinop Bat et al. 2013 

0.02 ± 
0.01   dry 

wt. Black Sea Ergül and Aksan 
2013 

0.04 ± 
0.00   

wet 
wt. Giresun, Rize, Trabzon 2014 0.09 ± 

0.02 
 

0.12 ± 
0.03   

0.03   wet 
wt. Sinop  Bat and Sezgin 

2015 
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<0.02   wet 
wt. Sinop  Bat et al. 2015 

0.018 0.01-
0.03 

dry 
wt. Samsun, Ordu Alkan et al. 

2016 
0.03 ± 
0.01   

dry 
wt. Sinop et al. 

2016 

0.04 ± 
0.00 

 

0.06 ± 
0.01 

 

0.10 ± 
0.03 

 

0.12 ± 
0.01 

 

0.13 ± 
0.03 

 

0.18 ± 
0.03 

 

0.19 ± 
0.01   

0.06 ± 
0.005   

wet 
wt. Samsun, Sinop, Kocaeli Türkmen and 

Dura 2016 
0.07 ± 
0.02 

 

0.20 ± 
0.11   

Mullus barbatus 
ponticus 

0.23 ± 
0.02   wet 

wt. 
Samsun, Ordu, 
Trabzon, Rize 

Mendil et al. 
2010b 

0.02   dry 
wt. Trabzon Alkan et al. 

2012 0.06 0.01-
0.11 

Mullus surmuletus 0.01 ± 
0.01   dry 

wt. Black Sea Ergül and Aksan 
2013 

Platichthys flesus 0.88 ± 
0.01   wet 

wt. Sinop Das et al. 2009 

Pomatomus saltator 

0.05 ± 
0.004   dry 

wt. Sinop Bat et al. 1998 

0.34   dry 
wt. Sinop Bat and 

2003 

0.60   dry 
wt. Black Sea Uluozlu et al. 

2007 
0.23 ± 
0.02   wet 

wt. Black Sea Tüzen 2009 

0.02   wet 
wt. Sinop  Bat and Sezgin 

2015 

Pomatomus saltatrix 

0.03   dry 
wt. 

Samsun, Sinop, Terme, 
Fatsa, Ordu 

Nisbet et al. 
2010 

0.08 0.07-
0.09 

dry 
wt. Sinop Bat et al. 2013 

0.02 ± 
0.01   dry 

wt. Black Sea Ergül and Aksan 
2013 
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0.04 ± 
0.02   

wet 
wt. Trabzon, Rize, Giresun 2014 0.05 ± 

0.02 
 

0.20 ± 
0.03   

0.14 ± 
0.04 

 

wet 
wt. Samsun, Sinop, Kocaeli Türkmen and 

Dura 2016 
0.19 ± 
0.06 

 

0.25 ± 
0.08   

Psetta maxima 

0.27   dry 
wt. Sinop Bat and 

 2003 
0.10 ± 
0.01   wet 

wt. Black Sea Tüzen 2009 

0.02   dry 
wt. 

Samsun, Sinop, Terme, 
Fatsa, Ordu 

Nisbet et al. 
2010 

0.01 ± 
0.01   dry 

wt. Black Sea Ergül and Aksan 
2013 

0.03   wet 
wt. Sinop  Bat and Sezgin 

2015 

Sarda sarda 

0.09 ± 
0.02   dry 

wt. Samsun Tüzen 2003 0.10 ± 
0.01   

0.98 ± 
0.10   dry 

wt. 
Black Sea and River 

 
Tüzen et al. 
2004 

0.031   wet 
wt. Sinop Bat et al. 2006 

0.90 ± 
0.07   dry 

wt. Black Sea Uluozlu et al. 
2007 

0.13 ± 
0.01   wet 

wt. Black Sea Tüzen 2009 

0.35   wet 
wt. Black Sea Mendil et al. 

2010a 
0.35 ± 
0.04   wet 

wt. 
Samsun, Ordu, 
Trabzon, Rize 

Mendil et al. 
2010b 

0.03   dry 
wt. 

Samsun, Sinop, Terme, 
Fatsa, Ordu 

Nisbet et al. 
2010 0.025 ± 

0.005   

0.026 0.023-
0.028 

wet 
wt. Sinop Bat et al. 2012 

0.02 ± 
0.01   dry 

wt. Black Sea Ergül and Aksan 
2013 

0.04 ± 
0.00   wet 

wt. Giresun, Rize, Trabzon 2014 

0.05 ± 
0.01 

 
wet 
wt. Samsun, Sinop, Kocaeli Türkmen and 

Dura 2016 0.11 ± 
0.02 

 



342 
 

0.13 ± 
0.03   

Sciaena umbra 

0.03 ± 
0.00   dry 

wt. Marmara and Black Sea Acar et al. 2010 

0.02 ± 
0.01   dry 

wt. Black Sea Ergül and Aksan 
2013 

Scomber scombrus 
0.17   dry 

wt. Sinop Bat and 
 2003 

0.15 ± 
0.01   wet 

wt. Black Sea Tüzen 2009 

Scopthalmus 
maeoticus <0.02   wet 

wt. Sinop Das et al. 2009 

Scopthalmus 
maximus <0.02   wet 

wt. Sinop  Bat et al. 2017  

Scorpaena porcus <0.02   wet 
wt. Sinop  Bat et al. 2017  

Solea solea 

0.02 ± 
0.01   dry 

wt. Black Sea Ergül and Aksan 
2013 

0.03   wet 
wt. Sinop  Bat and Sezgin 

2015 

Solea vulgaris 0.22   dry 
wt. Sinop Bat and 

 

Spicara maena <0.02   wet 
wt. Sinop  Bat et al. 2017  

Spicara smaris 

0.02 ± 
0.00   wet 

wt. Trabzon Türkmen et al. 
2008b 

0.04   dry 
wt. 

Samsun, Sinop, Terme, 
Fatsa, Ordu 

Nisbet et al. 
2010 

0.25 ± 
0.02   dry 

wt. Trabzon Alkan et al. 
2013 

<0.02   wet 
wt. Samsun, Sinop  

2016b 

Trachurus 
mediterraneus 

0.03 ± 
0.00   wet 

wt.  Türkmen et al. 
2008 0.30 ± 

0.04   

0.25 ± 
0.03   dry 

wt. Black Sea Alkan et al. 
2013 

<0.02   wet 
wt. Sinop  Bat et al. 2015 

Trachurus trachurus 

0.028 ± 
0.002   dry 

wt. Sinop Bat et al. 1996 

0.47 ± 
0.10   dry 

wt. Samsun Tüzen 2003 0.48 ± 
0.08   

1.59 ± 
0.14   dry 

wt. 
Black Sea and River 

 
Tüzen et al. 
2004 

0.50   dry 
wt. Black Sea Uluozlu et al. 

2007 
0.32 ± 
0.03   wet 

wt. Black Sea Tüzen 2009 
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0.22   wet 
wt. Black Sea Mendil et al. 

2010a 
0.22 ± 
0.02   wet 

wt. 
Samsun, Ordu, 
Trabzon, Rize 

Mendil et al. 
2010b 

0.01   dry 
wt. 

Samsun, Sinop, Terme, 
Fatsa, Ordu 

Nisbet et al. 
2010 

0.03 0.02-
0.03 

dry 
wt. Sinop Bat et al. 2013 

0.15 ± 
0.05   

wet 
wt. Rize, Trabzon, Giresun  2014 0.16 ± 

0.04 
 

0.76 ± 
0.27   

0.02   wet 
wt. Sinop  Bat and Sezgin 

2015 
0.01 ± 
0.00   

dry 
wt. Sinop et al. 

2016 

0.04 ± 
0.00 

 

0.04 ± 
0.01 

 

0.05 ± 
0.01 

 

0.06 ± 
0.02 

 

0.08 ± 
0.02 

 

0.13 ± 
0.02   

0.11 ± 
0.03 

 

wet 
wt. Samsun, Sinop, Kocaeli Türkmen and 

Dura 2016 
0.11 ± 
0.04 

 

0.13 ± 
0.05   

 

14. Lead (Pb) 

Pb is naturally found in small levels in the earth’s crust but it can be found in all 
parts of our environment. As a result of human activities including burning fossil fuels, 
mining, and manufacturing, its compounds can be found in all parts of our environment 
(ATSDR 2007). Pb has many different uses such as battery production, ammunition, 
metal products like solder and pipes, and X-ray shielding devices (Martin and Griswold 
2009). It is a highly toxic and persistent metal and, has been characterized as a priority 
hazardous substance (Authman et al. 2015). Exposure to high Pb amounts can heavily 
damage the brain and kidneys and at last cause death (Martin and Griswold 2009).  
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M. merlangus tissue had the highest Pb content (6.80 ± 5.88 mg/ kg wet wt.) 
 2011) followed by B. belone with 4.61 and 4.31 from Sinop 

and Samsun (Türkmen and Dura 2016), E. encrasicolus with 4.87 from Giresun 
4.58 from Kocaeli (Türkmen and Dura 2016) which these values 

much exceeded the maximum allowed level of Pb (0.3 mg/ kg wet wt.) for customer safety 
and health (Table 4). These fish species are carnivorous; feeding mainly on crustaceans 
and this may be the reason of higher storage of Pb in their tissues. It can be seen from 
Figure 4 that overall mean Pb values in many fish species from the Turkish Black Sea 
had high concentrations. 

Figure 4. Overall mean concentrations of Pb in the edible tissues of fish species from 
the Turkish Black Sea coasts 

 

Table 4. Lead (Pb) concentrations in the edible muscles of fish species from the Turkish 
Black Sea coasts 

Species Mean ± 
SD 

Min-
Max 

Meth
od Locations References 

Alosa alosa 

0.85 ± 
0.22 

 
wet 
wt. Trabzon, Rize  2.32 ± 

0.76   

0.98 ± 
0.21   wet 

wt. Samsun Türkmen and 
Dura 2016 

Alosa bulgarica 
0.46 0.18-

0.74 
wet 
wt. Sinop Bat 1992 

0.18 ± 
0.02   dry 

wt. Sinop Öztürk and Bat 
1994 
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Alosa caspia 

0.52 ± 
0.16   dry 

wt. Samsun Tüzen 2003 0.51 ± 
0.21   

0.86   dry 
wt. 

Samsun, Sinop, Terme, 
Fatsa, Ordu 

Nisbet et al. 
2010 

Alosa fallax <0.05   wet 
wt.  Sinop Bat et al. 2017  

Alosa fallax nilotica 0.05   wet 
wt.  Sinop Bat and Sezgin 

2015 

Belone belone 

0.63 0.43-
0.82 

wet 
wt.  Sinop Bat et al. 2013 

1.12 ± 
0.48 

 

wet 
wt. Giresun, Trabzon, Rize  0.37 ± 

0.02 
 

0.81 ± 
0.25   

4.31 ± 
0.17   

wet 
wt. Samsun, Sinop, Kocaeli Türkmen and 

Dura 2016 
4.61 ± 
0.41 

 

1.04 ± 
0.36   

0.51 ± 
0.08   dry 

wt. Sinop Bat et al. 1998 

Chelidonichthys 
lucerna <0.05   wet 

wt.  Sinop Bat et al. 2017 

Clupea sprattus 

0.74 ± 
0.11   dry 

wt. Samsun Tüzen 2003 0.68 ± 
0.17   

0.46 ± 
0.04   wet 

wt. Black Sea Tüzen 2009 

Engraulis 
encrasicolus 

0.33 0.06-
0.60 

wet 
wt. Sinop Ünsal et al. 1993 

0.78 ± 
0.04   dry 

wt. Sinop Bat et al. 1996 

<0.05   wet 
wt. Amasra et al. 

2002 
0.38 ± 
0.02   dry 

wt. Samsun Tüzen 2003 0.39 ± 
0.07   

1.23 ± 
0.09   dry 

wt. 
Black Sea and River 

 
Tüzen et al. 
2004 

0.33   dry 
wt. Black Sea Uluozlu et al. 

2007 
0.12 ± 
0.03   wet 

wt.  Türkmen et al. 
2008b 0.27 ± 

0.05 
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0.87 ± 
0.40   

0.329 ± 
0.302   dry 

wt. Black Sea Turan et al. 2009 

0.30 ± 
0.02   wet 

wt. Black Sea Tüzen 2009 

0.7   dry 
wt. 

Samsun, Sinop, Terme, 
Fatsa, Ordu 

Nisbet et al. 
2010 

0.4 ± 0.2   dry 
wt. Samsun Aygun and 

Abanoz 2011 
0.03 ± 
0.01   dry 

wt. Black Sea Alkan et al. 
2013 

0.70 ± 
0.07   wet 

wt.   Bat et al. 2013 

4.87 ± 
1.04   

wet 
wt. Giresun, Trabzon, Rize  3.85 ± 

0.57 
 

2.99 ± 
0.37   

<0.05   wet 
wt. 

Sinop, Samsun, Fatsa, 
Batumi Bat et al. 2014 

0.05   wet 
wt. Sinop Bat and Sezgin 

2015 
0.88 ± 
0.00   

dry 
wt. Sinop et al. 

2016 

1.23 ± 
0.06 

 

0.76 ± 
0.04 

 

0.48 ± 
0.04 

 

1.27 ± 
0.01 

 

0.45 ± 
0.02 

 

0.39 ± 
0.00 

 

1.42 ± 
0.06   

4.07 ± 
0.70 

 

wet 
wt. Samsun, Sinop, Kocaeli Türkmen and 

Dura 2016 
2.98 ± 
0.63 

 

4.58 ± 
0.54   

Gadus marlangus 0.87 ± 
0.05   dry 

wt. 
Black Sea and River 

 
Tüzen et al. 
2004 

Gadus merlangus 
euxinus <0.05   wet 

wt. Sinop, Samsun Das et al. 2009 

Gaidropsarus 
mediterraneus 

0.38 ± 
0.07   wet 

wt. Sinop et al. 2015 
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Gobius cephalarges 0.51   dry 
wt. 

Samsun, Sinop, Terme, 
Fatsa, Ordu 

Nisbet et al. 
2010 

Liza aurata <0.05   wet 
wt. Sinop  Bat et al. 2015 

Liza ramada 0.07 ± 
0.01   dry 

wt. Black Sea Ergül and Aksan 
2013 

Merlangius euxinus 0.58   dry 
wt. 

Samsun, Sinop, Terme, 
Fatsa, Ordu 

Nisbet et al. 
2010 

Merlangius 
merlangus 

0.07 0.02-
0.11 wet 

wt. Sinop Ünsal et al. 1993 
1.16 0.05-

2.26 

<0.05   wet 
wt.  et al. 

2002 

0.088   wet 
wt. Black Sea Dalman et al. 

2006 
0.25 ± 
0.07   

wet 
wt.  Tepe et al. 2008 0.46 ± 

0.08 
 

0.18 ± 
0.04   

0.502 ± 
0.104   dry 

wt. Black Sea Turan et al. 2009 

0.53 ± 
004   wet 

wt. Black Sea Tüzen 2009 

0.46   wet 
wt. Black Sea Mendil et al. 

2010a 
0.46 ± 
0.05   wet 

wt. 
Samsun, Ordu, Trabzon, 
Rize 

Mendil et al. 
2010b 

6.80 ± 
5.88 

2.69-
17.11 

wet 
wt.  2011 

0.05 ± 
0.01   dry 

wt. Black Sea Ergül and Aksan 
2013 

0.66 ± 
0.08   

wet 
wt. Giresun, Trabzon, Rize  1.30 ± 

0.31 
 

1.29 ± 
0.21   

<0.05   wet 
wt. Sinop  Bat et al. 2015 

0.024 0.02-
0.03 

dry 
wt. Samsun, Ordu Alkan et al. 

2016 

<0.05   wet 
wt. Sinop 2016a 

1.41 ± 
0.23   

wet 
wt. Samsun, Sinop, Kocaeli Türkmen and 

Dura 2016 
0.63 ± 
0.06 

 

0.69 ± 
0.12   
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Merlangius 
merlangus euxinus 

0.9 0.03-
1.76 

wet 
wt. Sinop Ünsal et al. 1992 

1.078   dry 
wt. Black Sea Boran et al. 

2000  

2.184   dry 
wt. Sinop Bat and 

 

0.9 ± 0.2   dry 
wt. Samsun Aygun and 

Abanoz 2011 

0.13 0.01-
0.25 

dry 
wt. Trabzon Alkan et al. 

2012 

13.5 12-15 dry 
wt. 

Terkos, Sakarya, Bafra, 
Ordu 

Balkis et al. 
2012 

0.02   wet 
wt. Sinop Bat et al. 2013 

0.05   wet 
wt. Sinop Bat and Sezgin 

2015 

Mugil cephalus 

0.68 ± 
0.05   wet 

wt. Black Sea Tüzen 2009 

0.02 ± 
0.01 

 
wet 
wt. Giresun, Rize  0.90 ± 

0.32   

Mugil soiuy 0.23 ± 
0.07   wet 

wt. Sinop et al. 2015 

Mugil sp. 1.367   dry 
wt. Sinop Bat and 

 

Mullus barbatus 

0.28 ± 
0.06   dry 

wt. Sinop Bat et al. 1996 

1.276   dry 
wt. Sinop Bat and 

 

0.077   wet 
wt. Black Sea Dalman et al. 

2006 

0.84   dry 
wt. Black Sea Uluozlu et al. 

2007 
0.22 ± 
0.08   wet 

wt. Trabzon, Sinop Tepe et al. 2008 0.39 ± 
0.03   

0.0525 ± 0.0025 wet 
wt. 

Sinop Das et al. 2009 0.0515 ± 0.0005 
0.0815 ± 0.0025 Samsun 
0.727 ± 
0.141   dry 

wt. Black Sea Turan et al. 2009 

0.36 ± 
0.03   wet 

wt. Black Sea Tüzen 2009 

0.4   wet 
wt. Black Sea Mendil et al. 

2010a 

0.92   dry 
wt. 

Samsun, Sinop, Terme, 
Fatsa, Ordu 

Nisbet et al. 
2010 

1.11 ± 
1.60 

0.09-
7.00 

wet 
wt.  2011 
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0.2 0.09-
0.31 

wet 
wt. Sinop Bat et al. 2013 

0.02 ± 
0.01   dry 

wt. Black Sea Ergül and Aksan 
2013 

0.45 ± 
0.05   

wet 
wt. Giresun, Trabzon, Rize  1.03 ± 

0.10 
 

1.30 ± 
0.16   

0.11   wet 
wt. Sinop Bat and Sezgin 

2015 

<0.05   wet 
wt. Sinop  Bat et al. 2015 

0.02 0.02-
0.02 

dry 
wt. Samsun, Ordu Alkan et al. 

2016 
0.22 ± 
0.04   

dry 
wt. Sinop et al. 

2016 

0.14 ± 
0.03 

 

0.45 ± 
0.01 

 

0.21 ± 
0.02 

 

0.29 ± 
0.00 

 

0.01 ± 
0.000 

 

0.01 ± 
0.00 

 

0.44 ± 
0.04   

1.76 ± 
0.40   

wet 
wt. Samsun, Sinop, Kocaeli Türkmen and 

Dura 2016 
2.94 ± 
0.81 

 

0.88 ± 
0.12   

Mullus barbatus 
ponticus 

0.40 ± 
0.04   wet 

wt. 
Samsun, Ordu, Trabzon, 
Rize 

Mendil et al. 
2010b 

0.11 0.01-
0.20 

dry 
wt. Trabzon Alkan et al. 

2012 

Mullus surmuletus 0.04 ± 
0.01   dry 

wt. Black Sea Ergül and Aksan 
2013 

Platichthys flesus <0.05   wet 
wt. Sinop Das et al. 2009 

Pomatomus saltator 

0.55 ± 
0.08   dry 

wt. Sinop Bat et al. 1998 

2.253   dry 
wt. Sinop Bat and 

 

0.38   dry 
wt. Black Sea Uluozlu et al. 

2007 
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0.87 ± 
0.07   wet 

wt. Black Sea Tüzen 2009 

0.05   wet 
wt.  Sinop Bat and Sezgin 

2015 

Pomatomus saltatrix 

1.26   dry 
wt. 

Samsun, Sinop, Terme, 
Fatsa, Ordu 

Nisbet et al. 
2010 

1.08 0.64-
1.51 

wet 
wt. Sinop Bat et al. 2013 

0.01 ± 
0.01   dry 

wt. Black Sea Ergül and Aksan 
2013 

0.18 ± 
0.04   

wet 
wt. Rize, Giresun, Trabzon  0.28 ± 

0.04 
 

0.13 ± 
0.03   

1.14 ± 
0.28 

 

wet 
wt. Samsun, Sinop, Kocaeli Türkmen and 

Dura 2016 
0.78 ± 
0.18 

 

0.49 ± 
0.05   

Psetta maxima 

2.72   dry 
wt. Sinop Bat and 

 
0.28 ± 
0.02   wet 

wt. Black Sea Tüzen 2009 

0.73   dry 
wt. 

Samsun, Sinop, Terme, 
Fatsa, Ordu 

Nisbet et al. 
2010 

0.02 ± 
0.02   dry 

wt. Black Sea Ergül and Aksan 
2013 

0.08   wet 
wt. Sinop Bat and Sezgin 

2015 

Sarda sarda 

0.22 ± 
0.04   dry 

wt. Samsun Tüzen 2003 0.26 ± 
0.07   

1.31 ± 
0.11   dry 

wt. 
Black Sea and River 

 
Tüzen et al. 
2004 

0.537   wet 
wt. Sinop Bat et al. 2006 

0.76 ± 
0.05 

 dry 
wt. Black Sea Uluozlu et al. 

2007 
0.61 ± 
0.04 

 wet 
wt. Black Sea Tüzen 2009 

0.28   wet 
wt. Black Sea Durali et al. 

2010 
0.28 ± 
0.03   wet 

wt. 
Samsun, Ordu, Trabzon, 
Rize 

Mendil et al. 
2010b 

0.90 ± 
0.11   dry 

wt. 
Samsun, Sinop, Terme, 
Fatsa, Ordu 

Nisbet et al. 
2010 

0.16 0.13-
0.19 

wet 
wt. Sinop Bat et al. 2012 
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0.03 ± 
0.01   dry 

wt. Black Sea Ergül and Aksan 
2013 

0.52 ± 
0.23   

wet 
wt. Giresun, Trabzon, Rize  0.37 ± 

0.20 
 

0.29 ± 
0.09   

0.35 ± 
0.07 

 

wet 
wt. Samsun, Sinop, Kocaeli Türkmen and 

Dura 2016 
0.29 ± 
0.04 

 

0.25 ± 
0.06   

Sciaena umbra 

0.54 ± 
0.10   dry 

wt. Marmara and Black Sea Acar et al. 2010 

0.01 ± 
0.01   dry 

wt. Black Sea Ergül and Aksan 
2013 

Scomber scombrus 
2.948   dry 

wt. Sinop Bat and 
 

0.45 ± 
0.03   wet 

wt. Black Sea Tüzen 2009 

Scopthalmus 
maeoticus <0.05   wet 

wt. Sinop Das et al. 2009 

Scopthalmus 
maximus <0.05   wet 

wt. Sinop Bat et al. 2017 

Scorpaena porcus <0.05   wet 
wt. Sinop Bat et al. 2017 

Solea solea 

0.03 ± 
0.01   dry 

wt. Black Sea Ergül and Aksan 
2013 

0.09   wet 
wt. Sinop Bat and Sezgin 

2015 

Solea vulgaris 3.571   dry 
wt. Sinop Bat and 

 

Spicara maena <0.05   wet 
wt. Sinop Bat et al. 2017 

Spicara smaris 

0.15 ± 
0.04   wet 

wt. Trabzon Türkmen et al. 
2008b 

0.67   dry 
wt. 

Samsun, Sinop, Terme, 
Fatsa, Ordu 

Nisbet et al. 
2010 

Sprattus sprattus 

0.01 ± 
0.01   dry 

wt. Black Sea Alkan et al. 
2013 

<0.05   wet 
wt. Samsun, Sinop 2016b 

Trachurus 
mediterraneus 

0.63 ± 
0.25   wet 

wt.  Türkmen et al. 
2008 1.31 ± 

0.34   

0.02 ± 
0.01   dry 

wt. Black Sea Alkan et al. 
2013 

<0.05   wet 
wt. Sinop  Bat et al. 2015 
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 0.74 ± 
0.21   dry 

wt. Sinop Bat et al. 1996 

Trachurus trachurus 

0.04 0.02-
0.06 

wet 
wt. Sinop Ünsal et al. 1993 

0.85 ± 
0.16   dry 

wt. Samsun Tüzen 2003 0.83 ± 
0.36   

1.73±0.1
4   dry 

wt. 
Black Sea and River 

 
Tüzen et al. 
2004 

0.68   dry 
wt. Black Sea Uluozlu et al. 

2007 
0.82 ± 
0.06   wet 

wt. Black Sea Tüzen 2009 

0.64   wet 
wt. Black Sea Durali et al. 

2010 
0.64 ± 
0.06   wet 

wt. 
Samsun, Ordu, Trabzon, 
Rize 

Mendil et al. 
2010b 

0.6   dry 
wt. 

Samsun, Sinop, Terme, 
Fatsa, Ordu 

Nisbet et al. 
2010 

0.78 0.63-
0.93 

wet 
wt. Sinop Bat et al. 2013 

1.81 ± 
1.08   

wet 
wt. Giresun, Trabzon, Rize  0.76 ± 

0.16 
 

2.49 ± 
0.67   

0.05   wet 
wt. Sinop Bat and Sezgin 

2015 
0.04 ± 
0.00   

dry 
wt. Sinop et al. 

2016 

0.02 ± 
0.00 

 

0.71 ± 
0.05 

 

0.53 ± 
0.05 

 

1.05 ± 
0.22 

 

0.44 ± 
0.01 

 

1.08 ± 
0.00 

 

0.15 ± 
0.01   

1.02 ± 
0.34   

wet 
wt. Samsun, Sinop, Kocaeli Türkmen and 

Dura 2016 
1.50 ± 
0.30 

 

3.63 ± 
0.74   
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15. Arsenic (As) 

As enters marine coastal ecosystems by a variety of sources including 
manufacturing companies, mineral or strip mines, smelting operations, and power plants. 
One major agricultural source is the manufacture and usage of arsenical defoliants and 
pesticides (Authman et al. 2015). Svobodova et al. (1993) pointed out that As is able to 
accumulate in high levels in the sediments on the bed of water courses and reservoirs, and 
in aquatic organisms, especially in fish. As is odourless and tasteless and is a reputed 
carcinogen and can cause cancer of the skin, lungs, liver and bladder (Martin and 
Griswold 2009). 

Some of the tested organisms had levels of As reaching the maximum 
permissible limit (see Table 5). Figure 5 shows the overall mean concentrations of As in 
fish species from the Turkish Black Sea coasts. The UK previously imposed a limit of 1 
mg/kg for As in food with separate limits applicable to certain food categories. These 
regulations were revoked in 2002. There is no maximum level set for As in foods at EU 
level. However the levels are different from the international standards (see Table 1). 

 

Figure 5. Overall mean concentrations of As in the edible tissues of fish species from the 
Turkish Black Sea coasts 

 

Table 5. Arsenic (As) concentrations in the edible muscles of fish species from the 
Turkish Black Sea coasts 

Species Mean ± 
SD 

Min-
Max

Meth
od Locations References 

Alosa fallax 0.25   wet 
wt. Sinop Bat et al. 2017  
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Chelidonichthys 
lucerna <0.05   wet 

wt. Sinop Bat et al. 2017 

Clupea sprattus 0.17 ± 
0.01   wet 

wt. Black Sea Tüzen 2009 

Engraulis 
encrasicolus 

1.85 ± 
0.17   dry 

wt. Black Sea Alkan et al. 
2013 

0.69 ± 
0.166   wet 

wt. Sinop Bat et al. 2014 0.53 ± 
0.127   

0.65 ± 
0.156   wet 

wt. Samsun Bat et al. 2014 0.67 ± 
0.161   

0.67 ± 
0.161   wet 

wt. Fatsa Bat et al. 2014 0.41 ± 
0.098   

0.60 ± 
0.144   wet 

wt. Batumi Bat et al. 2014 0.61 ± 
0.146   

0.25 ± 
0.02   wet 

wt. Black Sea Tüzen 2009 

Gadus merlangus 
euxinus 

1.085 ± 
0.035   

wet 
wt. 

Sinop 

Das et al. 2009 0.63 ± 
0.04 

 Samsun 

0.58 ± 
0.01   Sinop 

Liza aurata 0.25   wet 
wt. Sinop  Bat et al. 2015 

Liza ramada 2.01 ± 
0.10   dry 

wt. Black Sea Ergül and 
Aksan 2013 

Merlangius 
merlangus 

0.17 ± 
0.01   wet 

wt. Black Sea Tüzen 2009 

4.90 ± 
0.23   dry 

wt. Black Sea Ergül and 
Aksan 2013 

1.24  wet 
wt. Sinop  Bat et al. 2015 

6.34 4.92-
7.12 

dry 
wt. Samsun, Ordu Alkan et al. 

2016 

Merlangius 
merlangus euxinus  

5.86 2.05-
9.66 

dry 
wt. Trabzon Alkan et al. 

2012 

0.07 0.03-0.1 dry 
wt. 

Terkos, Sakarya, Bafra, 
Ordu 

Balkis et al. 
2012 

Mugil cephalus 0.23 ± 
0.02   wet 

wt. Black Sea Tüzen 2009 

Mullus barbatus 

2.375 ± 
0.015   wet 

wt. 

Sinop 
Das et al. 2009 1.76 ± 

0.02 
 Sinop 
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1.33 ± 
0.02   Samsun 

0.11 ± 
0.01   wet 

wt. Black Sea Tüzen 2009 

12.7 ± 
1.29   dry 

wt. Black Sea Ergül and 
Aksan 2013 

1.3   wet 
wt. Sinop  Bat et al. 2015 

14.75 12.61-
17.87 

dry 
wt. Samsun, Ordu Alkan et al. 

2016 
0.11  

wet 
wt. Samsun, Trabzon 2016c 

0.09  
0.28  
0.39   

Mullus barbatus 
ponticus 15.43 6.04-

24.82 
dry 
wt. Trabzon Alkan et al. 

2012 

Mullus surmuletus 11.7 ± 
0.32   dry 

wt. Black Sea Ergül and 
Aksan 2013 

Platichthys flesus 4.75 ± 
0.25   wet 

wt. Sinop Das et al. 2009 

Pomatomus saltator 0.27 ± 
0.02   wet 

wt. Black Sea Tüzen 2009 

Pomatomus saltatrix 2.87 ± 
0.11   dry 

wt. Black Sea Ergül and 
Aksan 2013 

Psetta maxima 

0.15 ± 
0.01   wet 

wt. Black Sea Tüzen 2009 

5.42 ± 
0.02   dry 

wt. Black Sea Ergül and 
Aksan 2013 

Sarda sarda 

0.14 ± 
0.01   wet 

wt. Black Sea Tüzen 2009 

1.48 ± 
0.02   dry 

wt. Black Sea Ergül and 
Aksan 2013 

Sciaena umbra 18.9 ± 
0.77   dry 

wt. Black Sea Ergül and 
Aksan 2013 

Scomber scombrus 0.32 ± 
0.02   wet 

wt. Black Sea Tüzen 2009 

Scopthalmus 
maeoticus 

0.59 ± 
0.02   wet 

wt. Sinop Das et al. 2009 1.56 ± 
0.02   

Scopthalmus maximus <0.05   wet 
wt. Sinop Bat et al. 2017 

Scorpaena porcus <0.05   wet 
wt. Sinop Bat et al. 2017 

Solea solea 11.9 ± 
0.14   dry 

wt. Black Sea Ergül and 
Aksan 2013 

Spicara maena 0.29   wet 
wt. Sinop Bat et al. 2017 

Sprattus sprattus 

2.56 ± 
0.08   dry 

wt. Black Sea Alkan et al. 
2013 

0.05  wet 
wt. 

Samsun 
2016b 0.06  Sinop 
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0.06  Samsun 
0.07   Sinop 

Trachurus 
mediterraneus 

2.58 ± 
0.10   dry 

wt. Black Sea Alkan et al. 
2013 

0.39   wet 
wt. Sinop  Bat et al. 2015 

Trachurus trachurus 0.18 ± 
0.02   wet 

wt. Black Sea Tüzen 2009 

 

16. Copper (Cu) 

Cu is an essential metal and micronutrient for cellular metabolism in living 
organisms by virtue of existence as a principal component of metabolic enzymes. Agency 
for Toxic Substances and Disease Registry (ATSDR) (2004a) stated that Cu is an 
abundant element which occurs naturally throughout the environment, in rocks, soil, 
water, and air. Cu is necessary for us to live (ATSDR 2004a), but it can be extremely 
toxic to aquatic organisms at high concentrations. 

Cu pollution is through extensive use of fungicides, algaecides, insecticides and 
discharge of wastes (Authman et al. 2015) and in agriculture to treat plant diseases like 
mildew, for water treatment and, as preservatives for wood, leather, and fabrics (ATSDR 
2004a). Cu discharged into the marine environment usually binds to particles made of 
organic matter, clay, or sediment and its' compounds can break down and release free Cu 
into the water and foods in the marine ecosystem (ATSDR 2004a). It is also noted that 
ingesting high levels of copper can induce nausea, vomiting, and diarrhoea and 
remarkable amounts of Cu can cause damage to liver and kidneys, and can even cause 
death (ATSDR 2004a).  

None of the tested organisms had levels of Cu reaching the maximum 
permissible limit (20 mg/kg wet wt.) (Table 6). Figure 6 shows the overall mean 
concentrations of Cu in fish species from the Turkish Black Sea coasts. Cu is an essential 
constituent of many enzymes, carefully regulated by physiological mechanisms in most 
organisms. It is an essential element in daily human nutrition. However, it can also be 
toxic at high concentrations. The intake of Cu in fish from the southern Black Sea coasts 
would not pose any risk for the average consumer. 
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Figure 6. Overall mean concentrations of Cu in the edible tissues of fish species from the 
Turkish Black Sea coasts 

 

Table 6. Copper (Cu) concentrations in the edible muscles of fish species from the 
Turkish Black Sea coasts  

Species Mean ± 
SD 

Min-
Max 

Meth
od Locations References 

Alosa alosa 

3.00 ± 
0.86   wet 

wt. Trabzon, Rize  1.74 ± 
0.16   

1.28 ± 
0.15   wet 

wt. Samsun Türkmen and 
Dura 2016 

Alosa bulgarica 
0.39 0.26-

0.52
dry 
wt. Sinop Bat 1992 

0.26 ± 
0.056   dry 

wt. Sinop Öztürk and Bat 
1994 

Alosa caspia 

2.93 ± 
0.18   dry 

wt. Samsun Tüzen 2003 2.90 ± 
0.31 

 

2.62   dry 
wt. 

Samsun, Sinop, Terme, 
Fatsa, Ordu 

Nisbet et al. 
2010 

Alosa fallax 1.21   wet 
wt. Sinop  Bat et al. 2017  

Alosa fallax nilotica 0.44   wet 
wt. Sinop Bat and Sezgin 

2015 
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Belone belone 

0.6 0.49-
0.71 

dry 
wt. Sinop Bat et al. 2013 

0.65 ± 
0.23 

 

wet 
wt. Giresun, Trabzon, Rize 2014 2.41 ± 

0.13 
 

0.82 ± 
0.31 

 

1.11 ± 
0.05 

 

wet 
wt. Samsun, Sinop, Kocaeli Türkmen and 

Dura 2016 
3.13 ± 
0.18 

 

2.31 ± 
0.23 

 

0.54 ± 
0.05   dry 

wt. Sinop Bat et al. 1998 

Chelidonichthys 
lucerna 0.58   wet 

wt. Sinop  Bat et al. 2017 

Clupea sprattus 

0.79 ± 
0.62 

 
dry 
wt. Samsun Tüzen 2003 0.83 ± 

0.44 
 

1.52 ± 
0.12   wet 

wt. Black Sea Tüzen 2009 

Engraulis 
encrasicolus 

1.01 0.68-
1.33 

wet 
wt. Sinop Ünsal et al. 1993 

0.69 ± 
0.06   dry 

wt. Sinop Bat et al. 1996 

2.21   wet 
wt. Amasra et al. 

2002 
1.94 ± 
0.10   dry 

wt. Samsun Tüzen 2003 1.96 ± 
0.17   

1.47 ± 
0.12   dry 

wt. 
Black Sea and River 

 Tüzen et al. 2004 

0.95   dry 
wt. Black Sea Uluozlu et al. 

2007 
0.88 ± 
0.10   

wet 
wt.  Türkmen et al. 

2008b 
1.12 ± 
0.16 

 

8.58 ± 
2.15   

1.96 ± 
0.14   wet 

wt. Black Sea Tüzen 2009 

2.73   dry 
wt. 

Samsun, Sinop, Terme, 
Fatsa, Ordu 

Nisbet et al. 
2010 

3.7 ± 
1.6   dry 

wt. Samsun Aygun and 
Abanoz 2011 3.8 ± 

1.9   
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1.40 ± 
0.06   dry 

wt. Black Sea Alkan et al. 2013 

3.02 1.88-
4.16 

dry 
wt. Sinop Bat et al. 2013 

2.31 ± 
0.28   

wet 
wt. Giresun, Trabzon, Rize  2.21 ± 

0.36 
 

2.42 ± 
0.15   

<0.5   wet 
wt. 

Sinop, Samsun, Fatsa, 
Batumi Bat et al. 2014 

1.87   wet 
wt. Sinop Bat and Sezgin 

2015 
3.86 ± 
0.02   

dry 
wt. Sinop et al. 

2016 

3.10 ± 
0.39 

 

5.48 ± 
0.18 

 

5.85 ± 
0.24 

 

5.37 ± 
0.21 

 

5.38 ± 
0.80 

 

6.88 ± 
0.81 

 

5.61 ± 
0.00   

2.04 ± 
0.11 

 

wet 
wt. Samsun, Sinop, Kocaeli Türkmen and 

Dura 2016 
2.08 ± 
0.27 

 

2.44 ± 
0.23   

Gadus marlangus 1.72 ± 
0.17   dry 

wt. 
Black Sea and River 

 Tüzen et al. 2004 

Gaidropsarus 
mediterraneus 

1.01 ± 
0.18   wet 

wt. Sinop et al. 2015 

Gobius cephalarges 2.72   dry 
wt. 

Samsun, Sinop, Terme, 
Fatsa, Ordu 

Nisbet et al. 
2010 

Liza aurata <0.5   wet 
wt. Sinop  Bat et al. 2015 

Liza ramada 2.52 ± 
0.00   dry 

wt. Black Sea Ergül and Aksan 
2013 

Merlangius euxinus 3.72   dry 
wt. 

Samsun, Sinop, Terme, 
Fatsa, Ordu 

Nisbet et al. 
2010 

Merlangius 
merlangus 

1.94 0.62-
3.25 wet 

wt. Sinop Ünsal et al. 1993 
4.05 0.37-

7.72 
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1.86   wet 
wt.  et al. 

2002 4.54   

1.3   wet 
wt. Black Sea Dalman et al. 

2006 
0.88 ± 
0.12   

wet 
wt.  Tepe et al. 2008 2.90 ± 

0.78 
 

0.77 ± 
0.07   

1.32 ± 
0.11   wet 

wt. Black Sea Tüzen 2009 

1.8   wet 
wt. Black Sea Mendil et al. 

2010a 
1.8 ± 
0.2   wet 

wt. 
Samsun, Ordu, Trabzon, 
Rize 

Mendil et al. 
2010b 

8.53 ± 
2.14 

6.30-
11.83 

wet 
wt.  2011 

2.50 ± 
0.06   dry 

wt. Black Sea Ergül and Aksan 
2013 

2.40 ± 
0.25   

wet 
wt. Giresun, Trabzon, Rize  1.62 ± 

0.25 
 

1.65 ± 
0.26   

<0.5   wet 
wt. Sinop  Bat et al. 2015 

1.5 1.04-
1.96 

dry 
wt. Samsun, Ordu Alkan et al. 2016 

0.13   wet 
wt. Sinop 2016a 

1.28 ± 
0.09 

 

wet 
wt. Samsun, Sinop, Kocaeli Türkmen and 

Dura 2016 
0.92 ± 
0.08 

 

1.46 ± 
0.18   

Merlangius 
merlangus euxinus  

1.06 0.12-
2.00 

wet 
wt. Sinop Ünsal et al. 1992 

2.71   dry 
wt. Black Sea Boran et al. 2000  

18.54   dry 
wt. Sinop Bat and 

 

4.93 0.91-
8.95 

dry 
wt. Sinop Türk Çulha et al. 

2007 
2.3 ± 
0.7   dry 

wt. Samsun Aygun and 
Abanoz 2011 2.7 ± 

0.7   

0.78 0.10-
1.45 

dry 
wt. Trabzon Alkan et al. 2012 
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4.06 2.85-
5.26 

dry 
wt. Sinop Bat et al. 2013 

1.03   wet 
wt. Sinop Bat and Sezgin 

2015 

Mugil cephalus 

2.14 ± 
0.15   wet 

wt. Black Sea Tüzen 2009 

0.57 ± 
0.20 

 
wet 
wt. Giresun, Rize  0.95 ± 

0.29   

Mugil soiuy 0.16 ± 
0.05   wet 

wt. Sinop et al. 2015 

Mugil sp. 13.22   dry 
wt. Sinop Bat and 

 

Mullus barbatus 

0.76 ± 
0.07   dry 

wt. Sinop Bat et al. 1996 

26.98   dry 
wt. Sinop Bat and 

 

0.01   wet 
wt. Black Sea Dalman et al. 

2006 

1.55 0.38-
2.71 

dry 
wt. Sinop Türk Çulha et al. 

2007 

0.98   dry 
wt. Black Sea Uluozlu et al. 

2007 
1.30 ± 
0.13   wet 

wt. Trabzon, Sinop Tepe et al. 2008 0.87 ± 
0.09   

0.96 ± 
0.08   wet 

wt. Black Sea Tüzen 2009 

1.4   wet 
wt. Black Sea Mendil et al. 

2010a 

3.14   dry 
wt. 

Samsun, Sinop, Terme, 
Fatsa, Ordu 

Nisbet et al. 
2010 

4.08 ± 
2.79 

1.23-
9.21 

wet 
wt.  2011 

6.34 4.93-
7.74 

dry 
wt. Sinop Bat et al. 2013 

1.00 ± 
0.18   dry 

wt. Black Sea Ergül and Aksan 
2013 

1.99 ± 
0.18   

wet 
wt. Giresun, Trabzon, Rize  1.74 ± 

0.13 
 

1.81 ± 
0.15   

0.88   wet 
wt. Sinop Bat and Sezgin 

2015 

<0.5   wet 
wt. Sinop  Bat et al. 2015 

1.35 1.18-
1.52 

dry 
wt. Samsun, Ordu Alkan et al. 2016 
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3.36 ± 
0.51   

dry 
wt. Sinop et al. 

2016 

2.79 ± 
0.13 

 

2.85 ± 
0.07 

 

5.45 ± 
0.35 

 

3.15 ± 
0.21 

 

2.91 ± 
0.22 

 

3.96 ± 
0.30 

 

4.43 ± 
0.63   

1.27 ± 
0.19   

wet 
wt. Samsun, Sinop, Kocaeli Türkmen and 

Dura 2016 
2.38 ± 
0.12 

 

1.40 ± 
0.12   

0.81  
wet 
wt. 

Sinop, Samsun, 
Trabzon 2016c 

0.69  
1.35  
1.73   

Mullus barbatus 
ponticus 

1.4 ± 
0.1   wet 

wt. 
Samsun, Ordu, Trabzon, 
Rize 

Mendil et al. 
2010b 

1.53 0.74-
2.32 

dry 
wt. Trabzon Alkan et al. 2012 

Mullus surmuletus 1.77 ± 
0.25   dry 

wt. Black Sea Ergül and Aksan 
2013 

Pomatomus saltator 

0.58 ± 
0.08   dry 

wt. Sinop Bat et al. 1998 

35.60   dry 
wt. Sinop Bat and 

 

1.83   dry 
wt. Black Sea Uluozlu et al. 

2007 
2.78 ± 
0.21   wet 

wt. Black Sea Tüzen 2009 

3.2   wet 
wt. Sinop Bat and Sezgin 

2015 

Pomatomus saltatrix 

2.86   dry 
wt. 

Samsun, Sinop, Terme, 
Fatsa, Ordu 

Nisbet et al. 
2010 

0.63 0.43-
0.83 

dry 
wt. Sinop Bat et al. 2013 

2.29 ± 
0.19   dry 

wt. Black Sea Ergül and Aksan 
2013 

2.52 ± 
0.14   wet 

wt. Rize, Giresun, Trabzon  1.89 ± 
0.19 
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2.24 ± 
0.30   

1.73 ± 
0.11 

 

wet 
wt. Samsun, Sinop, Kocaeli Türkmen and 

Dura 2016 
1.47 ± 
0.27 

 

1.48 ± 
0.13   

Psetta maxima 

26.14   dry 
wt. Sinop Bat and 

 
0.75 ± 
0.05   wet 

wt. Black Sea Tüzen 2009 

2.13   dry 
wt. 

Samsun, Sinop, Terme, 
Fatsa, Ordu 

Nisbet et al. 
2010 

0.70 ± 
0.03   dry 

wt. Black Sea Ergül and Aksan 
2013 

0.55   wet 
wt. Sinop Bat and Sezgin 

2015 

Raja clavata 4.93 0.50-
9.36 

dry 
wt. Sinop Türk Çulha et al. 

2007 

Sarda sarda 

1.28 ± 
0.14   dry 

wt. Samsun Tüzen 2003 1.29 ± 
0.32   

1.34 ± 
0.14   dry 

wt. 
Black Sea and River 

 Tüzen et al. 2004 

0.659   wet 
wt. Sinop Bat et al. 2006 

0.84 ± 
0.05   dry 

wt. Black Sea Uluozlu et al. 
2007 

1.43 ± 
0.12   wet 

wt. Black Sea Tüzen 2009 

1.9   wet 
wt. Black Sea Durali et al. 

2010 
1.9 ±  
0.2   dry 

wt. 
Samsun, Ordu, Trabzon, 
Rize 

Mendil et al. 
2010b 

1.74 ± 
0.18   dry 

wt. 
Samsun, Sinop, Terme, 
Fatsa, Ordu 

Nisbet et al. 
2010 

3.44 2.75-
4.12 

wet 
wt. Sinop Bat et al. 2012 

2.49 ± 
0.02    dry 

wt. Black Sea Ergül and Aksan 
2013 

2.96 ± 
0.11   

wet 
wt. Giresun, Trabzon, Rize  2.75 ± 

0.32 
 

3.78 ± 
0.92   

2.97 ± 
0.18 

 
wet 
wt. Samsun, Sinop, Kocaeli Türkmen and 

Dura 2016 4.13 
±0.42 
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3.46 ± 
0.21   

Sciaena umbra 

6.48 ± 
1.57   dry 

wt. Marmara and Black Sea Acar et al. 2010 

1.20 ± 
0.11   dry 

wt. Black Sea Ergül and Aksan 
2013 

Scomber scombrus 
3.62   dry 

wt. Sinop Bat and 
 

1.10 ± 
0.10   wet 

wt. Black Sea Tüzen 2009 

Scopthalmus 
maximus 0.54   wet 

wt. Sinop  Bat et al. 2017 

Scorpaena porcus 0.77   wet 
wt. Sinop  Bat et al. 2017 

Solea solea 

2.05 ± 
0.06   dry 

wt. Black Sea Ergül and Aksan 
2013 

0.68   wet 
wt. Sinop Bat and Sezgin 

2015 

Solea vulgaris 11.58   dry 
wt. Sinop Bat and 

 

Spicara maena 0.61   wet 
wt. Sinop  Bat et al. 2017 

Spicara smaris 

2.39 0.61-
4.16 

dry 
wt. Sinop Türk Çulha et al. 

2007 
0.83 ± 
0.10    wet 

wt. Trabzon Türkmen et al. 
2008b 

0.35   dry 
wt. 

Samsun, Sinop, Terme, 
Fatsa, Ordu 

Nisbet et al. 
2010 

Sprattus sprattus 

2.11 ± 
0.12   dry 

wt. Black Sea Alkan et al. 2013 

0.87  
wet 
wt. 

Samsun, Sinop 

2016b 
1.56  
0.95  

Samsun, Sinop 1.63   

Trachurus 
mediterraneus 

16.7 ± 
2.08   wet 

wt.  Türkmen et al. 
2008 1.68 ± 

0.11   

1.71 ± 
0.04   dry 

wt. Black Sea Alkan et al. 2013 

0.67   wet 
wt. Sinop  Bat et al. 2015 

Trachurus trachurus 

0.79 ± 
0.06   dry 

wt. Sinop Bat et al. 1996 

0.52 0.36-
0.68 

wet 
wt. Sinop Ünsal et al. 1993 2.02 1.24-

2.80 

0.15 0.06-
0.24 

1.52 ± 
0.35   dry 

wt. Samsun Tüzen 2003 
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1.55 ± 
0.26   

1.58 ± 
0.13   dry 

wt. 
Black Sea and River 

 Tüzen et al. 2004 

0.95   dry 
wt. Black Sea Uluozlu et al. 

2007 
0.65 ± 
0.05   wet 

wt. Black Sea Tüzen 2009 

2.4   wet 
wt. Black Sea Mendil et al. 

2010a 
2.4 ±  
0.2   wet 

wt. 
Samsun, Ordu, Trabzon, 
Rize 

Mendil et al. 
2010b 

1.79   dry 
wt. 

Samsun, Sinop, Terme, 
Fatsa, Ordu 

Nisbet et al. 
2010 

0.42 0.19-
0.65 

dry 
wt. Sinop Bat et al. 2013 

0.28 ± 
0.13   

wet 
wt. Giresun, Trabzon, Rize  2.41 ± 

0.25 
 

1.85 ± 
0.25   

2.22   wet 
wt. Sinop Bat and Sezgin 

2015 
3.48 ± 
0.01   

dry 
wt. Sinop et al. 

2016 

4.50 ± 
0.13 

 

3.25 ± 
0.12 

 

4.61 ± 
0.36 

 

3.88 ± 
0.55 

 

4.80 ± 
0.08 

 

4.64 ± 
0.13 

 

4.58 ± 
0.17   

2.11 ± 
0.25   

wet 
wt. Samsun, Sinop, Kocaeli Türkmen and 

Dura 2016 
2.23 ± 
0.40 

 

1.51 ± 
0.24   
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17. Cobalt (Co) 

Figure 7 shows the overall mean concentrations of Co in fish species from the 
Turkish Black Sea coasts. Co is a naturally occurring element found in water, sediment, 
rock and living organisms. It has both beneficial and hazard effects on human health. At 
low amounts of Co, it is part of vitamin B12 which is essential for human, but at high 
amounts it may harm the heart and lungs (ATSDR 2004b). 

The highest content of Co was found in M. b. ponticus (0.42 mg/ kg wet wt.) and 
S. sarda (0.40 mg/ kg wet wt.) from Samsun, Ordu, Trabzon, Rize (Mendil et al. 2010b). 

mg/ kg wet wt. in M. cephalus from Giresun and Rize (Table 7). 

 

Figure 7. Overall mean concentrations of Co in the edible tissues of fish species from the 
Turkish Black Sea coasts 
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Table 7. Cobalt (Co) concentrations in the edible muscles of fish species from the Turkish 
Black Sea coasts 

Species Mean ± 
SD 

Min-
Max 

Meth
od Locations References 

Alosa alosa 

0.03 ± 
0.00   wet 

wt. Trabzon, Rize  0.02 ± 
0.00   

0.03 ± 
0.00   wet 

wt. Samsun Türkmen and 
Dura 2016 

Belone belone 

0.08 ± 
0.05   

wet 
wt. 

Giresun, Trabzon, 
Rize  0.02 ± 

0.00 
 

0.02 ± 
0.00   

0.02 ± 
0.00 

 

wet 
wt. 

Samsun, Sinop, 
Kocaeli 

Türkmen and 
Dura 2016 

0.03 ± 
0.01 

 

0.04 ± 
0.00   

Engraulis encrasicolus 

0.4   wet 
wt. Amasra et al. 

2002 
0.07 ± 
0.03   

wet 
wt. 

Trabzon, Sinop, 
 

Türkmen et al. 
2008b 

0.06 ± 
0.01 

 

0.08 ± 
0.01   

0.30 ± 
0.08   dry 

wt. Black Sea Alkan et al. 2013 

0.03 ± 
0.01   

wet 
wt. 

Giresun, Trabzon, 
Rize  0.04 ± 

0.00 
 

0.03 ± 
0.01   

0.04 ± 
0.00 

 

wet 
wt. 

Samsun, Sinop, 
Kocaeli 

Türkmen and 
Dura 2016 

0.03 ± 
0.02 

 

0.05 ± 
0.00   

Gaidropsarus 
mediterraneus 

0.04 ± 
0.01   wet 

wt. Sinop et al. 2015 

Liza ramada 0.07 ± 
0.01   dry 

wt. Black Sea Ergül and Aksan 
2013 

Merlangius merlangus <0.05   wet 
wt.  et al. 

2002 
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0.07 ± 
0.02   

wet 
wt. 

Trabzon, Sinop, 
 Tepe et al. 2008 0.06 ± 

0.02 
 

0.05 ± 
0.02   

0.25 ± 
0.03   wet 

wt. 
Samsun, Ordu, 
Trabzon, Rize 

Mendil et al. 
2010b 

0.04 ± 
0.01   dry 

wt. Black Sea Ergül and Aksan 
2013 

0.04 ± 
0.00   

wet 
wt. 

Giresun, Trabzon, 
Rize  0.03 ± 

0.00 
 

0.03 ± 
0.00   

0.03 0,02-
0,05 

dry 
wt. Samsun, Ordu Alkan et al. 2016 

0.29   wet 
wt. Sinop 2016a 

0.02 ± 
0.00 

 

wet 
wt. 

Samsun, Sinop, 
Kocaeli 

Türkmen and 
Dura 2016 

0.03 ± 
0.00 

 

0.02 ± 
0.00   

Merlangius merlangus 
euxinus  0.05 0,01-

0,09 
dry 
wt. Trabzon Alkan et al. 2012 

Mugil cephalus 

0.32 ± 
0.48   wet 

wt. Giresun, Rize  0.32 ± 
0.30   

Mugil soiuy <0.01 ± 
0.00   wet 

wt. Sinop et al. 2015 

Mullus barbatus 

0.11 ± 
0.03   wet 

wt. Trabzon, Sinop Tepe et al. 2008 0.07 ± 
0.02   

0.05 ± 
0.01   dry 

wt. Black Sea Ergül and Aksan 
2013 

0.03 ± 
0.01   

wet 
wt. 

Giresun, Trabzon, 
Rize  0.01 ± 

0.00 
 

0.06 ± 
0.04   

0.11 0,10-
0,11 

dry 
wt. Samsun, Ordu Alkan et al. 2016 

<0.01 ± 
0.00 

 
wet 
wt. 

Samsun, Sinop, 
Kocaeli 

Türkmen and 
Dura 2016 0.02 ± 

0.00 
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0.02 ± 
0.00   

Mullus barbatus 
ponticus 

0.42 ± 
0.04   wet 

wt. 
Samsun, Ordu, 
Trabzon, Rize 

Mendil et al. 
2010b 

0.14 0,05-
0,23 

dry 
wt. Trabzon Alkan et al. 2012 

Mullus surmuletus 0.09 ± 
0.01   dry 

wt. Black Sea Ergül and Aksan 
2013 

Pomatomus saltatrix 

0.02 ± 
0.01   dry 

wt. Black Sea Ergül and Aksan 
2013 

0.04 ± 
0.00   

wet 
wt. 

Rize, Giresun, 
Trabzon  0.03 ± 

0.00 
 

0.05 ± 
0.00   

0.04 ± 
0.01 

 

wet 
wt. 

Samsun, Sinop, 
Kocaeli 

Türkmen and 
Dura 2016 

0.03 ± 
0.00 

 

0.04 ± 
0.00   

Psetta maxima 0.02 ± 
0.01   dry 

wt. Black Sea Ergül and Aksan 
2013 

Sarda sarda 

<0.5   wet 
wt. Sinop Bat et al. 2006 

0.40 ± 
0.04   wet 

wt. 
Samsun, Ordu, 
Trabzon, Rize 

Mendil et al. 
2010b 

0.02 ± 
0.01   dry 

wt. Black Sea Ergül and Aksan 
2013 

0.04 ± 
0.00   wet 

wt. 
Giresun, Trabzon, 
Rize  0.04 ± 

0.00 
 wet 

wt. 
0.03 ± 
0.01   wet 

wt. 
0.06 ± 
0.001 

 

wet 
wt. 

Samsun, Sinop, 
Kocaeli 

Türkmen and 
Dura 2016 

0.03 ± 
0.00 

 

0.04 ± 
0.00   

Sciaena umbra 0.02 ± 
0.01   dry 

wt. Black Sea Ergül and Aksan 
2013 

Solea solea 0.10 ± 
0.02   dry 

wt. Black Sea Ergül and Aksan 
2013 

Spicara smaris 0.04 ± 
0.01   wet 

wt. Trabzon Türkmen et al. 
2008b 

Sprattus sprattus 0.02 ± 
0.01   dry 

wt. Black Sea Alkan et al. 2013 

Trachurus 
mediterraneus 

0.15 ± 
0.01   wet 

wt.  Türkmen et al. 
2008 
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0.17 ± 
0.01   

0.03 ± 
0.01   dry 

wt. Black Sea Alkan et al. 2013 

Trachurus trachurus 

0.38 ± 
0.04   wet 

wt. 
Samsun, Ordu, 
Trabzon, Rize 

Mendil et al. 
2010b 

0.04 ± 
0.02   

wet 
wt. 

Giresun, Trabzon, 
Rize  0.02 ± 

0.00 
 

0.02 ± 
0.00   

0.04 ± 
0.00 

 

wet 
wt. 

Samsun, Sinop, 
Kocaeli 

Türkmen and 
Dura 2016 

0.05 ± 
0.00 

 

0.01 ± 
0.00   

 

18. Chromium (Cr) 

Cr (III) is an essential nutrient metal, necessary for metabolism of carbohydrates 
(Authman et al. 2015), but Cr (VI) compounds are toxins and known human carcinogens 
and found in rocks, animals, plants, and soil and can be in liquid, solid, or gas form 
(Martin and Griswold 2009). Cr enter the aquatic environment through effluents 
discharged from leather tanneries, textiles, electroplating, metal finishing, mining, dyeing 
and printing industries, ceramic, photographic and pharmaceutical industries etc. (Ahmed 
et al. 2013). Its soluble forms are used in wood preservatives (Martin and Griswold 2009). 
Without treatment of these effluents they can lead to existence of Cr (VI) in the 
surrounding aquatic ecosystem, where it is mostly found at potentially detrimental 
amounts to fish (Li et al. 2011) and its' compounds are very persistent in sediments in 
water (Martin and Griswold 2009). 

It is noted that skin contact with Cr can cause skin ulcers and long term exposure 
to Cr can cause damage to liver, kidney circulatory and nerve tissues (Martin and 
Griswold 2009). 

The highest Cr content was found in T. trachurus (1.74 mg/ kg wet wt.) caught 
in the Black Sea (Tüzen 2009). Other samples of fish species in the obtained data (Table 
8) showed generally low levels of Cr content. Figure 8 shows the overall mean 
concentrations of Cr in fish species from the Turkish Black Sea coasts. 
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Figure 8. Overall mean concentrations of Cr in the edible tissues of fish species from the 
Turkish Black Sea coasts 

 

Table 8. Chromium (Cr) concentrations in the edible muscles of fish species from the 
Turkish Black Sea coasts 
 
Species Mean ± 

SD 
Min-
Max 

Meth
od Locations References 

Alosa alosa 

0.29 ± 
0.04   wet 

wt. Trabzon, Rize 2014 0.27 ± 
0.07   

0.11 ± 
0.01   wet 

wt. Samsun Türkmen and 
Dura 2016 

Alosa fallax nilotica 0.32   wet 
wt. Sinop Bat and Sezgin 

2015 

Belone belone 

0.05 ± 
0.01   wet 

wt. 
Giresun, Trabzon, 
Rize 2014 0.25 ± 

0.04 
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0.19 ± 
0.11   

0.02 ± 
0.005 

 

wet 
wt. 

Samsun, Sinop, 
Kocaeli 

Türkmen and 
Dura 2016 

0.43 ± 
0.05 

 

0.08 ± 
0.06   

Clupea sprattus 0.63 ± 
0.04   wet 

wt. Black Sea Tüzen 2009 

Engraulis 
encrasicolus 

1.82 ± 
0.15   dry 

wt. 
Black Sea and River 

 Tüzen et al. 2004 

0.17 ± 
0.05   

wet 
wt.  Türkmen et al. 

2008b 
0.15 ± 
0.03 

 

0.09 ± 
0.02   

0.074 ± 
0.020   dry 

wt. Black Sea Turan et al. 2009 

1.12 ± 
0.11   wet 

wt. Black Sea Tüzen 2009 

0.67 ± 
0.05   dry 

wt. Black Sea Alkan et al. 2013 

0.17 ± 
0.04   

wet 
wt. 

Giresun, Trabzon, 
Rize  2014 0.12 ± 

0.02 
 

0.17 ± 
0.02   

0.65   wet 
wt. Sinop Bat and Sezgin 

2015 
0.15 ± 
0.03 

 

wet 
wt. 

Samsun, Sinop, 
Kocaeli 

Türkmen and 
Dura, 2016 

0.16 ± 
0.03 

 

0.12 ± 
0.05   

Gadus marlangus 1.85 ± 
0.17   dry 

wt. 
Black Sea and River 

 Tüzen et al. 2004 

Gaidropsarus 
mediterraneus 

0.11 ± 
0.03   wet 

wt. Sinop et al. 2015 

Liza ramada 1.60 ± 
1.28   dry 

wt. Black Sea Ergül and Aksan 
2013 

Merlangius 
merlangus 

0.13 ± 
0.03   

wet 
wt.  Tepe et al. 2008 0.19 ± 

0.05 
 

0.13 ± 
0.04   

0.144 ± 
0.050   dry 

wt. Black Sea Turan et al. 2009 
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0.86 ± 
0.07   wet 

wt. Black Sea Tüzen 2009 

0.82 ± 
0.08   wet 

wt. 
Samsun, Ordu, 
Trabzon, Rize 

Mendil et al. 
2010b 

0.92 ± 
0.40 

0.63-
1.62 

wet 
wt.   

2011 
1.50 ± 
1.07   dry 

wt. Black Sea Ergül and Aksan 
2013 

0.04 ± 
0.01   

wet 
wt. 

Giresun, Trabzon, 
Rize  2014 0.28 ± 

0.06 
 

0.04 ± 
0.01   

0.62 0.49-
0.72 

dry 
wt. Samsun, Ordu Alkan et al. 2016 

0.04 ± 
0.01   

wet 
wt. 

Samsun, Sinop, 
Kocaeli 

Türkmen and 
Dura 2016 

0.18 ± 
0.05 

 

0.03 ± 
0.01   

Merlangius 
merlangus euxinus  

0.995 0.35-
1.64 

dry 
wt. Trabzon Alkan et al. 2012 

0.51   wet 
wt. Sinop Bat and Sezgin 

2015 

Mugil cephalus 

1.30 ± 
0.11   wet 

wt. Black Sea Tüzen 2009 

0.07 ± 
0.01 

 
wet 
wt. Giresun, Rize  2014 0.09 ± 

0.03   

Mugil soiuy 0.13 ± 
0.04   wet 

wt. Sinop et al. 2015 

Mullus barbatus 

0.17 ± 
0.02   wet 

wt. Trabzon, Sinop Tepe et al. 2008 0.15 ± 
0.06   

1.055 ± 
0.289   dry 

wt. Black Sea Turan et al. 2009 

1.35 ± 
0.12   wet 

wt. Black Sea Tüzen 2009 

0.14 ± 
0.16 

0.02-
0.65 

wet 
wt.  2011 

0.33 ± 
0.04   dry 

wt. Black Sea Ergül and Aksan 
2013 

0.09 ± 
0.01   

wet 
wt. 

Giresun, Trabzon, 
Rize  2014 0.35 ± 

0.09 
 

0.11 ± 
0.02   
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0.41   wet 
wt. Sinop Bat and Sezgin 

2015 

0.56 0.50-
0.65 

dry 
wt. Samsun, Ordu Alkan et al. 2016 

0.21 ± 
0.05 

 

wet 
wt. 

Samsun, Sinop, 
Kocaeli 

Türkmen and 
Dura 2016 

0.40 ± 
0.07 

 

0.03 ± 
0.01   

Mullus barbatus 
ponticus 

0.99 ± 
0.1   wet 

wt. 
Samsun, Ordu, 
Trabzon, Rize 

Mendil et al. 
2010b 

0.74 0.43-
1.04 

dry 
wt. Trabzon Alkan et al. 2012 

Mullus surmuletus 0.74 ± 
0.47   dry 

wt. Black Sea Ergül and Aksan 
2013 

Pomatomus saltator 

0.82 ± 
0.07   wet 

wt. Black Sea Tüzen 2009 

0.48   wet 
wt. Sinop Bat and Sezgin 

2015 

Pomatomus saltatrix 

0.61 ± 
0.15   dry 

wt. Black Sea Ergül and Aksan 
2013 

0.39 ± 
0.02   

wet 
wt. 

Rize, Giresun, 
Trabzon  2014 0.28 ± 

0.04 
 

0.51 ± 
0.03   

0.18 ± 
0.05 

 

wet 
wt. 

Samsun, Sinop, 
Kocaeli 

Türkmen and 
Dura 2016 

0.36 ± 
0.10 

 

0.37 ± 
0.13   

Psetta maxima 

1.20 ± 
0.10   wet 

wt. Black Sea Tüzen 2009 

0.94 ± 
0.50   dry 

wt. Black Sea Ergül and Aksan 
2013 

0.99   wet 
wt. Sinop Bat and Sezgin 

2015 

Sarda sarda 

1.92 ± 
0.18   dry 

wt. 
Black Sea and River 

 Tüzen et al. 2004 

0.68 ± 
0.05   wet 

wt. Black Sea Tüzen 2009 

0.64 ± 
0.06   wet 

wt. 
Samsun, Ordu, 
Trabzon, Rize 

Mendil et al. 
2010b 

1.34 ± 
0.45   dry 

wt. Black Sea Ergül and Aksan 
2013 

0.23 ± 
0.09   wet 

wt. 
Giresun, Trabzon, 
Rize  2014 0.24 ± 

0.04 
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0.10 ± 
0.345   

0.23 ± 
0.02   

wet 
wt. 

Samsun, Sinop, 
Kocaeli 

Türkmen and 
Dura 2016 

0.36 ± 
0.04 

 

0.34 ± 
0.03   

Sciaena umbra 

0.25 ± 
0.06   dry 

wt. 
Marmara and Black 
Sea Acar et al. 2010 

1.89 ± 
1.64   dry 

wt. Black Sea Ergül and Aksan 
2013 

Scomber scombrus 0.73 ± 
0.05   wet 

wt. Black Sea Tüzen 2009 

Solea solea 

1.44 ± 
0.67   dry 

wt. Black Sea Ergül and Aksan 
2013 

1.22   wet 
wt. Sinop Bat and Sezgin 

2015 

Spicara smaris 0.09 ± 
0.04   wet 

wt. Trabzon Türkmen et al. 
2008b 

Sprattus sprattus 0.52 ± 
0.02   dry 

wt. Black Sea Alkan et al. 2013 

Trachurus 
mediterraneus 

0.38 ± 
0.14   wet 

wt.  Türkmen et al. 
2008 0.50 ± 

0.16   

0.68 ± 
0.05   dry 

wt. Black Sea Alkan et al. 2013 

Trachurus trachurus 

1.43 ± 
0.12   dry 

wt. 
Black Sea and River 

 Tüzen et al. 2004 

1.74 ± 
0.14   wet 

wt. Black Sea Tüzen 2009 

0.95 ± 
0.1   wet 

wt. 
Samsun, Ordu, 
Trabzon, Rize 

Mendil et al. 
2010b 

0.09 ± 
0.03   

wet 
wt. 

Giresun, Trabzon, 
Rize  2014 0.43 ± 

0.14 
 

0.19 ± 
0.04   

0.44   wet 
wt. Sinop Bat and Sezgin 

2015 
0.26 ± 
0.02 

 

wet 
wt. 

Samsun, Sinop, 
Kocaeli 

Türkmen and 
Dura 2016 

0.28 ± 
0.05 

 

0.07 ± 
0.03   
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19. Manganese (Mn) 

Mn is a trace element and eating a small amount from food or water is needed to 
good health and is a naturally occurring metal that is found in many types of rocks. 
Exposure to high amounts can cause damage to the brain. It is noted that nervous system 
and reproductive effects have been observed in animals after high oral doses of Mn 
(ATSDR 2008). 

The highest Mn value (25.16 mg/ kg wet wt.) was found in Mugil sp. from Sinop 
(Bat et al. 2006). These levels are very similar to those found in P. maxima (24.22 mg/ 
kg wet wt.) by Bat et al. (2006) for the same localities (Table 9). Figure 9 shows the 
overall mean concentrations of Mn in fish species from the Turkish Black Sea coasts. 

 

Figure 9. Overall mean concentrations of Mn in the edible tissues of fish species from 
the Turkish Black Sea coasts 

 

Table 9. Manganese (Mn) concentrations in the edible muscles of fish species from the 
Turkish Black Sea coasts 

Species Mean ± 
SD 

Min-
Max 

Meth
od Locations References 

Alosa alosa 

0.19 ± 
0.04   wet 

wt. Trabzon, Rize  0.25 ± 
0.04   

0.17 ± 
0.02   wet 

wt. Samsun Türkmen and 
Dura 2016
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Alosa bulgarica 
0.31 0.18-

0.44 
dry 
wt. Sinop Bat 1992 

0.18 ± 
0.032   dry 

wt. Sinop Öztürk and Bat 
1994 

Alosa caspia 

1.57 ± 
0.24   dry 

wt. Samsun Tüzen 2003 1.56 ± 
0.14   

2.50   dry 
wt. 

Samsun, Sinop, Terme, 
Fatsa, Ordu 

Nisbet et al. 
2010 

Belone belone 

0.10 ± 
0.02   

wet 
wt. Giresun, Trabzon, Rize  0.15 ± 

0.02 
 

0.19 ± 
0.04   

0.08 ± 
0.006   

wet 
wt. Samsun, Sinop, Kocaeli Türkmen and 

Dura 2016 
1.26 ± 
0.28 

 

0.19 ± 
0.05   

0.95 ± 
0.15   dry 

wt. Sinop Bat et al. 1998 

Clupea sprattus 

2.82 ± 
0.24   dry 

wt. Samsun Tüzen 2003 2.74 ± 
0.44   

6.32 ± 
0.35   wet 

wt. Black Sea Tüzen 2009 

Engraulis 
encrasicolus 

0.58 ± 
0.02   dry 

wt. Sinop Bat et al. 1996 

2.23   wet 
wt. Amasra et al. 

2002 
1.96 ± 
0.12   dry 

wt. Samsun Tüzen 2003 1.98 ± 
0.32   

9.21 ± 
0.83   dry 

wt. Black Sea  Tüzen et al. 2004 

5.61   dry 
wt. Black Sea Uluozlu et al. 

2007 
0.76 ± 
0.13   

wet 
wt.  Türkmen et al. 

2008b 
0.70 ± 
0.12 

 

2.82 ± 
1.12   

1.390 ±  
0.326 

dry 
wt. Black Sea Turan et al. 2009 

9.10 ± 
0.66   wet 

wt. Black Sea Tüzen 2009 
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3.93   dry 
wt. 

Samsun, Sinop, Terme, 
Fatsa, Ordu 

Nisbet et al. 
2010 

2 ±  
0   dry 

wt. Samsun Aygun and 
Abanoz 2011 4.2 ±  

0.9   

0.60 ± 
0.15   dry 

wt. Black Sea Alkan et al. 2013 

0.68 ± 
0.18   

wet 
wt. Giresun, Trabzon, Rize  0.57 ± 

0.10 
 

0.63 ± 
0.05   

0.51 ± 
0.07   

wet 
wt. Samsun, Sinop, Kocaeli Türkmen and 

Dura 2016 
0.77 ± 
0.08 

 

0.30 ± 
0.04   

Gadus marlangus 8.12 ± 
0.75   dry 

wt. Black Sea  Tüzen et al. 2004 

Gaidropsarus 
mediterraneus 

0.77 ± 
0.10   wet 

wt. Sinop et al. 2015 

Gobius cephalarges 8.56   dry 
wt. 

Samsun, Sinop, Terme, 
Fatsa, Ordu 

Nisbet et al. 
2010 

Merlangius euxinus 6.92   dry 
wt. 

Samsun, Sinop, Terme, 
Fatsa, Ordu 

Nisbet et al. 
2010 

Merlangius 
merlangus 

3.56   wet 
wt.  et al. 

2002 2.22   
0.57 ± 
0.16   

wet 
wt.  Tepe et al. 2008 0.69 ± 

0.21 
 

0.42 ± 
0.04   

0.079 ± 
0.024 

dry 
wt. Black Sea Turan et al. 2009 

7.63 ± 
0.45   wet 

wt. Black Sea Tüzen 2009 

3.6 ± 0.4   wet 
wt. 

Samsun, Ordu, Trabzon, 
Rize 

Mendil et al. 
2010b 

2.13 ± 
0.30 

1.85-
2.60 

wet 
wt.  Çiçek 

2011 
0.43 ± 
0.13   

wet 
wt. Giresun, Trabzon, Rize  0.30 ± 

0.04 
 

0.18 ± 
0.08   

0.92 0.64-
1.28 

dry 
wt. Samsun, Ordu Alkan et al. 2016 
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0.70   wet 
wt. Sinop 2016a 

0.14 ± 
0.01 

 

wet 
wt. Samsun, Sinop, Kocaeli Türkmen and 

Dura 2016 
0.08 ± 
0.01 

 

0.15 ± 
0.04   

Merlangius 
merlangus euxinus  

0.166   wet 
wt. Sinop Bat et al. 2006 

4.3 ±  
0.7 

 dry 
wt. Samsun Aygun and 

Abanoz 2011 3   

Mugil cephalus 

8.18 ± 
0.52   wet 

wt. Black Sea Tüzen 2009 

0.06 ± 
0.01 

 
wet 
wt. Giresun, Rize  0.16 ± 

0.09   

Mugil soiuy 0.51 ± 
0.15   wet 

wt. Sinop et al. 2015 

Mugil sp. 25.16   wet 
wt. Sinop Bat et al. 2006 

Mullus barbatus 

0.33 ± 
0.02   dry 

wt. Sinop Bat et al. 1996 

0.23   wet 
wt. Sinop Bat et al. 2006 

6.54   dry 
wt. Black Sea Uluozlu et al. 

2007 
0.38 ± 
0.02   wet 

wt. Trabzon, Sinop Tepe et al. 2008 0.48 ± 
0.08   

0.005 ±  
0.018 

dry 
wt. Black Sea Turan et al. 2009 

2.76 ± 
0.17   wet 

wt. Black Sea Tüzen 2009 

6.96   dry 
wt. 

Samsun, Sinop, Terme, 
Fatsa, Ordu 

Nisbet et al. 
2010 

0.77 ± 
0.47 

0.31-
1.53 

wet 
wt.  2011 

0.24 ± 
0.04   

wet 
wt. Giresun, Trabzon, Rize  0.43 ± 

0.08 
 

0.32 ± 
0.10   

1.05 0.79-
1.38 

dry 
wt. Samsun, Ordu Alkan et al. 2016 

0.19 ± 
0.04   wet 

wt. Samsun, Sinop, Kocaeli Türkmen and 
Dura 2016 
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0.32 ± 
0.06 

 

0.11 ± 
0.007   

0.75   
wet 
wt. Trabzon 2016c 

0.66  
1.78  
1.74   

Mullus barbatus 
ponticus 2.5 ± 0.3   wet 

wt. 
Samsun, Ordu, Trabzon, 
Rize 

Mendil et al. 
2010b 

Pomatomus saltator 

0.96 ± 
0.16   dry 

wt. Sinop Bat et al. 1998 

12.92   wet 
wt. Sinop Bat et al. 2006 

1.28   dry 
wt. Black Sea Uluozlu et al. 

2007 
6.90 ± 
0.40   wet 

wt. Black Sea Tüzen 2009 

Pomatomus saltatrix 

5.14   dry 
wt. 

Samsun, Sinop, Terme, 
Fatsa, Ordu 

Nisbet et al. 
2010 

0.13 ± 
0.03   

wet 
wt. Rize, Giresun, Trabzon  0.15 ± 

0.02 
 

0.12 ± 
0.03   

0.15 ± 
0.04 

 

wet 
wt. Samsun, Sinop, Kocaeli Türkmen and 

Dura 2016 
0.07 ± 
0.01 

 

0.06 ± 
0.006   

Psetta maxima 

24.22   wet 
wt. Sinop Bat et al. 2006 

3.67 ± 
0.22   wet 

wt. Black Sea Tüzen 2009 

3.26   dry 
wt. 

Samsun, Sinop, Terme, 
Fatsa, Ordu 

Nisbet et al. 
2010 

Sarda sarda 

1.06 ± 
0.27   dry 

wt. Samsun Tüzen 2003 1.33 ± 
0.42   

8.14 ± 
0.81   dry 

wt. Black Sea  Tüzen et al. 2004 

1.72   wet 
wt. Sinop Bat et al. 2006 

2.68 ± 
0.22   dry 

wt. Black Sea Uluozlu et al. 
2007 

4.72 ± 
0.24   wet 

wt. Black Sea Tüzen 2009 

2.0 ±  
0.2   dry 

wt. 
Samsun, Ordu, Trabzon, 
Rize 

Mendil et al. 
2010b 
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3.53 ± 
0.48   dry 

wt. 
Samsun, Sinop, Terme, 
Fatsa, Ordu 

Nisbet et al. 
2010 

0.23 ± 
0.05   

wet 
wt. Giresun, Trabzon, Rize  0.16 ± 

0.03 
 

0.60 ± 
0.22   

0.13 ± 
0.02 

 

wet 
wt. Samsun, Sinop, Kocaeli Türkmen and 

Dura 2016 
0.34 ± 
0.15 

 

0.27 ± 
0.13   

Scomber scombrus 5.15 ± 
0.34   wet 

wt. Black Sea Tüzen 2009 

Solea vulgaris 0.72   wet 
wt. Sinop Bat et al. 2006 

Spicara smaris 

0.39 ± 
0.05   wet 

wt. Trabzon Türkmen et al. 
2008b 

2.60   dry 
wt. 

Samsun, Sinop, Terme, 
Fatsa, Ordu 

Nisbet et al. 
2010 

Sprattus sprattus 0.95 ± 
0.09   dry 

wt. Black Sea Alkan et al. 2013 

Trachurus 
mediterraneus 

2.58 ± 
0.74   wet 

wt.  Türkmen et al. 
2008 1.92 ± 

0.10   

0.56 ± 
0.03   dry 

wt. Black Sea Alkan et al. 2013 

Trachurus trachurus 

0.47 ± 
0.06   dry 

wt. Sinop Bat et al. 1996 

3.76 ± 
0.45   dry 

wt. Samsun Tüzen, 2003 3.50 ± 
0.58   

1.29 ± 
0.11   dry 

wt. Black Sea  Tüzen et al. 2004 

7.40   dry 
wt. Black Sea Uluozlu et al. 

2007 
7.21 ± 
0.55   wet 

wt. Black Sea Tüzen 2009 

1.3 ± 
0.1   wet 

wt. 
Samsun, Ordu, Trabzon, 
Rize 

Mendil et al. 
2010b 

10.72   dry 
wt. 

Samsun, Sinop, Terme, 
Fatsa, Ordu 

Nisbet et al. 
2010 

0.44 ± 
0.14   

wet 
wt. Giresun, Trabzon, Rize  0.27 ± 

0.03 
 

0.23 ± 
0.06   
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0.35 ± 
0.18 

 

wet 
wt. Samsun, Sinop, Kocaeli Türkmen and 

Dura 2016 
0.22 ± 
0.07 

 

0.27 ± 
0.05   

 

20. Nickel (Ni) 

Ni which is a very abundant natural element (ATSDR 2005a), is an essential 
element at low concentrations for many organisms, and it is toxic at higher concentrations 
(Authman et al. 2015). Ni is also found on the sea bed (ATSDR 2005a). Ni discharged in 
industrial waste water comes to an end in sediment where it mightily attaches to particles 
containing Fe or Mn (ATSDR 2005a). Exposure to Ni may lead to various adverse health 
effects, such as nickel allergy, contact dermatitis, and organ system-toxicity (Authman et 
al. 2015). However, Ni does not appear to accumulate in fish (ATSDR 2005a).  

Ni may have a negative impact on human health if its levels exceed allowable 
limits in the edible muscles of fish. The highest content of Ni was found in S. sarda (5.91 
± 0.21 mg/ kg wet w 2014). Similarly, the high contents of 
Ni were found in P. maxima (4.504 mg/ kg wet wt.) captured in Sinop (Bat et al. 2006), 
in S. sarda (4.46 ± 1.06 mg/ kg w  2014). Ni concentrations 
in the edible muscles of fish species from the Turkish Black Sea coasts were shown in 
Table 10. However, Figure 10 shows the overall mean concentrations of Ni in fish species 
from the Turkish Black Sea coasts.  

 

Figure 10. Overall mean concentrations of Ni in the edible tissues of fish species from 
the Turkish Black Sea coasts 
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Table 10. Nickel (Ni) concentrations in the edible muscles of fish species from the 
Turkish Black Sea coasts 

Species Mean ± 
SD 

Min-
Max 

Meth
od Locations References 

Alosa alosa 

1.57 ± 
0.01   wet 

wt. Trabzon, Rize  1.70 ± 
0.09   

3.74 ± 
0.08   wet 

wt. Samsun Türkmen and 
Dura 2016 

Alosa bulgarica 
1.79 0.84-

2.73 
dry 
wt. Sinop Bat 1992 

0.84 ± 
0.202   dry 

wt. Sinop Öztürk and Bat 
1994 

Alosa caspia 
1.60   dry 

wt. 
Samsun, Sinop, Terme, 
Fatsa, Ordu 

Nisbet et al. 
2010 

1.22 ± 
0.14   dry 

wt. Sinop Bat et al. 1998 

Belone belone 

1.72 ± 
0.06   

wet 
wt. Giresun, Trabzon, Rize  1.88 ± 

0.10 
 

1.96 ± 
0.15   

3.53 ± 
0.25 

 

wet 
wt. Samsun, Sinop, Kocaeli Türkmen and 

Dura 2016 
0.42 ± 
0.18 

 

2.72 ± 
0.68   

Clupea sprattus 1.25 ± 
0.10   wet 

wt. Black Sea Tüzen 2009 

Engraulis 
encrasicolus 

1.51 ± 
0.22   dry 

wt. Sinop Bat et al. 1996 

<0.01   wet 
wt. Amasra et al. 

2002 
9.36 ± 
0.81   dry 

wt. 
Black Sea and River 

 Tüzen et al. 2004 

2.63   dry 
wt. Black Sea Uluozlu et al. 

2007 
1.51 ± 
0.26   

wet 
wt.  Türkmen et al. 

2008b 
0.63 ± 
0.19 

 

0.51 ± 
0.12   

0.348 ± 
0.106   dry 

wt. Black Sea Turan et al. 2009 

1.93 ± 
0.15   wet 

wt. Black Sea Tüzen 2009 
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3.12   dry 
wt. 

Samsun, Sinop, Terme, 
Fatsa, Ordu 

Nisbet et al. 
2010 

0.27 ± 
0.07   dry 

wt. Black Sea Alkan et al. 2013 

1.04 ± 
0.35   

wet 
wt. Giresun, Trabzon, Rize  0.48 ± 

0.12 
 

0.54 ± 
0.15   

0.47 ± 
0.02   

dry 
wt. Sinop et al. 

2016 

0.70 ± 
0.09 

 

0.49 ± 
0.07 

 

0.72 ± 
0.06 

 

0.66 ± 
0.06 

 

0.76 ± 
0.00 

 

0.78 ± 
0.05 

 

0.91 ± 
0.00   

0.14 ± 
0.05 

 

wet 
wt. Samsun, Sinop, Kocaeli Türkmen and 

Dura 2016 
0.13 ± 
0.04 

 

0.33 ± 
0.19   

Gadus marlangus 2.90 ± 
0.18   dry 

wt. 
Black Sea and River 

 Tüzen et al. 2004 

Gaidropsarus 
mediterraneus 

1.02 ± 
0.31   wet 

wt. Sinop et al. 2015 

Gobius cephalarges 4.75   dry 
wt. 

Samsun, Sinop, Terme, 
Fatsa, Ordu 

Nisbet et al. 
2010 

Liza ramada 0.46 ± 
0.37   dry 

wt. Black Sea Ergül and Aksan 
2013 

Merlangius euxinus 3.78   dry 
wt. 

Samsun, Sinop, Terme, 
Fatsa, Ordu 

Nisbet et al. 
2010 

Merlangius 
merlangus 

<0.01   wet 
wt.  et al. 

2002 
0.83 ± 
0.21   

wet 
wt.  Tepe et al. 2008 1.95 ± 

0.66 
 

0.67 ± 
0.16   

1.363 ± 
0.50   dry 

wt. Black Sea Turan et al. 2009 
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1.14 ± 
0.10   wet 

wt. Black Sea Tüzen 2009 

1.96 ± 
0.66 

1.25-
2.87 

wet 
wt.  2011 

0.31 ± 
0.29   dry 

wt. Black Sea Ergül and Aksan 
2013 

0.09 ± 
0.02   

wet 
wt. Giresun, Trabzon, Rize  1.80 ± 

0.04 
 

2.44 ± 
0.49   

0.61 0.41-
0.82 

dry 
wt. Samsun, Ordu Alkan et al. 2016 

3.05 ± 
0.32 

 

wet 
wt. Samsun, Sinop, Kocaeli Türkmen and 

Dura, 2016 
0.80 ± 
0.17 

 

2.52 ± 
0.17   

Merlangius 
merlangus euxinus  

0.077   wet 
wt. Sinop Bat et al. 2006 

0.36 0.01-
0.71 

dry 
wt. Trabzon Alkan et al. 2012 

 
Mugil cephalus 
  

2.74 ± 
0.17   wet 

wt. Black Sea Tüzen 2009 

0.64 ± 
0.36 

 
wet 
wt. Giresun, Rize  0.09 ± 

0.04   

Mugil soiuy 1.18 ± 
0.36   wet 

wt. Sinop et al. 2015 

Mugil sp. 3.345   wet 
wt. Sinop Bat et al. 2006 

Mullus barbatus 

2.26 ± 
0.59   dry 

wt. Sinop Bat et al. 1996 

0.152   wet 
wt. Sinop Bat et al. 2006 

4.34   dry 
wt. Black Sea Uluozlu et al. 

2007 
1.24 ± 
0.21   wet 

wt. Trabzon, Sinop Tepe et al. 2008 1.05 ± 
0.29   

0.658 ± 
0.333   dry 

wt. Black Sea Turan et al. 2009 

1.55 ± 
0.12   wet 

wt. Black Sea Tüzen 2009 

2.47   dry 
wt. 

Samsun, Sinop, Terme, 
Fatsa, Ordu 

Nisbet et al. 
2010 

0.63 ± 
0.85 

0.09-
2.84 

wet 
wt.  2011 
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0.05 ± 
0.05   dry 

wt. Black Sea Ergül and Aksan 
2013 

2.54 ± 
0.03   

wet 
wt. Giresun, Trabzon, Rize  1.73 ± 

0.02 
 

1.78 ± 
0.08   

0.46 0.43-
0.48 

dry 
wt. Samsun, Ordu Alkan et al. 2016 

0.39 ± 
0.01   

dry 
wt. Sinop et al. 

2016 

0.54 ± 
0.10 

 

0.44 ± 
0.02 

 

0.59 ± 
0.07 

 

0.44 ± 
0.00 

 

0.42 ± 
0.05 

 

0.51 ± 
0.05 

 

0.45 ± 
0.02   

2.21 ± 
0.44   

wet 
wt. Samsun, Sinop, Kocaeli Türkmen and 

Dura 2016 
0.21 ± 
0.04 

 

2.85 ± 
0.06   

0.47  
wet 
wt. Trabzon 2016c 

0.61  
1.17  
1.35   

Mullus barbatus 
ponticus 0.35 0.02-

0.67 
dry 
wt. Trabzon Alkan et al. 2012 

Mullus surmuletus 0.17 ± 
0.02   dry 

wt. Black Sea Ergül and Aksan 
2013 

Pomatomus saltator 

1.20 ± 
0.09   dry 

wt. Sinop Bat et al. 1998 

3.785   wet 
wt. Sinop Bat et al. 2006 

3.89   dry 
wt. Black Sea Uluozlu et al. 

2007 
1.87 ± 
0.15   wet 

wt. Black Sea Tüzen 2009 

Pomatomus saltatrix 
1.91   dry 

wt. 
Samsun, Sinop, Terme, 
Fatsa, Ordu 

Nisbet et al. 
2010 

0.13 ± 
0.06   dry 

wt. Black Sea Ergül and Aksan 
2013 
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0.27 ± 
0.06   

wet 
wt. Rize, Giresun, Trabzon  1.68 ± 

0.030 
 

0.41 ± 
0.14   

2.45 ± 
0.36 

 

wet 
wt. Samsun, Sinop, Kocaeli Türkmen and 

Dura 2016 
1.61 ± 
0.74 

 

0.40 ± 
0.05   

Psetta maxima 

4.504   wet 
wt. Sinop Bat et al. 2006 

3.60 ± 
0.21   wet 

wt. Black Sea Tüzen 2009 

3.22   dry 
wt. 

Samsun, Sinop, Terme, 
Fatsa, Ordu 

Nisbet et al. 
2010 

0.08 ± 
0.08   dry 

wt. Black Sea Ergül and Aksan 
2013 

Sarda sarda 

5.30 ± 
0.39   dry 

wt. 
Black Sea and River 

 Tüzen et al. 2004 

0.307   wet 
wt. Sinop Bat et al. 2006 

2.70 ± 
0.18   wet 

wt. Black Sea Tüzen 2009 

3.04 ± 
0.24   dry 

wt. 
Samsun, Sinop, Terme, 
Fatsa, Ordu 

Nisbet et al. 
2010 

0.43 ± 
0.03   dry 

wt. Black Sea Ergül and Aksan 
2013 

5.91 ± 
0.21   

wet 
wt. Giresun, Trabzon, Rize  2.94 ± 

0.92 
 

4.46 ± 
1.06   

1.24 ± 
0.09 

 

wet 
wt. Samsun, Sinop, Kocaeli Türkmen and 

Dura 2016 
2.89 ± 
0.73 

 

2.52 ± 
0.17   

Sciaena umbra 0.25 ± 
0.15   dry 

wt. Black Sea Ergül and Aksan 
2013 

Scomber scombrus 2.11 ± 
0.15   wet 

wt. Black Sea Tüzen 2009 

Solea solea 0.30 ± 
0.06   dry 

wt. Black Sea Ergül and Aksan 
2013 

Solea vulgaris 0.45   wet 
wt. Sinop Bat et al. 2006 

Spicara smaris 0.25 ± 
0.07   wet 

wt. Trabzon Türkmen et al. 
2008b 
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5.77   dry 
wt. 

Samsun, Sinop, Terme, 
Fatsa, Ordu 

Nisbet et al. 
2010 

Sprattus sprattus 0.30 ± 
0.12   dry 

wt. Black Sea Alkan et al. 2013 

Trachurus 
mediterraneus 

0.51 ± 
0.11   wet 

wt.  Türkmen et al. 
2008 0.62 ± 

0.02   

0.53 ± 
0.16   dry 

wt. Black Sea Alkan et al. 2013 

Trachurus trachurus 

1.57 ± 
0.26   dry 

wt. Sinop Bat et al. 1996 

6.73 ± 
0.52   dry 

wt. 
Black Sea and River 

 Tüzen et al. 2004 

3.93   dry 
wt. Black Sea Uluozlu et al. 

2007 
1.50 ± 
0.13   wet 

wt. Black Sea Tüzen 2009 

4.68   dry 
wt. 

Samsun, Sinop, Terme, 
Fatsa, Ordu 

Nisbet et al. 
2010 

1.41 ± 
0.01   

wet 
wt. Giresun, Trabzon, Rize  1.77 ± 

0.03 
 

1.78 ± 
0.10   

0.49 ± 
0.01   

dry 
wt. Sinop et al. 

2016 

0.36 ± 
0.02 

 

0.67 ± 
0.06 

 

0.40 ± 
0.06 

 

0.30 ± 
0.02 

 

0.29 ± 
0.03 

 

0.64 ± 
0.12 

 

0.45 ± 
0.04   

0.22 ± 
0.05 

 

wet 
wt. Samsun, Sinop, Kocaeli Türkmen and 

Dura 2016 
0.34 ± 
0.18 

 

2.92 ± 
0.35   
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21. Zinc (Zn) 

Zn is the second most abundant metal after Fe (ATSDR 2005b), and is an 
essential element and micronutrient in aquatic organisms, found almost in every cell and 
being involved in nucleic acid synthesis and occurs in many enzymes (Authman et al. 
2015). Zn and its compounds are widely used in industry to make paint, rubber, dyes, 
wood preservatives, ointments (ATSDR 2005b), and in commerce and in medicine 
(Authman et al. 2015). It may occur in aquatic ecosystem as a free cation as soluble Zn 
complexes, or can be adsorbed on suspended matter. Recently, Authman et al. (2015) 
reviewed that Zn wastes can have a straight toxicity to fish at increased waterborne levels, 
and fisheries can be affected by either Zn alone or more often allied to Cu and other 
metals.  

As it can be seen from Table 11, High Zn concentrations were found in P. 
saltator (93.4 ± 5.8 mg/ kg wet wt.), S. scombrus (88.2 ± 4.6 mg/ kg wet wt.) and M. 
cephalus (86.2 ± 7.5 mg/ kg wet wt.) captured in the Turkish Black Sea coasts (Tüzen 
2009). Figure 11 shows the overall mean concentrations of Zn in fish species from the 
Turkish Black Sea coasts. 

 

Figure 11. Overall mean concentrations of Zn in the edible tissues of fish species from 
the Turkish Black Sea coasts 
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Table 11. Zinc (Zn) concentrations in the edible muscles of fish species from the Turkish 
Black Sea coasts 

Species Mean ± 
SD 

Min-
Max 

Met
hod Locations References 

Alosa alosa 

3.65 ± 
0.55   wet 

wt. Trabzon, Rize  4.28 ± 
0.78   

3.62 ± 
0.15   wet 

wt. Samsun Türkmen and 
Dura 2016 

Alosa bulgarica 
3.07 1.65-

4.48 
dry 
wt. Sinop Bat 1992 

1.65 ± 
0.17   dry 

wt. Sinop Öztürk and Bat 
1994 

Alosa caspia 

20.41 ± 
1.75   dry 

wt. Samsun Tüzen 2003 22.94 ± 
1.60   

30.87   dry 
wt. 

Samsun, Sinop, Terme, 
Fatsa, Ordu 

Nisbet et al. 
2010 

Belone belone 

7.76 ± 
1.37   dry 

wt. Sinop Bat et al. 1998 

5.75 ± 
0.60   

wet 
wt. Giresun, Trabzon, Rize  8.01 ± 

0.60 
 

6.58 ± 
0.76   

7.46 ± 
1.09 

 

wet 
wt. Samsun, Sinop, Kocaeli Türkmen and 

Dura 2016 
19.5 ± 
0.46 

 

9.59 ± 
1.13   

Clupea sprattus 

9.50 ± 
0.60   dry 

wt. Samsun Tüzen 2003 10.36 ± 
1.29   

49.1 ± 
3.7   wet 

wt. Black Sea Tüzen 2009 

Engraulis 
encrasicolus 

3.55 ± 
0.68   dry 

wt. Sinop Bat et al. 1996 

35.7   wet 
wt. Amasra et al. 

2002 
17.38 ± 
2.01   dry 

wt. Samsun Tüzen 2003 18.85 ± 
1.72   

112.71 ± 
10.8   dry 

wt. Black Sea  Tüzen et al. 
2004 
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40.20   dry 
wt. Black Sea Uluozlu et al. 

2007 
10.8 ± 
1.29   

wet 
wt.  Türkmen et al. 

2008b 
10.6 ± 
0.88 

 

45.6 ± 
22.1   

25.416 ± 
3.664 

dry 
wt. Black Sea Turan et al. 

2009 
38.8 ± 
3.2   wet 

wt. Black Sea Tüzen 2009 

26.25   dry 
wt. 

Samsun, Sinop, Terme, 
Fatsa, Ordu 

Nisbet et al. 
2010 

129.3 ± 
15   dry 

wt. Samsun Aygun and 
Abanoz 2011 221 ± 

10.5   

8.23 ± 
2.94   dry 

wt. Black Sea Alkan et al. 
2013 

17.56 ± 
2.13   

wet 
wt. Giresun, Trabzon, Rize  15.04 ± 

1.02 
 

11.14 ± 
0.48   

9.5 ± 
1.43   

wet 
wt. 

Sinop 

Bat et al. 2014 

8.6 ± 
1.29 

 

9.7 ± 
1.46 

 
Samsun 12.9 ± 

1.94 
 

12.7 ± 
1.91 

 
Fatsa 11.7 ± 

1.76 
 

13.0 ± 
1.95 

 
Batumi 11.7 ± 

1.76   

40.28 ± 
0.67   

dry 
wt. Sinop et al. 

2016 

44.82 ± 
3.04 

 

40.01 ± 
1.91 

 

31.96 ± 
0.76 

 

36.07 ± 
1.05 
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42.23 ± 
1.17 

 

40.79 ± 
1.13 

 

35.65 ± 
1.62   

17.6 ± 
1.00 

 

wet 
wt. Samsun, Sinop, Kocaeli Türkmen and 

Dura 2016 
11.4 ± 
1.71 

 

11.5 ± 
0.67   

Gadus marlangus 40.54 ± 
3.88   dry 

wt. 
Black Sea and River 

 
Tüzen et al. 
2004 

Gaidropsarus 
mediterraneus 

16.1 ± 
3.59   wet 

wt. Sinop et al. 2015 

Gobius cephalarges 23.30   dry 
wt. 

Samsun, Sinop, Terme, 
Fatsa, Ordu 

Nisbet et al. 
2010 

Liza aurata 2.9   wet 
wt. Sinop  Bat et al. 2015 

Liza ramada 17.2 ± 
1.0   dry 

wt. Black Sea Ergül and Aksan 
2013 

Merlangius euxinus 31.34   dry 
wt. 

Samsun, Sinop, Terme, 
Fatsa, Ordu 

Nisbet et al. 
2010 

Merlangius 
merlangus 

43.1   wet 
wt.  et al. 

2002 30.2   

3.3   wet 
wt. Black Sea Dalman et al. 

2006 
8.62 ± 
0.54   

wet 
wt.  Tepe et al. 2008 12.9 ± 

4.14 
 

5.72 ± 
0.37   

6.029 ± 
0.545   dry 

wt. Black Sea Turan et al. 
2009 

65.4 ± 
4.2   wet 

wt. Black Sea Tüzen 2009 

27.7   wet 
wt. Black Sea Durali et al. 

2010 
20.6 ± 
2.1   wet 

wt. 
Samsun, Ordu, 
Trabzon, Rize 

Mendil et al. 
2010b 

77.99 ± 
46.91 

37.96-
152.67 

wet 
wt.  Çiçek 2011 

18.0 ± 
1.4   dry 

wt. Black Sea Ergül and Aksan 
2013 

3.77 ± 
0.22   

wet 
wt. Giresun, Trabzon, Rize  5.65 ± 

0.58 
 

4.08 ± 
0.36   
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3.4   wet 
wt. Sinop  Bat et al. 2015 

21.5 18.78-
24.83 

dry 
wt. Samsun, Ordu Alkan et al. 

2016 

23   wet 
wt. Sinop 2016a 

5.04 ± 
0.58 

 

wet 
wt. Samsun, Sinop, Kocaeli Türkmen and 

Dura 2016 
3.47 ± 
0.27 

 

3.99 ± 
0.50   

Merlangius 
merlangus euxinus  

15.32   dry 
wt. Black Sea Boran et al. 

2000  

9.46   wet 
wt. Sinop Bat et al. 2006 

86.07 8.86-
163.28 

dry 
wt. Sinop Türk Çulha et 

al. 2007 
58 ± 
3.5   dry 

wt. Samsun Aygun and 
Abanoz 2011 28.3 ±  

1   

43.35 18.64-
68.06 

dry 
wt. Trabzon Alkan et al. 

2012 

Mugil cephalus 

86.2 ± 
7.5   wet 

wt. Black Sea Tüzen 2009 

4.18 ± 
0.41 

 
wet 
wt. Giresun, Rize  3.99 ± 

0.99   

Mugil soiuy 5.63 ± 
1.69   wet 

wt. Sinop et al. 2015 

Mugil sp. 24.04   wet 
wt. Sinop Bat et al. 2006 

Mullus barbatus 

2.42 ± 
0.27   dry 

wt. Sinop Bat et al. 1996 

9.90   wet 
wt. Sinop Bat et al. 2006 

4.3   wet 
wt. Black Sea Dalman et al. 

2006 

32.36 1.42-
63.29 

dry 
wt. Sinop Türk Çulha et 

al. 2007 

106.00   dry 
wt. Black Sea Uluozlu et al. 

2007 
8.26 ± 
0.77   wet 

wt. Trabzon, Sinop Tepe et al. 2008 10.5 ± 
2.03   

7.573 ± 
0.389   dry 

wt. Black Sea Turan et al. 
2009 

75.5 ± 
5.3   wet 

wt. Black Sea Tüzen 2009 
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17.8   wet 
wt. Black Sea Durali et al. 

2010 

23.71   dry 
wt. 

Samsun, Sinop, Terme, 
Fatsa, Ordu 

Nisbet et al. 
2010 

16.03 ± 
14.05 

3.48-
40.72 

wet 
wt.  Çiçek 2011 

14.6 ± 
1.3   dry 

wt. Black Sea Ergül and Aksan 
2013 

6.02 ± 
0.45   

wet 
wt. Giresun, Trabzon, Rize  7.15 ± 

0.64 
 

5.00 ± 
0.31   

3.2   wet 
wt. Sinop  Bat et al. 2015 

19.7 18.89-
20.99 

dry 
wt. Samsun, Ordu Alkan et al. 

2016 
13.00 ± 
0.07    

dry 
wt. Sinop et al. 

2016 

11.93 ± 
0.77 

 

10.64 ± 
0.45 

 

19.53 ± 
1.77 

 

12.97 ± 
0.86 

 

12.45 ± 
0.34 

 

13.81 ± 
0.57 

 

13.79 ± 
0.02   

4.95 ± 
0.60   

wet 
wt. Samsun, Sinop, Kocaeli Türkmen and 

Dura 2016 
9.49 ± 
0.38 

 

5.71 ± 
0.88   

5.60  
wet 
wt. Samsun, Trabzon 2016c 

6.10  
8.90  
9.40   

Mullus barbatus 
ponticus 

17.8 ± 
1.8   wet 

wt. 
Samsun, Ordu, 
Trabzon, Rize 

Mendil et al. 
2010b 

31.7 19.89-
43.50 

dry 
wt. Trabzon Alkan et al. 

2012 

Mullus surmuletus 16.5 ± 
1.0   dry 

wt. Black Sea Ergül and Aksan 
2013 

Pomatomus saltator 9.40 ± 
1.48   dry 

wt. Sinop Bat et al. 1998 



395 
 

15.39   wet 
wt. Sinop Bat et al. 2006 

35.40   dry 
wt. Black Sea Uluozlu et al. 

2007 
93.4 ± 
5.8   wet 

wt. Black Sea Tüzen 2009 

Pomatomus saltatrix 

25.51   dry 
wt. 

Samsun, Sinop, Terme, 
Fatsa, Ordu 

Nisbet et al. 
2010 

15.3 ± 
1.0   dry 

wt. Black Sea Ergül and Aksan 
2013 

5.75 ± 
0.77   

wet 
wt. Rize, Giresun, Trabzon  4.44 ± 

0.65 
 

6.76 ± 
0.39   

6.83 ± 
0.28   

wet 
wt. Samsun, Sinop, Kocaeli Türkmen and 

Dura 2016 
5.66 ± 
0.56 

 

6.02 ± 
0.86   

Psetta maxima 

32.93   wet 
wt. Sinop Bat et al. 2006 

45.2 ± 
2.7   wet 

wt. Black Sea Tüzen 2009 

24.83   dry 
wt. 

Samsun, Sinop, Terme, 
Fatsa, Ordu 

Nisbet et al. 
2010 

21.9 ± 
0.6   dry 

wt. Black Sea Ergül and Aksan 
2013 

Raja clavata 21.24 6.60-
35.87 

dry 
wt. Sinop Türk Çulha et 

al. 2007 

Sarda sarda 

11.20 ± 
1.44   dry 

wt. Samsun Tüzen 2003 13.72 ± 
1.32   

25.76 ± 
2.01   dry 

wt. Black Sea  Tüzen et al. 
2004 

12.66   wet 
wt. Sinop Bat et al. 2006 

48.7 ± 
3.7   dry 

wt. Black Sea Uluozlu et al. 
2007 

64.9 ± 
5.2   wet 

wt. Black Sea Tüzen 2009 

21   wet 
wt. Black Sea Mendil et al. 

2010a 
21.0 ± 
2.1   dry 

wt. 
Samsun, Ordu, 
Trabzon, Rize 

Mendil et al. 
2010b 

19.55 ± 
1.20   dry 

wt. 
Samsun, Sinop, Terme, 
Fatsa, Ordu 

Nisbet et al. 
2010 

15.16 12.75-
17.56 

wet 
wt. Sinop Bat et al. 2012 
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12.3 ± 
0.3   dry 

wt. Black Sea Ergül and Aksan 
2013 

12.97 ± 
3.68   

wet 
wt. Giresun, Trabzon, Rize  11.73 ± 

1.97 
 

12.47 ± 
2.53   

32.1 ± 
10.2   

wet 
wt. Samsun, Sinop, Kocaeli Türkmen and 

Dura 2016 
7.29 ± 
2.51 

 

5.26 ± 
1.07   

Sciaena umbra 

11.6 ± 
1.64   dry 

wt. Marmara and Black Sea Acar et al. 2010 

12.7 ± 
0.4   dry 

wt. Black Sea Ergül and Aksan 
2013 

Scomber scombrus 88.2 ± 
4.6   wet 

wt. Black Sea Tüzen 2009 

Solea solea 18.4 ± 
0.6   dry 

wt. Black Sea Ergül and Aksan 
2013 

Solea vulgaris 18.03   wet 
wt. Sinop Bat et al. 2006 

Spicara smaris 

31.99 6.23-
57.74 

dry 
wt. Sinop Türk Çulha et 

al. 2007 
12.2 ± 
2.63   wet 

wt. Trabzon Türkmen et al. 
2008b 

24.35   dry 
wt. 

Samsun, Sinop, Terme, 
Fatsa, Ordu 

Nisbet et al. 
2010 

Sprattus sprattus 

0.87 ± 
0.07   dry 

wt. Black Sea Alkan et al. 
2013 

13.40  wet 
wt. Samsun, Sinop 

2016b 
25.40  
22.50  wet 

wt. Samsun, Sinop 38.90   

Trachurus 
mediterraneus 

42.6 ± 
9.14   wet 

wt.  Türkmen et al. 
2008 8.15 ± 

1.81   

18.13 ± 
0.95   dry 

wt. Black Sea Alkan et al. 
2013 

24.7   wet 
wt. Sinop  Bat et al. 2015 

Trachurus trachurus 

3.28 ± 
0.66   dry 

wt. Sinop Bat et al. 1996 

12.05 ± 
2.30   dry 

wt. Samsun Tüzen 2003 11.41 ± 
1.15   

53.4 ± 
4.3   dry 

wt. Black Sea  Tüzen et al. 
2004 
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37.40   dry 
wt. Black Sea Uluozlu et al. 

2007 
52.7 ± 
4.9   wet 

wt. Black Sea Tüzen 2009 

25.7   wet 
wt. Black Sea Durali et al. 

2010 
25.7 ± 
2.6   wet 

wt. 
Samsun, Ordu, 
Trabzon, Rize 

Mendil et al. 
2010b 

27.70   dry 
wt. 

Samsun, Sinop, Terme, 
Fatsa, Ordu 

Nisbet et al. 
2010 

3.75 ± 
0.73   

wet 
wt. Giresun, Trabzon, Rize  6.38 ± 

0.95 
 

5.57 ± 
1.04   

24.52 ± 
0.17   

dry 
wt. Sinop et al. 

2016 

21.09 ± 
2.18 

 

19.83 ± 
0.48 

 

24.17 ± 
0.39 

 

20.45 ± 
1.44 

 

25.10 ± 
0.71 

 

19.98 ± 
1.67 

 

27.39 ± 
0.97   

6.90 ± 
0.41 

 

wet 
wt. Samsun, Sinop, Kocaeli Türkmen and 

Dura 2016 
11.5 ± 
1.97 

 

5.70 ± 
0.83   

 

22. Iron (Fe) 

Fe is the fourth most common element in the Earth's crust. It plays a major act 
in biology, forming complexes with molecular oxygen in haemoglobin and myoglobin 
which are common oxygen transport proteins in vertebrates. It is a prevalent component 
of industrial and mining effluents that are frequently discharged into marine environments 
(Authman et al. 2015). Ferrous Fe2+ is found to be more toxic to fish than the ferric Fe3+ 
form (Decker and Menendez 1974) and the toxicity of Fe is augmented with increasing 
acidity (Vuorinen et al. 1999). In general, Fe concentrations in fish species from the Black 
Sea of Turkey were the most abundant element compared with the other ten elements. Fe 
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concentrations in the edible muscles of fish species from the Turkish Black Sea coasts 
were shown in Table 12. Figure 12 shows the overall mean concentrations of Fe in fish 
species from the Turkish Black Sea coasts. 

 

Figure 12. Overall mean concentrations of Fe in the edible tissues of fish species from 
the Turkish Black Sea coasts 

 

Table 12. Iron (Fe) concentrations in the edible muscles of fish species from the Turkish 
Black Sea coasts 

Species Mean ± 
SD 

Min-
Max 

Met
hod Locations References 

Alosa alosa

38.6 ± 
4.39   wet 

wt. Trabzon, Rize  35.0 ± 
4.11 
16.6 ± 
9.29   wet 

wt. Samsun Türkmen and 
Dura 2016

Alosa bulgarica 
5.38 1.61-

9.14 
dry 
wt. Sinop Bat 1992 

1.61 ± 
0.30   dry 

wt. Sinop Öztürk and Bat 
1994 

Alosa caspia 

16.08 ± 
1.15   dry 

wt. Samsun Tüzen 2003 15.50 ± 
2.10   

33.78   dry 
wt. 

Samsun, Sinop, Terme, 
Fatsa, Ordu 

Nisbet et al. 
2010 
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Belone belone 

18.6 ± 
5.75   

wet 
wt. Giresun, Trabzon, Rize  39.0 ± 

4.07 
 

30.4 ± 
7.84   

13.1 ± 
1.80   

wet 
wt. 

Samsun, Sinop, 
Kocaeli 

Türkmen and 
Dura 2016 

7.50 ± 
1.68 

 

20.2 ± 
4.67   

25 ±  
4.1   dry 

wt. Sinop Bat et al. 1998 

Clupea sprattus 

25.48 ± 
3.18   dry 

wt. Samsun Tüzen 2003 24.12 ± 
2.06   

48.2 ±  
4.3   wet 

wt. Black Sea Tüzen 2009 

Engraulis 
encrasicolus 

4.87 ± 
1.15   dry 

wt. Sinop Bat et al. 1996 

44   wet 
wt. Amasra et al. 

2002 
10.45 ± 
1.63   dry 

wt. Samsun Tüzen 2003 10.32 ± 
1.05   

80.56 ± 
7.9   dry 

wt. 
Black Sea and River 

 
Tüzen et al. 
2004 

95.60   dry 
wt. Black Sea Uluozlu et al. 

2007 
44.4 ± 
9.23   

wet 
wt.  Türkmen et al. 

2008b 
35.7 ± 
9.81 

 

35.9 ± 
12.1   

18.008 ± 
2.697   dry 

wt. Black Sea Turan et al. 
2009 

75.7 ±  
6.5   wet 

wt. Black Sea Tüzen 2009 

26.06   dry 
wt. 

Samsun, Sinop, Terme, 
Fatsa, Ordu 

Nisbet et al. 
2010 

34 ±  
2.5   wet 

wt. Samsun Aygun and 
Abanoz 2011 51.5 ±  

5.3   

53.6 ± 
0.45   wet 

wt. Giresun, Trabzon, Rize  52.9 ± 
0.42 
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53.1 ± 
0.59   

22.18 ± 
1.16   

dry 
wt. Sinop et al. 

2016 

23.90 ± 
3.77 

 

18.69 ± 
0.03 

 

23.20 ± 
0.54 

 

19.22 ± 
0.52 

 

18.33 ± 
0.59 

 

17.27 ± 
2.09 

 

17.86 ± 
0.11   

54.1 ± 
0.12 

 

wet 
wt. 

Samsun, Sinop, 
Kocaeli 

Türkmen and 
Dura 2016 

52.5 ± 
0.74 

 

54.0 ± 
0.14   

Gadus marlangus 102.51 ± 
9.8   dry 

wt. 
Black Sea and River 

 
Tüzen et al. 
2004 

Gaidropsarus 
mediterraneus 

49.2 ± 
10.5   wet 

wt. Sinop et al. 2015 

Gobius cephalarges 26.17   dry 
wt. 

Samsun, Sinop, Terme, 
Fatsa, Ordu 

Nisbet et al. 
2010 

Liza aurata 3.2   wet 
wt. Sinop  Bat et al. 2015 

Liza ramada 55.0 ±  
5.0   dry 

wt. Black Sea Ergül and Aksan 
2013 

Merlangius euxinus 28.84   dry 
wt. 

Samsun, Sinop, Terme, 
Fatsa, Ordu 

Nisbet et al. 
2010 

Merlangius 
merlangus 

57   wet 
wt.  et al. 

2002 46   

2.5   wet 
wt. Black Sea Dalman et al. 

2006 
48.4 ± 
12.6   

wet 
wt.  Tepe et al. 2008 81.9 ± 

18.3 
 

34.0 ± 
2.24   

4.488 ± 
0.441   dry 

wt. Black Sea Turan et al. 
2009 

98.1 ±  
7.7   wet 

wt. Black Sea Tüzen 2009 

27.7 ±  
2.8   wet 

wt. 
Samsun, Ordu, 
Trabzon, Rize 

Mendil et al. 
2010b 
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83.01 ± 
38.14 

59.97-
150.74 

wet 
wt.  Çiçek 2011 

84.2 ±  
12   dry 

wt. Black Sea Ergül and Aksan 
2013 

32.1 ± 
6.89   

wet 
wt. 
  

Giresun, Trabzon, Rize 
  

 
  

45.6 ± 
4.52 

 

8.16 ± 
2.32   

0.87   wet 
wt. Sinop  Bat et al. 2015 

11.00   wet 
wt. Sinop 2016a 

17.7 ± 
5.40   wet 

wt. 
Samsun, Sinop, 
Kocaeli 

Türkmen and 
Dura 2016 

8.34 ± 
1.88 

 wet 
wt. 

16.4 ± 
1.78   wet 

wt. 

Merlangius 
merlangus euxinus  

14.14   dry 
wt. Black Sea Boran et al. 

2000  

16.52   wet 
wt. Sinop Bat et al. 2006 

9.9 ±  
2.1 

 
wet 
wt. Samsun 

Aygun and 
Abanoz 2011 

7 ±  
4.6     

Mugil cephalus 

125 ±  
10   wet 

wt. Black Sea Tüzen 2009 

42.9 ± 
4.26 

 
wet 
wt. Giresun, Rize  41.1 ± 

4.34   

Mugil soiuy 43.0 ± 
12.9   wet 

wt. Sinop et al. 2015 

Mugil sp. 6.34   wet 
wt. Sinop Bat et al. 2006 

Mullus barbatus 

4.18 ± 
0.81   dry 

wt. Sinop Bat et al. 1996 

21.33   wet 
wt. Sinop Bat et al. 2006 

4.5   wet 
wt. Black Sea Dalman et al. 

2006 

163.00   dry 
wt. Black Sea Uluozlu et al. 

2007 
27.7 ± 
5.63   wet 

wt. Trabzon, Sinop Tepe et al. 2008 21.8 ± 
2.01   

21.272 ± 
1.476   dry 

wt. Black Sea Turan et al. 
2009 
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53.2 ±  
2.8   wet 

wt. Black Sea Tüzen 2009 

29.17   dry 
wt. 

Samsun, Sinop, Terme, 
Fatsa, Ordu 

Nisbet et al. 
2010 

21.20 ± 
12.99 

7.90-
39.88 

wet 
wt.  Çiçek 2011 

20.2 ±  
0.7   dry 

wt. Black Sea Ergül and Aksan 
2013 

44.7 ± 
3.08   

wet 
wt. Giresun, Trabzon, Rize  49.5 ± 

8.70 
 

30.5 ± 
8.46   

2.3   wet 
wt. Sinop  Bat et al. 2015 

17.80 ± 
2.28   

dry 
wt. Sinop et al. 

2016 

12.87 ± 
2.13 

 

16.41 ± 
2.59 

 

20.81 ± 
2.62 

 

19.09 ± 
2.79 

 

20.31 ± 
0.02 

 

18.86 ± 
3.52 

 

19.10 ± 
1.45   

24.9 ± 
6.83   

wet 
wt. 

Samsun, Sinop, 
Kocaeli 

Türkmen and 
Dura 2016 

2.11 ± 
0.41 

 

10.4 ± 
3.89   

3.30   
wet 
wt. Samsun, Trabzon 2016c 

2.80  
7.20  
6.30   

Mullus barbatus 
ponticus 

41.4 ±  
4.1   wet 

wt. 
Samsun, Ordu, 
Trabzon, Rize 

Mendil et al. 
2010b 

Mullus surmuletus 39.4 ±  
9.8   dry 

wt. Black Sea Ergül and Aksan 
2013 

Pomatomus saltator 

21 ±  
3.7   dry 

wt. Sinop Bat et al. 1998 

62.19   wet 
wt. Sinop Bat et al. 2006 

68.60   dry 
wt. Black Sea Uluozlu et al. 

2007 
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110 ±  
8   wet 

wt. Black Sea Tüzen 2009 

Pomatomus saltatrix 

23.81   dry 
wt. 

Samsun, Sinop, Terme, 
Fatsa, Ordu 

Nisbet et al. 
2010 

17.2 ±  
2.4   dry 

wt. Black Sea Ergül and Aksan 
2013 

43.4 ± 
5.28   

wet 
wt. Rize, Giresun, Trabzon  31.4 ± 

6.56 
 

48.0 ± 
5.43   

30.6 ± 
7.42   wet 

wt. 
Samsun, Sinop, 
Kocaeli 

Türkmen and 
Dura 2016 

20.7 ± 
5.37 

  

24.7 ± 
6.79     

Psetta maxima 

39.84   wet 
wt. Sinop Bat et al. 2006 

36.2 ±  
2.4   wet 

wt. Black Sea Tüzen 2009 

21.72   dry 
wt. 

Samsun, Sinop, Terme, 
Fatsa, Ordu 

Nisbet et al. 
2010 

17.3 ±  
2.8   dry 

wt. Black Sea Ergül and Aksan 
2013 

Sarda sarda 

9.52 ± 
0.81   dry 

wt. Samsun Tüzen 2003 10.14 ± 
1.11   

52.51 ± 
4.92   dry 

wt. 
Black Sea and River 

 
Tüzen et al. 
2004 

12.18   wet 
wt. Sinop Bat et al. 2006 

73.5 ±  
6.3   dry 

wt. Black Sea Uluozlu et al. 
2007 

68.5 ±  
5.4   wet 

wt. Black Sea Tüzen 2009 

25.5 ±  
2.3   dry 

wt. 
Samsun, Ordu, 
Trabzon, Rize 

Mendil et al. 
2010b 

25.96 ± 
2.73   dry 

wt. 
Samsun, Sinop, Terme, 
Fatsa, Ordu 

Nisbet et al. 
2010 

41.0 ±  
3.9   dry 

wt. Black Sea Ergül and Aksan 
2013 

40.7 ± 
10.42   

wet 
wt. Giresun, Trabzon, Rize  47.4 ± 

3.83 
 

37.8 ± 
7.53   

39.6 ± 
4.35 

 wet 
wt. 

Samsun, Sinop, 
Kocaeli 

Türkmen and 
Dura 2016 
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37.2 ± 
8.95 

 

43.1 ± 
1.34   

Sciaena umbra 

40.1 ±  
8.7   dry 

wt. 
Marmara and Black 
Sea Acar et al. 2010 

23.2 ±  
0.5   dry 

wt. Black Sea Ergül and Aksan 
2013 

Scomber scombrus 87.3 ±  
5.2   wet 

wt. Black Sea Tüzen 2009 

Solea solea 37.1 ±  
1.5   dry 

wt. Black Sea Ergül and Aksan 
2013 

Solea vulgaris 21.02   wet 
wt. Sinop Bat et al. 2006 

Spicara smaris 

32.2 ± 
8.00   wet 

wt. Trabzon Türkmen et al. 
2008b 

23.89   dry 
wt. 

Samsun, Sinop, Terme, 
Fatsa, Ordu 

Nisbet et al. 
2010 

Sprattus sprattus 

5.15   
wet 
wt. Samsun, Sinop 2016b 

3.87  
7.22  
11.20   

Trachurus 
mediterraneus 

57.2 ± 
17.9   wet 

wt.  Türkmen et al. 
2008 57.6 ± 

3.63   

2.2   wet 
wt. Sinop  Bat et al. 2015 

Trachurus trachurus 

4.28 ± 
0.95   dry 

wt. Sinop Bat et al. 1996 

32.40 ± 
2.70   dry 

wt. Samsun Tüzen 2003 31.26 ± 
1.73   

68.24 ± 
5.72   dry 

wt. 
Black Sea and River 

 
Tüzen et al. 
2004 

74.30   dry 
wt. Black Sea Uluozlu et al. 

2007 
145 ±  
12   wet 

wt. Black Sea Tüzen 2009 

36.4 ±  
3.5   wet 

wt. 
Samsun, Ordu, 
Trabzon, Rize 

Mendil et al. 
2010b 

21.17   dry 
wt. 

Samsun, Sinop, Terme, 
Fatsa, Ordu 

Nisbet et al. 
2010 

39.4 ± 
6.09   

wet 
wt. Giresun, Trabzon, Rize  45.7 ± 

5.20 
 

40.9 ± 
5.02   

19.65 ± 
0.20   dry 

wt. Sinop et al. 
2016 
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21.13 ± 
2.86 

 

24.34 ± 
0.32 

 

31.28 ± 
2.84 

 

23.85 ± 
2.20 

 

30.73 ± 
1.59 

 

30.71 ± 
1.01 

 

30.72 ± 
0.82   

2.09 ± 
0.12   

wet 
wt. 

Samsun, Sinop, 
Kocaeli 

Türkmen and 
Dura 2016 

2.88 ± 
2.02 

 

39.5 ± 
6.70   

It can be clearly seen that heavy metal levels in edible fish tissues are varied. 
The indicated variability of metal concentration in the same species depends on their 
habitats. Alosa spp., Belone belone, Engraulis spp., Mugil spp., Pomatomus spp. Sarda 
sarda, Trachurus spp. are pelagic species and migrate frequently. They are mainly feed 
upon plankton or crustaceans or small fish. However, Merlangius spp. are benthopelagic. 
The studied species occupy different layers of the water column. Mullus spp., Psetta 
maxima, Solea spp. live in association with sediment and has been found to be a 
carnivorous species, feeding on crustaceans, molluscs, sand grain, and detritus. These 
species spawn in different seasons and they have very different ecological traits. 
According to many studies, metals tend to accumulate in sediment. It is surprising that 
some flatfish and bottom feeders, and are associated with sediment species, did not show 
the highest level of metals compare to pelagic species. These patterns confirm that the 
differences in metal concentration in various fish species could considerably be attributed 
to the differences in feed habits. It may be suggested that feeding modes play basic and 
significant role in the control of heavy metal accumulation.  

It should be also kept in mind that if there is any significant difference on the 
weights and lengths of the fish as a result of sampling period, metal levels in fish muscles 
may be different. This is very important because differences in weights may bring 
differences in the concentrations of heavy metals in body tissues. For example, if a fish 
A is heavier than fish B and both fish have taken the same amount of a pollutant, then 
fish A would have lower concentration of the pollutant due to biological dilution. 
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23. Health Risk Assessment  

Considering the consumption structure in the Black Sea, fish with high economic 
value and large consumption rates were selected for the studies (Tables 2-12). The risk to 
human health as a result of consuming these species was evaluated by calculating 
Estimated Daily Intake (EDI). The mean heavy metal concentrations in muscle were used 
to evaluate the human health risk assessment from fish consumption. The EDI and EWI 
of heavy metals are shown in Table 13. 

Table 13. Estimated Weekly Intakes (EWI) and Estimated Daily Intakes (EDI) of heavy metals in 
edible tissues of fish species from Turkish coastal waters of the Black Sea 

Metals PTWIa PTWIb PTDIc EWId EDIe 

Hg 0.004 0.28 0.04 0.0056 0.0008 
Cd 0.007 0.49 0.07 0.0112 0.0016 
Pb 0.025 1.75 0.25 0.053 0.007 
As 0.015 1.05 0.15 0.044 0.006 
Cu 3.5 245 35 0.1568 0.0224 
Co - f f 0.00784 0.00112 
Cr (III) 
Cr (VI) 0.0233 1.631 0.233 0.0448 0.0064 

Mn 2-5 140-350 20-50 0.1904 0.0272 
Ni 0.035 2.45 0.35 0.1232 0.0176 
Zn 7 490 70 1.68 0.24 
Fe 5.6 392 56 2.688 0.384 
aPTWI (Provisional Tolerable Weekly Intake) in mg/week/kg body weight 
bPTWI for 70 kg adult person (mg/week/70 kg body wt.) 
cPTDI (Permissible Tolerable Daily Intake) (mg/day/70 kg body wt.) 
dEWI (Estimated Weekly Intake) (mg/week/ 70 kg body wt.) 
eEDI (Estimated Daily Intake) (mg/day/ kg body wt.)  
fThere is no PTWI set for Co 

 

Estimated hazard quotient (HQ) of Hg, Cd, Pb, As, Cu, Co, Cr, Mn, Ni, Zn and 
Fe suggest that these metals in the edible tissues of studied fish species (Tables 2-12) do 
not hazard any apparent threat to people, where the total HQ= 0.459) of all the considered 
metals were below the value of 1 (Figure 13).  

Recently, the consumption of the Black Sea fishes has become popular among 
the Turkish people, and the intake of heavy metals, through fish consumption is of high 
concern for human health risk. To evaluate the health risk to the Turkish people through 
consumption of the Black Sea fishes, the daily intake of the heavy metals was estimated 
on the basis of the concentrations (wet wt. basis) of the heavy metals in the edible tissues 
of fish and daily fish consumption. Thus, the presence of the heavy metals in the muscle 
of the Black Sea fishes may not cause any serious health risk to the consumers.  
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Figure 13. Total hazard quotient of Hg, Cd, Pb, As, Cu, Co, Cr, Mn, Ni, Zn and Fe via 
consumption of edible tissues of fish species from Turkish coastal waters of the Black 
Sea 

 

24. Conclusion 

It should be put into words that the changeability of the available results from 
various studies is explained taking into account that the regulation of heavy metals in fish 
and inductive reaction changes significantly, depending on factors related to variability 
of the metal, residence time in the medium, time of exposure, concentrations; physiology, 
metabolism, morphology and age of the fish; and the physical and chemical 
characteristics of the water. There are also inter-individual responses of fish, even 
stimulate that responses maybe because of the adaptive capacity of individuals to 
contaminated marine environments. 

The results of metals concentrations in the fish samples did not exceed the 
permissible limits set for metals. The daily intakes (EDI) of the metals were estimated 
taking into account the average of metal in all fish samples and the average consumption 
of fish per day for adults. These results are normally significantly lower than those in the 
recommended values of FAO/WHO and EU. 
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Estimated hazarded quotients of all the considered metals were below the value 
of 1, therefore the metals in fish samples do not pose any apparent threat to the population 
and these fishes in the Black Sea coasts of Turkey were healthy for consumption. 

 To protect people from toxic effect of fish consumption and to make sure of 
healthy foods, a continuous monitoring of the hazard quotients for food fish in natural 
conditions is very desirable (Gladyshev et al. 2009).  
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1. Introduction 

Monoaromatic hydrocarbons constitute an important fraction of volatile 
organic compounds in the aquatic environment. The volatile mono aromatic 
hydrocarbons, a collective name for benzene, toluene, ethylbenzene, and o-xylene, 
(m+p)-xylenes (light aromatic BTEX compounds) are also major constituents of re-
refined petroleum products and other common environmental contaminants. They are 
highly volatile and are quickly lost through evaporative processes. The BTEX 
compounds are among the most abundantly produced chemicals, and majority of them 
released into the environment enter the atmosphere directly (Buczynska et al. 2009). In 
addition to some natural sources (e.g. superior plant wax, algae and plankton), they are 
generated by incomplete combustion of organic matter from mobile (vehicle exhaust) 
and stationary (wood, coal and waste burning, heating, oil refining) sources (Hinwood 
et al. 2006). They are included in the US Environmental Protection Agency (EPA) 
purgeable priority pollutants list (USEPA 1989, 1993). 

2. Study Area 

The major environmental problems of the Black Sea, a marine basin virtually 
dead below a depth of about 100-150 m where high concentrations of hydrogen 
sulphide and sulphate-reducing bacteria are present (Murray et al. 1991), are markedly 
differrent from those in other seas. Having excess nutrient loads via the rivers (320-350 
km3 per year) and directly from land-based sources of domestic, industrial and 
agricultural sources and having anoxic conditions accounting for 87% of it, the Black 
Sea is now the largest natural anoxic water basin in the world and ranked among the 
most threatened inland seas of the world. 

Oil pollution is another problem of the Black Sea especially at places close to 
well-known sources. The highest levels of petroleum hydrocarbons (>0.18 mg l-1) 
detected in the surface waters of the Black Sea are located in three distinct areas. They 
are offshere the Georgian oil terminals, Danube River, and Turkish coast from 
Bulgarian border to the Zonguldak industrial area (BSERP 2007). Even the region along 
the northern exit of the Strait of Istanbul (Bosphorus) is not an industrial region but it is 
placed on the main shipping routes. Oil contamination in sediments, however, is 
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considerably less (5.5 – 60 μg g-1) than those found in surface waters. High-speed Black 
Sea currents and clean Mediterranean water within the two-layer water exchange should 
be preventing most of the deposition in sediment. To the east, petroleum hydrocarbon 
contamination in sediments becomes more crucial mainly due to major land-based 
sources and maritime transport of petroleum carrying tankers (Ünlü et al. 2009). 

Land-based pollution sources (mainly rivers, domestic and industrial 
discharges and dumping) account for more than 70% of the sediment pollution in the 
Black Sea. The large river systems drain 87% of its catchments and provide the 60% of 
the freshwater input. The water input and sediment load of the Turkish rivers are estimated 
annually at 41 km3 and 28 million tons, respectively (Hay 1994). Oil waste discharged 
annually into the Black Sea is estimated >110,000 tons; half-transported by the Danube 
River (>53,900 tons) and the rest from land-based sources of its coastal states. Moreover, 
all maritime activities, including petroleum transport and operational discharges of vessels, 
contribute to the environmental pollution (Palshin 1998). 

The sedimentogenesis situation in the basin is greatly influenced by the runoff 
fluctuations of Black Sea Rivers, which display a wide range of seasonal variations with 
a maximum in spring, and by the characteristic features of the watershed. Most of the 
sediment is carried by the rivers around the periphery and the total annual sediment load 
into the basin is at least 145 million ton, 20% of which enters into the Anatolian shelf 
region (Hay 1994). These coasts are mostly polluted with oil particularly close to seaports 
and river mouths (e.g.,  

If compared to the others, Turkey’s Black Sea region is not heavily 
industrialized. Various types of small-scale industries, e.g. textile, food, forest products, 
metal, etc., are scattered in and around the settlement areas usually occupying nearly the 
whole of the space between the sea and the backside mountains. Some of the larger 
industrial establishments are located the coastal cities of 
affected from interdependent processes of modern economic development, i.e. 
industrialization, urbanization and immigration (Ünlü and Alpar 2010). 

Iron and steel complexes composed from many separate plants, hard-core 
production, coke plant, ore processing, mine quarries, mining machine industries and 
thermal power plants are responsible for the major coastal “hot spots”. These areas still 
suffer from the impacts of air and water pollution from industries mostly due to the 
difficulties involved in enforcing environmental laws on the existing facilities (Özhan 
1996). 

Oil waste discharged into the Black Sea because of unlawful disposal of ships' 
wastes and accidents, as well as through land-based sources is estimated to be 110,840 
tons annually; nearly half of it is transported by the Danube River (53,300 tons) and the 
rest from land-based sources of the Black Sea coastal states (BSERP 2007). Even 
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though oil levels are not very high in the open Black Sea, unacceptable levels can be 
detected near polluted harbours and some river mouths. However, there is no sufficient 
measurement data including the content and potential sources of the aromatic fuel oil 
components in the aquatic environment of the Turkish Black Sea coast of Turkey. 

The Turkish coast of the Black Sea is not a heavily industrialized region 
excluding some well-known hot spot areas. During the last decades, however, the Black 
Sea has been subjected to strong environmental impacts that may lead to serious changes in 
the ecology. The main scopes of the present study are to define the archieval database of 
monoaromatic hydrocarbon (BTEX) compounds in sediments offshore the Turkish 
coast of this inland sea, to understand their distribution characteristics according to 
other parameters such as depth and texture, and to identifiy their possible major sources.  

3. Materials and Methods 

3.1. Sampling procedure 

The surface samples were collected in September 2005 from 48 stations along 
the Turkish Black Sea shelf areas. The sampling depths were between 9 and 113 m 
(Figure 1). The topmost 3 cm parts of the grab samples were removed carefully using 
clean stainless steel spatula. The samples were boxed on a dry ice bed immediately after 
sampling and transported to the laboratory as soon as possible for analyses. 

 

Figure 1. Map showing the sampling stations along the Black Sea shelf of Turkey. Inset 
shows drainage area of the Black Sea basin 

 

3.2. Sample prepration for chemical analysis  

Approximately 10 g of wet sediment was placed in precombusted jar for 
chemical drying with anhydrous sodium sulfate until it is dry, free-flowing, and 
homogeneous, then automatic Soxhlet-extracted with dichloromethane (100 ml) for 8h 
with activated copper. Two grams of anhydrous sodium sulfate were added to remove 
water. The combined extracts were dried with anhydrous sodium sulphate, and the 
volume was reduced to 2 ml by rotary evaporation. Aromatic fraction is obtained by 
adsorption chromatography, using alumina: silica (1:2 volume) column chromatography 
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(UNESCO 1982). Standard response curves of fluorescence intensity versus 
concentration are generated for 1) seven different crude oils (from Libya, Saudi Arabia, 
Egypt, Syria, Cas-pian basin, Iran and Iraq) representing their usage and transportation 
in the Black Sea region (Ünlü and Güven 2001), and 2) chrysene (Merck), the standard 
aromatic hydrocarbon. As the geological source of the seven different crude oils used 
and transported in the Black Sea region is the Thetis Ocean, a huge paleogeographical 
sea dominant in the periods of Jurassic and Cretaceous, in this study, a com-bined name 
of Thetis-Oil is given for the seven crude oils (Ünlü et al. 2009, Alpar and Ünlü 2010). 

3.3. Chemicals and reagents 

Standard solutions containing benzene (99.99%), toluene (99.5%), ethyl 
benzene (99.97%), m-xylene (99.8%), p-xylene (99.9%) and o-xylene (99.3%) were 
purchased from Merck (Darmstadt, Germany). For qualitative and quantitative 
recognition of the BTEX compounds in samples, standard curves have been generated 
for different concentration ranges using benzene, toluene, ethyl benzene, m-, p- and o-
xylene standards in hexane. Detection limits and recoveries were obtained from analysis 
of three replicates standard solutions at concentrations of 1.5, 3.12, 6.25, 12.5, 25, 50 μg 
L-1, respectively.  

3.4. Analyses 

3.4.1. Volatil aromatic hydrocarbons (BTEX compounds) 

The qualitative and quantitative identification of BTEX compounds were 
conducted by Finnigan Thermo trace DSQ gas chromatography/mass spectrometry 
(GC/MS) using a modified EPA Method 5021 for the detailed molecular 
characterization of gasoline-derived contamination. This method describes an 
automated headspace analysis for soils and other solid matrices. 

The concentrations in the sediment samples were determined at MERLAB 
Central Research Laboratory of Istanbul University using a static headspace 
autosampler (Thermo Finnigan model HS 2000) equipped with 10 ml glass vials. HS-
GC–MS reference procedure set was in accordance with the description of Esteve-
Turrillas et al. (2007). For qualitative and quantitative identification of the BTEX 
compounds in the sediment samples, standard curves have been generated for different 
concentration ranges using benzene, toluene, ethyl benzene, m-, p- and o-xylene 
standards in hexane. One gram of sediment sample was weighted in glass vial. The 
sample heated in headspace autosampler at 90°C for 10 min with shaking (headspace 
syringe temperature: 100°C). The initial oven temperature was 40°C (held for 10 min), 
then increased up to 200°C (rate 20°C min-1) and held at this temperature for two 
minutes. Electron impact ionization was used at 70eV and helium flow is 1 ml min-1. 
Transfer line temperature was held at 250°C. The detector temperature was set to 



423 
 

230°C. In order to obtain the reference data by chromatography a Hewlett Packard HP 
5MS (Palo Alto, CA, USA) column was used (30m x 0.32mm i.d., film thickness: 
0.25μm).  

3.4.2. Analytical Quality Assurance  

The vendor software Xcalibur from Thermo (Waltham, MA, USA) and 
TurboQuant Analyst 6.0 software (Thermo Nicolet Corp. Madison, USA) was 
employed for measurements and calibration. The mass spectra were obtained at a mass-
to charge ratio (m/z) scan range from 75 to 200. The specific ions generated at m/z 77 
and 78 for benzene, m/z 91 and 92 for toluene and m/z 91 and 106 for ethylbenzene and 
xylenes. The recoveries of compounds were found to be between 70 and 130%. The 
repeatability (n=3) varied between 14.9 % (benzene), 7.0 % (toluene), 3.1 % 
(ethylbenzene) and 13.7 % (xylene). %. The limit of detection (LOD) was between 
0.25-0.5 μg kg-1 dw for each component. 

3.4.3. Other analyses in the sediment samples 

Particle grain size (PGS) analysis was applied to samples using the method 
described in standard operating procedures SOP-8908 at GERG. Granulometric 
fractions influence the chemical composition in sediment significantly and considered 
as a normalization parameter. Organic carbon content of samples were measured by 
Thermo Finnigan FLASH EA 1112 model CHN analyzer at the MERLAB Central 
Research Laboratory of Istanbul University, after removing the inorganic carbonate 
fractions, and were replicated within runs and over time with a confidence interval of 
0.1%. TOC data was also measured by means of the Walkley-Black method (Loring and 
Rantala 1992). The analytical precision of analysis was better than ±4% at 95% 
significance level from five replicates.  

3.4.4. Statistical Analyses  

Pearson’s correlation coefficients calculated the strength of relationships 
between the monoaromatic hydrocarbon concentrations, and principal component 
analysis (PCA) quantified spatial/temporal variability of BTEX sources for Turkish 
Black Sea coast sediment samples (n=48). The first few components explain the 
inherent variances to largest possible extent (Varmuza and Filzmoser 2008). In the 
present study, PCA was conducted with varimax rotation. The first three eigenvalues 
retained were greater than one; as 3.86, 1.95 and 1.49 (n=48). 
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4. Results and Discussion 

4.1. Textural characteristics of sediment 

The southern shelves of the Black Sea extend northwards until a shelf break at 
about 100-130 m water depth. The sediment samples collected above 100 m stay within 
the oxygenated surface layer of the Black Sea, which is only 50-100 m thick (Table 1). 
The samples are mainly composed of various size-grained sediments, mainly mud 
(Figure 2). The depth seems not to be the sole restraint parameter on the grain size 
distribution, possibly due to rapidly changing morphology incised by canyons and the 
chaotic physical processes in the water column especially above the sea surface.  

 

Figure 2. Distribution of textural characteristics of sediments offshore Turkish Black 
Sea coast 

4.2. TOC and TPH Distributions 

The TOC content in sediments ranges from 0.5 to 3.2% with an average of 
1.54±0.67% (n=48) (Table 1). The highest values of TOC content were recorded 
offshore the harbours of Zonguldak and Ordu (3.2%), due to coal production and port 
activities. 

The levels of total hydrocarbon, which are calculated using the equation given 
by Ünlü et al. (2009), are scattered in a wide range from 6 to 1546 μg g-1 (dry weight) 
(Table 1). The high values (>100 μg g-1 dw) confirm chronic oil pollution, especially 
those measured near the Zonguldak port (1546 μg g-1 dw), Inceburun peninsula (1292 
μg g-1 dw), Sinop port (915 μg g-1 dw) and Trabzon port (330 μg g-1 dw). According to 
Readman et al. (2002) the concentrations higher than 100 μg g-1 dw are mainly related 
with port activities or riverine (terrestrial) inputs.  
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Table 1. The depth (Dep in m), mud (%), sediment water content (Swc in %), total 
organic carbon (TOC in %), total petroleum hydrocarbon (TPH in μg g-1 dw) and 
concentrations of light aromatic BTEX fractions and total BTEX (μg kg-1 dw) in the 
sediment samples given in Figure 1. 

Region St. Dep Mud Swc TOC TPH B T EB (m+p)-X o-X Total 

Igneada 

1 23 0.1 14.4 0.5 10 BC BC BC BC BC BC 
2 50 92.5 57.8 1.5 80 0.3±0,1 0.7±0,1 BC BC BC 1.0 
3 100 84.3 47.4 2.4 102 BC BC BC BC BC BC 

Terkos 
4 21 3.1 16.5 1.2 143 BC BC BC BC BC BC 
5 53 46.7 37.4 2.4 43 BC BC BC BC BC BC 

Karasu 

10 21 4.1 27.7 1.1 8.2 0.7±0,1 16.4±1,9 3.3±0,5 43.8±3,9 13.2±1,2 77.4 
11 50 54.2 38.0 1.5 29 BC BC BC BC BC BC 
12 98 100 59.3 2.7 46 0.4±0,1 1.5±0,6 BC 0.6 BC 2.5 

Zonguldak 

13 23 87.3 25.7 3.2 1546 6.2±0,1 9.3±3,1 5.1±2,8 21.7±7,3 2.3±3,2 44.5 
14 51 64.0 38.2 2.1 390 4.2±0,7 9.0±1,4 0.8±0,1 16.6±3,1 1.4±0,0 32.0 
15 103 59.3 43.5 1.4 25 BC BC BC BC BC BC 

Filyos R. 
16 21 91.3 21.3 1.0 513 BC BC BC BC BC BC 
17 50 85.5 36.0 2.1 207 0.2±0,1 0.5±0,1 BC BC BC 0.7 

 

19 21 44.0 29.5 0.7 9 2.6±1,8 3.3±2,5 BC BC BC 5.9 
20 54 92.5 40.5 1.2 294 0.5±0,1 0.7±0,2 BC 1.3±0,2 BC 2.6 
21 103 100 45.1 1.3 286 0.3±0,0 1.9±0,5 BC BC BC 2.2 

Inceburun 
25 21 1.9 20.1 0.8 1292 BC 0.3±0,0 BC BC BC 0.3 
27 101 69.6 46.9 1.5 164 2.0±0,3 6.1±1,0 0.7±0,1 3.9±0,6 0.9±0,0 13.6 

Sinop 

28 21 36.2 32.7 1.0 915 BC 0.3±0,1 BC BC BC 0.3 
29 49 97.6 53.8 1.6 59 1.3±0,2 2.5±0,6 BC BC BC 3.8 
30 97 81.0 43.9 1.6 100 0.3±0,0 0.9±0,1 BC BC BC 1.2 

 
31 25 98.4 32.1 0.7 28 0.3±0,0 0.9±0,2 BC BC BC 1.1 
32 38 85.9 37.1 0.8 62 0.2±0,0 0.7±0,2 BC BC BC 0.9 

Samsun 

34 13 98.6 8.9 2.0 119 4.4±0,3 147±16,8 22±4,0 148.2±23,9 18.5±1,6 340 
35 51 100 46.1 0.9 34 0.1±0,0 0.3±0,0 BC BC BC 0.4 
36 103 91.4 50.4 1.7 77 0.2±0,0 1.4±0,4 BC 1.0±0,1 BC 2.6 

 

37 12 4.8 17.9 0.8 32 BC BC BC BC BC BC 
38 51 92.7 34.7 1.3 43 BC 0.4±0,2 BC BC BC 0.4 
39 103 96.5 47.9 1.3 122 BC 14.3±2,7 2.9±0,3 36.5±10,5 13.0±2,5 67 

Fatsa 
40 21 63.7 43.1 0.7 100 BC BC BC BC BC BC 
41 51 95.5 44.3 1.6 63 0.2±0,0 0.7±0,1 BC BC BC 0.8 

Ordu 

43 9 42.6 23.7 0.7 96 BC 14.5±1,2 2.4±0,6 19.5±8,4 10.0±1,9 46.4 
44 53 92.9 45.2 3.2 64 0.3±0,1 0.2±0,0 BC BC BC 0.6 
45 100 90.1 55.5 1.9 123 0.7±0,0 16.3±1,3 3.5±0,7 32.3±3,9 15.8±1,1 69 

Giresun 

46 21 0.7 20.8 0.7 94 BC 12.6±0,4 2.5±0,6 23.2±1,8 10.7±2,4 49.0 
47 53 84.9 48.1 1.7 64 BC 13.1±1,2 1.9±0,8 17.7±4,4 8.3±1,0 41.0 
48 98 75.1 44.8 2.1 88 BC BC BC BC BC BC 

 

52 10 93.6 38.4 0.9 330 2.2±0,2 8.2±2,1 0.7±0,1 4.5±1,2 0.8±0,1 16.4 
53 52 90.0 50.6 1.7 40 BC BC BC BC BC BC 
54 93 87.1 40.8 1.4 57 BC 13.4±3,5 3.3±0,9 34.7±12,6 13.8±3,8 65.1 

 

55 21 28.9 28.8 1.1 269 BC 15.4±2,1 2.4±0,8 19.2±11,9 9.2±5,1 46.2 
56 53 87.6 53.2 2.1 201 BC 0.5±0,1 BC BC BC 0.5 
57 113 97.4 48.6 1.9 12 BC BC BC BC BC BC 

 
58 21 25.3 11.5 1.4 12 BC 14.7±1,9 1.8±1,0 11.5±1,2 6.0±1,6 34.0 
59 52 59.6 45.8 2.4 88 BC BC BC BC BC BC 

 61 22 1.5 17.5 1.3 7 BC BC BC BC BC BC 
 62 52 88.1 47.4 2.6 132 BC 15.4±1,1 BC 7.8±0,6 6.1±0,8 29.3 
Hopa 63 101 79.4 47.4 2.3 86 0.7±0,1 0.6±0,1 BC BC BC 1.3 
Min  9.0 0.1 9.0 0.5 7.0 0.1 0.2 0.7 0.6 0.8 BC 
Max  113 100 59 3.2 1546 6.0 147 22 148 18 340 
Mean  53 67.6 38 1.5 185 1.3 10.1 3.8 24.7 8.7 20.8 

BC: not calculated due to concentrations below the detection limits. B: Benzene, T: Toluene, E: 
Etylbenzene, (m+p)-X: (meta+para)-Xylene, o-X: ortho-Xylene. 
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4.3. BTEX compounds in sediment samples  

Distributions of concentrations of volatile gasoline-related compounds were 
different in the sites sampled and they varied between concentrations below the 

dw along the southern Black Sea shelf (Figure 3). The 
distribution of BTEX concentrations may depend on various factors such as petroleum 
hydrocarbon distribution, distance to the hot points, water depth, sediment texture, land-
based pollutant sources and the variability of biodegradation processes. The total BTEX 
concentrations, in general, were much higher in the Eastern Black Sea (EBS) region 
than the western Black Sea (WBS) region and the maximum value was (340 μg kg-1) at 
station 34 near-shore sediments in Samsun. Median concentrations of BTEX 
compounds in -1, 
respectively (Table 1). 

 

4.4. Statistical relationships between parameters 

The regression analysis revealed the relationships between the concentration of 
individual BTEX compounds, percentage of grain size, sediment water content, TOC 
and total petroleum hydrocarbon levels (Table 2). The TOC concentrations increase 
slightly with the increasing depth and finer grain size. The finer grained sediments (i.e. 
silt and clay) have much ability to carry and store pollutants than coarse-grained sandy 
sediments. Therefore, the samples with low TOC values are mostly made up of coarse-
grained sediments (r2=0.48, p<0.01). The samples taken from higher depths (93-113 m) 
contain higher TOC contents (1.8-2.7%), with a correlation of r2=0.43 (p<0.01). Clay is 
better correlated with TOC for shallow depths than 25 m (r2=0.55, p<0.05). The organic 
matter sedimentation rates are highest in anoxic systems. Therefore, in addition to 
seaport areas, most of carbon preservation in sediment occurs in anoxic systems. 

The correlation matrix exhibits moderate to high similarities between the 
BTEX compounds (0.47>r2>0.99; p<0.01), except weak correlation between benzene 
and o-Xylene. There is a moderate correlation between the levels of TPH and benzene 
(0.45, p<0.01), while no meaningful correlations have been detected with other light 
aromatic hydrocarbon compounds. 
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Figure 3. Contributions of BTEX levels of sediments offshore Turkish Black Sea coast. 

 

4.5. Source identification of the BTEX compounds in sediment samples  

PCA technique reveals if relevant relationships exist between the cases. Three 
principal components were retrieved for the Black Sea shelf sediments. Including the 
loadings of different BTEX congeners, TPH, and some physicochemical parameters in 
sediment samples and considering all of the stations from Western and Eastern Black 
Sea, the variance loading of the first three factors is 42.9, 21.7 and 16.6% of the total 
variability respectively (accumulative variance 81.2%, n=48). If we separate the stations 
into two clusters, as the western (n=23, stations 1-32) and the eastern Black Sea (n=25, 
stations 34-63), the main two factors used to identify the source categories and the 
loadings are shown in Figures 4a and b. 

Factor 1. Accounting for 46.4 and 48.4% of total variance in the western and 
eastern Black Sea region, respectively, this factor exhibits higher loadings for light 
aromatic fractions and TPH, influenced from anthropogenic inputs either from point or 
non-point sources. 
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Table 2. Pearson-coefficient correlation matrix (r) between concentrations of BTEX 
compounds, TPH, and some physicochemical parameters in sediment samples (n = 48). 

 
*Correlation is significant at the 0.05 level (2-tailed). **Correlation is significant at the 0.01 level 
(2-tailed). 

 

Factor 2. This factor showed the similar distribution pattern in both regions 
(with 22.6 and 22.1% of total variance). It controls different weathering degrees of light 
aromatic fractions and TPH. This includes rapid aerobic/anaerobic biochemical 
degradation under the control of nitrate or sulfate as the terminal electron acceptor, or 
desorption in the water column during the mixing, transportation and deposition of 
organic matter from point and non-point sources. The depth of the station, sediment 
texture and TOC control this factor. Mud and TOC, however, is only correlated for 
shallow depths (<25 m). 

Factor 3. The third factor is responsible for 15.6% of the total variance in the 
western Black Sea, slightly higher than the eastern coasts (12.0%). This factor 
predominantly composed by TPH pollution solely, coming from point sources. They 
were observed at the western (4, 16, 17, 20, 21, 25, 28 and 30) and eastern (40 and 56) 
stations. These stations are close to the coast, except the station 30. Their TPH levels 
were greater than 100 μg g-1, implying occurrence of oil spill or leakage pollution 
caused by vessels, possible discharges from municipal and industrial wastewater or 
occasional surficial runoff.  

 Depth Gravel Sand Silt Clay swc TOC TPH B T E (m+p)-X o-X 

Gravel -.158             

Sand -.516** .260            

Silt .376** -.452** -.899**           

Clay .570** -.342* -.852** .603**          

swc .719** -.252 -.683** .590** .646**         

TOC .426** -.029 -.457** .381** .389** .426**        

TPH -.247 .026 .082 -.115 -.017 -.231 .108       

B -.173 -.176 -.144 .083 .247 -.174 .295* .447**      

T -.195 -.090 -.085 .053 .134 -.342* .089 -.022 .468**     

E -.192 -.085 -.073 .015 .161 -.362* .115 .079 .536** .975**    

(m+p)-X -.154 -.071 -.043 -.013 .132 -.325* .073 .006 .468** .957** .976**   

o-X -.062 -.010 .072 -.103 .003 -.202 -.046 -.091 .156 .660** .701** .806**  

 -.172 -.079 -.055 .009 .131 -.334* .079 .001 .476** .979** .985** .995** .780** 
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Figure 4. The projection of the variables and cases on the factor plain 1x2 for a) 
western and b) eastern basins of the Black Sea. 

 

 

5. Conclusion 

The exceptional geography, characteristic hydrographic features and intricate 
oceanographic conditions make the Black Sea region a unique but sensitive ecosystem. 
It is more vulnerable to various environmental problems facing humankind. 
Hydrocarbon (crude oil, diesel and gasoline oil etc) pollution in sediment is not a 
common phenomenon along the Turkish coast, but usually determined by various 
reasons. In addition to increasing ship transportation, for example, various land-based 
sources, such as commercial ports, fuel storage terminals, and anthropogenic inputs 
from industrial point sources or diffuse emissions are the most serious impacts of 
pollution on the Black Sea environment. 
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The highest concentrations of total BTEX were observed at the stations 
offshore the Zonguldak Industrial Zone, the Samsun Port and the river mouths, 
especially the Karasu River. If compared to the non-polluted stations, the concentrations 
close to such point sources were higher up to 4-8 times in the Eastern Black Sea, and 
11-65 times in the Western Black Sea. There was not meaningful correlations between 
the levels of TPH and light aromatic hydrocarbon compounds, except a moderate one 
with benzene. In terms of the component scores and loadings, the main factors 
responsible for the incorporation, distribution and fate of the hydrocarbon pollution in 
the Turkish Black Sea coastal sediments are the high loading of anthropogenic / riverine 
inputs, the differences in the rate of weathering of light aromatic fractions and TPH and 
finally individual TPH pollution usually coming from point sources. 

It is imperative that planned and continuous monitoring of pollutants be carried 
out at the polluted areas specified in this study and other vulnerable regions. Such kind 
of systematic programs will provide a basis for environmental impact assessment and 
control. 
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1. Introduction 

1.1. Geography and Maritime Traffic 

Turkey is semi-surrounded by 4 seas which are the Black Sea in the north, The 
Sea of Marmara in the north-west, The Aegean Sea in the west and the Mediterranean 
Sea in the south. The Mediterranean Sea is connected to the Marmara Sea and the Black 
Sea via Çanakkale Strait (Dardanelles) and Istanbul Strait (Bosphorus) respectively. This 
system is called “Turkish Straits Systems”. These consecutive straits opening from the 
Mediterranean Sea to the Black Sea, are extremely vital for the migration of marine 
organisms and maritime facilities. 

The Black Sea is a landlocked sea with limited exchange with the world ocean. 
The climate and water properties of the Black Sea are listed in Table 1 (AMM 2008a). 
The physico-chemical properties of the Black Sea is unique. Black Sea is the largest and 
the most stable anoxic marine basin in the world (Jannasch and Truper 1974 in Baykara 
2011). The presence of hydrogen sulphide (H2S) containing water in the deep water of 
the Black Sea was first discovered in the 19th century. The anoxic conditions exist for 
nearly 7300 years, caused by the density stratification following the significant influx of 
the Mediterranean water though the Bosphorus nearly 9000 years ago (Deuser 1974 in 
Baykara, 2011). The hydrogen sulphide layer lies some 100 to 200 m below the surface. 
There are also seasonal and annual fluctuations in the level at which hydrogen sulphide 
is first encountered. Seasonal atmospheric variations produce considerable variations in 
circulation (Oguz et al. 1995). Fresh water discharge from large rivers contributes to 
buoyancy-driven component of the basin-wide circulation system. Eddies, meanders, 

-deep basin 
exchanges and two-way transports of biota and chemicals between near-shore and 
offshore regions 2008). Strong salinity gradient and a permanent halocline which 
limits vertical supply of oxygen and nutrients from the deeper layers (Tu rul et al. 2014).  
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Table 1. The average values of the physical characteristics of the Black Sea 

Parameters The Black Sea 
(min-max) 

Water temperature (o  5-22 
Salinity (‰) 17-19,5 
Tide height (cm) 32 
Air temperature (o  4-23 
Rain (mm/day) 0,6-3 
Humidity (%) 70-85 
 

 

Table 2. Ship incidents in the Eastern Black Sea Turkish Economic Zone (Atlantis 2016) 

Years Turkish Search and Rescue Area  
Number of incidents* Black Sea 

2010 194  
2011 132  
2012 135 11 
2013 106 7 
2014 96 8 

2015 
Total 68 

6 Very serious incidents 7 
Serious incident 4 

*

touch, side-lying, medical evacuation, fire 
 

Around 90% of the world trade is carried by the international shipping industry. 
Maritime trade bring benefits for consumers across the world. Turkey has a geopolitical 
and strategically important location between two continents and Turkish Straits are the 
only way between Black Sea and Mediterranean Sea connection. Turkish Straits System 
is the busiest natural channels with national and international maritime traffic and their 
loads are mainly dangerous goods, like crude oil and its products and any types of 
chemicals. There are over 43.000 ships passing from Turkish Straits Systems to the Black 

2016) (Figure 1). 

During the last few decades, the pollution of the world's oceans has become a 
matter of increasing international concern. Nevertheless, a significant amount of pollution 
is caused by shipping and maritime activities generally. The best known cause of oil 
pollution is that arises from tanker accidents (IMO 1998). Although this may contribute 
to comparatively a small percentage of the total oil entering the sea in a year, the 
consequences of an accident can be disastrous to the immediate area, particularly if the 
ship involved is a large one and the accident occurs close to the coasts. Russian and 
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Middle East Asia petroleum transport ways are flow through all around the Turkish 
coasts. This dense tanker traffic has serious accidental oil pollution risks for the Turkish 
coasts (Table 2).  

 

Figure 1. Intensity of a) total ship traffic, b) bulk carrier ship traffic c) tanker traffic in 
the Black Sea (MVT 2013) 

  

(a) 

(c) 

(b) 
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2. Pollution Response Authorities and Their Roles in Turkey 

An increasing marine transportation triggered marine incidents risks. These 
incidents take into account as a signal for the protection of the sea by national and 

etc.). In that respect, the Black Sea is defined 
as “special areas” by MARPOL at 1983 for their oceanographic and ecological condition 
(IMO 2016).  

2.1. Organization of Pollution Response in the Turkish Coasts 

In the national level, responsible ministries (Ministry of Transport Maritime 
- Urbanization 

(TM-EU) in Turkey has regulated national legislation for the protection of the seas from 
oil and other harmful substances pollution. In addition to the Turkish Environment Law, 
another law related with oil and other harmful substances is called in English “Marine 

Losses In Emergency Response Situations” and it is adopted in 2005 (Law-5312, 2005). 
According to this law, TM-
for Turkish coastal areas while TM-EU prepared laws and regulations according to the 
level of responsibilities starting from coastal facilities to national levels even at 

’ contingency plans were prepared by themselves and 
were approved by Ministry of Environment and Urbanization. Regional and national 
contingency plans were prepared by Ministry of Environment and Urbanization. The role 

(according to specific subjects such as plant, animals, oil response etc) were identified 
and integrated in the contingency plans (AMM 2010, AMP 2011). 

Law and regulations were adopted according to the national necessities and 
regional and international responsibilities. With this law, the duties of the related public 
enterprises and private organizations are regulated. Preparedness activities are carried out 
and coordinated by TM- . Emergency response facilities are based on tiered base 
approached. Tier-1 consists of small scale pollution from coastal facilities and ships. Tier 
2 is activated in the middle scale pollution events. Tier 3 is activated in large scale 
pollution and is covered national capabilities (AMP 2011). With the application of this 
law. 

1. Prepared the regional and national emergency action plan: 16 cities are located in 
the Black Sea coast and the emergency response plan was prepared for each city. 
These plans were called as a “Regional Emergency Response Plan”. According to 
the incident location, one of the related cities’ 

 



436 
 

2. Determined the best place for the local and national emergency response centre/ 
stock piles: 8 different locations were selected as a stockpiles 
at the Black Sea coast.  

3. Installed decision support system (YAKAMOS) for decision makers 
to give most reliable action during intervention of the marine pollution. 

4. The Black Sea coast is analysed according to the Natural Protected Areas 
 (5)  (4)

environments (1)  areas (14), important bird areas (10), 
important turtle areas (no), important monk seal areas (no), important plant areas (5) 
and important Sea meadow banks (no), Important economic activity areas (Marine 
fishing areas (more than 13), Fishing closed areas (5 areas), Fishermen ports and 
fishermen shelters (142), Tourist facilities and tourism areas, Beaches (296), 
Industrial facilities (3), Shipyards (13), Load and passengers ports (27 port 
authorities) and Marinas (no) and Human settlement areas (16 cities), and this 
information is integrated in the YAKAMOS.  

5. Installed semi-online Oil spill model in the YAKAMOS.  

6. Accidental risk, environmental sensitivities and place of refugees (PoRs) are 
analysed and identified according to many related parameters such as, maritime 
traffic, previous accidents locations, importance of the coastline (according to the 
article 4), bathymetry, distance from land, output of the spill model, etc. 

7. Determined background concentrations according to the “polluters pay for the 
petroleum hydrocarbons (Dissolved dispersed petroleum hydrocarbons, polycyclic 
aromatic hydrocarbons (16 compounds)), BTEX, salinity, temperature, dissolved 
oxygen along the Black Sea waters. Sampling stations were selected 1 miles off the 
coast and in each 50 nautical miles intervals and from surface and 10m depth to 
define background concentrations of the areas (Figure 2). 
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Figure 2. The concentrations of PAHs and its compounds in the Black Sea a) surface 
water; b) 10 m depth. Black line: Total PAHs; Red line: Total PAHs compounds (AMM 
2008a) 
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3. Oil Pollution Monitoring Practice and Existing Systems 

Oil Spill simulations are an excellent way to exercise and train personnel in their 
emergency roles and to test contingency plans and procedures. Valuable lessons can be 
learned from such exercises and these can be used to improve plans. Important 
relationships with external organizations and contractors are made during larger scale or 
multi- 2000). The representatives of the organizations and 
institutions, who serve in Black Sea contingency plans, were trained and to see how these 
plans are applied and if they were get ready for emergency situations. According to the 
law and related regulations, related governments (at least ones a year) and coastal 
facilities (at least two times in a year) do practical emergency response exercises. Two 
national/regional emergency response exercises and one theoretical exercise (Karadeniz 

 Samsun and Trabzon) were done in between 2008-2015. According to the 
preparedness for the international emergency situations, one international exercise 
(Karadeniz si (SULH 2007) was done in 2007 and Turkey participated in the 
exercises 2009 and 2011, respectively 
(http://www.didgm.gov.tr/). 

Aerial surveillance at sea and satellite-based remote sensing monitoring systems 
are also used for preparedness of incidental oil spills at sea. Aerial surveillance is useful 
for determining the overall extent of shoreline pollution. Aerial surveillance is to detect 
oil spills and thus prevent violations of the existing regulations on prevention of pollution 
from ships. During the initial phase of a response, aerial surveillance can help response 
of the personnel to assess the location and extent of oil contamination and verify 
predictions of movement and fate of oil at sea. 

4. Amount of Oil Pollution 

4.1. Maritime Accidents 

During the last few decades, the pollution of the world's oceans has become a 
matter of increasing international concern. Nevertheless, a significant amount of pollution 
is caused by shipping and maritime activities generally. The best known cause of oil 
pollution is that arising from tanker accidents (IMO 1998). Although this may contribute 
a comparatively small percentage of the total oil entering the sea in a year, the 
consequences of an accident can be disastrous to the immediate area, particularly if the 
ship involved is a large one and the accident occurs close to the coast such as, the Torrey 

diz (1978) and the Exxon Valdez (1989), Prestige (1979), 
Independanta (1999) (IMO 1998  2013). 

Serious marine pollutions related with maritime accidents forced countries to 
take precaution for the protection of the environment and diminished the incidents. Every 
serious accident forced the authorities to adopt a new regulation for preventing accidents 
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for protecting marine environment. “MARPOL 1973/7
Prevention of Pollution from ships” has entered into force after 
incident and Prestige (2002) incident triggered to prepare a regulation for a ship in need 
of assistance. After international regulations and sanctions, the number of the incidents 
have been dramatically decreased since 1970 (ITOPF, 2015) (Figure 3). The total 
recorded amount of oil spilled was approximately 7,000 tons in 2015. The decreasing 
trends were also noticed in Turkish Search and Rescue Area (Figure 4). 

 

Figure 3. Number of spills in the world (ITOPF 2015)  

 

Figure 4. Ships involved accident since 2001-2012 in the Turkish Search and Rescue 
Zone 2013) 
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4.2. Pollution Risks from Vessels  

There is no refinery in the Turkish coast of the Black Sea however, a lot of 
natural gas, crude oil and oil product tankers, pipelines, ports, offshore platforms and 
other coastal facilities have potential of oil pollution sources. Harbours and different sized 
tankers, which have large petroleum handling capacities, have expected higher 
environmental pollution risk according to their loading capacities. According to the risk 
analysis, in general, Black Sea coastal areas are under pollution risk, but some parts such 
as Zonguldak and Bosphorus exit through the Black Sea region have higher risks (Figure 
5). Figure 6 demonstrated that the density of the maritime traffic, especially tankers in 
Bosphorus entrance, have always very high accidental risk for the Sea of Marmara and 
the Black Sea environments. 

 

Figure 5. Frequency (upper) Intensity (medium) and risk (lower) map of the Black Sea 
(AMM 2008b) 
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4.3. Penalties for Oil Discharges 

In Turkey, Environment Law (No.2872) has been changed for the revision of the 
administrative penalty fee in 2006. According to this revision, environmental damage 
based on oil pollution for loading facilities is punished with penalty fee according to ship 
gross tonnage ( 81,78 TL/tonnage; for 1000>-  gross 
tonnage 102,18 TL/tonnage; for >5000 gross tones 104,14 TL/tonnage). Petroleum 
products and wastes such as sludge, bilges slope, and etc. has also been punished with 
penalty fees. There is another article in the law related with the response of their pollution 
and recoveries. At that time, the penalty fee is reduced at a ratio of 1/3. There is another 
law related with the accidental oil pollution and clean-up environment and compensation 
of the losses are controlled by law 2872 (Law-b 2016). 

5. Impact on the Environment  

In general, oil spills can affect marine organisms either externally or internally. 
Digestion or inhalation of the oil by the organism could be an example for the internal 
exposure and external exposure which affect skin, carapax, stem, leaf and eye. Oil can 
also smother some small species of fish, invertebrates, birds or mammals and coat their 
skin, feathers, fur or gills stopping the maintenance of their body temperatures. Marine 
organisms, some of which are relatively immobile such as bivalves and mollusks and are 
filter-feeders, may not be able to avoid exposures to oil. In addition, they don’t possess 
the same suite of enzymes to breakdown contaminants as fish or other vertebrates. The 
type of oil spilled behave in a different way in the environment, and the effects of marine 
organisms vary with different types of oil. In general, oil is classified as a “light oil” such 
as fuel oil, and “heavy oil” such as crude oil. Light oil is easily evaporated and more toxic, 
although heavy oil look black and sticky. They can persist in the environment for months 
or even years if not removed. Heavy oils can be very persistent, less acutely toxic and 
have some chronic effects like cancer and mutation (NOAA 2016). 

Knowing background pollutant levels in the sea are very crucial for 
reimbursement of losses by insurance company after incidents. The concentrations of 
hazardous substances are measured for the determination of the background 
concentrations. Dissolved dispersed petroleum hydrocarbons, potential 
carcinogen/mutagen PAHs and other PAHs compounds concentration were measured 
lower than 2μg/L in the surface and 10m depth sea water of the Black Sea (Figure 2). 

6. Principles of the Oil Pollution Response Activities 

Turkey has many laws and regulations related with pollution control, 
diminishing wastes and penalties according to the “polluter pays” opinion. Protection of 
the seas from petroleum pollution has been taken into account since 2005 by adopting the 
law called “Law No: 5312, Fundamentals of Emergency Responses and Loss 
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Substances”. 
by themselves and were approved by Ministry of Environment and Urbanization. 
Regional and national contingency plans were prepared by Ministry of Environment and 
Urbanization. The role of the other ministries, regional governments, cleaning facilities, 

o specific subjects such as plant, animals, oil response etc.) 
were identified and integrated in the contingency plans (Figure 7). At the national level, 
for this purpose, the preparedness of the infrastructure such as stock piles and emergency 
response centres and decision support system installation are under the responsibility of 
TM- -EU’s 
responsibilities. In Turkey, emergency response is planned in three tiers: the first tier is 
coastal facilities contingency plan, second tier is city based regional contingency plan 
and tier third is national contingency plan. ity based contingency plans were prepared 
for 16 coastal cities at 
and the Operations Units and their responsibilities in the plans are identified (AMP 2011). 
In a situation, where the accident is on a national scale, the National 
activated, and general coordination is carried out by the Ministry of Environment and 
Forestry. 
coordinator. Many related guidelines based on national and local contingency plans are 
prepared. Such as; 

 Defined marine and shoreline response system and general shoreline cleaning 
methods, 

 Determined the rudiments regarding the acceptance of vessels into the places of 
refuge, in accordance with national and international regulations, 

 Defined use of dispersants in emergency response situations, 

 Defined the transportation and elimination of the waste materials during/after 
accidents, 

 Terminated response operations and determined rehabilitation operations, 

 Determined the compensation demands, and a comparative analysis between the 
international agreements and national regulations within the framework of the 
contingency plan. 

 Identified and documented an emergency response situation, communication among 
the teams and informing the public. 
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Figure 7. Black Sea Regional ontingency Plan (AMP 2011) 
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FISHERIES IMPACTS ON COASTAL ECOSYSTEMS 
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MODELING AS A MANAGEMENT TOOL 
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Institute of Marine Sciences, Middle East Technical University, Erdemli, Turkey 
bfach@ims.metu.edu.tr  

 

1. What is modeling and why is it useful for ecosystem management?  

When talking about modeling of marine systems, the term “modeling” stands for 
the theoretical description of the system in question, using sets of differential equations 
which describe the ecosystem dynamics (Fennel and Neumann 2006). Marine ecosystems 
are rather complex systems that may be simplified by assuming flux of material from 
nutrients to phytoplankton, to zooplankton, to fish and then recycling back to nutrients. 
Phytoplankton communities consist of a variety of microscopic single-cell plants which 
are mostly the primary producers. Primary producers build up organic compounds 
directly from carbon dioxide and various nutrients are dissolved in the water. 

Models are only simplified forms of the real world and hence include certain 
levels of uncertainties in reproducing the natural dynamics. It can therefore be debated if 
anything can be learned from such models. However, there are inherent benefits to the 
use of modeling which Fennel and Neumann (2004) summarize as follows: 

 to develop and enhance understanding, 

 to quantify description of processes, 

 to synthesize and consolidate our knowledge, 

 to establish interaction of theory and observations, 

 to develop predictive potential, 

 to simulate scenarios of past and future developments. 

Models can be used to test and develop hypotheses. Also, nature itself cannot be 
manipulated but the models can, thus they can be used to do sensitivity analyses of 
ecosystem processes. “What-if” scenarios can be tested using the models. Because 
models include a wide spectrum of processes and they can show us the gaps in our 
knowledge of the ecosystem dynamics and thereby can illuminate the aspects of further 
study. Hard-to-measure quantities can be estimated using models (e.g. removal of 
phytoplankton biomass by grazers). With the advent of computers, models can now be 
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used to make predictions considering different climate change scenarios. Also models 
emerge as tools that can provide knowledge and even options for policy making towards 
better management of the oceans. 

and supply a critical fraction of food and other resources consumed by the world 
population. Human activities including different types of pollution, nutrient loading, 
overfishing, transportation of non-indigenous species, and resource exploitation, are 
adding to the pressure on the oceans. These growing pressures and accompanying 
changes will have unforeseeable consequences for marine life, ocean health, and human 
wellbeing. The changes induced by these pressures can impact the ecosystem structure 
and function as well as its ability to deliver key services. In recent decades, international 
collaborative research has led to an improved understanding of the influence of human 
activities on the marine systems. To enhance our understanding of fundamental processes 
and to be able to assess the interconnected ocean ecosystem-environment-human system, 
we need modeling tools (Schulz et al. 2015). 

2. Current modeling needs towards ecosystem based management  

2.1. Importance of considering the whole ecosystem for ecosystem management 

There are strong interactions and feedbacks among climate, upper-ocean 
biogeochemistry, and the LTL components of marine food webs. Ecosystem approaches 
are now considered necessary because of the connection between the climate, 
environmental change and associated stressors which can affect the ecosystem as a whole 
or can only impact certain levels of the ecosystem which can cascade through different 

-to-
end) can capture most of the interactions occurring in the sea and permit to assess both 
primary and secondary effects of climate, environmental variability and management 
changes. These end-to-end models can support the worldwide movement toward 
ecosystem-based management, and assess complexity of the interacting factors that 
control ecosystem dynamics. Today, there is a big demand for quantitative tools to 
support ecosystem based management initiatives and thus development of these models 
is in advancement. 

2.2. Ecological Indicators produced by models  

Models by themselves proved to be efficient tools for investigating and 
experimenting with structure and function of marine ecosystems and predicting the 
societal benefits associated with them. In addition, they also come very handy in 
quantifying their well-being (homeostasis). Utilising the flows in the food web and the 
biomasses of its compartments as simulated by the ecological models, one could compute 
synthetic ecological indicators that would provide information about the maturity sensu 
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(1971) of the ecosystem in question, as well as the impact of anthropogenic and 
climatic stressors such as overfishing and global warming on that ecosystem. By this way, 
an invaluable opportunity is opened up for comparing different ecosystems as well as 
different conditions of a single ecosystem over the course of its history. 

The most widely-adopted ecological indicators that provide us information about 
the impact of fisheries exploitation on the ecosystem are the mean trophic level of the 
catch (mTLc; e.g. Pauly et al. 1998), marine trophic index (MTI; Pauly and Watson 
2005), primary production required for the catch (PPRc; Pauly and Christensen 1995) and 
fishing in balance (FiB) index. Hitherto, these indicators have been widely used for 
assessing the impact of fisheries in various ecosystems. However, when recovery of 
ecosystems is considered, a second dimension of indicators that give us information about 
the health of the ecosystem comes into play. The most common ones are Finn’s Cycling 
Index (FCI; Finn 1976), Ascendancy and Capacity (Ulanowicz 1986). 

Sustainability of the ecosystem services, the link between ecosystem function 
and human demands, has gained much importance together with the recent management 
approaches (e.g. EAF, MSFD). Socio-economic indicators simulated by the models such 
as jobs, wages, (ex-vessel) revenue, cost, profit and discounting rate help to deliver 
scientific advice to policymakers for specific conditions. 

3. Policy oriented models in the Black Sea  

3.1. Hydrodynamics 

Marine hydrodynamic models are examples of General Circulation Models 
(GCMs) that use principles of geophysical fluid dynamics and thermodynamics to 
estimate the physical properties of the oceans. They constitute one of the most advanced 
tools used in physical oceanography as unlike observational tools, which are often 
sparsely distributed, they can have extensive spatio-temporal coverage. When combined 
with data assimilation they can be used to fill in the gaps in historical observational data 
or provide accurate forecasts for the near-term future. The quantities predicted by 
hydrodynamic models include the three spatial current components, temperature, salinity 
and turbulent mixing. Surface boundary conditions including the transfer of heat, 
momentum and water between the air and the ocean are provided by coupling the ocean 
GCM to an atmospheric GCM. This coupling could be one-way, where the atmospheric 
parameters and variables generated by an a-priori atmospheric GCM simulation are used 
in the ocean GCM as input, or the coupling could be two-way, whereby the two models 
are simulated simultaneously with feedback between the atmosphere and the ocean. 
Freshwater fluxes from rivers can also be included in the ocean GCMs as lateral boundary 
conditions. If the computational domain includes open boundaries, the lateral boundary 
conditions must be provided by another model. 
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A critical consideration in the use of GCMs is their spatial resolution. Higher 
resolutions (i.e. closer grid points) lead to more accurate predictions and the ability to 
generate dynamical features at small spatial scales such as mesoscale eddies and frontal 
structures. However high resolution setups are computationally expensive and require 
parallel computational methods to generate simulations in reasonable times. Since their 
inception, a large number of open-source GCMs have been developed differing in the 
way they represent the ocean domain (i.e. the grid structure), the way in which different 
physical processes are represented, the numerical methods used and the approximations 

Nu
Transport Model (GETM). 

-to-end coupled ecosystem models (see 
Section 3.f.), where they provide the velocity fields required to predict the transport of 
plankton and nutrients as well as the temperature fields, which control the rates of most 
biological reactions including growth and decomposition. 

Within the FP-
model domain encompassed the entire Black Sea (41°S-46°N, 28°E-41.5°E) but excluded 
the Azov Sea. It consisted of a (0.1o x 0.0625o) resolution, Arakawa C horizontal grid and 
a 26 level, sigma-coordinate vertical grid. Both the Kerch Strait and the Bosphorus, as 
well as the 8 major rivers around the Black Sea (Danube, Dniester, Dnieper, Inguri, Rioni, 
Yesilirmak, Kizilirmak and Sakarya) provided freshwater and nutrient input into the 
model domain. The model was forced with the ERA-40 atmospheric products of The 
European Centre for Medium-Range Weather Forecasts (ECMWF). The model was later 

imparted with improved representation of mesoscale processes within another FP-7 
igure 1 shows an example of the temperature, 

salinity and velocity fields generated by the model. 
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A)     B) 

 

C) 

 

Figure 1. Surface (A) temperature, (B) salinity, and (C) velocity fields generated by the 
Black Sea model (  

 

3.2. Lower Trophic Level Models 

Plankton form the foundation of marine ecosystems and the functions they 
perform play important roles in the global biogeochemical cycles. Lower Trophic Level 
(LTL) models are aimed at predicting the interaction between the ocean environment 
(physics, inorganic nutrients, light, etc.) and plankton communities as well as the food 
web dynamics between plankton groups. Plankton are often represented as Functional 
Types (FTs) which are groups of species that perform similar functions within the 
ecosystem. LTL models tend to have four major components, inorganic nutrients required 
or generated by organisms, a group of autotrophic FTs (phytoplankton) that use solar 
radiation and inorganic nutrients to produce organic matter, a group of heterotrophic FTs 
(zooplankton) that predate on autotrophic organisms, organic matter in either dissolved 
or particulate form which is produced by organisms either through excretion or through 
the death of the organisms, and bacterial communities which remineralize organic matter 
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to produce inorganic nutrients. LTL models are often simulated coupled to a physical 

the physical parameters such as solar radiation and temperature required to parametrize 
biological rates and which also perform the transport of biological components through 
currents and vertical turbulent mixing. 

A number of generic, open-source LTLs have been developed and applied to 
many marine regions around the world. These include the European Regional Seas 
Ecosystem Model (ERSEM) and its variant Biogeochemical Flux Model (BFM), Pelagic 
Interaction Scheme for Carbon and Ecosystem Studies (PISCES), and Ecological 
Regi
use in the Black Sea as they lack representation of processes that are pertinent to the Black 
Sea, particularly the redox layer processes. 

 

Figure 2. Schematic of the initial BIMS-Eco model setup used during EU FP-7 MEECE 
project. Modified from Cannaby et al. (2013) 

 

BIMS-Eco is a Black Sea LTL model that started its development during the FP-
 through the EU FP-7 projects, 

Policy-oriented marine Environmental Research for 
the Southern European Seas (PERSEUS). The pelagic ecosystem model used is based on 

et al. (2001b). The model domain extends to 150 m depth. It 
originally had 23 z-levels with a 2 m resolution near the surface and 20 m near the lower 
boundary. The model had 12 state variables (Figure 2) that include two phytoplankton 
groups, small and large phytoplankton (Ps, Pl; smaller and larger than 10 m representing 
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flagellate and diatoms), micro- and mesozooplankton (< 0.2 mm Zs and > 0.2-2 mm Zl), 

as well as the opportunistic heterotrophic dinoflagellate Noctilua scintillans (Zn) and the 
gelatinous carnivores Aurelia aurita (Za) and Mnemiopsis leidyi (Zm).  

The simple version of BIM-Eco (Figure 2) was used to assess possible changes 
in the productivity of the Black Sea under a hind cast scenario, a simulation run for the 
time frame 1980-2000, depending on the nutrient loads of the rivers flowing into the 
Black Sea. As an example of what can be assessed with such a model, Figure 3 shows the 
change in annual primary production under the assumption of a 50% increase (a) and a 
50% decrease (b) in nitrate loads from all rivers emptying into the Black Sea during the 
time 1980-2000. It shows that eutrophication has a strong impact on the level of primary 
production in the Black Sea in this simulation, which is particularly pronounced in the 
deep basin and eastern regions of the basin (Figure 3). Increasing river input has a stronger 
impact than decreasing the river input and both simulations show reduced sensitivity to 
increased riverine nutrient loading near the major river mouths on the north-western shelf, 
particularly near the Danube delta, and at the southern coast where the Sakarya, 
Yesilirmak and Kizilirmak rivers enter. Net primary production is increased up to 60% 
over much of the Black Sea inner basin when nutrient loads are doubled while it decreases 
by 40% when the load is cut in half.  

A)     B) 

 

Figure 3. Fractional change in annual primary production relative to the reference 
simulation (1980-2000) caused by decreasing (A), and increasing (B) riverine nutrient 
loads by 50% 

 

The BIMS-Eco model has since been developed much further to include four 
phytoplankton groups, diatoms (Pd), non-toxic dinoflagellates (Pf), coccolithophores (Pc), 
and the small phytoplankton group (Ps) representing picophytoplankton and 
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nanophytoplankton (e.g. autotrophic flagellates) (Figure 4). Coccolithophores were 
3 

formation). Consumers comprise four zooplankton functional/species groups, 
bacterioplankton (B) decomposes particulate organic nitrogen and phosphorus to produce 
inorganic nutrients ammonium (NH4 4). It also includes 
parametrization of the redox layer processes including chemotrophic oxidation of 
hydrogen sulfide and anaerobic oxidation of ammonium (Figure 4).  

 

Figure 4. Schematic of the improved BIMS-Eco model setup and trophic interactions. 
The model now includes four phytoplankton groups, three zooplankton groups, two 

3, NH4 4) and a detailed 
representation of the carbonate cycle. Modified from Salihoglu et al. (2017) 

 

The improved BIMS-Eco model has been applied to model the change of net 
primary production between the years 2000-2014 in respect to a forecast simulation for 
the immediate future (2015-2020) without any changes in river nutrient input. Model 
simulation shows a net decrease in primary production when the entire basin is 
considered, much of which is predicted to be along the western coast of the Black Sea, 
the central basin and also along the north-eastern coast (Figure 5). At the same time, future 
net primary production increases in the northern part of the north-western shelf and to a 
rather small extent in the western central gyre. Lowest overall reduction occurs in the 
western gyre of the basin, (Figure 5). This observed decrease in net primary production 
is in agreement with other modelling studies using future climate change scenarios such 
as the comparison study of four different global models that predict lower net primary 
production rates for future climate scenarios (Bopp et al. 2001, Boyd and Doney 2002, 
Steinacher et al. 2010, Bopp et al. 2013, Marinov et al. 2013, Cabré et al. 2015, 
Laufkotter et al. 2015, 2016). The main mechanism that has been suggested to explain 
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such a decrease is increased stratification which effectively reduces nutrient supply to the 
surface layer causing decreased phytoplankton growth and therefore reduced net primary 
production (Bopp et al. 2001, Steinacher et al. 2010). In addition, increased grazing 
pressure caused by warmer water temperatures may be a factor reducing net primary 
production (Laufkötter et al. 2015). 

 

A)         B) 

 

Figure 5. Fractional change of A) Net Primary Productivity and B) Zooplanton biomass 
between the present time (2010-2015) and future (2015-2020) periods. 

 

3.3. Higher Trophic Level Models 

Ecopath with Ecosim (EwE) 
ecological/ecosystem modelling software that is freely available (http://ecopath.org). It 
consists of three components which are namely Ecopath – a static, mass-balanced 
snapshot of the system; Ecosim – a time dynamic simulation module for policy 
exploration; and Ecospace – a spatial and temporal dynamic module primarily designed 
for exploring impact and placement of protected areas. 

In an effort to model the Black Sea higher trophic level dynamics during above 
mentioned EU-FP7 projects a Black Sea Ecopath with Ecosim higher trophic level model 
was set up centred around a few functional groups of species in general; top predators, 
pelagic piscivorous fish, demersal fish, small pelagic fish, gelatinous zooplankton, trophic 
zooplankton and primary producers. However, they were broken down into major species 
as representatives of the functional groups. The rationale behind the model is to focus on 
investigating the dynamics of anchovy stock; i.e. its recruitment and spawning, by 
representing the ontogenetic structure of the anchovy in detail in the model. However, 
with the inclusion of the full representation of the food web in the model (Figure 6), it 
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enables us to derive ecological indicators that could be used to assess the structure and 
function of the Black Sea ecosystem over the years. The model simulation starts from 
1960s, a period during which the Black Sea ecosystem is considered to be in a quasi-
pristine state, and originally extends to 2020 so that it provides short term predictions for 
the likely changes expected to occur in the Black Sea. However, long-term forecast 
predictions were also carried out for the period 2080-2099.  

  

Figure 6. Schematic view of the Black Sea Ecopath with Ecosim model. Arches show 
flows between groups. Nodes are the state variables 

 

The mass-balance Ecopath model of the Black Sea was based on Akoglu et al. 
(2015) and further developed by disaggregating the functional groups of small pelagic 
fish, pelagic piscivorous fish and demersal fish, which were aggregated guilds of multiple 
species in the earlier study, into individual species. Further, new state variables were 
introduced; i.e. two nutrient compartments; ammonium (NH4 3). The 
model was extended to include 22 functional groups, which comprised of 12 fish groups; 
Black Sea anchovy (Engraulis encrasicolus ponticus; Alexandrov 1927), Black Sea sprat 
(Sprattus sprattus phalaericus; Risso 1827), Pontic shad (Alosa kessleri pontica; 
Eichwald 1838), Black Sea horse mackerel (Trachurus mediterraneaus ponticus; Aleev 
1956), bonito (Sarda sarda; Bloch 1973), bluefish (Pomatomus saltator; Linnaeus 1776), 
Atlantic mackerel (Scomber scombrus; Linnaeus 1758), turbot (Psetta maeotica; Pallas 
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1814), spiny dogfish (Squalus acanthias; Linnaeus 1758) and red mullet (Mullus barbatus 
ponticus; Essipov 1927), one jellyfish group representing Mnemiopsis leidyi (Agassiz 
1865), Aurelia aurita (Linnaeus 1758), Pleurobrachia spp. and Beroe ovata (Mayer 
1912); two phytoplankton groups representing the large and small phytoplankton (Phy1 
and Phy2) and two zooplankton groups; one representing mesozooplankton (Zoo2) and 
one representing microzooplankton (Zoo1), one bacteria group and one dolphin group to 
represent the Black Sea marine mammals, which are composed of short-beaked common 
dolphin (Delpinus delphis; Linnaeus 1758), bottlenose dolphin (Tursiops truncates; 
Montagu 1821) and harbor porpoise (Phocoena phocoena; Linnaeus 1758). Two fishing 
types were identified; trawlers and purse seiners to represent the fishery impact on the 
ecosystem. The mass-balance model was set up and balanced for the quasi-pristine 
conditions of the early 1960s. The diet composition matrix of the model was largely based 
on data available by stomach content analysis and compiled from FishBase (Froese and 
Pauly 2011). 

This model was utilized to investigate future progressions of the Black Sea 
ecosystem under predicted IPCC medium emission climate scenario (Fig. 2) within the 
scope of EC FP 7 MEECE project as well as understanding mechanisms behind the 
observed changes in the Black Sea ecosystem during the course of second half of the 20th 
century.  

 

Figure 7. Change in fish biomass between 1980-2000 (present day) and 2080-2100 when 
forced with IPCC medium-emissions Scenario (A1B) 
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The decrease observed in the fish stocks (Figure 7) is due to the predicted 
reduction in basin-wide primary production for A1B scenario and the impact of high 
fisheries exploitation levels. The decrease in the top predators puts forward the future 
consequences of their contemporary unmanaged exploitation levels by the Black Sea 
fisheries along with resource limitation caused by decreased small pelagic fish stocks.  

 

3.4. Individual based models (IBM’s) 

Individual based models are mathematical models that simulate populations or 
communities by following individual organisms and their properties. Individual based 
modelling today is an important modelling tool in oceanography and ecology and has 
been applied increasingly there in the last 20 years. The strength of this modelling 
approach is that it allows for a high degree of complexity of individuals and of interactions 
among individuals (DeAngelis and Grimm 2014). The way these models work is that each 
individual is assigned a set of properties and even behaviours. These may include 
physiological traits such as growth rates, reproduction rates and energy budgets of 
individuals or behaviour such as dispersal, migration or habitat selection and are useful 
when modelling individuals or populations of different marine species, from zooplankton 
to fish. The possibility to include variation between individuals of the same population 
and variations of individuals during their life cycle; local interactions among individuals; 
adaptive behaviour; and interactions with their abiotic environment makes them a 
powerful tool to address the management of populations and can be readily used in an 
ecosystem based approach to resource management. 

Different types of individual based models have been applied in the Black Sea 
in recent years. Fach (2014) used flow trajectories from satellite derived geostrophic flow 
in a Lagrangian scheme, generating an individual based model for larval dispersal of 
anchovy. To evaluate the spatial scales over which larvae may be dispersed under 
realistically varying spatial and temporal oceanographic conditions, the model was run 
for three years (2001-2003) resolving interannual variability in transport within the entire 
region. The IBM model includes a number of biological parameters such as pelagic larval 
duration (PLD), temperature dependent growth parameters and adult spawning strategies 
(season and frequency). Results showed for the first time the high potential of larval 
dispersal within the Black Sea, reaching distances of up to 1000 km away from their 
spawning site within a month. This larval dispersal is strongly controlled at the basin scale 
by the Rim Current circulation and its two cyclonic basin-wide gyres while it is locally 
controlled by mesoscale eddies (Figure 9). Variability in the dispersal of larvae is 
considerable when comparing different years and seasons (Fach 2014).  
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Figure 8. Trajectories of anchovy larvae released in August 2002 on A) the lower north-
western shelf B) off Kerch Strait. Daily locations are recorded for 36 days of simulation. 
Larval stages are color-coded as: eggs in black, yolk sac larva orange, early larva (< 10 
mm) blue, larva (< 20 mm) green, late larva magenta 

 

The IBM of anchovy was later extended to include adult anchovy swimming 
behaviour and has since then been used to elucidate the interannual variation in Black Sea 
anchovy migration routes given inter-annual and seasonal variability of the oceanic 
currents and sea surface distribution in the same three divergent years (2001-2003) 
(Guraslan 2016). The goal of this research was to understand the environmental factors 
influencing successful anchovy migration, as well as determine from which regions in the 
Black Sea anchovy can successfully migrate to the overwintering areas located at the 
eastern Anatolian coast. Model results showed that years with increased mesoscale 
variability in flow dynamics facilitate successful migration of drifters representing 
migrating anchovy schools from nursery areas located on the north-western shelf to the 
overwintering area (Guraslan et al. in review) and the resulting migration pathways 
(Figure 9) differ from traditionally accepted migration pathways of earlier studies in the 
1980’s-1990’s (Ivanov and Beverton 1985, Chashchin 1996). Results further suggest that 
overwintering anchovy that are supplying the Turkish anchovy fisheries along the Eastern 
Anatolian coast do not usually originate from the north-western shelf, but rather originate 
from nursery grounds in the eastern Black Sea basin (Guraslan et al. in review). It was 
shown that variability in migration success between years and seasons are due to the 
intensity and timing of cooling events during fall, as well as the strength of currents and 
therefore is important for fisheries management purposes.  
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Figure 9. Conceptual figure of the regions from where anchovy can reach the 
overwintering area when swimming along temperature gradients (shaded areas) and 
migration pathways (black lines) identified for Black Sea anchovy released from the 
northwestern shelf. Modified from Guraslan et al. (in review) 

 

It is well known that larval dispersal by ocean currents and connectivity between 
different oceanic regions are crucial factors when designing Marine Protected Areas 
(MPA) (Cowen et al. 2006, Moffit et al. 2009, Lester et al. 2009). It also plays a major 
role in assuring population persistence in an MPA network (Moffitt et al. 2011). 
Therefore, the above described modelling approach is very valuable when designing 
networks of Marine Protected Areas in the Black Sea. To that effect simulations were 
undertaken with virtual fish larvae of different length PLD’s and at different spawning 
times to assess the feasibility of proposed marine protected areas along the Turkish coast 
of the Black Sea (Özturk et al. 2017). The simulations showed that 
sites are good locations for establishing MPAs, and because they are well-connected, can 
also play an important role in maintaining a Black Sea MPA network.  

3.5. End-to-end Models  

End-to-end models, i.e. two-way and online coupled models that include the full 
explicit representations of almost all the processes within the ecosystem without closures 
or simplifications on the level of biogeochemical cycles, are in their infancy; however, 
they have proved to be efficient tools for investigating ecosystem structure and function 
in the most realistic sense (Fulton 2010, Rose et al. 2010, Salihoglu et al. 2013). They are 
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also useful for enabling the most accurate derivation/calculation of ecological indicators 
to assess the ecosystem structure and function because they do not include the extreme 
simplifications and abstractions such as excluding organisms above a certain trophic level 
or defining time series of productivity forcing functions; instead they opt to represent the 
ecosystem to its fullest extent possible. This does not mean that these models incorporate 
every process or group in an ecosystem, but means that they do not sacrifice the major 
processes and groups within an ecosystem via oversimplification. A recent study 
2016) shows how fisheries can affect the biogeochemical cycles in the Saragossa Sea. 
This study also shows how the biomasses of different fish species are affected by changes 
in the biogeochemistry. These types of studies are needed to understand how fisheries 
affect the carbon cycle and export, one of the most important ecosystem services. Also, 
how changes in climate and environmental factors will be reflected on the fish species 
can be assessed with end-to-end models. 

4. Forecasting and Prediction Tool for the Black Sea 

The general framework of such a tool should include an atmospheric model that 
produces atmospheric forcing functions (surface fluxes of momentum, heat and mass); a 
watershed model that forecasts the discharge rates and nutrient fluxes into the sea from 
the entire Black Sea catchment area; and a coupled physical-ecological-biogeochemical 
ocean model of the Black Sea. This tool can build on available expertise in the Black Sea. 
For example, an implementation of watershed model, SWAT for the entire Black Sea 
catchment was developed within the EnviroGrids project (Building Capacity for the 

Development). The (Modelling Nutrient Emissions in River System) model 
for nutrient emissions to be used for regional, national and international studies of water 
quality in catchment areas and was used as a modelling tool in the FP5 daNUbs (Danube 
Nutrients Black Sea) Project. As detailed above there are several ocean hydrodynamics 
models and ecosystem models that have been developed for the Black Sea. These models 
should run as ensembles in the Black Sea to better demonstrate the skills of models and 
reduce the model uncertainty. 

forecasting tool 
is the lack of data. Although there are many databases, these databases would only be 
extremely useful for the model framework if the scattered structure was removed and the 
data is merged under one database for the Black Sea. The modelling system needs data 
both to force the models (such as river input) but also to evaluate the results. Forcing 
fields should be provided close to near real time to achieve most realistic model forecasts. 
There are two major weaknesses in the available databases: i) most data is coastal whereas 
the Black Sea basin functions as a whole. It follows that the national monitoring systems 
really should be extended to include open ocean observations. ii) although there is ample 
amount of reported physical and chemistry data, ecological data (even at the level of chl) 
is limited. 
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MARINE LITTER POLLUTION IN THE BLACK SEA:  
ASSESSMENT OF THE CURRENT SITUATION IN LIGHT OF  

THE MARINE STRATEGY FRAMEWORK DIRECTIVE 
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“Any persistent, manufactured or processed solid material disposed of or 
abandoned in the marine and coastal environment.” 
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3. Impacts of marine litter 
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Table 1.  

Descriptor 1  
Descriptor 2 -  
Descriptor 3   

Descriptor 4 
-

 
Descriptor 5  
Descriptor 6  

Descriptor 7  
Descriptor 8  
Descriptor 9  
Descriptor 10 Marine litter does not cause harm 

Descriptor 11  
 

Properties and quantities of marine litter do not 
cause harm to the coastal and marine environment  et al. 

 
  

Criteria 10.1 Characteristics of litter in the marine and coastal environment; 

(i) trends in the amount of litter washed ashore and/or deposited on coastlines, including 
analysis of its composition, spatial distribution and, where possible, source (10.1.1) 

(ii) trends in the amount of litter in the water column (including floating at the surface) 
and deposited on the sea-floor, including analysis of its composition, spatial distribution 
and, where possible, source (10.1.2) 

(iii) trends in the amount, distribution and, where possible, composition of microparticles 
(in particular microplastics) (10.1.3)  

-

-
-
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COASTAL WETLANDS AND PROTECTION 

 

Ordu University, Faculty of Arts and Sciences, Department of Biology,  
Cumhuriyet Campus,  

beyhantass@gmail.com 

 
 

1. Introduction 

Wetlands are defined as “all natural or artificial, continuous or temporary, calm 

of living organisms  (Regulation on the Protection of Wetlands 

and quite complicated natural systems. They form the richest and the most productive 

-living factors are in a 

resources, are of sign

efficiency and socio-economic structure of the area they are in. There is a density of living 
organisms 

reservatio

n. 
They decrease nitrate and phosphate contamination and prevent eutrophication because 
of their high biological activities. Wetlands also control erosion and prevent soil loss in 
riparian areas , Anonymous  

Ramsar 
a global protection. The primary aim of the convention is stated 

and they ca  
Convention, signed in Ramsar (Iran) in 1971, officially as of 17 May 1994. Within this 

its
coun and they are very important nationally and internationally. 

rd 
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Ramsar sites (total area: 184 487 ha). In addition to these, 20 national (total area: 278 072 

lands are still continuing (URL
their characteristics and conservation.  

2. Overview of the Coastal Wetlands  

the 
region 

  
is located on the north 

The to 
The 

The 
a Ramsar 

site (Figure 1, Table 1). 

2.1.  

the  coastline, is 

influential in their be

highest agricultural potential in our country have formed.  climatic 

times (Anonymous  
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iver asin. 

biggest deltas on the 

-2 m in the central 
areas decrease to 20-

 m), 
 Lagoon (

the eastern area of the delt -

– an 

– tivities are important 
socio-economic values for the people of the area. 

 et al. 
examined the phytoplan

urlu et al. 2008 Abramis brama, Carassius auratus gibelio, Liza saliens, 
Mugil cephalus, Tinca tinca) have been identified in the fish fauna of L

  

Site qualifies as an IBA (Important Bird Area) for its breeding population of 
Ardeola ralloides Netta rufina and Melanitta fusca. 
Breeding birds of the area include Nycticorax nycticorax, Egretta garzetta and Plegadis 
falcinellus. Bubulcus ibis is frequently observed and believed to breed. Moderate numbers 

Anas platyrhynchos, A. crecca, Aythya 
ferina A. acuta
to spend the day at sea as a resu
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birds feed in the delta (Demircan -20 000 individual birds at 
 

e Development Area 
 

Too many agricultural activities in the area, construction of dams on big rivers 

agricultural areas reaching lagoons 

threaten first fishing and the living organisms 
elta is getting smaller due to deficit in delta sediment 

budget as a result of human interventions, rises at sea level and dams on 
trapping alluvions. 

 

and the shore is eroded about 100 cm 

 
According to 

ill be occupied by the sea. 

flooding of pasture areas and the transformation of agricultural areas into pasture areas as 
chemical properties 

change   

undernourished and to get smaller because of coastal erosion.  
examined the and 
found that, 2 before the 

 river-
-mouth 

-

prevent global temperature increases before it is too late. International studies about this 
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erosion. Oth

applying delta management plan.  

2.2.  

 the 

Ramsar site on the 
Cultural and .04.

(  8 of 9 criteria for ds of 
international importance. 

The R
 

originates from I on the north of Central Anatolia and 

many years have formed 
the 

R 2 and the rainfall 
and the 

/s (Anon
asin. Derbent D

a great importance in the irrigation  2007a). 

 

of l
  

 Bal nl  .1 
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fishing, and agriculture (URL2). 

are seperated 

outlets 

canals are cleaned from time to time and the levels of  
 

includes reeds, bamboos and soft rush. Phragmites/Typha/Scirpus 

vegetation is present. There is maqui-
longos of Alnus/Fraxinus  

A great number of scientific studies have been conducted about the flora and 

orhanisms such as phytoplan on 
( et al. 2002, Baytut et al , et al. 2009,  2007b, Soylu 

 2010 a,b) , et al. 2004, 
, et al. 2011, et al. 2012, et al

et al. 2008), bird (Magnin and Yarar 1997, Yeniyurt et al. 2008, et al. 
2010, et al. 2010, - et al ) etc. 

-
While there are 

et al. 2008, et 
al. 20 tation is located on the Cer
Delta et al. 
University Ornithology Research Center. A great number of participants from domestic 
universities and universities abroad, from CSOs and volunteers have contributed to these 
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at the site. At these stations, a great number 
r outdoor nature 

education. Nature education p
site. 

as chondrostei  are under threat of extinction 
globally. Some of these fish are Acipenser gueldenstaedtii, A. stellatus, A. sturio, Huso 
huso (Yeniyurt et al. 2008). Aphanius danfordii species living in the site is another 
endemic fish species in our country. Fish species in L

Carassius carassius, Chalcalburnus chalcoides, Cyprinus 
carpio, Leuciscus cephalus, Liza ramada, Mugil cephalus, M. soiuy, Neogobius 
fluviatilis, Proterorhinus marmoratus, Sander lucioperca, Scardinius erythrophthalmus, 
Vimba vimba et al. 

Important Plant Sites of our 
 2010). There are 9 

et al  Delta 

its eco  

Phragmites australis, Scirpus 
lacustris, Typha angustifolia) are cut and dried in specific seasons under the control of 
the cooperative and they are exported. 

 buffalo population in our country 
is around L

nutritional source. A great number of products such as yoghurt, cheese, cream, ice cream 

s

living organisms 

sting of bird species in reeds and marshes 
(forming sheltered areas). 

problems such as insufficient nutrition of deltas 

and  as a 
It has been reported that 
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especially phytoplan et al. 2002, et al. 2004, b) 
et al. 2004, ) composition of L

eutrophication. 

Site, Natural Protected 
Area, Wildlife Development Site and Important Bird Area. As a result of the studies 

 

Conservation Site in 

in the co

coastal erosion and dune movements. 

intense agricultural activities especially 

in turn causes damage in ecological balance of the s, changes in trophic 

decreased aquaculture production. With th
in the region as evaporation increases. This can be seen from the increase in Salicornia 

the delta are activities such as t
-pebbles from coastal dunes 

illegal

to decrease. The delta began to get smaller since the sediment budget had a deficit. The 

et al
-

l
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interce
 

2.3.  

Sinop Peninsula is a natural port on the 
the Western a region. The peninsula is an “Important Natural S

I L  

 Sinop-Ayanc orth of the road. The average depth of this 

dunes. The la

a eutrophic 
character, are surrounded by Juncus sp. and Phragmites australis. 
the area is 

  

area, the variations in the habitats of these animals and plants, providing food and 
 groups as a result of being on the migration routes. Because of 

Natural Re

et al. ics, 
 

Although Sinop P
vegetation types. There are endemic types especially in dune plants.  of these are 

There is an extensive, 
seasonally flooded forest of Fraxinus angustifolia to the s

. On drier ground, extensive Quercus and Carpinus forests 
Pinus (Demircan 
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A small village and arable 
(Demircan Several commercial fish 

but the Nature Reserve 
regulations ban fishing. 

Sar
a 

1st and 2nd degree Protected A  
an 

for residential and agricultural areas. Today these dune topography remains are seen in 
 

structure of the area to future generations, is very important. Thus, the existing values of 
contributing approach. 

et al. (1989) examined the migratory and permament 
et al. (2008) 

et al et al. (2008) examined the macrobenthic invertebtrate fauna of 
 

s et al
information about S  
published a study about th

ity and the existence of 
 

Particularly 
dun

pollution caused by agricultural activities from surrounding lands and the pollution 
caused by visitors and people coming for picnic are also threats for the area. There are 
also illegal hunting practices in the area despite protection precautions in the area. There 

nservation area. The 
-

accepted should be used in the area. For the protection and sustainability of the physical 
structure and ecological character of especially the l
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2.4. -Acarlar Longos 

is on the northeast of Marmara R -

one of the three biggest rivers of Tu the 
es various ecosystems 

 the 
 Acarlar Longos is one of 

-
climatic characteristics are seen in the area. The specific val  

F

River  the e is 41°07'-41°08'N 
- the 

perating from the 
-

 
the 

the second greate Igneada. The area is 
trees. 

Acarlar Longos is very rich in terms of flora and fauna since all the 

found in the area. 12 
29 mammals are found to inhabit Acarlar Longos. Cyprinus carpio, Silurus glanis, Blicca 
bjoerkna, Esox lucius, Leuciscus cephalus, Tinca tinca fish inhabit the area (Anonymous 

 et al  Tunca et al. (2014) 
have conducted various studies in the area. 

2 
 as “1st degree Natural 

Protected A

Management Plan and Acarlar Longos Wetland Conservation Ar

have been conducted since then to develop nature tourism. 
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The area has important problems and threats. Acarlar Longos includes connected 

gime and the expansion of agricultural areas to the 
detriment of longos. This transformation causes disintegration of habitats and isolation. 

are of the importance of longos ecosystem, continuation of illegal 
hunting and tree cutting in the area due to insufficient control and pollution resulting from 
agricultural activities are main threats.  

2.5.  

 eninsula, in 
the -

Istanbul (40- 'N and 41°12'N 
latitudes and 28°29'  '

2 2

 

the 
the B  

the 
 

ious activities recreationally. 

the 

n the 
Bosphorus 

the 
characteristics around La   

 lagoon, coastal sand dunes, and reed-beds. The 

-natural 

 
long and 2 
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et al.  

area. The 
et al Ardeola ralloides; 

large numbers of Phalacrocorax carbo, Botaurus stellaris, Ardea purpurea, Nycticorax 
nycticorax and Egretta garzetta 

raptors (Demircan  

 
 , , et al. 

2002, et al. 2004,  , et al. 2010, , 
, , 2012, Bayram et al. , 

et al
physical characteristics and that population intensity of Brachionus and Keratella 

cter from oligotrophic character in 
the near future. 

and one of the most important 
I

regime and pollution sources. Settlement cannot be prevented in the basin. Illegal land 

basin for Istanbul

environment and plant analysis of ecological tourism. Thus, settlement should be stopped 

d

users 
 

2.6. Ig  

Igneada Flooded Forest (Longos Forests) are locate  section of 
Marmara R 41°49'N, 27° '
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e-

Area and Natural Protected Area, Wildlife Protection Site and the areas protected 

Igneada Longos F
s  

Flooded forests are one of the most fragile and rare ecocystems in the . All 
over the , there are a limited number of these areas and there are very significant at 
local, national, regional and global levels. In the Bern Convention on the Conservation of 

fined as habitats 
under threat. Igneada 
second largest longos forests Igneada 

rivers, 
Igneada has a rich 

biodiversity. It is one of the 122 Important Plant Areas and 184 Important Bird Areas of 
- WWF (World 

-region and a potential Natura 2000 site. Seasonally 

s, 28 fish 

-
cies, and also 4 of 

those are endemic species   
result of the accumulation of alluvion carried by the rivers coming from forests of Istranca 

matic characteristics are seen 
in thi  

Igneada is on the s the n the east. 
the 

Phragmites australis). The deepest 
part is Igneada. 

meets the 
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flooded in spring and autumn. The area is still a virgin area due to transportation 

from the 

 

(

are alluvial ground level plains. The slope of these plains filled by rivers is very small. At 

 Fraxinus angustifolia subsp. oxycarpa is the dominant 
species in longos. 

Cons

  
(1991), and vicinity (1994) have a status of “1st degree Natural Protected 

n
Natural 

 

protected longos forest forms qualified and different habitats for a great number of living 
organisms 
reaches - The coastal dunes and the 
longos forests of Igneada constitute the most sensitive ecosystem in the study area. Most 

Silene sangaria, Crepis macropus, Centaurea kilaea) in 
Igneada and its vicinity are found in the coastal dunes and also the presence of species 
though not endemics, of national and international concern such as Pancratimum 
maritimum ( ). Coastal lagunes are very important in terms of 

feeding. ht e area are in the category 
of “endangered s

found 227 bird species in the area Igneada  forests have a 
very rich potential in terms of hunting tourism because it hosts a great number of fish 
species, in terms of botanic tourism because of its biodiversity and in terms of recreational 
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2012). 
ecosystems. Igneada 
host integrated different ecosystems, are under various threats and dangers. The 

materials carried by rivers  2011)

illegal hunting occurs in the area. Dams are 
I

destruction of longos forests and the ecosystem in these areas. One of the places for 
nuclear po Igneada. This is a potential threat for national 

ea. In addition, the 
 

3. Conclusion 

* -protected status for their 
suitability as Ramsar sites, considering landscape and biological diversity values and 

s or ecosystem-services. * ecological 
impacts of human activ  *For identified areas providing 
mitigation measures to reduce the ecological impacts of human activities including 
appropriate restoration, regulation, management, education, inventory and monitoring 
activities. *Identifying and promoting alternative and environmentally friendly means of 
income for local people. * -systems in the 
spatial-territorial planning and devel  *Improving public 

 facilities for local people. *Providing means to train 
students in modern environmental management and in land-use planning. *Developing a 
database for the synthesis and collation of biodiversity monitoring and inventory 
information. *Creating modern eco-tourism facilities. 
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GENETIC STUDIES IN THE BLACK SEA  

 

 
 

 
 

1. Introduction 

 
 -

- et al.   

 
   

      17-   
 -

-
 

-  
 

   

 

- et al.  

Eugraulis encrasiccolus Trachurus 
mediterraneus Sprattus sprattus

 et al. 

 
-
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-  
 

   

-
  

2. Use of Genetic Markers in the Black Sea 

-

 1997)  
 

 

  

-
et al. 

 
-
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et al. 
-

 199

 et 
al. 1993)  

 
 

Engraulis encrasiccolus 
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3. Genetic Studies on the Black Sea Marine Biota 

  
 

 
-

-

 

 
 

 

Table 1.  

Reference Species Geographic  
area 

Marker  Number of loci 

 

Mytilus 
galloprovincialis 

   

 
Atherina boyeri 

Atherina 
mochon pontica 

 
 

89 

 
et 

al.  
Mytilus 
galloprovincialis  

 
 

et al. 
 

Ostrea edulis 
   

 

Mytilus 
galloprovincialis 

   

et al. 
 

Zostera noltii 
   

et al. 
 

Zostera marina 
 –

-
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et 
al.  

Sagitta setosa 
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Appendix 1.  

Species Reference Code* 

ANGUILLIFORMES 

Congridae 

Conger conger   

CLUPEIFORMES 

Clupeidae 

Sardina pilchardus  1 

Sardinella aurita   

Sprattus sprattus   

Engraulidae 

Engraulis encrasicolus   
GADIFORMES 

Gadidae 

Merlangius merlangus   

Lotidae 

Gaidropsarus mediterraneus   

OPHIDIIFORMES 

Ophidiidae 

Ophidion rochei   

GOBIESOCIFORMES 

Gobiesocidae 

Diplecogaster bimaculata   
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Species Reference Code* 
Lepadogaster lepadogaster  26 
ATHERINIFORMES 

Atherinidae 

Atherina boyeri   

BELONIFORMES 

Belonidae 

Belone belone  21,22,26 

SYNGNATHIFORMES 

Syngnathidae 

Hippocampus hippocampus   

Syngnathus abaster  21 

Syngnathus acus   

Syngnathus typhle  26 

SCORPAENIFORMES 

Scorpaenidae 

Scorpaena porcus   

Triglidae 

Chelidonichthys lucerna   

PERCIFORMES 

Moronidae 

Dicentrarchus labrax  21 

Serranidae 

Serranus hepatus   

Serranus scriba   

Pomatomidae 

Pomatomus saltatrix   

Carangidae 

Trachurus mediterraneus   
 

Trachurus trachurus  1,21 

Sparidae 
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Species Reference Code* 

Boops boops   

Dentex dentex   

Diplodus annularis   

Diplodus puntazzo  21 

Pagrus pagrus   

Spicara smaris  21 

Sciaenidae 

Sciaena umbra   
Mullidae 
Mullus barbatus barbatus   
Mullus surmuletus  1 

Pomacentridae 

Chromis chromis  21 

Mugilidae 

Liza aurata  21,22 

Liza saliens   

Mugil cephalus   

Labridae 

Coris julis   

Ctenolabrus rupestris   

Symphodus cinereus  21 

Symphodus ocellatus   
Symphodus roissali  26 
Symphodus tinca  21 
Ammodytidae 
Gymnammodytes cicerelus  21 
Trachinidae 
Echiichthys vipera   
Trachinus draco   
Uranoscopidae 
Uranoscopus scaber   
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Species Reference Code* 
Blenniidae 
Aidablennius sphynx   
Blennius ocellaris   
Coryphoblennius galerita  26 
Parablennius gattorugine  21,26 
Parablennius sanguinolentus   
Parablennius tentacularis   
Parablennius zvonimiri   
Salaria pavo   
Callionymidae 
Callionymus lyra   
Callionymus maculatus   
Callionymus pusillus  21 
Gobiidae 
Aphia minuta  28 
Gobius niger   
Gobius paganellus  26 
Pomatoschistus microps  26 
Pomatoschistus minutus  26 
Scombridae 
Sarda sarda  21 
Scomber scombrus   
PLEURONECTIFORMES 
Scophthalmidae 
Scophthalmus maeoticus   
Scophthalmus maximus   
Scophthalmus rhombus   
Bothidae 
Arnoglossus kessleri   
Pleuronectidae 
Platichthys flesus   
Soleidae 
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Species Reference Code* 
Buglossidium luteum   
Pegusa lascaris   
Solea solea   
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