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Abs tra ct  

The paper analyzes features of the hydrological structure of waters and the distribution of 

total suspended matter off the coast of Crimea within the economic zone of Russia between 

the Heraclea Peninsula and Cape Opuk in April-May 2021 according to field measurements 

carried out during the 116
th

 cruise of the R/V Professor Vodyanitsky. It is shown that 

the Rim Current formed anticyclonic eddies to the south of the Heraclea and Kerch Penin-

sulas, to the east and south of Cape Meganom. Cyclonic eddies and meanders were ob-

served near the southwestern and southeast boundaries of the polygon. A decrease in sea 

surface temperature east of Cape Meganom and in Feodosiya Bay associated with coastal 

upwelling was revealed. It is shown that intense freshening of surface waters was observed 

in the coastal northeastern part of the polygon. The mixing of the Azov Sea waters propa-

gating from the Kerch Strait and the waters of Feodosiya Bay led to the formation of 

a tongue of freshened waters spreading to the south of the Kerch Peninsula. It is shown that 

water freshening in the northeast part of the polygon was not accompanied by an increase in 

the total suspended matter concentration, and its minimum was revealed in Feodosiya Bay. 

The transport of these transparent waters along the periphery of the anticyclonic eddy led to 

the formation of a tongue of waters of increased transparency south of the Kerch Peninsula, 

which coincides in position with the tongues of waters of low temperature and salinity. Wa-

ters of maximum turbidity were traced on the shelf between Cape Ayu-Dag and Cape 

Sarych and to the west of the Heraclea Peninsula. It is shown that the highest content of 

suspended matter was observed either within the upper quasi-homogeneous layer or in the 

layer of the lower seasonal thermocline and pycnocline. The turbidity deeper than the sea-

sonal thermocline, halocline and pycnocline, was lower than that in the surface layer. A low 

level of consistency was revealed between the horizontal fields of the total suspended mat-

ter concentration and thermohaline parameters in the upper 30–40-meter layer. Deeper, the 

consistency level increased to a significant level, and colder, saltier, and denser waters were 

characterized by increased transparency. 
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total suspended matter 
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Анно та ция  

Целью данной работы является анализ гидрологической структуры вод у берегов 

Крыма весной 2021 г. и оценка ее связи с распределением взвешенного вещества по 

данным комплексных гидролого-гидрооптических измерений, выполненных  в рамках 

программы экспедиционных исследований МГИ РАН в ходе 116 -го рейса НИС 

«Профессор Водяницкий». Работы проводились в пределах экономической зоны Рос-

сии между Гераклейским п -овом и м. Опук. Показано, что к югу от Гераклейского 

и Керченского п-овов, к востоку и югу от м. Меганом Основное Черноморское тече-

ние формировало антициклонические круговороты. У юго-западной и юго-восточной 

границ полигона наблюдались циклонические круговороты и меандры. Выявлено 

понижение температуры поверхности моря к востоку  от м. Меганом и в Феодосий-

ском заливе, связанное с прибрежным апвеллингом. Показано, что в прибрежной 

северо-восточной части полигона наблюдалось интенсивное распреснение поверхно-

стных вод. Смешение азовоморских вод, поступающих из Керченского пролива, 

и вод Феодосийского залива привело к формированию языка распресненных вод, 

распространяющегося на юг от Керченского п -ова. Показано, что распреснение вод 

в северо-восточной части полигона не сопровождалось повышением концентрации 

общего взвешенного вещества, в Феодосийском заливе был выявлен ее минимум. 

Перенос этих прозрачных вод вдоль периферии антициклонического круговорота 

привел к формированию южнее Керченского п-ова языка вод повышенной прозрач-

ности, совпадающего по положению с языками вод пониженной температуры и соле-

ности. Воды максимальной мутности прослеживались на шельфе между м. Аю-Даг 

и м. Сарыч и к западу от Гераклейского п-ова. Показано, что наибольшее содержание 

взвешенных веществ наблюдалось либо в пределах верхнего квазиоднородного слоя, 

либо в слое нижнего сезонного термоклина и пикноклина. Мутность вод глубже 
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сезонных термоклина, галоклина и пикноклина была ниже, чем в поверхностном 

слое. Выявлен низкий уровень согласованности горизонтальных полей концентрации 

общего взвешенного вещества и термохалинных параметров в верхнем 30–40-метровом 

слое. Глубже уровень согласованности повышался до значимого и более холодные, 

соленые и плотные воды характеризовались повышенной прозрачностью. 

Клю че в ые с ло ва :  Черное море, циркуляция вод, Основное Черноморское течение, 

температура, соленость, плотность, верхний квазиоднородный слой, холодный проме-

жуточный слой, термоклин, пикноклин, галоклин, общее взвешенное вещество 

Благода р нос ти:  работа выполнена в рамках государственного задания ФГБУН 

ФИЦ МГИ по темам № 0555-2021-0003 «Развитие методов оперативной океанологии 

на основе междисциплинарных исследований процессов формирования и эволю-

ции морской среды и математического моделирования с привлечением данных 

дистанционных и контактных измерений»  (шифр «Оперативная океанология» ) 
и № 0555-2021-0004 «Фундаментальные исследования океанологических процессов, 

определяющих состояние и эволюцию морской среды под влиянием естественных 

и антропогенных факторов, на основе методов наблюдения и моделирования» (шифр 

«Океанологические процессы»). Авторы выражают благодарность членам отряда гид-

рологии и течений С. А. Шутову, Д. В. Дерюшкину и Р. О. Шаповалову за проведение 
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Дл я цитиро ва ния :  Гидрологическая структура вод и распределение общего взве-

шенного вещества у берегов Крыма весной 2021 года / Ю. В. Артамонов [и др.] // Эко-

логическая безопасность прибрежной и шельфовой зон моря. 2022. № 4. С. 6–24. 

EDN QQXWKS. doi:10.22449/2413-5577-2022-4-6-24 

 
Introduction  
Under the conditions of ongoing climate change and increasing anthropogenic 

impact on the water area of the Black Sea, monitoring the state of the marine eco-

system and studying the processes that determine its evolution at various spatio -

temporal scales are becoming increasingly important [1, 2]. Hydrological processes 

in the upper layer of the Black Sea are the main factors influencing ecosystem 

changes and determining the development of water bioproductivity. The most im-
portant ecosystem component, reflecting the state of the aquatic environment, is 

the total suspended matter (TSM). The light beam attenuation coefficient (BAC) 

serves as an indicator of the content of TSM
 1)

 [3–6]. The study of the content vari-

ability of suspended particles and its relationship with the features of the hydrolog-

ical structure of waters is an important element of environmental monitoring. The 

development of remote sensing methods made it possible to obtain new data on the 
variability of hydrological and hydrooptical structure of waters on the sea surface 

[7–14]. At the same time, only contact methods can provide information about the 

structure of waters in the deep layers of the sea, therefore, the Marine 

Hydrophysical Institute (MHI) RAS regularly conducts expeditionary studies 

in the Black Sea [15–17]. Carrying out instrumental measurements of currents 

                                                                 

1) Mankovsky, V.I., Solov'iev, M.V. and Mankovskaya, E.V., 2009. [Hydrooptical Properties of 
the Black Sea]. A reference book. Sevastopol: MGI NAN Ukrainy, pp. 20–21.  
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that are quasi-synchronous with hydrological and hydrooptical observations signif-

icantly expands the possibilities for interpreting the features of the thermohaline 

and hydrooptical structure of waters [18–22].  

The purpose of this work is to analyse the hydrological structure of waters off 
the coast of Crimea in the spring of 2021 and evaluate its relationship with the dis-
tribution of suspended matter according to the complex hydrological and hydroop-
tical measurements carried out as part of the MHI RAS expeditionary research pro-
gram during the 116

th
 cruise of the R/V Professor Vodyanitsky. 

Materials and methods 
The work used data from hydrological and hydrooptical measurements 

at 99 stations performed off the coast of Crimea in the period from 22.04.2021 
to 8.05.2021 (Fig. 1). At each station, temperature, electrical conductivity, and hy-
drostatic pressure were measured in the depth range from the surface to 500 m us-
ing the IDRONAUT OCEAN SEVEN 320PlusM sounding CTD complex, and 
the speed and direction of currents in the upper 200-meter layer were determined 
using the WORKHORSE ADCP acoustic doppler profiler 300 kHz.  

Simultaneously with hydrological measurements at each station, measurements 
of the directional light beam attenuation coefficient were carried out, for which 
the SIPO4 probing spectral meter of BAC, developed in the Department of 
Optics and Biophysics of the Sea of MGI RAS, was used

 2)
. BAC measurements 

 
 

 
 

F i g .  1 .  Layout of stations measured near Crimean coasts during 

the 116
th

 cruise of the R/V Professor Vodyanitsky 

 

                                                                 
2) Latushkin, A.A. and Martynov, O.V., 2016. [Method for in situ Determination of Spectral Index of 

Spotlight Attenuation in Sea Water]. Russia. No. 2605640. 
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were carried out in the red region of the spectrum at a wavelength of 625 nm 
with a vertical resolution of 0.1 m from the surface to the limiting depth, which, 
depending on the time allotted for hydrooptical measurements and weather 
conditions, varied from 50 to 130 m. Based on the BAC measurements, 
the concentration of the total suspended matter (СTSM) was calculated based 

on the empirical ratio СTSM = 1.514BAC(625) − 0.23. This ratio was obtained 
earlier for the northern part of the Black Sea based on the measurement data of 
BAC and the determination of TSM concentration by the gravimetric method 
from water samples, which were additionally taken at the stations together with 
the BAC measurements [23]. The concentration of total suspended matter was 
understood as the concentration of all suspended particles that remained 
on the filter. 

For a quantitative assessment of the consistency of the spatial distributions of 

СTSM and thermohaline parameters at each horizon with a discreteness of 1 m up to 

the limiting depth of hydrooptical measurements, series of СTSM values, tempera-

ture, salinity, and density were formed for the totality of all stations, between 
which the linear correlation coefficients R were calculated. 

Main results 

Water circulation. The distributions of dynamic heights (Fig. 2, a), geostrophic 
vectors (Fig. 2, b) and instrumentally measured currents (Fig. 2, c – f) show that dur-

ing the measurement period western flows corresponding to the Rim Current (RC) 

prevailed on the polygon. 

The maximum RC velocities reached 50–55 cm/s according to geostrophic 
calculations (Fig. 2, b) and 40–45 cm/s according to instrumental measurements 

(Fig. 2, c – f). The results obtained by the dynamic method differ somewhat from 

the results of direct current measurements. According to geostrophic calculations, 
one can note a weakening of the RC velocity (up to 25–35 cm/s) over the continental 

slope between Cape Sarych and Cape Ai-Todor (Fig. 2, b). According to instrumen-

tal measurements, the RC velocity in the surface layer in this region was higher and 

reached 35–45 cm/s (Fig. 2, c). 
The time of the survey (end of April – beginning of May) fell on the beginning 

of the weakening of the RC velocity in the climatic seasonal cycle [24, 25].  

According to [19, 25–27], the RC meandering intensifies during this period and 
synoptic eddies are formed (cyclonic to the left of the RC core and anticyclonic 

to the right). According to geostrophic calculations based on the survey data, a cy-

clonic meander was observed near the southwestern boundary of the polygon, 
and the southern periphery of the anticyclonic meander was traced above the conti-

nental slope in the northwestern part of the polygon (Fig. 2, b). Geostrophic calcu-

lations do not make it possible to assess the features of circulation in shallow shelf 

areas, therefore a more complete picture of the meanders and eddies formed 
by the RC is provided by the data of instrumental measurements of currents. 

Thus, anticyclonic eddies were traced over the coastal shelf south of the Heraclea 

Peninsula in the upper 50-m layer (Fig. 2, c, d) and east of Cape Meganom 
at depths of 10–25 m (Fig. 2, c). Two more eddies were recorded above the conti-

nental slope in the entire measurement layer south of Cape Meganom and south 
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of the Kerch Peninsula (Fig. 2, c – f). In the field of dynamic heights, these eddies 

manifested themselves only in the form of an anticyclonic bend in isodynams 
(Fig. 2, a). 

At the southwestern boundary of the polygon, a cyclonic eddy was traced 

throughout the measurement layer, most clearly expressed at the horizons of 

75–125 m (Fig. 2, e, f). At the southeastern boundary of the survey, an intense cy-
clonic meander was traced, which at depths of 25–50 m was transformed into 

an eddy (Fig. 2, d). 

 
 

 
 

F i g .  2 .  Dynamic topography relative to reference level 300 dbar (a), geostrophic 

current vectors at 2 m horizon (b), vectors of instrumentally measured currents 

at 10 m (c), 50 m (d), 75 m (e), 100 m (f) horizons. Ellipses show anticyclonic (red) 

and cyclonic (blue) eddies 
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Thermohaline structure of waters. The sea surface temperature distribution 
(SST) was formed as a result of intensive spring warming of surface waters and wa-
ter circulation features. The temperature minimum (10–10.5 °С) was observed near 
the southwestern boundary of the polygon in the area of a cyclonic eddy, which is 
associated with the rise of colder subsurface waters (Fig. 3, a). In general, the water 
temperature in the surface layer in the eastern part of the polygon (approximately 
east of 34.5° E) was higher (13–15 °С) than in the western part (10–12 °С) 
(Fig. 3, a). On the one hand, higher temperatures in the east of the polygon can be 
explained by the peculiarities of water circulation – advection of the RC warm wa-
ters along the Caucasian and Crimean coasts. This advection is also observed 
on the climatic scale according to satellite SST measurements [24]. On the other 
hand, an increase in SST values in the eastern part of the polygon may be associat-
ed with a longer period of spring warming of surface waters in this area, since the 
measurements were carried out as the vessel moved from west to east.  The differ-
ence between the time of measurements at the western and eastern boundaries of 
the polygon was almost half a month. During the survey period, warmer waters 
penetrated into the western part of the water area in the zone of the RC main jet, 
reaching 34° E according to the position of the 12 °С isotherm. Despite higher 
temperature in the eastern part of the polygon, near the coast east of Cape 
Meganom and in Feodosiya Bay, the SST values decreased to 12–12.5 °C (Fig. 3, 
a), a possible reason for which was coastal upwelling caused by the southwest 
wind. At the same time, the tongue of waters of low temperature (up to 13 °C) 
spread to the south from Cape Chauda to about 44.5° N (Fig. 3, a). According to 
the distribution of current vectors, the reason for the appearance of such a 
tongue is the transfer of colder waters from Feodosiya Bay by the alongshore 
flow, first eastward and then southward along the periphery of the anticyclonic 
eddy (Fig. 2, c). 

The distribution of the sea surface salinity (SSS) showed that along the entire 
Crimean coast above the shelf and the slope of the depths there were freshened wa-
ters with a salinity below 18.4‰ (Fig. 3, b). The minimum salinity (18.1–18.2 ‰) 
was observed off the coast of the Kerch Peninsula and in the eastern part of 
Feodosiya Bay. The tongue of freshened waters along the isohaline of 18.25 ‰ 
 
 

 
 
F i g .  3 .  Distribution of temperature (a) and salinity (b) in the surface layer 
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spread to the south from the Kerch Peninsula, reaching almost 44.5° N. This 
tongue was formed as a result of the mixing of the Sea of Azov waters coming 
from the Kerch Strait and the waters of Feodosiya Gulf, transported eastward and 
then southward along the periphery of the anticyclonic eddy (Fig. 2, c). Further 
above the slope of the depths, these low-salinity waters were captured by the RC 
flow, and as they were transferred to the west, their salinity gradually increased. 
Nevertheless, judging by the configuration of the 18.5 ‰ isohaline, the Kerch–
Feodosiya freshening reached the western boundary of the polygon. An increase in 
salinity (up to 18.7 ‰) was observed in the southern part of the polygon, where the 
cyclonic direction of flows prevailed. As a result of the rise of more saline deep 
waters to  the surface, the salinity  reached its maximum values (18.8–18.85 
‰) in the zones of cyclonic meanders and eddies (Fig. 3, b). 

Typical distributions of thermohaline characteristics on vertical profiles are 

shown in Fig. 4, a. At most stations, an upper thin layer of relatively warm waters, 
i.e., an upper quasi-homogeneous layer (UQHL), was observed. The formation of 
this layer was associated with spring warming. The UQHL thickness in the water 
area was 2–17 m in the western part of the polygon and 2–10 m in the eastern part 
(Fig. 5, a).  

Under the upper UQHL-1, in the temperature field, the second lower UQHL-2 
remained, which formed in the previous winter period (Fig. 4, a). The depth 
of the lower boundary of UQHL-2 varied from 18 to 45 m in the western part 
of the polygon and from 10 to 30 m in the eastern part. 

In the conditional density field, as well as in the temperature field, UQHL at 
most stations was characterized by a stepped structure (stations 19, 61, and 63 
in Fig. 4, a), while the depths of the lower boundaries of UQHL-1 and UQHL-2 
in the density field almost coincided with the depths of the lower boundaries of 
UQHL-1 and UQHL-2 in the temperature field. 

In the salinity field, in contrast to the fields of temperature and density, pre-
dominantly one UQHL was traced, a two-step structure was observed only at some 
stations (station 61 in Fig. 4, a). The vertical thickness of UQHL was 10–25 m 
in the western part of the polygon (stations 15 and 19 in Fig. 4, a), in the eastern 
part of the polygon it decreased to 5–17 m (stations 61 and 63 on Fig. 4, a). 

Under UQHL, there was a layer of maximum vertical gradients of temperature 

(VGT), salinity (VGS), and conditional density (VGσt) – seasonal thermocline, 

halocline, and pycnocline (Fig. 4, b). The two-layer UQHL structure in the fields of 
temperature and density caused the formation of two maxima (in absolute value) of 

the VGT and VGσt, which were recorded at most stations (Fig. 4, b). The upper 

maximum of the VGT and VGσt was located in the depth range of 5–20 m 

(Fig. 4, b). The spatial distribution of the depth of the lower maximum of VGT 
showed that in the western part of the polygon it was 21–47 m, and in the eastern 
part it noticeably decreased and amounted to 13–35 m (Fig. 5, b). In the salinity 
field, predominantly one VGS maximum was observed, located in the depth range 

of 10–30 m (Fig. 4, b). 
Deeper than the seasonal thermocline, pycnocline, and halocline, the cold 

intermediate layer (CIL), the main pycnocline, and halocline were well traced 

on the VGT, VGS, and VGσt profiles. The position of the CIL core is characterized 
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F i g .  4 .  Vertical distributions of temperature (T), salinity (S), conditional density 

(σt) (a), their vertical gradients and TSM concentration (b) at individual stations. 

Lower boundaries of the upper quasi-homogeneous layer (UQHL) steps are shown 

in the fields of temperature (red line segments), salinity (green line segments), den-

sity (blue line segments) 
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F i g .  5 .  Distributions of occurrence depths (m) of the lower boundary of the upper 

UQHL-1 in the temperature field (a), lower maximum of the vertical gradient of tem-

perature (VGT) (b), core of the cold intermediate layer (CIL) (c), and temperature dis-

tribution in the CIL core (d) 

 
by a change in the sign of the VGT values. The main pycnocline and halocline are 

traced on the profiles by the maximum positive values of VGS and VGσt. It should 

be noted that in the spring of 2021, the distribution of the depths of the main 

pycnocline, halocline, and CIL core clearly showed the features of water circula-

tion and synoptic eddy formations. Thus, the depth of the main pycnocline and 

halocline decreased noticeably (to 45–55 m) in the southern deep-water part of the 

polygon (station 63 in Fig. 4, b) and was minimal (40–45 m) in the southwest of 

the polygon in the area of cyclonic eddy (station 15 in Fig. 4, b). Closer to the con-

tinental slope and in the zones of anticyclonic meanders and eddies, it noticeably 

increased (up to 90–125 m) (stations 19 and 61 in Fig. 4, b). The depth of occur-

rence of the CIL core (Fig. 5, c) was also minimal (35–40 m) in the area of cyclon-

ic eddy in the southwest of the polygon and increased to 100–130 m in the zones of 

anticyclonic formations located south of the Heraclea and Kerch Peninsulas. 

The maximum deepening of the CIL core (up to 150–180 m) was traced in the area 

of the anticyclonic eddy south of Cape Meganom. The temperature in the CIL core 

(Fig. 5, d) varied from 8.3–8.4 °С in the zone of cyclonic eddy in the southwest of 

the polygon to 8.7–8.8 °С in the areas of anticyclonic formations near the continen-

tal slope.  
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F i g .  6 .  Distributions of temperature (a, b) and salinity (c, d) at 75 m (a, c) and 

200 m (b, d) horizons 

 

 

In general, synoptic eddies in the horizontal temperature distributions above 
and below the CIL manifested themselves differently (Fig. 6). At depths above 

the CIL, in the zones of anticyclonic meanders and eddies in the north of the poly-

gon, elevated temperatures were noted due to the subsidence of warmer surface 
waters (Fig. 6, a). At depths below the CIL, due to the subsidence of its waters, 

the temperature in the zones of these eddies was lower than that of the surrounding 

waters (Fig. 6, b). In the areas of cyclonic eddies and meanders in the southern part 

of the polygon, due to the rise of water, a decrease in temperature above the CIL 
(Fig. 6, a) and its increase below the CIL (Fig. 6, b) were observed. In the field of 

salinity in the entire measurement layer, a decrease was noted in anticyclonic for-

mations, and an increase in salinity – in cyclonic formations (Fig. 6, c, d). These 
features of manifestation of eddy formations in thermohaline fields, depending 

on the depth, are fairly stable patterns and were observed from the results of hydro-

logical measurements performed earlier [19]. 

Distribution of total suspended matter concentration. A feature of the TSM 
concentration distribution on the surface in the spring of 2021 was that in the 

northeastern part of the polygon, intense water freshening was not accompanied 

by an increase in turbidity, in contrast to other surveys [21, 23] and satellite 
observations [11]. Along the coast, from Cape Meganom to the Kerch Strait, the TSM 

concentration did not exceed 1.1 mg/L, and its minimum (0.55–0.9 mg/L) was 

detected in the Feodosiya Bay (Fig. 7, a). This СTSM minimum, as well as 
the decrease in temperature in this region, is associated with the rise of colder  
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F i g .  7 .  Distributions of TSM concentrations in the surface layer (a) and at 50 m 

horizon (b) 

and clearer waters in the upwelling zone. The transport of clear waters 

by the alongshore flow, first in an eastward and then in the southward direction 
along the periphery of the anticyclonic eddy (Fig. 2, c), led to the appearance of 
waters of increased transparency south of the Kerch Peninsula tongue. The СTSM 

values in it did not exceed 1 mg/L (Fig. 7, a). The position of this tongue coincided 
with the position of the tongues of low temperature waters (Fig. 3, a) and low sa-
linity waters (Fig. 3, b). 

An increase in TSM concentration (up to 1.2–1.3 mg/L) was observed 
in the form of individual spots that were traced in the Rim Current zone, above 

the continental slope and on the shelf. TSM concentration maxima (1.35–1.4 mg/L) 
were traced in the shelf zone between Cape Ayu-Dag and Cape Sarych and 
to the west of the Heraclea Peninsula (Fig. 7, a). 

The vertical structure of the TSM concentration field, in contrast to the struc-
ture of the temperature and density fields, was characterized by the presence of one 
upper quasi-homogeneous layer (UQHLTSM). The thickness of UQHLTSM exceeded 

the thickness of the upper UQHL-1 in the fields of temperature and density and 
approximately coincided with the thickness of the UQHL in the salinity field. 
The lower boundary of the UQHLTSM was located in the layer of the upper seasonal 

thermocline and pycnocline and varied on the polygon in the depth range of  
7–25 m (Fig. 4, b). A more developed UQHLTSM can be associated with different 
adaptation times for the temperature and density fields and the TSM concentration 

field to changes in synoptic conditions during the period of intense spring warm-
ing. The same reason can explain noticeable differences in the depth of the maxi-

mum TSM concentration at different stations. At some stations, the maximum con-
centration of TSM was observed below the UQHLTSM in the layer of the lower sea-
sonal thermocline and pycnocline (stations 15 and 63 in Fig. 4, b). At other sta-

tions, on the contrary, there was no subsurface maximum of TSM concentration, 
and the highest content of suspended matter was observed within the UQHLTSM, 
deeper than which, in the layer of the lower seasonal thermocline and pycnocline, 

there was a sharp decrease in the TSM concentration (stations 19 and 61 
in Fig. 4, b). 
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In general, at all stations deeper than the seasonal thermocline, halocline, 
and pycnocline, the TSM concentration markedly decreased compared to its values 
in the surface layer. Thus, already at the 50-m horizon (Fig. 7, b), in most 
of the polygon, the values of СTSM did not exceed 0.35–0.55 mg/L. At the same 
time, due to the subsidence of more turbid waters from the overlying layers of 
the sea in the areas of anticyclonic eddies to the south of Cape Meganom and 
the Kerch Peninsula, the СTSM values increased to 0.6–0.7 mg/L, and to the south-
west of the Heraclea Peninsula, to 0.9–1 mg/L (Fig. 7, b). 

It should be noted that, in the depth range of 85–115 m, one more relatively 
weak maximum of TSM concentration (0.33–0.89 mg/L) was observed at a number 
of stations (stations 61, 63 in Fig. 4, b). A similar TSM maximum was revealed 
according to the data of the spring survey in 2019, in which the depth of hydroopti-
cal measurements reached 200 m, i.e., the depth of the hydrogen sulphide zone 
[22]. In the spring of 2019, this СTSM maximum was located under the main 
pycnocline and halocline in the depth range of 80–170 m, which corresponded 
to a layer of occurrence of isopycnal surfaces of 15.9–16.3 c. u. According to [28], 
this layer covers the lower boundary of the suboxygen redox zone and the upper 
layer of the hydrogen sulfide zone, the upper boundary of which is conventionally 
determined by the position of the isopycna 16.2 c. u. Unfortunately, in the analyzed 
survey, the depth of hydrooptical soundings did not exceed 130 m, therefore, 
at many stations, the maximum TSM concentration in the suboxygen and hydrogen 
sulfide layers could not be recorded. In general, an increase in the TSM content 
in the boundary layer of the transition of the oxygen zone into the hydrogen sulfide 
zone, observed according to the survey data of 2019 and 2021, was also noted ear-
lier in the work

 1)
. According to the authors of this work, the main reason for such 

an increase in turbidity is oxidation of manganese and iron entering the suboxygen 
zone and formation of a suspension of their oxides. 

An analysis of the linear relationship between the series of СTSM values, tem-
perature, salinity, and density for the totality of all stations at each horizon 
with a discreteness of 1 m showed that the level of consistency between horizontal 
distributions of СTSM and thermohaline parameters noticeably changes with depth 
(Fig. 8, a – c). In the upper 30–40 m layer, which covers the UQHL in the fields of 
temperature, salinity, and density and the layer of seasonal thermocline, halocline, 
and pycnocline, an insignificant level of linear correlation was revealed (Fig. 8). 
The low agreement between the horizontal fields of СTSM and the thermohaline pa-
rameters in the upper layer is associated with different rates of adaptation of these 
fields to changes in synoptic conditions. As a result, at a number of stations 
in the layer of the lower seasonal thermocline and pycnocline, the TSM maximum 
was observed, and at other stations, a sharp decrease in the content of suspended 
matter occurred in this layer.  

Deeper than the seasonal thermocline, halocline, and pycnocline, the connec-
tion level increased and the values of the linear correlation coefficients R were 
0.5–0.6; at the same time, a positive correlation was revealed between the values of 
СTSM and temperature (Fig. 8, a), and a negative correlation between the values of 
СTSM and salinity and density (Fig. 8, b, c). The maximum level of linear corre-
lation with R values reaching 0.67 in absolute value was found between the dis-
tributions of СTSM and temperature at the 48 m horizon (Fig. 8, d), between 
the distributions of СTSM and salinity and density at the 120 m horizon (Fig. 8, e, f). 
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F i g .  8 .  Vertical distributions of linear correlation coefficients R between CTSM 

values and values of temperature (a), salinity (b) and density (c) on totality of all 

stations with a depth increment of 1 m (d); charts of linear correlation between 

CTSM and salinity (e), between CTSM and density (f) at 120 m horizon. Dashed lines 

show 95 % confidential intervals 

 

 

A higher than in the upper 40-m layer, the level of agreement between the horizon-

tal distributions of TSM and thermohaline parameters below the seasonal thermo-

cline, halocline, and pycnocline is due to a decrease with depth in the level of syn-

optic variability in thermohaline fields [25]. In general, a significant level of 

agreement between the horizontal distributions of TSM and thermohaline parame-

ters indicates that at these depths, colder, saline, and denser waters were character-

ized by increased transparency, and the rise and fall of certain isosurfaces in ther-

mohaline fields were accompanied by a similar behaviour of isosurfaces in the field 

of СTSM concentration. 
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Conclusions  
According to the data of hydrological and hydrooptical measurements per-

formed during the 116
th

 cruise of the R/V Professor Vodyanitsky in April–May 
2021, it was shown that the Rim Current formed anticyclonic eddies located above 
the coastal shelf to the south of the Heraclea Peninsula in the upper 50 m layer, 

to the east of Cape Meganom at depths of 10–25 m, above the continental slope 
in the entire measurement layer south of Cape Meganom and south of the Kerch 
Peninsula. At the southwestern boundary of the polygon, a cyclonic eddy was 

traced throughout the measurement layer, most clearly expressed at the horizons of  
75–125 m. At the southeastern boundary, an intense cyclonic meander was ob-

served, which manifested itself as a closed eddy at depths of 25–50 m. 
It was revealed that the water temperature in the surface layer in the eas t-

ern part of the polygon (to the east of 34.5° E) was higher (13–15 °С) than 

in the western part (10–12 °С), which is due, on the one hand, with the Rim Cur-
rent advection of warm waters along the Caucasian and Crimean coasts, on the oth-
er hand, with longer spring warming of surface waters in this area.  A decrease 

in SST (to 12–12.5 °C), associated with coastal upwelling, was noted near the coast 
east of Cape Meganom and in Feodosiya Bay. The temperature minimum  
(10–10.5 °C), caused by the rise of colder deep waters, was observed in the area of 

the cyclonic eddy near the southwestern boundary of the polygon. 
It is shown that the minimum salinity (18.1–18.2 ‰) was observed off 

the coast of the Kerch Peninsula and in the eastern part of Feodosiya Bay, while 

the tongue of desalinated waters along the isohaline of 18.25 ‰ extended to 
the south from the Kerch Peninsula. This tongue was formed as a result of mixing 

of freshened Azov-sea waters coming from the Kerch Strait and the waters of 
Feodosiya Bay, carried along the periphery of the anticyclonic eddy. The maxi-
mum salinity values (18.8–18.85 ‰) due to the rise of more saline deep waters to 

the surface were noted in the zones of cyclonic meanders and eddies. 
It was revealed that in the spring of 2021, UQHL of relatively warm waters 

was observed at most stations, due to spring heating, under which the second lower 

quasi-homogeneous layer, which formed in the previous winter period, remained. 
In the conditional density field, the UQHL at most stations was also characterized 
by a two-step structure. In the field of salinity, in contrast to the fields of tempera-

ture and density, one UQHL was predominantly traced. The two-layer UQHL 
structure caused the formation of two maxima (in absolute value) of the vertical 
temperature and density gradients. 

It was shown that the features of water circulation were well manifested 
in the distribution of the depths of occurrence of the main pycnocline, halocline, 

and CIL core. The depth of the main pycnocline and halocline decreased markedly 
(to 45–55 m) in the southern deep part of the polygon and was minimal (40–45 m) 
in the southwest of the polygon in the area of the cyclonic eddy. Closer to 

the slope of the depths and in the zones of anticyclonic meanders and eddies, 
it noticeably increased (up to 90–125 m). The depth of the CIL core occurrence 
was also minimal (35–40 m) in the area of cyclonic eddy in the southwest of 

the polygon and increased to 100–130 m in the zones of anticyclonic formations  
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south of the Heraclea and Kerch Peninsulas. The maximum deepening of the CIL 
core (up to 150–180 m) was traced in the area of the anticyclonic eddy south of 
Cape Meganom. 

It is shown that in the spring of 2021, intense water freshening in the north- 
eastern part of the polygon was not accompanied, as usual, by an increase in TSM 
concentration. In Feodosiya Bay, a minimum TSM concentration (0.55–0.9 mg/L) 
was revealed, and to the south of the Kerch Peninsula, a tongue of waters of in-
creased transparency, coinciding in position with the tongues of waters of low tem-
perature and salinity was revealed. An increase in TSM concentration (up to 1.2–
1.3 mg/L) was observed in the form of individual spots in the Rim Current zone, 
above the continental slope and on the shelf, and its maxima (1.35–1.4 mg/L) were 
traced on the shelf between Cape Ayu-Dag and Cape Sarych and to the west of 
the Heraclea Peninsula. 

The vertical structure of the TSM field was characterized by the presence of 
one UQHL, the lower boundary of which was located in the layer of the upper sea-
sonal thermocline and pycnocline. The highest content of suspended matter was 
observed either in the upper layer, coinciding in thickness with the UQHL 
in thermohaline fields, or in the layer of the lower seasonal thermocline and 
pycnocline. In general, deeper than the seasonal thermocline, halocline, and pycno-
cline, the TSM concentration markedly decreased compared to its values in the sur-
face layer. In the areas of anticyclonic eddies at these depths, an increase in TSM 
concentration was observed due to the subsidence of more turbid waters 
from the overlying layers of the sea. 

It was found that the level of consistency between the horizontal distributions 
of TSM concentration and thermohaline parameters changed markedly with depth. 
In the upper 30–40 m layer, a low agreement between the horizontal fields of СTSM 
and the thermohaline parameters was revealed. Deeper than the seasonal thermo-
cline, halocline, and pycnocline, the level of correlation between СTSM and 
thermohaline parameters increased to a significant level. The values of the linear 
correlation coefficients R were 0.5–0.6, while a positive correlation was revealed 
between the values of СTSM and temperature, and a negative correlation between 
the values of СTSM and salinity and density, i.e., colder, saline and denser waters 
were characterized by increased transparency. 
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