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Abstract 

 
The aim of this work is to present a view on eukaryotic life under oxic and permanent 
anoxic conditions associated with hydrogen sulfide in bottom sediments of the Black Sea 
with emphasis on unicellular eukaryotes (protists). It was shown that benthic Ciliophora, 
Gromiida and Foraminifera are present at all studied depths. Thus, obtained results showed 
that benthic protists are the constant and integral components of the meiobenthic 
communities under varying conditions of the Black Sea. Unevenness has been detected in 
spatial and bathymetric distribution of the protozoans and metazoans. The contribution of 
benthic protists to meiobenthos at different parts of the Black Sea under conditions ranging 
from normoxia to anoxia enriched with hydrogen sulfide (to the 300 m water depth) was 
investigated in the present study. 
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Introduction 
 
The Black Sea is a unique marine water body where the dissolved oxygen 
disappears at a depth of about 200 m while hydrogen sulfide is present at all 
greater depths (Zaitsev 2008). There is a thin intermediate layer of up to 10-20 m 
with coexistence of oxygen and hydrogen sulfide. It has been considered that only 
some organisms which are characteristic for the oxygenated layer of marine 
waters might be found in this zone (Zaitsev 2008). The knowledge about the 
presence of oxygen only in trace amounts or its absence limited hydrobiological 
investigations concerning eukaryotic life under sulfidic conditions in the deeper 
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parts of the Black Sea. As a result, some authors excluded the idea that eukaryotic 
life can exist in the bottom sediments of the sulfidic and anoxic Black sea waters 
(Zaitsev et al., 2007, 2008; Zaitsev and Polikarpov 2008). 
 
Accordingly, current investigations on the Black Sea benthos have been focusing 
on coastal communities. For various reasons, researchers generally do not take 
into account the single-celled eukaryotic organisms as the component of marine 
benthic communities. For many years, gromiid and large allogromiid (soft-
shelled) foraminifera were considered difficult by non-specialists to 
taxonomically classify and even they were not recognized as protists (Gooday et 
al. 2000; Nyholm and Gertz 1973). This was also observed in the study of the 
Black Sea benthic communities. However, in recent years, we obtained extensive 
data on the Black Sea meiobenthos by not ignoring various benthic protists, as 
they were also recorded in meiobenthos along the shelf and continental slope of 
the Black Sea in environments with decreased oxygen levels (Brennan et al. 2013; 
Revkov and Sergeeva 2004; Sergeeva 2003, 2016; Sergeeva et al. 2012a, 2013, 
2015; Sergeeva and Anikeeva 2014; Sergeeva and Gulin 2007; Sergeeva and 
Zaika 2013; Ürkmez et al. 2015, 2016a, b). 
           
The aim of the present study was first to understand the response of the main 
benthic protozoan taxa to oxygen depletion, and secondly, to analyze the change 
in the contribution of the basic representatives of benthic protists in the 
meiobenthos of the Black Sea both under shallow oxygenated conditions and also 
in the deep-water permanently extreme environments. The other important task 
of the study was to show the poorly known bottom protists of the Black Sea 
including Ciliophora, Gromiida and Foraminifera (hard-shelled or soft-shelled - 
monothalamous) as components of the bottom communities and to attract the 
attention of scientists to the necessity of more comprehensive benthic studies for 
the assessment of the significant role of various size-ecological organism groups 
in the functioning of benthic ecosystems of this unique basin.  Thus we focused 
on the contribution of the mentioned group of organisms to the meiobenthic 
communities in different regions of the Black Sea with examples from the shelf 
at oxygenated zone and at the upper slopes along the oxic/anoxic interface zone 
taking into account certain characteristics (bathymetric and spatial distribution, 
abundance, and ratio of these organisms in total meiobenthos). It is known that 
the representatives of benthic fauna are evaluated in the composition of bottom 
communities depending on their size and they are accepted as   micro- (of size 10 
to 100 µm), meio- (100 to 1000 µm) and macrobenthos (more than 1 mm) (Mare 
1942). We considered all meiobenthic organisms, both protozoans and metazoans 
including permanent as well as temporary meiobenthos that represent juvenile 
stages of macrobenthos (Bougis 1950; Chislenko 1961; Giere 2008; Higgins and 
Thiel 1988; Luth and Luth 1997, 1998; Mare 1942; Sergeeva 2004; Sergeeva and 
Gulin 2007; Sergeeva et al. 2012, 2013; Soltwedel 2000).   
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In this work, the information on the contribution of most numerous and common 
benthic protists to the bottom communities of the Black Sea is provided. These 
protists include Ciliophora, Gromiida and Foraminifera (hard-shelled or soft-
shelled - monothalamous). Here we discuss only the relative abundance of these 
representatives of protozoans in total meiobenthos compared to that of 
metazoans, without considering their biomass. 

 
Materials and Methods 
 
During several research programs of meiobenthos in the Black Sea, we collected 
extensive data on protozoans as a component of meiobenthic communities. 
Samples were collected at various parts of the sea, from shallow bays to the layer 
of deep-water permanent hypoxia, lying on the waters containing hydrogen 
sulfide. The changes in the distribution of benthic protozoans and metazoans and 
the proportion of main benthic protist taxa in the deep-water meiobenthos along 
oxic/anoxic interface (75-300 m) were studied in the outlet area of the Istanbul 
Strait (Bosporus) in the Black Sea, the northwestern region of the Crimean 
Peninsula and the southern part of the Black Sea in Sinop area (90-203 m). Also, 
the contribution of protozoans and metazoans to the meiobenthos at oxygenated 
zone of the northeastern, northwestern, southern and southeastern parts of the 
Black Sea near the Kerch Strait (60-110 m), Karkinitsky Gulf (10-36 m), İğneada 
Bay (5-20 m) and Sinop coasts (3-10 m) was studied. 
 
Samples of bottom sediments for biological studies were collected at the 
oxic/anoxic interface of the SW and NW parts of the Black Sea using a multiple 
corer (MuC), push corer (PsC) and gravity corer (GrC), devices that obtain 
virtually undisturbed sediment samples.  Sediments were obtained directly from 
the MUC tubes (ø = 9.6 cm), PsC (ø =7.3 cm), and GrC (ø =7.3 cm).  Two-three 
sediment core tubes were collected at each station from independent MuC or PsC 
casts. Sediment cores were sectioned as subsamples of one centimeter intervals 
for the upper 7-10 cm of the cores. Sampling in oxic zones at the western and 
southern coasts of the Black Sea was conducted using PsC (mouth area = 12.56 
cm2) and bottoms of oxic/anoxic interface at the southern Black Sea (Sinop, 
Turkey) coasts were sampled using a remote operated vehicle (ROV) ‘Hercules’ 
and the material was taken using push cores (ø = 6.4 cm). Samples were collected 
at 18 stations in the outlet area of the Istanbul Strait and from 25 stations on the 
open slope of the northwestern Crimean Peninsula at a water depth ranging 
between 75-300 m during the 15/1 cruise of RV ‘Maria S. Merian’ in April - May 
2010 (Figures 1 and 2). Meiobenthos was studied on the basis of samples of 
bottom sediments obtained using push-corer and multiple-corer in two areas 
located on the open shelf at the western part of Crimean peninsula (Figure 2).  
Area I covered 6 stations (84-212 m) and Area II was represented by 19 stations 
(101-375 m). 
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Figure 1. Meiobenthic sampling stations at the outlet area of the Istanbul Strait in the 

Black Sea (R/V “Maria S. Merian”, April 2010) 
 

 
 

Figure 2. Meiobenthic sampling stations at the outer western Crimean shelf located on 
Area I and Area II (RV ‘Maria S. Merian’, May, 2010) 
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The meiobenthos of oxygenated zone were studied near the Kerch Strait outlet 
area of the Black Sea (60-109 m water depth) at  17 stations during cruise 75 of 
the RV ’Professor Vodyanitsky’ in July 2013 (Ukraine) (Figure 3A). Bottom 
sediment samples were collected using GrC (ø =12.7 cm) at the northeastern part. 
The upper layer of 5 cm height was cut off from core columns for biological 
analysis. 
 
Benthic protozoans and metazoans were studied in the oxic zone of the Black Sea 
in Karkinitsky Gulf (NW, the Crimean Peninsula) at 10 stations with a depth 
range of 10-46 m (NW)  during cruise 70 of RV ‘Professor Vodyanitsky’ in 2011  
(Figure 3B). Bottom grab ‘Ocean-25’ was used in this area for collection of the 
materials. A sediment core (ø = 4.8 cm) was used in three replicates and the upper 
5 cm layer was cut off for the surface monoliths of bottom sediments obtained by 
the core.    

 

 
 

Figure 3. Meiobenthic sampling stations: A - in the near Kerch Strait of the Black Sea 
(cruise 75, RV ‘Professor Vodyanitsky’, August 2013), B- in Karkinitsky Gulf (B) (cruise 

70, RV ‘Professor Vodyanitsky’, August 2011) 
 
Materials from the southern Black Sea coasts (Turkey) were obtained during three 
different cruises (Figure 4). Meiobenthic samples were collected from 
oxygenated waters of İğneada Bay (8 stations, 5-20 m) in November 2012 and 
from the coast of Sinop Bay (8 stations, 3-10 m) monthly between August 2009 
and July 2010. Oxic/anoxic interface off Sinop shores (90-203 m) was sampled 
in August 2011 during the expedition NA012 of the EV ‘Nautilus’ (Dive 
numbers: NA012-001, NA012-002, NA012-003). Scuba divers used push cores 
to collect the material in İğneada and Sinop Bays, whereas remote operated 
vehicle “Hercules” was used to obtain the sediment samples at the oxic/anoxic 
transition zone off Sinop shores.   
 
We preserved all subsamples of sediments in 75% ethanol, which is known to 
preserve morphological structures of fauna without distortion. We avoided prior 
fixation in formalin in order not to damage calcareous taxa. The sediments were 
washed under distilled water through sieves with a mesh size of 1 mm and 63 μm. 
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All protozoans and metazoans isolated as ‘live’ (stained) and larger than 63 μm 
size were categorized as meiobenthos. The material retained on the sieves was 
stained by Rose Bengal solution before being sorted in water under a 
stereomicroscope. The ‘live’ (intensely stained) organisms were identified to 
higher taxa. The “operational” definition of meiobenthos which include 
organisms that pass through a sieve of 1 mm mesh size and retained on a 63 µm 
mesh size sieve was accepted. Also certain specimens of meiobenthos that 
reached 2 mm in size, mainly larger foraminifers (hard- and soft-shelled), 
gromiids, ciliophorans and nematodes were evaluated.  All the isolated organisms 
were counted and identified to higher taxa level (type, class, order, and genus). 
Due to the lack of sufficient knowledge in taxonomy of protists, it was possible 
sometimes to identify down to genus level at most. 
 

 
Figure 4. Meiobenthic sampling stations A – İğneada Bay at the southwestern Black Sea 

(Turkey, November 2012), B – Sinop Bay at the southern Black Sea (Turkey, 
August2009-July 2010), C – Oxic / anoxic interface off Sinop shores, Turkey, August 

2011 (S: suboxic, A: anoxic, O: oxic stations) 
 

We studied the protists and metazoans in detail by 100-1000х magnification, with 
a light microscope Olympus СХ41 and a Nikon Eclipse Ni-U advanced research 
microscope (with DIC attachment) equipped with a digital camera. The average 
total abundance of bottom fauna found at all core levels from 0 to 5 cm depth was 
studied. Density of meiobenthos was calculated per m2 of the bottom area, on the 
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basis of the number of meiobenthic organisms found in upper 5 cm of the cores. 
Oxygen concentrations in the bottom-water along the interface zone at the outer 
western Crimean shelf and at the Istanbul Strait of the Black Sea ranged from 
normoxic (175 μmol O2L-1) and hypoxic (less than < 63 μmol O2 L-1) to even 
anoxic/sulfidic conditions within a few kilometers range (Holtappels et al. 2011; 
Lichtschlag et al. 2015). 
 
Results  
 
Our data suggest that some benthic eukaryotes (protozoan and metazoan) are 
tolerant to hypoxia and anoxia associated with hydrogen sulfide. 
 
1. The deep-water in the outlet area of the Istanbul Strait (Bosporus) of the 
Black Sea  
 
In April 2010, investigations were conducted at oxic/anoxic interface along a 
depth range of 80-300 m to understand the response of main benthic protists to 
oxygen depletion and to assess their contribution to meiobenthos in the deep-
waters of the Istanbul Strait. Distribution of the abundance of metazoans and 
benthic protists in total meiobenthos was not regular along the studied depth 
gradient (Figure 5). 
 

 
Figure 5. Distribution of the abundance (103ind.m-2) of metazoans and protozoans along 

the studied depth gradient near the Istanbul Strait in 2010 
 
Benthic protists were recorded at all the stations studied (75-300 m) and an 
unevenness was observed in their vertical distribution (Figure 6). In 2009, two 
peaks of total abundance were recorded at 88-103 (Sergeeva and Mazlumyan 
2013) and 250 m in the Istanbul Strait area and one strong peak was recorded at 
196 m in 2010. On one hand, it can be explained by micro-distribution depending 
on the availability of food resources, the number of macrobenthic fauna and their 
bioturbation activities that can be observed at the oxygenated zone. On the other 
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hand, there was a trend of increase in numbers at depths of 200-250 m under 
anaerobic conditions with a high concentration of hydrogen sulfide. We assume 
that some forms of protists are adapted to such conditions and can reach to large 
quantities.  

 

 
 
Figure 6. The abundance (103ind.m-2) of protists along the studied depth gradient in the 

outlet area of the Istanbul Strait in different years. A: November 2009 (in agreement with 
Sergeeva et al. 2015), B: April 2010. 

 
Gromiida was a permanent component of the meiobenthos at all studied depths 
of the outlet area of the Istanbul Strait of the Black Sea in November 2009. The 
relative share of Gromiida was 30% in total meiobenthos. Ciliophora made a 
prominent contribution at 103, 250, 300 m depths and its relative share ranged 
between 15-90 %. The relative share of Foraminifera was 3-88 % and presented 
a main contribution at depths of 82, 160 and 190 m (Sergeeva et al. 2015). 
 
In 2010, the ratio of protozoans and metazoans in meiobenthos, as well as of main 
taxa in protozoan communities changed with increasing water depth and with 
reduction in dissolved oxygen concentration in the environment (Figure 7). The 
contribution of the single-celled representatives to the total abundance of 
meiobenthos was 5-12%.  The hard-shelled foraminifera accounted for 19% of 
the total number of protists in the oxygenated zone, but their contribution did not 
exceed 3% under hypoxia and anoxia. These forms were distributed at depths of 
160-173 m. The hard-shelled foraminifera had a significant contribution (19%) 
to the total number of protists only at the upper oxygenated zone. The soft-shelled 
foraminifera, unlike hard-shelled forms, made a significant contribution (27-
16%) to protozoan communities under anoxic conditions associated with 
hydrogen sulfide. Soft-shelled foraminifera had the greatest contribution (60%) 
among the protists at the oxic zone (80-116 m) and by the upper boundary of the 
hydrogen sulfide zone (135 m). A similar trend of increase was observed among 
gromiids (4-27%) and ciliates (22-63%) in their contribution to the community 
under hypoxic and anoxic conditions. Thus, the soft-shelled Foraminifera, 
Gromiida and Ciliophora had the greatest share as main components of the 
protozoan community and meiobenthos in the Istanbul Strait area (Figure 7).   
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Figure 7. Share of  protozoa and metazoa in total meiobenthos  (A), share of main taxa 
of benthic protists in protozoan communities (B) along the studied depth gradient at the 

Istanbul Strait area of the Black Sea (April, 2010) (F: Foraminifera) 
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2. The deep-water of the outer western Crimean shelf  
        

Bacterial mats were observed on bottom sediments at two stations of Area I 
(425/163m and 426/175m) and at four stations of Area II (378/155m, 398/144m, 
405/151m and 412/124m). The structure of core columns, from their surface to a 
depth of 5 cm, was heterogeneous. These differences were prominent in the 
columns obtained at same depths and they contained light gray, sometimes with 
a greenish tinge, dark gray, brown and black sediment layers. The structure of the 
sediments ranged from viscous and runny to hard consistency with varying values 
of hydrogen sulfide recorded by sensory devices. Live bivalve mollusks or just 
shells of dead mollusks with varying degrees of destruction were detected on the 
surface of different columns obtained at the same station. Populations of 
Modiolula phaseolina and great number of ferromanganese nodules were 
observed in some sediment columns taken from the same station at the spots with 
oxidized surface layer, whereas no live mollusks or ferromanganese nodules were 
seen in other sediment columns. 
 
Measurements of oxygen concentrations revealed four zones with different 
oxygen regimes within a distance of more than 30 km at bottom-water layer of 
the outer western Crimean shelf along the transect from 95 to 218m water depths. 
Oxic zone was situated at <130m, where oxygen concentrations at the bottom-
water layer were more than 63 µmol L-1; oxic/hypoxic zone between 130-142m, 
where oxygen concentrations ranged from >63 to >0 µmol L-1; hypoxic/anoxic 
zone- between 142-170 m water depths where O2 concentrations were 63-0 µmol 
L-1, and anoxic/sulfide zone at deeper than 170 m water depths  where sulfide was 
present in anoxic bottom waters (Holtappels et al. 2012; Lichtschlag et al. 2015). 
Area I covers the methane escape spots from the bottom surface. A visual 
overview of this area was conducted before sediment sampling using a remote 
operated vehicle ‘Medusa’ and a mosaic coloring was noticed on the bottom 
surface. These spotted areas with different structure and color were particularly 
chosen for the sampling of meiobenthos. In particular, the surface sediment had 
a general gray-brown color, and in some zones there were large spots covered 
with white bacterial mold. Taking into account the heterogeneity of the sediment, 
one column of bottom sediment sample was taken using push-cores from different 
zones of all the stations. The only exception was the station located at 212 m 
water depth, where only one sample was taken. 
 
The bathymetric distribution of meiobenthos (metazoans and benthic protozoans) 
was not even at the top 5 cm layer of the columns taken from bottom sediments 
at two areas (I and II) of the Crimean shelf. A sharp increase in the average 
number of multicellular and unicellular organisms was observed in the 
hypoxic/anoxic zone of Area I (Figures 8 and 9). Unlike the Istanbul Strait region, 
the contribution of benthic protozoans to the total abundance of meiobenthos 
increased from 8 to 62% along the oxygen gradient at the transition zone from 
normoxia to hypoxia and anoxia at Area I of the Crimean shelf (Figure 9). 



131 
 

Furthermore, gromiids and soft-shelled Foraminifera dominated at the 
oxygenated conditions, whereas the protozoans were totally composed of 
Ciliophora (81-97%) at the hypoxic / anoxic environments.    

     

 
Figure 8. Distribution of the metazoan and protozoan abundance (103 ind.m-2) along the 

studied depth gradient at the outer western Crimean shelf, Area I (May 2010) 
 

  
Figure 9. Share of  protozoa and metazoa in total meiobenthos (A), share of main taxa of 

benthic protists in protozoan communities (B) along  the studied depth gradient  at the  
outer western part of Crimean shelf, Area I (May 2010) (F: Foraminifera) 
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We observed trends of reduction with depth in the number of multi-cellular 
organisms at Area II. Moreover, the density of protozoa under acute hypoxia and 
anoxia was similar or higher than that of under oxygenated conditions (Figures 
10 and 11). Exactly the same overall trend of increase was observed in the shares 
of the total structure of meiobenthos (from 3 to 47%) along the oxygen gradient 
at Area 2 of the Crimean shelf (Figure 10). However, the ratio of studied taxa was 
different. Here the hard-shelled foraminifera and gromiids provided a significant 
contribution (6-44% and 11-42%, respectively) under oxygenated conditions. On 
the other hand, the proportion of soft-shelled foraminifera increased (from 29 to 
48%) at the hypoxic/anoxic zone, while ciliates dominated (93%) under anoxic 
conditions.   
 
 

 
Figure 10.  Distribution of the metazoan and protozoan abundance (103ind.m-2) along the 
studied depth gradient at the outer western part of the Crimean shelf, Area II (May 2010)  
 
 
The study area is located at the northeastern part of the Black Sea within the oil 
and gas structures of the Kerch shelf. The first data on the diversity, and the 
vertical and spatial distribution of meiobenthos was obtained in 2013. The 
meiobenthic community was composed of 17 higher taxa, including Ciliophora, 
Foraminifera and Gromiida (Sergeeva 2013). Here we carried out a comparative 
analysis of the density of protozoans and metazoans in total, and the contribution 
of main benthic protists to the meiobenthic community at studied depths. 
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Figure 11.  Contribution of Protozoa and Metazoa to total meiobenthos  (A), share of the 
main taxa of benthic protists in protozoan communities (B) on the studied depth gradient  

at the outer western  part of the Crimean shelf  (May 2010) (F: Foraminifera) 
 

 
The values of the abundance of the meiobenthos, including the benthic 
protozoans, do not reach high values such as in deep water areas at the 
northwestern and southwestern part of the Black Sea (see above).  Nevertheless, 
we also observed a trend of uneven distribution of the benthic protists at the 
oxygenated zone (Figure 12). The proportion of the total number of protozoa in 
meiobenthos reached to 17-40%, but only three taxa (Figure 13B) showed a 
significant share in the community.  Gromiids or Ciliophores were prevailing 
groups (Figure 13). 
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Figure 12.  Distribution of the metazoan and protozoan abundance (103ind.m-2) along the 

studied depth gradient at the oxygenated zone of the Crimean shelf, near Kerch Strait 
(NE Black Sea, August 2013) 

 
Figure 13. Contribution of protozoa and metazoa in total meiobenthos (A), share of the 
main taxa of benthic protists to protozoan communities (B) at the studied depth gradient 
of oxygenated zone at the Crimean shelf, near Kerch Strait (NE Black Sea, May 2013) 

(F: Foraminifera) 
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3. NE part of the Black Sea (Crimean coast of Kerch Strait) 
 
The distribution of hard-shelled foraminifera was random and they were found 
only as single specimens (less than 1%). Gromiids presented a main share in the 
community of protists at 60-90 m depths, and share of the other groups did not 
exceed 18-20% of the total number of protists.  One of the two stations (depth 
109 m) was represented exclusively by gromiids, and only gromiids and soft-
shelled foraminifera were recorded at another station (depth 249 m).  
 
It should be noted that the first morphotypes of soft-shelled foraminifera found at 
the Crimean shelf near Kerch Strait were similar in terms of morphological 
characteristics to the specimens that were found in the Istanbul Strait area. The 
studies on species identifications continue, but they are considered to be as the 
representatives of the genus Nemogulmia or Stepherdella. 
 
4. The Karkinitsky Gulf (NW Black Sea) 
 
The contribution of the benthic protozoans to total meiobenthos was evaluated 
separately in three parts of the studied area: the inland (10-18m), middle (26-31m) 
and outer (32-46m) parts. During the study, the temperature of the upper water 
masses in this Gulf (0-8m) was 22.42-22.05°C. There was a temperature drop 
from 22°C to 8°C in the thermocline layer (8-26m). In the inland part of the Gulf, 
the temperature of the bottom (8m) water was high as 24.56°C, indicating a weak 
hydrodynamic activity in this area. An influx of cold water (probably from the 
northwestern part) was observed at the mid-northern part of the bay, where the 
upper mixed layer was limited to 0-5m, and the thermocline layer was only 5m 
(with a temperature range of 22-12°C). Distribution of salinity was characterized 
by a relatively uniform increase in the direction from the inland part (from 16.23 
to 18.42‰) to the outer zone. We also observed a significant decrease in the 
oxygen concentration to 5.39 ml/L in stagnant water at the inland part of the Gulf, 
while its concentration was about 6-7 ml/L in other areas of the Gulf (Sergeeva 
et al. 2012b). 
 
The proportion of protozoans and multicellular components in the meiobenthic 
communities of Karkinitsky Bay was unusual. The share of protists and 
metazoans in meiobenthos of the inland and outer parts of the Gulf were found to 
be similar (26 and 74%, respectively), whereas the contribution of protists and 
metazoans in the middle part was only 12% and 88%, respectively (Figure 14). 
Soft-shelled foraminifera dominated (61-93%) in the cenosis of benthic protists 
along the Gulf, increasing in the direction from inland to the seaward zone. The 
role of individual taxa was different at the studied gulf areas. 
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Figure 14. Contribution of Protozoa and Metazoa in total meiobenthos (A), share of the 
main taxa of benthic protists to protozoan communities (B) at the oxygenated zone of the 

different parts of Karkinitsky Gulf (May 2013) (F: Foraminifera) 
 

5. İğneada Bay (SW Black Sea, Turkey)  
 
İğneada Bay is located at the western part of the Black Sea coast of Turkey and 
has a border wih a Bulgarian Marine Protected Area (MPA).  As a result of a 
preliminary meiobenthos study conducted at 8 stations on 3 transects (5, 10, 
20m), 12 higher taxa were recorded. Protozoans were represented at all the 
stations except one (St. I-1-2) and their percentage ranged between 0-19% with 
the highest share at St. I-2-1 (5 m) which is located at the middle of the bay 
presented with a biotope of fine sand+silt (Figure 15).  Protozoans of İğneada Bay 
were composed of soft-shelled and hard-shelled foraminifera and ciliophores 
were not recorded. Hard-shelled foraminifera was the third dominant taxon  
(Ürkmez et al. 2016b) in the studied area and made its highest contribution to 
meiobenthos at two stations along transect 2, St. I-2-1 (19.5%) and St. I-2-2 
(7.5%). Soft-shelled foraminifera was found only at two stations with 5 (St. I-3-
1) and 10 m (St. I-2-2) depth.  
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Figure 15. Share of protozoa and metazoa at the stations of İğneada Bay, SW Black Sea, 

Turkey (November 2012) 
 

6. Sinop coasts (Southern Black Sea, Turkey) 
 
A comprehensive meiobenthic sampling campaign by the Turkish scientists has 
been conducted at the central Black Sea coast of Turkey (Sinop Bay). Material 
was collected monthly at 8 stations (4 transects) from depths of 3 and 10 m 
between August 2009 and July 2010. Hard-shelled and soft-shelled foraminifera 
were found at the majority of the stations in most of the sampling months. 
Furthermore, hard-shelled foraminiferans were among the dominant taxa 
following nematodes and harpacticoids in all the samples (Ürkmez et al. 2016a). 
Ciliophorans were particularly recorded at stations A1, B1 and C1 with a biotope 
of coarse sand. The mean abundances of autumn (September, October and 
November), spring (March, April and May), winter (December, January, and 
February) and summer (June, July and August) were calculated to examine the 
abundance of protozoans. It was clearly seen that the density of protozoans was 
higher at stations with 10 m depth, particularly at stations A2 and C2 with coarse 
sand. Protozoan densities ranged between 10-371x103ind.m-2 during autumn, 7-
275x103 ind. m-2 in winter, 10-185x103 ind. m-2 in spring and 10-166 x103 ind. m-

2 in summer. The highest value was recorded at St. A2 in autumn (371x103 ind. 
m-2). The contribution of protozoans to meiobenthos was prominent at station D1 
in summer, spring and winter (64, 61, 75%), at station A2 in autumn (70%) and 
winter (69%) and at station C2 in winter (Figure 16). Percentages of 3 taxa in 
protozoan community are given in Figure 17. Hard-shelled foraminifera was the 
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most contributing taxon to protozoans particularly at stations C1, D1, A2, C2 and 
D2 during four seasons. Contribution of soft-shelled foraminifera was prominent 
at stations A1, B1, C1 and B2, and the highest percentages were recorded in 
spring (82% at st.A1) and summer (72%, st. B1). Ciliophora was found mainly at 
three stations with 3 m depth presenting with a biotope of coarse sand (A1, B1, 
C1) and its contribution was also higher in spring and summer. 
 

 
Figure 16. Protozoan and metazoan abundances (103ind.m-2) at the oxygenated stations 
of Sinop Bay (Southern Black Sea, Turkey) during four seasons, 2009-2010 (A,B,C,D 

are transects; 1 indicates stations with 3 m, 2 indicates stations with 10 m) 
 

 
Figure 17. Contribution of soft-shelled and hard-shelled foraminifera and ciliophora to  
meiobenthic protozoans at the oxygenated stations of Sinop Bay (Southern Black Sea, 

Turkey) during four seasons, 2009-2010 (F: Foraminifera; A,B,C,D are transects;  
1 indicates stations with 3 m, 2 indicates stations with 10 m) 



139 
 

Oxic/anoxic interface off the Sinop Peninsula was sampled at three depths 
representing three different zones (oxic zone, suboxic zone, anoxic zone) at 
depths of 90m, 120.5m and 203m (Brennan et al. 2013). Respective oxygen 
concentrations were 69.61 µM, 1.44 µM and 0 µM and they were recorded by an 
optode mounted on the ROV. The suboxic core was composed of soft sediment 
with shells and anoxic core was full of fine sand. Three replicates of samples were 
only collected at the anoxic zone and the other two zones were represented with 
one sample. Meiobenthic assemblages were composed of 13 major taxa and 
ciliophorans were not found in the community structure of the area (Ürkmez et 
al. 2015). Density of protozoans (composed only of hard-shelled foraminifera) 
was highest at the oxic zone (90 m), however their share was only 1% compared 
to metazoans. Soft-shelled foraminifera had a share of 10% and recorded only at 
the suboxic zone in total meiobenthos assemblage of the studied area (Figure 18). 

 

 
Figure 18. Share of protozoans and metazoans in the meiobenthic community structure 

of the oxic/anoxic interface off the Sinop Peninsula, August 2011  
(Southern Black Sea, Turkey) (F: Foraminifera)  

 
Discussion  
 
The study of hard-shelled foraminiferans in the Black Sea has been the focus of 
repeated researches (Golemansky 1999a; Mikhalevich 1968; Vorobyova 1999; 
Yanko and Vorobyova 1991; Temelkov 2008, 2010; Temelkov et al. 2006; Öksüz 
et al. 2011; Öksüz et al. 2013; Öksüz et al. 2016a; 2016b; Űrkmez et al. 2016b). 
The first 10 species of hard-shelled foraminifera were found during the 1880s 
(Pereyaslavtseva 1886) in this area and the number increased to 26 species by 
1968 (Mikhalevich, 1968). Currently, there are more than 100 species known for 
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this unique basin (Temelkov et al. 2006; Yanko 1990; Yanko and Troitskaya 
1987). 
 
Soft-shelled species of foraminiferans with organic-walled shells (‘allogromiid’) 
or agglutinated forms of bottom micro particles or detritus (‘saccamminids’) are 
an important component of marine foraminiferal assemblages, particularly in 
fine-grained sediments of deep sea at high latitude regions. The organic-walled 
forms belong to the suborder Allogromiina. Despite their high abundance and 
ecological importance, the taxonomy and diversity of these groups of 
foraminifera are very poorly known (Gooday et al. 2002). 
 
First information about findings of non-calcareous foraminifera in the Black Sea 
appeared in the 1960s (Valkanova 1964; Mikhalevich 1968). The data on the 
distribution of soft-shelled foraminifera in the Black Sea emerged in the late 20th 
century (Sergeeva and Kolesnikova 1996) which  was the beginning of more 
comprehensive further studies of this group of protists (Anikeeva and Gooday 
2016; Gooday et al. 2011; Sergeeva 2016; Sergeeva et al. 2010; 2014). The rapid 
accumulation of data on soft-shelled foraminifera linked to the systematic 
collection of meiobenthic material from the Black Sea using modern bottom 
samplers. It is shown that the number of allogromiids is higher than that of hard-
shelled foraminifera in many habitats. Allogromiids are more resistant to hypoxia, 
they are found closer to the boundary of sulfide water and penetrate deeper into 
the sediment (Sergeeva et al. 2014).  
 
Representatives of soft-shelled foraminiferans and gromiids in Bulgarian coastal 
zone were noticed by Valkanov (1970) and Golemansky (1999a; 2007a). 
However, these components are generally not taken into consideration when 
assessing the role of benthic communities in marine ecosystems. Nevertheless, it 
is known that foraminiferans are found on or in sediments and on solid substrates 
at all depths (Fenchel 1987).  
 
At present, the delicate soft-walled foraminifera in the meiobenthic communities 
of the Black Sea are composed of 39 forms from the families Allogromiidae, 
Saccamminidae and Psammosphaeridae which are identified to species (14) or 
genus level (25) as well as with undescribed species (4 species of the genus 
Nodellum, 6–Vellaria, 4–Bathyallogromia, 3–Tinogullmia, 2–Psammophaga, 1–
Psammosphaera, 1–Congieria, and 4–Nemogullmia-like). More than 50 of their 
representatives from various coastal and deep waters of the Black Sea are in the 
collections of IMBR (Institute of Marine Biological Research) RAS and require 
further detailed study (Sergeeva 2016). Fourteen allogromiid species are known 
from the Black Sea up to now: Hipocrepinella hirudinea Heron-Allen et Erland, 
1932, Psammophaga simplora Arnold, 1982, P. cf. riemanni Gooday, 1990, 
Vellaria pellucida Gooday, 1992, V. sacculus Gooday, 1992, Lagynis pontica 
Golemansky, 1999, Tinogullmia lukyanovae Gooday et al., 2006, Goodayia 
rostellatum Sergeeva and Anikeeva 2008, Nellya rugosa Gooday et al. 2011, 
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Cedhagenia saltatus Gooday et al., 2011, Ovammina opaca Dahlgren, 1962, 
Guanduella podensis Temelkov, 2010, Krymia fusiformis Anikeeva, Sergeeva 
and Gooday, 2013 and Bellarium rotundus Anikeeva, Sergeeva and Gooday, 
2013 (Sergeeva et al. 2015; Anikeeva and Gooday 2016). First data on this group 
of Foraminifera was from the Azov Sea and the hyper-saline Siwash Bay. 
According to our still incomplete data, these foraminiferans are represented by 
three species in these areas, namely Bellarium rotundus, Vellaria cf. pellucida, 
Psammophaga simplora and not less than by 10 morphotypes (Sergeeva 2016). 
 
Several new species and morphotypes of soft-shelled foraminiferans have been 
described from coastal and deep-waters of the Black Sea (Anikeeva and Gooday 
2016; Gooday et al. 2011; Sergeeva et al. 2010) only recently. Since the 
morphological characters are not always sufficient to establish the phylogenetic 
relationships among allogromiids, some recent species descriptions include the 
analysis of molecular data (Pawlowski et al. 2002; Gooday et al. 2004). 
 
Gromiids are bottom protists which can reach to a size of 30 mm in diameter. 
They are ubiquitously distributed in environments ranging from polar seas to 
tropical coral reefs, and in areas including the Mediterranean, the coasts of North 
America, northwestern Europe, New Zealand, and Antarctica and they live at 
shallow waters or large depths (Piña-Ochoa et al. 2010, Matz et al. 2008; Gooday 
et al. 2000). Deep-sea gromiids are likely to play an important role in carbon 
cycling at bathyal eutrophic regions (Rothe et al. 2009; 2011). 
 
Based on their general morphology, the amoeboid water protists with a 
monothalamous (single-chambered) proteinaceous test and filose pseudopodia of 
the genus Gromia Claparède and Lachman, 1859 were initially classified under 
Foraminifera, but because of their non-granular, filose pseudopodia, they were 
later included to filopodia-bearing protists (the Filosea). The morphological 
resemblance between Gromia and Foraminifera may be due to a common 
ancestor (Longet et al. 2004). Molecular phylogeny showed that foraminifera and 
Gromia are separate branches of Rhizaria (Burki et al. 2002; Rothe et al. 2011) 
and Gromia represents a sister group to Foraminifera. 
 
Like soft-shelled foraminiferans, representatives of the genus Gromia have also 
been mentioned in the works concerning the Black Sea benthic communities 
(Golemansky 1999b, 2007a; Sergeeva et al. 2012; Sergeeva and Mazlumyan 
2015). These protists have been found at different depths of the Black Sea, from 
the coastal areas down to the deep-water zone where permanent strong hypoxic 
and anoxic conditions occur (10-250m depth). Vertical distribution of Gromia at 
the oxic/anoxic interface of the Istanbul Strait showed some marked 
characteristics and several peaks were recorded in their abundance at depths of 
75, 88, 122 and 250 m. Most of the individuals inhabited upper layer of the bottom 
sediment at the point of maximum observable abundance (75, 88, 250 m), and 
deeper layer (7-9 cm) was inhabited by Gromia only at a depth of 122 m. It was 
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notable that Gromia was not found at the middle layer (3-5 cm) of the investigated 
bottom sediment (Sergeeva and Mazlumyan 2015). The discovered gromiids in 
the Black Sea available in our collection are in spherical, elongate and ellipsoidal 
forms, with a size ranging from 230-600μm to more than 2mm. As a preliminary 
finding, our studies showed the presence of at least one gromiid species, Gromia 
cf. oviformis Dujardin, 1835 and seven morphotypes, which may be new to 
science. 
 
Ciliates were represented in aerobic habitats of the Black Sea both as plankton 
and benthos. The total number of species found in pelagic aerobic waters (29) 
was low compared to the number of benthic species (476) (Azovsky and Mazei 
2003a, 2005; Polikarpov et al. 2003). Approximately 300 species of Ciliata have 
been observed in the Bulgarian Black Sea sector. Most of them were benthic, and 
particularly psammal inhabitants (Golemansky 2007b). 
 
As a result of the investigations conducted at the Northeastern (Caucasian) region 
of the Black Sea at depths ranging between 0 to 432 m, the highest diversity of 
ciliates was found  at oxygenated  conditions at 3-10 m and they were not found 
at the zone containing H2S (deeper than 100 m) (Azovsky and Mazei 2003b, 
2005). Earlier studies of the oxic/anoxic chemocline of the Black Sea water 
column revealed only two ciliate species: a representative of Mesodiniidae, and a 
small unidentified ciliate with symbiotic bacteria on its surface (Sazhin et al. 
1991). 
 
Wylezich and Jürgens (2011) studied the species composition of protists 
inhabiting pelagic suboxic and sulfidic waters of the Black Sea using molecular 
tools. They reported high diversity of ciliates and flagellates in hypoxic and 
particularly in sulfidic water layers. Many taxa of protists in the Black Sea 
redoxcline were also observed in other anoxic and sulfidic marine systems 
(Stoeck et al. 2003, 2007). The authors emphasized the importance of anoxic, 
sulfidic waters as habitats for high protist diversity and the significance of these 
groups as a major trophic link in the hypoxic system of marine basins.  
 
The first findings of benthic free-living ciliates and data on their bathymetric 
distribution at depths ranging from 120 to 2075m near the Dnieper Canyon and 
the Sorokin Trough (the eastern part of the Black Sea) were described from the 
samples of near bottom water, sediment surface detritus, and the upper layer (0-
1cm) of sediment. Hydrogen sulfide was registered beginning from 160-170m. 
The ciliates found in the mentioned samples were the representatives of the 
genera Chilodonella Strand 1928, Trachelocerca Ehrenberg 1834, 
Tracheloraphis Dragesco 1960 and Loxophyllum Dujardin 1841 (Zaika 2008, 
Zaika and Sergeeva 2009).  
 
Epibiont peritrich and suctorian ciliates were first observed on oligochaetes, 
nematodes and harpacticoids in deep waters of the Black Sea under 
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hypoxic/anoxic conditions (Sergeeva and Dovgal 2014; 2016) and more than 30 
morphological species were recognized among collected materials (Sergeeva and 
Zaika 2008). Ciliate abundances revealed peaks at depths of 120, 160-190, and 
240m (Sergeeva et al. 2008). These peaks coincide with the depths presenting 
with hydrogen sulfide. Additionally, there are pelagic peaks in the intensity of 
bacterial chemosynthesis and bacteria production (Sorokin and Sorokina 2008) at 
the same depths. Therefore, peaks in the abundance of ciliates may be related with 
food accumulations. The highest number of ciliate morphotypes (8) was recorded 
at 240m depth, where a lower peak of abundance was observed (Zaika and 
Sergeeva 2009). 
 
Thus, our results showed that benthic protists were the constant and integral 
components of the meiobenthic communities under different conditions of the 
Black Sea. We detected an unevenness in spatial and bathymetric distribution of 
the protozoans and metazoans. Conducted studies on main taxa of meiobenthic 
communities at different depths and regions of the Black Sea allow us to give an 
overall picture of the distribution and the reaction of protists to the environment, 
establishing a link between different taxa and suggesting their important role in 
benthic ecosystems. As the water depth increases in the Black Sea, the 
biodiversity and abundance of macrobenthos decreases and the contribution of 
protozoa to benthic ecosystems becomes higher. 
 
Changes observed in the taxonomical composition and contribution of different 
taxa of protists to total meiobenthos depend on various factors. It can be explained 
by the specific characteristics of microdistribution and the availability of food 
resources, the number of macrobenthic fauna and their bioturbation activities, and 
changes in oxygenated conditions switching to anaerobic conditions containing a 
high concentration of hydrogen sulfide. We assume that some forms of protists 
are adapted to such conditions and can reach large quantities. Protozoans are 
significant components of benthic fauna since they are an important food source 
for bottom invertebrates. They are consumers of bottom bacteria, microalgae, 
terrestrial pollens and marine filamentous fungi; they may also prey upon 
unicellular and multicellular organisms as predators. Anaerobic bacteria 
decompose organic material under conditions of hydrogen sulfide in the Black 
Sea, and the final products are sulfates. These bacteria, in turn, are a food source 
of many benthic protists.  In addition, the representatives of the above-mentioned 
groups are in the diet of many bottom invertebrates inhabiting various habitats 
(Figure 19). 
 
Obviously, they play a particular role in terms of oxygen depletion, so that they 
are able to enter into a symbiotic relationship (Figure 20) and included in the 
cycle of organic matter in benthic ecosystems at these environments, where life 
of other organisms are limited. Figure 20 shows the shells of a gromiid that is 
filled (preliminarily determined) with Cryptobiontes-like and Symbiodinium-like 
(Dinophyta) organisms. 
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Figure 19. Examples of food sources for benthic protists (scales = 50 µm) 
A-C: Soft-shelled foraminifera consuming bacteria and microalgae: 

A- Vellaria pellucida Gooday 1992 
B- Krymia fusiformis Anikeeva, Sergeeva and Gooday 2013 

C- Bellarium rotundus Anikeeva, Sergeeva and Gooday, 2013 
D-Е: Protists as food for multicellular predators: 

D- Free-living Nematoda ingesting inner content of Gromia sp. 
E- Free-living Nematoda ingesting inner content of Psammophaga simplora 

(allogromiids) 
F-G:  Soft-shelled foraminiferans as predators: 

F- Allogromiida g. sp. assimilating free-living nematodes 
G- Psammosphaeridae g. sp. assimilating free-living nematodes 

H, I: Unidentified ciliate with diatoms 
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Figure 20. General form of Gromia sp. (A) examples for symbionts (scale bar =100 

µm); (B-D) and their packaging in the shell of Gromia sp. (scale bar = 20 µm) 
 
These data point out the need to study the species diversity of protists inhabiting 
different habitats. Undoubtedly, it is clear that specific species of ciliates, 
foraminiferans and gromiids can be found in addition to widespread forms in 
these extreme habitats. Based on the data obtained, we conclude that the benthic 
protists are an important component of the bottom communities and it is 
necessary to investigate their role in the functioning of the benthic ecosystem of 
the Black Sea. In this context, we studied certain characteristics of protozoan 
communities (bathymetric and spatial distribution, abundance, and ratio of main 
taxa) as a component of whole meiobenthic assemblages. The existing and 
original data on main taxa of benthic protists and changes in their contribution to 
meiobenthic communities under conditions ranging from normoxia to anoxia was 
summarized for the first time for the Black Sea. Future research should focus on 
their species diversity and understanding the role of each species or group of 
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protists in benthic ecosystems, links between different taxa and their relationship 
with the environment.  
 
The presented data suggest that eukaryotic life is present in anoxic Black Sea 
waters and hydrogen-sulfide sediments which have been considered as a “toxic” 
environment. This result is consistent with the data about occurrence of anaerobic 
metabolism in many protozoans (Fenchel 1987; Massana and  Pedros-Alio 1994).  
 
It is possible now to refuse the existing view about the lifelessness of the Black 
Sea at depths containing hydrogen sulfide by direct observations of active 
protozoans and metazoans, living in the deep-water hydrogen sulfide zone 
(Sergeeva et al. 2014). Additionally, two species of epibiont peritrich and 
suctorian ciliates living on metazoan benthic animals have recently been 
described at a depth of 253 m under anoxic conditions enriched with hydrogen 
sulfide pollution (Sergeeva and Dovgal 2014, 2016). Further studies will be 
necessary to reveal the factors regulating the abundance of benthic protists and 
metazoans at the oxic-anoxic interface of the Black Sea, to identify the origin of 
specific deep-water communities, their diversity and role.  
 
Under hypoxia, many aerobic organisms have difficulties in their life, so it leads 
to changes in the structure of benthic communities and a reduced biological 
diversity. Extreme conditions also lead to disappearance of a number of aerobic 
benthic forms.  Our data suggest that the oxic/anoxic transition zone supports 
diversity and density of some meiofaunal taxa and also protists (Gromiida, 
Ciliophora and Foraminifera), which are the most abundant representatives of 
eumeiobenthos in samples from deeper, anoxic/sulfidic areas of the Black Sea. 
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Karadeniz’in Meiobentik Komunitelerinde Protistler 
(Ciliophora, Gromiida, Foraminifera) 
 
Öz 
 
Bu çalışmanın amacı, Karadeniz’in oksik ve hidrojen sulfur içeren sürekli anoksik koşullar 
altındaki bentik bölgelerinde var olan ökaryotik yaşam hakkında görüş sunmaktır. 
Çalışmada tek hücreli ökaryotik organizmalar (protistler) üzerinde durulmuştur. Buna 
göre, Ciliophora, Gromiida ve Foraminifera’nın çalışılan tüm derinliklerde bulunduğu 
gösterilmiştir. Elde edilen sonuçlar, bentik protistlerin Karadeniz’in farklı çevresel 
koşulları altında meiobentik komunitelerin sürekli bileşenleri olduğunu göstermektedir. 
Meiobentos içerisinde protozoa ve metazoa komunitelerinin hem alansal hem de 
batimetrik dağılımının düzenli olmadığı tespit edilmiştir. Çalışma kapsamında, oksijenli 
koşullar ve hidrojen sülfür içeren oksijensiz koşullar (300 m derinliğe kadar) arasında 
değişim gösteren ortamlarda bentik protistlerin meiobentosa yaptığı katkı incelenmiştir.  
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