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Exec utive summary  
 

V. Komorin, A. Mikaelyan, A. Guchmanidze, A. Korshenko, M. Pogojeva, J. Slobodnik 

 

The Scientific Report άNational Pilot Monitoring Studies and Joint Open Sea Surveys in Georgia, 
Russian Federation and Ukraine, 2016 έ Ƙŀǎ ōŜŜƴ ǇǊŜǇŀǊŜŘ ǳƴŘŜǊ the EMBLAS-II tǊƻƧŜŎǘ άEU-
UNDP Project 'Improving Environmental Monitoring in the Black Sea' (EMBLAS-LLύέ 
(http://emblasproject.org/). The National Pilot Monitoring Studies (NPMS) and Joint Open Sea 
Survey (JOSS) Programme was developed within the framework of Project Activity (PA) 2 and 4, 
respectively. EMBLAS-II is co-financed by the European Commission (EC) and United Nations 
Development Programme (UNDP). The project implementation started on 1 April 2014 and will 
end on 31 May 2018, having the total duration of 50 months. Beneficiary countries are Georgia 
(GE), Russian Federation (RF) and Ukraine (UA), represented by the Ministry of Environment 
and Natural Resources Protection (GE), Ministry of Natural Resources and Environment (RF) and 
Ministry of Ecology and Natural Resources (UA). The Black Sea Commission Permanent 
Secretariat is among the project partners.  

The EMBLAS-II project is addressing the overall need for support in protection and restoring the 
environmental quality and sustainability of the Black Sea. The specific objectives are as follows:  

¶ Improve availability and quality of Black Sea environmental data in line with the MSFD 
and Black Sea Strategic Action Plan (2009) needs; 

¶ Improve partner countries' ability to perform marine environmental monitoring along 
MSFD principles, taking into account the Black Sea Diagnostic Report II 
recommendations on capacity building. 

EMBLAS was designed to tackle deficiencies and limitations in availability of accurate reliable 
and comparable marine data, as well as to build capacities of the countries to perform 
integrated environmental monitoring and assessment of the Black Sea according to the EU 
Marine Strategy Framework Directive (MSFD), EU Water Framework Directive (WFD) for the 
coastal zones and the needs of the Black Sea Strategic Action Plan (BS SAP). According to the 
EU Marine Strategy Framework Directive (MSFD) EU Member States have to achieve Good 
Environmental Status (GES). Targets for GES for each of the 11 descriptors of environmental 
status should have been set by each EU Member State, and programmes of measures to achieve 
these targets are to be put in place. The descriptors of GES are further refined in the 
Commission Decision on Descriptors (EC, 2010). Principles of the MSFD and WFD form the basis 
of the Black Sea Integrated Monitoring and Assessment Programme (BSIMAP) approved by the 
Black Sea Commission (BSC). 

The MSFD mandates that existing regional seas agreements be used to implement these 
environmental objectives. Many of the MSFD descriptors are interrelated and overlapping (e.g. 
fish resources, food web structure, eutrophication, biodiversity, non-indigenous species and 
pollution) with the four strategic ecological quality objectives (ECOQs) set by the Black Sea 
Strategic Action Plan adoptŜŘ ƛƴ нллф ό.{{!tΩнллфύΦ !ƭǘƘƻǳƎƘ ǘƘŜ 9/hvǎ ŀǊŜ ōǊƻŀŘŜǊ ŀƴŘ ƭŜǎǎ 
specific there is a clear potential synergy between the MSFD and BS SAP.  

The NPMS/JOSS 2016 Scientific Report consists of summaries of scientific results based on data 
collected during the oceanographic operations by Georgia, Russian Federation and Ukraine as 
well as a brief description of the inter-comparison exercises.  
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The report outlines: 

1) The National Pilot Monitoring Studies in: 

¶ Georgia (GE): NPMS GE ς 1 expedition; 

¶ Russian Federation (RF): NPMS RFς 3 expeditions and a report on present status 
of 2 stations of NPMS 12-months RF; 

¶ Ukraine (UA): NPMS UA ς 1 expedition. 

2) The Joint Open Sea Surveys:  

¶ Transects Odessa ς Batumi ς Constanta: JOSS GE-UA in Ukraine (UA) and 
Georgian (GE) waters; 

¶ Transect in waters of Russian Federation (RF): JOSS RF. 

The project is supporting the development of partner countries' marine environmental policies 
and strategies and will contribute to implementation of concrete field activities in the area of 
monitoring and assessment of Black Sea marine environment. Main efforts are being put into 
establishment of sustainable schemes for testing of separate parts of National Black Sea 
Integrated Monitoring and Assessment Programmes (N-BSIMAPs) and obtaining high quality 
new data via NPMSs in the transitional, coastal (WFD) and territorial (MSFD) waters and JOSS 
in the Exclusive Economic Zone (EEZ) open sea waters area of Black Sea countries. 

The main objective of the JOSS was to implement the JOSS Methodology elaborated within the 
framework of the EMBLAS-I project. It aims to assist all participants in understanding and 
piloting a common approach for assessment of the ecosystem state of the deep part of the sea 
based on the principles and methodologies of the MSFD.  

The sea interior represents the main body of sea water being ruled by key processes which 
ultimately define the functioning of the whole Black Sea ecosystem. Regular observations of the 
deep waters are crucial for understanding of long-term climate and anthropogenic impacts, 
which are currently not included into the national monitoring programmes. The main tasks of 
JOSS were therefore as follows: 

¶ To assess an intensity of the winter convection and formation of the Cold Intermediate 
Layer in the context of climate change; 

¶ To assess the current position of the hydrogen sulphide level; 

¶ To assess the eutrophication potential of the deep basin; 

¶ To explore the biodiversity of different taxa (phytoplankton, zooplankton); 

¶ To establish presence and role of non-indigenous species; 

¶ To explore natural phenomena like blooms or mass developments of organisms; 

¶ To evaluate the current trophic level of the ecosystem; 

¶ On the basis of the obtained results to evaluate the long-term trend in hydrophysical, 
hydro-chemical and biological properties of the ecosystem in the context of climate and 
anthropogenic impacts; 

¶ To assess the current state and environmental status of the deep sea ecosystem; 

¶ To provide field material including new ecosystem parameters for the elaboration of 
indicators of GES of the sea interior ecosystem; 

¶ To test new monitoring techniques and evaluate their suitability for national monitoring 
programmes. 
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Scientific programmes of GE and UA were conducted on board of the Romanian research vessel 
άaŀǊŜ bƛƎǊǳƳέ ŦǊƻƳ мт aŀȅ until 4 June 2016 in the Ukrainian and Georgian waters, where 
sampling took place at 55 sampling stations along the Ukrainian and Georgian polygons and 
transects Odessa ς Batumi - Constanta with bottom depths varying from 11 to 2100 m.  

The sampling and observations programme of NPMSs was implemented at the appointed 
sampling sites in Ukraine and Georgia presented in Tables 1, 2 and Figure 1 below. Sampling, 
processing of samples and reporting were performed according to the methods and templates 
agreed among the EMBLAS project partners. Processing and analysis of most of the samples 
was carried out in laboratories of the project partners in Ukraine and Georgia. A part of the 
samples was analysed for presence of potential Black Sea Specific Pollutants in external EU 
laboratories.   

The parameters covering a wide range of MSFD descriptors, WFD biological quality elements, 
priority substances and other chemicals were selected in a way allowing for their measurements 
and observations on all sites. 

Sampling was done on two latitudinal transects across the Black Sea (Figure 1). First transect 
(Leg 1) started from the outer north-western BS shelf and crossed the continental slope to the 
centre of the western cyclonic gyre. Then Leg 1 run along the 43o latitude to the centre of the 
eastern cyclonic gyre. After that Leg 1 turned towards Batumi. 

Table 1. NPMS UA and NPMS GE: coordinates of the monitoring sites. 

Station Lat, oN Long, oE 
H, 
m 

Type Station Lat, oN Long, oE 
H, 
m 

Type 

NPMS UA  01 46 Ü 12,098ǋ 30 Ü 49,649ǋ 26 shelf NPMS GE  01 41º33,477ǋ 41º33,111ǋ 46 coastal 

NPMS UA  02 45 Ü 59,393ǋ 30 Ü 42,667ǋ 19 shelf NPMS GE  02 41º34,354ǋ 41º32,410ǋ 76 coastal 

NPMS UA  03 45 Ü 49,308ǋ 30 º 18,518 17 shelf NPMS GE  03 41º39,949ǋ 41º35,612ǋ 22 shelf 

NPMS UA  04 45 Ü 30,388ǋ 30 Ü 30,286ǋ 24 shelf NPMS GE  04 41º40,353ǋ 41º35,084ǋ 32 shelf 

NPMS UA  05 45 Ü 30,969ǋ 29 Ü 51,728ǋ 20 shelf NPMS GE  05 41º43,170ǋ 41º32,158ǋ 677 coastal 

NPMS UA  06 45 Ü 18,676ǋ 29 Ü 51,200ǋ 22 shelf NPMS GE  06 41º45,768ǋ 41º43,319ǋ 23 shelf 

NPMS UA  07 45 Ü 11,999ǋ 29º 48,616 20 shelf NPMS GE  07 41º45,763ǋ 41º42,883ǋ 63 coastal 

NPMS UA  08 44 Ü 58,888ǋ 30º 34,637 52 shelf NPMS GE  08 41º54,259ǋ 41º44,948ǋ 42 coastal 

NPMS UA  09 45 Ü 39,977ǋ 31 Ü 15,056ǋ 42 shelf NPMS GE  09 41º54,038ǋ 41º40,277ǋ 93 coastal 

NPMS UA  10 45 Ü 49,121ǋ 31º 07,452 31 shelf NPMS GE  10 41º53,431ǋ 41º37,253ǋ 167 coastal 

NPMS UA  11 45 Ü 59,991ǋ 31 Ü 15,050ǋ 30 shelf NPMS GE  11 42º07,359ǋ 41º36,987ǋ 38 coastal 

NPMS UA  12 46 Ü 19,474ǋ 31 Ü 27,999ǋ 16 shelf NPMS GE  12 42º07,111ǋ 41º35,613ǋ 280 coastal 

NPMS UA  13 46 Ü 27,722ǋ 31 Ü 20.618ǋ 13 shelf NPMS GE  13 42º22,611ǋ 41º32,021ǋ 40 coastal 

NPMS UA  14 46 Ü 26,416ǋ 31 Ü 04,190ǋ 13 shelf NPMS GE  14 42º22,103ǋ 41º32,311ǋ 80 coastal 

NPMS UA  15 46Ü 30,535ǋ 30Ü 49,432ǋ 19 shelf NPMS GE  15 42º22,237ǋ 41º30,049ǋ 440 coastal 

 
The stations were located rather tightly in Georgian waters since the ecosystem hydrological 
structure (the quasi-stationary Batumi anticyclonic eddy) important for the Black Sea was 
planned to be investigated in more detail. Leg 2 located on the same route as Leg 1 ended in 
Ukrainian EEZ where the cross-shelf transect was performed. Stations of both transects formed 
the united latitudinal transect. 
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Figure 3. An overview map of sampling stations in NPMS UA, NPMS GE,  

JOSS UA-GE and JOSS RF. 
 
Table 3. JOSS GE-UA, coordinates of the 25 sampling stations. 

Station Lat, oN Long, oE 
Bottom 
depth, m 

Station Lat, oN Long, oE 
Bottom 
depth, m 

JOSS-GE-UA 01 43Ü45,227ǋ 31Ü42,629ǋ 1702 JOSS-GE-UA 13 43Ü31,558ǋ 36Ü04,183ǋ 2100 

JOSS-GE-UA 02 43Ü33,222ǋ 31Ü44,939ǋ 1853 JOSS-GE-UA 14 43Ü32,982ǋ 35Ü35,274ǋ 2157 

JOSS-GE-UA 03 43Ü22,049ǋ 31Ü49,994ǋ 1933 JOSS-GE-UA 15 43Ü26,192ǋ 34Ü55,535ǋ 2169 

JOSS-GE-UA 04 43º21,942ǋ 32Ü34,388ǋ 2032 JOSS-GE-UA 16 43Ü20,674ǋ 34Ü21,792ǋ 2170 

JOSS-GE-UA 05 42Ü10,624ǋ 40Ü06,815ǋ 1855 JOSS-GE-UA 17 43Ü18,191ǋ 34Ü02,408ǋ 2159 

JOSS-GE-UA 06 42Ü05,966ǋ 40Ü20,649ǋ 2040 JOSS-GE-UA 18 43Ü20,587ǋ 33Ü28,306ǋ 2173 

JOSS-GE-UA 07 42Ü01,032ǋ 40º34,719ǋ 1672 JOSS-GE-UA 19 43Ü25,042ǋ 32Ü51,659ǋ 2106 

JOSS-GE-UA 08 41Ü55,966ǋ 40Ü49,516ǋ 1553 JOSS-GE-UA 20 43Ü57,714ǋ 31Ü39,724ǋ 1428 

JOSS-GE-UA 09 41Ü49,952ǋ 41Ü01,713ǋ 1266 JOSS-GE-UA 21 44Ü09,492ǋ 31Ü34,047ǋ 1120 

JOSS-GE-UA 10 41Ü47,047ǋ 41Ü12,814ǋ 1013 JOSS-GE-UA 22 44Ü24,061ǋ 31Ü28,005ǋ 974 

JOSS-GE-UA 11 41Ü42,246ǋ 41Ü24,321ǋ 473 JOSS-GE-UA 23 44Ü38,163ǋ 31Ü23,298ǋ 391 

JOSS-GE-UA 12 42Ü14,070ǋ 39Ü53,161ǋ 1909 JOSS-GE-UA 24 44Ü49,861ǋ 31Ü19,862ǋ 65 

    JOSS-GE-UA 25 45Ü03,086ǋ 31Ü09,735ǋ 60 

 

An impressive number of physico-chemical parameters, chemical pollutants in water (PW), 
bottom sediments (PS), biota (PB) and biological samples (chlorophyll-a, phytoplankton, macro-
, mezo-, and micro-zooplankton, ichtyoplankton, meio- and macro-zoobenthos, micro- and 
macrophytobenthos composition (all with species composition, abundance and biomass) were 
sampled and/or measured during the cruises (Figure 4). All of the measurements were of 
relevance for indicator based assessment of the BS environmental status (Table 4). 
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Figure 4. Number of samples collected within the framework of scientific programme of 
NPMS GE, NPMS UA and JOSS GE-UA. 

 
 



Scientific Report ï Joint Black Sea S urveys 2016  

 

20   

Table 4. Parameters of scientific programmes of NPMS and JOSS analysed on-board and/or in laboratories in GE, UA and RF. 

Physical PW  PCBs individual PCBs total  PS OCPs  PCBs individual PAHs PB PCBs individual PCBs total 

ʋ Üʊ As µg/l PCB-8 ng/l Ar-1254 ng/l 
TPHs 
total 

mg/kg Ŭ-HCH µg/kg PCB-8 µg/kg Naphthalene µg/kg 
Trace Metals 

PCB-8 µg/kg Ar-1254 µg/kg 

S Ą Cd µg/l PCB-18 ng/l Ar-1260 ng/l Phenols mg/kg b-HCH µg/kg PCB-18 µg/kg 
Acenaphthylen
e 

µg/kg As mg/kg PCB-18 µg/kg Ar-1260 µg/kg 

Secchi m 
Cʦ µg/l PCB-31 ng/l 

PAHõs  
TOC % 

ɔ-HCH 
(Lindane) 

µg/kg PCB-31 µg/kg Fluorene µg/kg Cd mg/kg PCB-31 µg/kg 
PAHõs  

Cu µg/l PCB-28 ng/l Naphthalene ng/l 
Trace Metals 

Hexachloro
benzene 

µg/kg PCB-28 µg/kg Acenaphthene µg/kg Cʦ mg/kg PCB-28 µg/kg Naphthalene µg/kg 

 
Hg µg/l PCB-52 ng/l 

Acenaphthyle
ne 

ng/l Al g/kg Heptachlor µg/kg PCB-52 µg/kg Phenanthrene µg/kg Cu mg/kg PCB-52 µg/kg 
Acenaphthyle
ne 

µg/kg 

Chemical  µg/l PCB-49 ng/l Fluorene ng/l As mg/kg Aldrin µg/kg PCB-49 µg/kg Anthracene µg/kg Hg mg/kg PCB-49 µg/kg Fluorene µg/kg 

O2 
%  

mg/l 
Zn µg/l PCB-44 ng/l 

Acenaphthen
e 

ng/l Cd mg/kg Dieldrin µg/kg PCB-44 µg/kg Fluoranthene µg/kg Pb mg/kg PCB-44 µg/kg 
Acenaphthen
e 

µg/kg 

BOD-5 mg/l Ni µg/l PCB-66 ng/l Phenanthrene ng/l Cʦ mg/kg DDɽ µg/kg PCB-66 µg/kg Pyrene µg/kg Zn mg/kg PCB-66 µg/kg 
Phenanthren
e 

µg/kg 

ʩʆ  units ʩʆ Cr µg/l PCB-101 ng/l Anthracene ng/l Cu mg/kg DDD µg/kg PCB-101 µg/kg 
Benzo(a)anthra
cene 

µg/kg Ni mg/kg PCB-101 µg/kg Anthracene µg/kg 

N(NH4-) µg/l Fe µg/l PCB-110 ng/l Fluoranthene ng/l Hg mg/kg DDT µg/kg PCB-110 µg/kg Chrysene µg/kg Cr mg/kg PCB-110 µg/kg Fluoranthene µg/kg 

N(NO2-) µg/l Mn µg/l PCB-149 ng/l Pyrene ng/l Pb mg/kg 
PCBs total 

PCB-149 µg/kg 
Benzo(b)fluoran
thene 

µg/kg Fe g/kg PCB-149 µg/kg Pyrene µg/kg 

N(NO3
-) µg/l 

OCPs  
PCB-118 ng/l 

Benzo(a)anthr
acene 

ng/l Zn mg/kg Ar-1254 µg/kg PCB-118 µg/kg 
Benzo(k)fluoran
thene 

µg/kg Mn mg/kg PCB-118 µg/kg 
Benzo(a)anth
racene 

µg/kg 

N org, µg/l Ŭ-HCH ng/l PCB-153 ng/l Chrysene ng/l Ni mg/kg Ar-1260 µg/kg PCB-153 µg/kg Benzo(a)pyrene µg/kg OCPs  PCB-153 µg/kg Chrysene µg/kg 

N total µg/l b-HCH ng/l PCB-138 ng/l 
Benzo(b)fluor
anthene 

ng/l Cr mg/kg 
  

PCB-138 µg/kg 
Dibenzo(a,h)ant
hracene 

µg/kg Ŭ-HCH µg/kg PCB-138 µg/kg 
Benzo(b)fluor
anthrene 

µg/kg 

P(PO4
3-) µg/l 

ɔ-HCH 
(Lindane) 

ng/l PCB-183 ng/l 
Benzo(k)fluor
anthene 

ng/l Fe g/kg 
  

PCB-183 µg/kg 
Indeno(1,2,3cd)
pyrene 

µg/kg b-HCH µg/kg PCB-183 µg/kg 
Benzo(k)fluor
anthrene 

µg/kg 

Pʧrg µg/l 
Hexachlor
obenzene 

ng/l PCB-174 ng/l 
Benzo(a)pyre
ne 

ng/l Mn mg/kg 
  

PCB-174 µg/kg 
Benzo(g,h,i)per
ylene 

µg/kg 
ɔ-HCH 
(Lindane) 

µg/kg PCB-174 µg/kg 
Benzo(a)pyre
ne 

µg/kg 

P total µg/l Heptachlor ng/l PCB-177 ng/l     
    

PCB-177 µg/kg 
  

Hexachloro
benzene 

µg/kg PCB-177 µg/kg 
Dibenzo(a,h)
anthracene 

µg/kg 

Si(SiO3) µg/l Aldrin ng/l PCB-180 ng/l 
Dibenzo(a,h)a
nthracene 

ng/l 
    

PCB-180 µg/kg 
  

Heptachlor µg/kg PCB-180 µg/kg 
Indeno(1,2,3c
d)pyrene 

µg/kg 

PW 
Dieldrin ng/l PCB-170 ng/l 

Indeno(1,2,3c
d)pyrene 

ng/l 
    

PCB-170 µg/kg 
  

Aldrin µg/kg PCB-170 µg/kg 
Benzo(g,h,i)p
erylene 

µg/kg 

TPHs mg/l DDɽ ng/l PCB-199 ng/l 
Benzo(g,h,i)p
erylene 

ng/l 
    

PCB-199 µg/kg 
  

Dieldrin µg/kg PCB-199 µg/kg 
  

TSS mg/ DDD ng/l PCB-194 ng/l        PCB-194 µg/kg   DDɽ µg/kg PCB-194 µg/kg   

TOC mg/ DDT ng/l             DDD µg/kg     

                DDT µg/kg     
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Scientific programmes of RF were presented by three NPMS and one JOSS survey in Russian 
waters. Dates, regions and vessels involved are shown on the Table 5 below. During NPMS 
cruises sampling was done at 40 stations, during JOSS ς at 12 stations and two more stations 
ǿŜǊŜ ǎŜƭŜŎǘŜŘ ŦƻǊ мн ƳƻƴǘƘ ŀƴŘ ǿŜŜƪƭȅ ƳƻƴƛǘƻǊƛƴƎ ŀǎ άƘƛƎƘ ŦǊŜǉǳŜƴŎȅ ǎǘŀǘƛƻƴǎέΦ {ŀƳǇƭƛƴƎΣ 
processing of samples and reporting were done according to the methods and templates 
agreed among the EMBLAS project partners. Processing and analysis of most of the samples 
ǿŀǎ ŎŀǊǊƛŜŘ ƻǳǘ ƛƴ ǇǊƻƧŜŎǘ ǇŀǊǘƴŜǊΩǎ ƭŀōƻǊŀǘƻǊƛŜǎ ƛƴ wCΦ  

Table 5. EMBLAS scientific surveys in Russian Federation.  

Survey Dates Region Research Vessel 

NPMS-III 9-10 May 2016 Anapa-Gelendzhik Ashamba 

JOSS RF 29-30 May 2016 Gelendzhik-sea center Impuls 

NPMS-I 7-9 August 2016 Kerch Strait Peleng 

NPMS-II 23 November -1 December 2016 Sochi-Adler region Peleng 

 
The NPMS surveys have been started by SIO-RAS scientific team in May 2016 on the R/V 
"Ashamba".Three regions were chosen for this part of work: (1) transect off the Gelendzhik 
Bay, the area with the most intensive load on the ecosystem; (2) transect in the Anapa Bay, 
the area with the presumed minimal load on the ecosystem and (3) station off the Blue Bay, 
area with the transition waters corresponded to sampling site of 12-months monitoring 
study (Figure 5, Tables 6 and 7).  

Table 6. Coordinates of sampling stations and overview of sampling efforts during the 
NPMS RF III (9-10 May) near Gelendzhik Bay. 

ˉ Station  
Bottom 
depth  

Latitude Longitude  
Water 
sampling 
depths 

Water/ 
Bottom 
sampling  

Chemistry, 
Phytoplankton, 
Bacteria, 
Zooplankton 

1G 10 44Á 34.095'ʉ 38° 2.986'E 2* 1 2/1/2 

2G 25 44Á 32.837'ʉ 38° 1.901'E 3** 1 3/1/3 

3G 65 44Á 30.382'ʉ 37° 59.802'E 3** 1 3/1/3 

* Water samples from 2 depths - surface and near bottom; 
** Water samples from 3 depths - surface, thermocline and near bottom. 

 

Table 7. Coordinates of sampling stations and overview of sampling efforts during the 
NPMS RF III (9-10 May) near Anapa Bay. 

ˉ Station  
Bottom 
depth  

Latitude Longitude  
Water 
sampling 
depths 

Water/ 
Bottom 
sampling  

Chemistry, 
Phytoplankton, 
Bacteria, 
Zooplankton 

1B 4 45Á 1.624'ʉ 37Á 5.461'ɺ 1 - 1/0/1 

2B 10 45Á 2.267'ʉ 37Á 5.782'ɺ 2* 1 2/1/2 

3B 16 45Á 1.563'ʉ 37Á 5.343'ɺ 3** 1 3/1/3 

4B 21 45Á 0.084'ʉ 37Á 4.325'ɺ 3 1 3/1/3 

*, ** The same as in the Table 5. 

 
The sampling site of the NPMS 12-months monitoring study (the άƘƛƎƘ ŦǊŜǉǳŜƴŎȅ ǎǘŀǘƛƻƴέύ 
was located 4.3 miles off-shore near town Gelendzhik (Blue Bay) over the sea bottom depth 
of 500 - 700 m (Table 8, Figure 5). This region is transitional zone between the coastal and 
open waters. Biological annual succession is less impacted by frequent environmental 
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fluctuations in this place than in the shelf. The patterns of succession, phenology of the main 
biological annual events are the key characteristics of the ecosystem, based on which 
indicators of the good environmental status can be elaborated. 

 

Figure 5. Scheme of sampling locations during the NPMS RF: pilot monitoring study in 
Anapa Bay (left insertion), Gelendzhik Bay (right insertion) and 12-months monitoring 

study near Blue Bay (central insertion).   

Starting from May 2016, six stations consisting of vertical series (6 depths) were monitored 
within the frame of the EMBLAS project. Chemical measurements were conducted on another 
nine stations in the same region as a part of the RF national scientific programmes. These 
stations filled time gaps in sampling and were added to the NPMS 12-months RF study as in 
kind contribution of the Russian Federation. Thus, the total number of stations with chemical 
measurements was 15 and the total number of samples taken at various sampling depths was 
90. 

Table 8. Coordinates of the monitoring station off the Blue Bay and overview of sampling 
efforts during the first 6 months of the NPMS 12-months RF in Gelendzhik.  

ˉ Station  
Bottom 
depth  

Latitude Longitude  
Water 
sampling 
depths 

Chemistry, 
Phytoplankton, 
Bacterioplankton, 
Zooplankton 

Total number of 
plankton 
samples 

1 500 44°31.25'N 37°55.75'E 6 + 6 micro/2 zoo 

 

The JOSS RF was conducted during two days on 29 and ол aŀȅ нлмс ǳǎƛƴƎ ǾŜǎǎŜƭ άLƳǇǳƭǎέΦ 
Stations were located on a 95-mile transect from the centre of the sea to Caucasian coast near 
Gelendzhik (Figure 6). Transect started from the station 116 located in the deep waters, the 
most probable position of the eastern cyclonic gyre (Ovchinnikov and Popov, 1987; Toderascu 
and Rusu, 2013). 12 stations were situated on the transect (Table 8). CTD-soundings 
measurements and collection of mesozooplankton and macrozooplankton samples with net 
tows were carried out at all stations. Full ecosystem properties measurements (chemistry, 
bacteria, phytoplankton, chlorophyll-a, primary production) were conducted at six stations. 

According to the prior developed and accepted JOSS Methodology, sampling was conducted 
at six depths in the upper layer for all parameters and at 12 depths in the deep layer in order 
to collect proper material on nutrient and hydrogen sulphide concentrations in the main 
pycnocline and Cold Intermediate Layer (CIL). Marine birds, marine mammals and floating 
litter were monitored along the transect during the day time.  
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Table 9. Overview of JOSS RF sampling programme with stations' coordinates, dates of 
sampling and depths.  

Station Date 
Time of 

CTD start 

Time of CTD 
end 

Latitude  

[degrees N] 

Longitude  

[degrees E] 
Sea bottom Secchi, m 

Chemistry, 

Microplankton 

Primary 
production* 

116 29 May 8:07 8:43 43.24866667 36.87033333 2160 11 + 

117 29 May 12:10 12:31 43.45683333 37.04066667 2160 11  

118 29 May 15:20 15:52 43.628 37.18616667 2150 11 + 

119 29 May 18:29 18:51 43.80883333 37.34216667 2150   

120 29 May 20:40 21:16 43.95516667 37.457 2100  + 

121 29 May 23:56 0:22 44.1055 37.578 2020   

122 30 May 8:06 8:37 44.24183333 37.68983333 1929 8 + 

123 30 May 10:42 11:04 44.31983333 37.75516667 1879   

124 30 May 12:13 12:47 44.3835 37.81283333 1372 12 + 

125 30 May 15:20 15:49 44.44983333 37.881 1428   

126 30 May 17:14 17:49 44.49866667 37.91716667 1011 7 + 

127 30 May 19:27 19:35 44.54116667 37.954 53   

* These parameters were measured at stations assigned as (+). 

 

 

Figure 6. Scheme of sampling locations during the JOSS RF (black spots ς CTD and 
zooplankton tows; green spots ς all measurements). 

 

The next part of scientific surveys in RF was conducted on 6-7 August (NPMS-I) in Kerch Strait 
and on 23 November-1 December (NPMS-II) in Sochi region by SOI scientific team on the R/V 
Peleng. The sampling and observations programme of NPMSs was implemented at the 
appointed sampling sites presented in Tables 10., 11. and Figure 7. below.  
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Table 10. Specification of NPMS RF I monitoring stations in Kerch strait region.  

ˊ St. Region Depth, m Local site Main process 

1 Kerch strait and Azov sea 10,0 Before strait area of Azov sea Seas water exchange 

2 Kerch strait and Azov sea 9,5 Before strait area of Azov sea Seas water exchange 

3 Kerch strait and Azov sea 7,0 Before strait area of Azov sea Seas water exchange 

4 Kerch strait and Azov sea 6,5 North narrow part of Kerch strait Seas water exchange 

5 Kerch strait and Azov sea 6,0 North narrow part of Kerch strait Seas water exchange 

6 Kerch strait and Azov sea 4,0 North part of Kerch strait. Kerch 
bay 

Seas water exchange. Local 
pollution monitoring 

7 Kerch strait and Azov sea 6,8 North narrow part of Kerch strait Seas water exchange. 
Intersection of the approach 

channel to the port and Kerch-
Enikale 

8 Kerch strait and Azov sea 3,5 North narrow part of Kerch strait Seas water exchange 

9 Kerch strait and Azov sea 6,0 Kerch strait, North cape of the 
Tuzla island 

Seas water exchange 

10 Kerch strait and Azov sea 7,0 Coastal polluted waters of the 
Kerch strait 

Sources of terrestrial pollution 

12 Kerch strait and Azov sea 6,5 South part of Kerch strait Seas water exchange 

13 Kerch strait and Azov sea 4,0 Southern part of the Tuzla Island Taman Bay and Kerch strait 
water exchange 

14 Kerch strait and Azov sea 9,0 South part of Kerch strait Monitoring of main water pass 

15 Kerch strait and Azov sea 9,0 South part of Kerch strait Seas water exchange 

16 Kerch strait and Azov sea 10,8 South part of Kerch strait Seas water exchange 

17 Kerch strait and Azov sea 12,0 South part of Kerch strait Seas water exchange 

18 Black Sea 11,0 Before strait area of Black Sea Seas water exchange 

19 Black Sea 16,0 Before strait area of Black Sea Seas water exchange 

20 Black Sea 14,0 Before strait area of Black Sea Seas water exchange 

 

Table 11. Specification of NPMS RF II monitoring stations in Sochi region.  

ˊ 
Station 

N E Depth, 
m 

Site / (Number of horizons*) / 
Distance from shore 

Source of Pollution 

I 43° 34' 52" 39° 43' 01" 9,8 Sochi harbor (2) / 50 m Industrial, municipal and transport 
pollution of the port waters 

II 43° 34' 47" 39° 42' 30" 6,7 Estuary of the river Sochi (2) / 
200-300 m 

Municipal, agricultural and 
industrial pollution with the river 
Sochi discharge 

III 43° 33' 46" 39° 41' 19" 45 2 nm from the shore in front of 
the river Sochi estuary (3) / 
2 nm 

Half-open sea, relatively clean 
waters 

IV 43° 33' 45" 39° 44' 33" 9 Estuary of the brook Maluy (2) / 
200-300 m 

Municipal pollution with the brook 
Maluy discharge 

V 43° 30' 15" 39° 51' 44" 7 Estuary of the river Hosta (2) / 
200-300 m 

Municipal and agricultural 
pollution with the rivers Hosta and 
Kudepsta discharge 

VI 43° 27' 27" 39 °48' 59" 58 2 nm from the shore in front of 
the river Hosta estuary (3) / 
2 nm 

Half-open sea, relatively clean 
waters 
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ˊ 
Station 

N E Depth, 
m 

Site / (Number of horizons*) / 
Distance from shore 

Source of Pollution 

VII 43°24' 49,2" 39°55' 17,6" 6,6 Estuary of the river Mzymta (2) 
/ 200-300 m 

Agricultural pollution with the 
rivers Mzymta discharge 

VIII 43° 23' 48" 39° 53' 05" 370 2 nm from the shore in front of 
the river Mzymta estuary (4) 

Half-open sea, relatively clean 
waters. The marine border with 
the Abkhasya 

IX 43°24' 26" 39°56' 12,4" 9 Imeretinsky harbour (2) / 50  m Industrial, municipal and transport 
pollution of the port waters 

X 43°26'54.2" 39°56'58.3" >400 Open sea (4) / 4 nm Open sea, clean waters. The 
marine border with the Abkhasya 

XI 43°36' 19.2" 39°35'53.8" 8,5 Estuary of the river Bitha (2) 
200 m 

Municipal and agricultural 
pollution with the river Psakhe 
discharge 

XII 43°38' 53,5" 39°39' 05,1" 7 Estuary of the river Dagomus 
(2) / 200 m 

Municipal and agricultural 
pollution with the river Dagomus 
discharge 

XIII 43°36' 25,2" 39°36' 00,3" 72 2 nm from the shore in front of 
the river Dagomus estuary (3) / 
2 nm 

Half-open sea, relatively clean 
waters 

XIV 43°32' 58" 39°37' 57" 90 Central point of the Sochi area 
(4) / 4 nm 

Open sea, clean waters. 
Reference point for the Sochi 
area 

 

 

Figure 7. An overview map of sampling stations in NPMS RF II in Sochi region. 

During the scientific surveys mentioned above numerous meteorological, hydrological 
observations were done, an impressive number of physico-chemical parameters, chemical 
pollutants in water (PW), bottom sediments (PS), biota (PB) and biological perameters 
(chlorophyll-a, phytoplankton, macro-, mesozooplankton, ichtyoplankton, meio- and macro-
zoobenthos, macrophytobenthos composition were sampled, treated and reported as well as 
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marine mammals, birds and marine litter observations. Each of this parameter could be highly 
valuable in the general assessment of the BS actual environmental status (Figure 8). 

 
 

Figure 8. Number of samples collected within the framework of scientific programme of 
NPMS RF I, II, III and JOSS RF. 

 
The observations and samples from the άƘƛƎƘ ŦǊŜǉǳŜƴŎȅ ǎǘŀǘƛƻƴέ ƛƴ ǘƘŜ YŜǊŎƘ ǎǘǊŀƛǘ ƘŀŘ 
obtained a significant amount of scientific data including meteorological and hydrological 
parameters, nutrients, TPHs in water, chlorophyll, phytoplankton and zooplankton. The 
measurements take place every week from April 2016 onwards. From April 2016 to January 
2017 38 samples of water for all parameters mentioned above were treated and reported, the 
total amount of parameters is 793. This information could be very valuable in assessment of 
annual biological cycles and at the same time of the level of anthropogenic load on the 
ecosystem in this area.   
 

Scientific Report NPMS/JOSS 2016 is organised in eight chapters. The General Hydrographic 
conditions of the BS and specific Hydrographic conditions during the cruise are discussed in 
Chapter I. Out of the 11 descriptors of the MSFD, indicator based assessments of 
environmental status are provided for 7 descriptors within dedicated chapters: Chapter II. 
Biodiversity (D1) and Habitat Integrity (D6) covering the biological components 
phytoplankton, zooplankton and zoobenthos; Chapter III. Non-indigenous species (D2); 
Chapter IV. Eutrophication (D5); Chapter V. Contaminants (D8); Chapter VI. Contaminants in 
biota (D9) and Chapter VII. Marine Litter. A special chapter is dedicated to the formulation of 
overall Progress, gaps and recommendations (Chapter VIII) stemming from the analysis by 
descriptors.  
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It should be stressed that the NPMS and JOSS surveys in 2016 provided data from a single 
cruise or short-term observations only and therefore all assessments of the environmental 
(MSFD) or ecological/chemical (WFD) status are only indicative. Nevertheless, regarding the 
involved countries (GE, RF, UA) the information gathered in the Scientific Report was for the 
first time based on harmonised MSFD- and BSIMAP-compliant indicators and evaluated using 
commonly agreed regional status classification schemes. The Scientific Report is expected to 
contribute to the improvement of national monitoring programmes in Georgia and Ukraine 
towards full compliance with the MSFD and WFD as a part of their obligations within the 
association process with the EU. The outcomes will certainly support BSIMAP implementation 
in all three project partner countries, as well as assist the Black Sea Commission in the effort 
to develop the BS integrated monitoring system at the regional scale.  
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I.1. Introduction 

The Black Sea ƛǎ ŀƴ ƛƴƭŀƴŘ 9ǳǊŀǎƛŀƴ ǎŜŀ ǘƘŀǘ ƛǎ ŀƭƳƻǎǘ Ŏǳǘ ƻŦŦ ŦǊƻƳ ǘƘŜ ǊŜǎǘ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ 
oceans. ¢ƘŜ ǎŜŀ ƛǎ ƭƻŎŀǘŜŘ ōŜǘǿŜŜƴ ƭŀǘƛǘǳŘŜǎ плϲ рсΩb ŀƴŘ псϲ ооΩbΣ ŀƴŘ ƭƻƴƎƛǘǳŘŜǎ нтϲ нтΩ9 
ǘƻ пмϲ пнΩ9Φ Geographical and hydrological boundaries of Black Sea Basin are presented on 
Figure I.1.1. It is over 2200 m deep and receives the drainage from a 1.9 million km2 basin. The 
area of the Black Sea is about 423000km3, the volume of water in the sea is about 538000 km3.  

The seabed is divided into the shelf, the continental slope and the deep-sea depression (Figure 
I.1.2.). The shelf occupies about 25% of the sea bottom area. The shelf is divided into interior 
(that may coincide with the underwater slope of the coastal zone), intermediate and exterior 
ones. The continental slope constitutes almost 40% of the bottom and is bounded by the 
isobaths of 100 and 2000 m. The depression bottom (below the isobath of 2000 m) makes 
almost 35% of the bottom area and represents an accumulation plain slightly inclined 
southward. 

 

 
Figure I.1.1. Geographical and hydrological boundaries in the Black Sea Region (BSERP, 

2007, http://www.elmed -rostov.ru/Projects/TDA/Black_Sea_3_1.htm). 
  

http://www.elmed-rostov.ru/Projects/TDA/Black_Sea_3_1.htm
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Figure I.1.2. Black Sea bathymetry (Eremeev at al., 2009). 
 

¢ƘŜ ˤƭŀŎƪ {Ŝŀ ƛǎ ǘƘŜ ƭŀǊƎŜǎǘ ƳŜǊƻƳƛŎǘƛŎ ōŀǎin on the planet. Its uniquely characteristic feature 
is the presence of relatively thin surface layer of aerobic water and a powerful hydrogen 
sulphide zone (H2S-zone) (Figure I.1.3.), which is located at depths of more 90-160 m and 
covers about 87% of the volume of the sea (Skopintsev, 1975). 

 
 

 

Figure I.1.3. Relief of the Black Sea ˹ 2S-zone surface to the north from the transect Strait 
of Bosporus ς{ǘǊŀƛǘ ƻŦ YŜǊŎƘ όōŀǎŜŘ ƻƴ Ƴŀƴȅ ȅŜŀǊǎΩ Řŀǘŀ ŦƻǊ ǎǳƳƳŜǊ ǎŜŀǎƻƴύΦ 

 

As a natural phenomenon, the anoxic layer has ever since caused an acute interest amongst 
oceanographers throughout the world. Among the various areas of study of the H2S-zone 
(spatial-temporal distribution of H2S in the water column; the balance of H2S in the Black Sea; 
the role of anaerobic zones in biogeochemical cycle of organic and inorganic substances) 
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unconditional priority is given to the problem of spatial-temporal changes of the position of 
anaerobic waters (SBSE: UA, 2002). 

This problem is not only of academic but also of practical interest in connection with the 
advent of the 80-ies in the press of a number of messages about changes of the depth of the 
upper boundary of the hydrogen sulphide zone and assumptions about the possibility of 
imminent penetration of anaerobic waters in the aerobic layer and in the atmosphere (Murray 
at al., 1989, Faschuk at al., 1987, Ryabinin at al., 1989). Moreover, these changes have been 
associated exclusively with human influence. 

A. A. Bezborodov and V. N. Eremeev (Bezborodov at al., 1993) conducted an analysis of the 
entire historical dataset on the distribution of hydrogen sulphide in Black Sea waters, which 
confirmed the absence of an unidirectional trend of the depth of the upper boundary of the 
anaerobic waters. It has been shown that the spatial and temporal variability of the position 
of this boundary is primarily determined by synoptic and seasonal variations of the 
hydrological structure of waters of the sea. Depth of occurrence of hydrogen sulphide in Black 
Sea waters corresponds to an average valǳŜ ƻŦ ǘƘŜ ŎƻƴŘƛǘƛƻƴŀƭ ŘŜƴǎƛǘȅ ƻŦ ǿŀǘŜǊ ˋt =16.18. 
Close values of the conditional density given in Neretin at al. 2001, Vinogradov & Nalbandov, 
1990 and other researchers, which shows about dynamic equilibrium between the formation 
and loss of hydrogen sulphide. 

The appearance of the monograph (Bezborodov at al., 1993) to a large extent stopped 
speculating on the subject of environmental disaster due to the rise of the upper boundary of 
the H2S layer. However, the question of the rhythmicity of the oscillations and constant 
unidirectional change trend depth remains controversial. Over the last 20 years the hydrogen 
sulphide layer has experienced 20-25 meters rise that can be explained by the excessive influx 
of allochthonous organic matter. 

Aerobic and anaerobic ecosystems stably coexisted in the Black Sea around 7,500 years 
(Bezborodov at al., 1993). However, we should not forget about unidirectional and noncyclic 
influence on the ecosystem of the Black Sea and such factors as: water withdrawal and 
seasonal redistribution of river runoff; pollution of coastal waters; climate change. Therefore, 
continued monitoring of the topography of the border of the H2S zone remains one of the 
important areas of research of the Black Sea. 

Isolation from Open Ocean makes the Black Sea vulnerable to eutrophication (the 
phenomenon that results from an over-enrichment of the sea by plant nutrients). 
Eutrophication has caused essential changes in the Black Sea ecosystem in the past three 
decades. Main reason of eutrophication is river runoff. Every year, about 350 km3 of river 
water enters the Black Sea from an area covering almost a third of continental Europe and 
including significant areas of eighteen countries: Austria, Belarus, Bosnia and Herzegovina, 
Bulgaria, Croatia, Czech Republic, Georgia, Germany, Hungary, Moldova, Slovakia, Slovenia, 
wƻƳŀƴƛŀΣ wǳǎǎƛŀΣ ¢ǳǊƪŜȅΣ ¦ƪǊŀƛƴŜΣ ¸ǳƎƻǎƭŀǾƛŀΦ 9ǳǊƻǇŜΩǎ ǎŜŎƻƴŘΣ ǘƘƛǊŘ ŀƴŘ ŦƻǳǊǘƘ ƭŀǊƎŜǎǘ ǊƛǾŜǊǎ 
(the Danube, Dnipro and Dnister) all flow to the Black Sea. 

The Oceanographic survey atlas (Eremeev at al., 2009) have been used as climate basis to 
follow analysis of the meteorological characteristics, hydrological structure and hydrodynamic 
of the Black Sea ŘǳǊƛƴƎ ǘƘŜ 9a.[!{Ω ŜȄǇŜŘƛǘƛƻƴǎΥ bta{ ŀƴŘ Wh{{.  
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I.2. General meteorological and hydrological background of 
the Black Sea 

Climatic conditions of the Black Sea are determined by their geographical position and general 
atmospheric circulation. The northern part of the Black Sea is located in the southern part of 
the moderate climate zone, and the southern part of the Black Sea - in the northern part of 
the subtropical climatic belt. In January mean air temperature above the central part of the 
Black Sea is 8°C, in the north-western part it decreases to 0-3°C with the absolute minimum -
30°C (Eremeev at al., 2009). Mean air temperature in July is 22-24°C with its maximum 35°C. 
Average monthly wind speed is maximal in January-February (7-8 m/s) and minimal - in June-
July (4-6 m/s) (Figure I.2.1.).  

 

 

Figure I.2.1. Seasonal dynamic of atmospheric pressure and wind speed over the Black Sea 
(Eremeev at al., 2009). 

 

In the coastal zone of the northern part of the Black Sea water temperature varies from the 
values of water freezing (-0.97°C at the salinity 18҉ and -0.54°C at the salinity 10҉) to 28-
29°C under maximum warming-through (Figure I.2.2). Mean water temperature in the Black 
Sea is about 9°C. The thermal structure of the Black Sea is characterised by presence of cold 
intermediate layer (CIL), i. e. subsurface (40-80 m) layer of minimum temperature which is 
traditionally distinguished by the isotherm about 8°C. Below 75-100 m temperature 
monotonically increases with depth up to 9.1°C on the bottom. 

Salinity of the Black Sea surface layer (18҉) is almost half as much as that of the World Ocean 
surface water. Average salinity in the Black Sea increases monotonically from the surface 
(17.6҉ in May and 18.1 ҉ in February - Figure I.2.3) to the bottom (22.33҉). The abyssal 
part of the sea receives highly saline water of the Sea of Marmara with the Lower Bosporus 
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current. The vertical haline structure is characterized by presence of two haloclines (the layers 
of salinity sudden change): the seasonal one - in the 0-30 m layer and the constant one - in 
the 50-200 m layer. 

The peculiarities of the thermohaline structure of the Black Sea water consist in a sudden 
change of density (conventional density reaches 16.15-16.25) called a main pycnocline. It 
results in a considerable restriction of the vertical water exchange. 

The water masses and the structure of the Black Sea water are formed as a result of interaction 
of the Sea of Marmara water mass brought by the Lower Bosporus current and fresh water 
from rivers and precipitations. Five types of the Black Sea water masses are distinguished 
(Eremeev at al., 2009). They differ in their thermohaline characteristics: the coastal Black Sea 
water mass, the upper Black Sea water mass, the cold intermediate layer, the intermediate 
Black Sea water mass and the abyssal Black Sea water mass.  

 

 

Figure I.2.2. Seasonal dynamic of water temperature of Black Sea at the depth 0 m 
(Eremeev at al., 2009). 
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Figure I.2.3. Seasonal dynamic of water salinity of Black Sea at the depth 0 m  
(Eremeev at al., 2009). 

 

I.3. Black Sea circulation 

Current circulation in the Black Sea is characterised by a cyclonic system of currents flowing 
along the continental slope (Rim Current), western and eastern cyclonic gyres in the open sea, 
and near-shore anticyclonic eddies (NAEs) between the Rim Current and the shore circulation 
(Knipovich, 1933; Neumann, 1942; Bogatko et al., 1979; Ovchinnikov and Titov, 1990; Altman 
et al., 1990; Oguz et al., 1993; Titov, 1999; Korotaev et al., 2001, 2003 and others), (Figure 
I.3.1.).  

 

 
 

Figure I.3.1. Water circulation in the Black Sea (Eremeev at al., 2009). 
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In the Black Sea the cyclonic water stream breaks up into two cyclonic circulations in the 
western and eastern parts of the sea in June - December. In the same period under the 
decreased intensity of the general circulation of the sea, the anticyclonic eddies are developed 
localizing in the zone of the continental slope.  

Hydrodynamic of the north-western part of the Black Sea is rather difficult and depends on 
number of factors: wind strength and direction, river runoff, anticyclonic eddies moving 
lengǘƘǿŀȅǎ ŀƭƻƴƎ ŎƻƴǘƛƴŜƴǘŀƭ ǎƭƻǇŜ ǎƻǳǘƘǿŜǎǘǿŀǊŘƭȅΣ wƛƳ /ǳǊǊŜƴǘΩǎ ƛƴǘŜƴǎƛǘȅ ǎƻ ƻƴ όYƻƳƻǊƛƴ 
et al., 2008; Popov & Polonsky, 2014; Popov & Ruban, 2014). Seasonal fields of integral sea 
currents for the most probable wind situations over NWBS presented on Figure I.3.2.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure I.3.2. Seasonal fields of integral sea currents (m/s) for the most probable wind 
situations over NWBS: (a) north-western wind 7,5 m/s, (b) north-eastern wind 7,5 m/s - for 

winter; (c) south-east wind 5,5 m/s for spring, (d) north wind 5 m/s - for summer, (e) 
western wind 7 m/s (Komorin et al, 2008). 

 

The current structure in the Kerch Strait where the water flows can be directed from the Black 
Sea to the Sea of Azov and vice versa depending on the wind direction is the most complex 
(Tuchkovenko, Komorin, Ilushin, 2005). Under the prolonged winds the compensation 
currents directed against the wind occur in the strait. 
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I.4. Meteorological and hydrological description of the 
main physical parameters during the NPMS GE, NPMS UA 
and JOSS GE-UA 

I.4.1. Data and methods 

The main characteristics and the identification of the Black Sea waters are performed using 
physical parameters analysis (temperature, salinity, density and currents) and analysis of 
meteorological parameters influencing the sea water. Analysis has been done for three 
regions of the Black Sea differing by hydrophysical features: North-western part of the Black 
Sea investigated in NPMS UA (NWBS), Central part of Black Sea investigated in JOSS GE-UA 
and JOSS RF (CBS), Eastern part of the Black Sea investigated in NPMS GE and NPMS RF (EBS). 

The graphical distributions of the air and sea physical parameters were obtained using Surfer 
DƻƭŘŜƴ {ƻŦǘǿŀǊŜ ŀƴŘ ǇǊƻƎǊŀƳƳŜ άIȅŘǊƻƭƻƎέ όaŀǊƛƴŜ IȅŘǊƻǇƘȅǎƛŎŀƭ LƴǎǘƛǘǳǘŜΣ ¦ƪǊŀƛƴŜύ.  

Princeton Ocean Model, usually called POM, has been used for calculation of the threeς
dimensional velocity distribution on NWBS. The model was developed and applied to 
oceanographic problems at Princeton University by George Mellor and Alan Blumberg in 1977 
(Mellor, 1982; Blumberg&Mellor, 1987; Mellor, 1991). The model is under GNU license. It can 
be downloaded from http://www.aos.princeton.edu/WWWPUBLIC/ htdocs.pom.  The POM 
has been adopted to north-west part of the Black Sea at UkrSCES (Komorin at. all, 2009).  

Meteorological data were provided by the Hydrometeorological Centre of the Black Sea and 
Azov Sea, Odessa. 

The following Internet resources were used for the analysis of hydrological features of the 
Black Sea: 

1) MyOcean daily mean fields of the sea surface currents.  

The basin-scale model is used for continuous analysis and forecast of the Black Sea 
circulation and stratification. The model output includes dynamical sea level, three-
dimensional fields of current velocity, temperature and salinity. The basin-scale model 
assimilates satellite altimetry data provided by SL TAC, sea surface temperature 
provided by OSI TAC, and TS profiles provided by INSITU TAC. Model couples with bio-
optical model to specify better parameterization of absorption of the short-wave 
radiation. The data of atmosphere forcing come from SKIRON MFSTEP Atmospheric 
Modeling and Weather Forecasting Group, University of Athens, Greece 
(www.myocean.eu). 

2) Data from channels of observation of the sea surface temperature (SST) by infrared 
radiometer AVHRR (NOAA), the color of the ocean, the long wave radiation of the 
water surface (WLR) and visual data systems AERONET by scanners to satellites 
SeaWiFS, Aqua and Terra MODIS: 

http://podaac.jpl.nasa.gov; 

http://oceancolor.gsfc.nasa.gov; 

http://www.aviso.oceanobs.com; 

http://rapidfire.sci.gsfc.nasa.gov/imagery/subsets/index.php?project=aeronet. 

 

http://www.aos.princeton.edu/WWWPUBLIC/%20htdocs.pom/
http://www.myocean.eu/
http://podaac.jpl.nasa.gov/
http://oceancolor.gsfc.nasa.gov/
http://rapidfire.sci.gsfc.nasa.gov/imagery/subsets/index.php?project=aeronet
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I.5. Results and discussion 

I.5.1 Hydrometeorological and hydrodynamical features of 
the Black Sea 

During the period from 18 to 19 May2016 the Black Sea basin (BSB) was under influence of a 
Middle Eastern depression. Wind intensified in western direction until 12-m/s after passage 
of a cold front in the field of depression. During the period of 20-22 May the weather defined 
low gradient field of high pressure (Figure I.5.1.). During the following days (23-24 May) the 
weather conditions were included by the Middle East depression. Thunderstorms, sometimes 
intensified with northwest wind until 12-15 m/s were observed over the sea.  

 

 
͊ύ 

 
b) 

 
c) 

 
d) 

Figure I.5.1. Pressure system over Black Sea region in a) 19 May 2016, b) 25 May 202016, 
c) 30 May2016, d) 03 June2016 (charts obtained from HMC BAS, Odessa). 
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The progressive vector diagram of wind for period from 1 to 20 May is presented on Figure 
I.5.2.  

On 25-26 May, the weather in the Azov-Black Sea basin was influenced by the depression of 
the southwest cyclone with a minimal pressure of 1004 HPA, which shifted from Vienna to the 
Black Sea through the Balkans. During the thunderstorm, the wind increased predominantly 
in southern direction; velocities of 12-15 m/s were observed after passage of a cold polar front 
over the sea. 

On 27-29 May, weather conditions over the BSB were influenced by east depression. The 
thunderstorm and the northwest wind sometimes 12-20 m/s were observed under the sea. 

On 30-31 May, the BSB was under the influence of depression cyclone with frontal sections 
and a minimum pressure in 1003 HPA, with Center over Germany. The rain was over the sea 
but wind was not stormy. 

On 1-5 June, weather of BSB was caused by the depression cyclone. It shifted from the South 
of France to Austria. The pressure in the center of cyclone was about 1010 HPA. The cold front 
in the basin of the cyclone was over the sea. 

 

 
Figure I.5.2. Progressive vector diagram of winter during the period from 1 May till 21 May 
2016 according to observations of the Odessa-port station (red line for NPMS UA period). 

 

NPMS GE was conducted from 28 to 31 May 2016. All 15 stations were located along the shelf 
and partly at the continental slope.  

Meteorological conditions during the NPMS GE were characterized by intense cyclonic eddy 
over the eastern part of the sea and, basically, weak western winds over the shelf waters. 

The surface current fields (Figure I.1.11.), calculated for the meteorological fields presented 
on the Figure I.1.9., corresponded to the general circulation of an open part of the Black Sea 
for the spring season. Dynamic of shelf waters of NWBS will be discussed in detail below. 
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Figure I.5.3. Fields of the sea surface currents (2.5m) of the Black Sea during NPMS and 
JOSS GE: a) 19 May 2016, b) 25 May 2016, c) 30 May2016, d) 03 June2016  

(MyOcean Black Sea Physics Analysis and Forecast http://www.myocean.eu/web/69 -
myocean-interactive-catalogue.php). 

 

During NPMS GE there were currents of eastern directions with formation of small, short-lived 
eddy structures. There were coastal currents with velocities of 0.2 -0.3 m/s to the north and 
south from the field of investigation. The Batumi eddy was on the west from field of NPMS GE 
and it was crossed by the JOSS GE-UA. 

 

I.5.2. Hydrophysical features of the north-western part of the 
Black Sea 

North-western part of the Black Sea was investigated during the NPMS UA from 17 till 21 May 
2016.  

NPMS UA was organised during the hydrological spring season characterised by intensification 
of surface waters warming, formation of seasonal thermocline layer, and expansion of shelf 
waters influenced by the runoff of rivers.  During this period the Rim Current and dynamic 
processes in the continental slope sea intensified and that lead to synoptic eddy formations. 

Temperature. Thermal status of NWBS waters during the second half of May 2016 is presented 
in Figure I.5.4. The same horizons are given for climatic temperature field for comparison 
(Figure I.1.1.). 

 

 

 

a) b) 

c) d) 

http://www.myocean.eu/web/69-myocean-interactive-catalogue.php
http://www.myocean.eu/web/69-myocean-interactive-catalogue.php
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   a)    b)    c) 

 

 

 

 

 

 

 

 

 

 

 

Figure I.5.4. Water temperature fields on the horizons: a) 0 m; b) 10 m; and c) 20 m (NPMS 
UA). 

   a)    b)    c) 

 

 

 

 

 

 

 

 

 

 

 

Figure I.5.5. Climatic water temperature fields for NWBS on the horizons: a) 0 m; b) 10 m; 
and c) 20 m (UkrSCES data). 

Sea surface temperature varied from 13-14°C in coastal areas up to 16-17°C in open off-shore 
zones (Figure I.5.4.). 

The relatively low level of temperature in the coastal waters of the NWBS was caused by 
access of the cold deep water to the surface layer due to of upwelling (Figure I.5.6.). On the 
photograph we can see an additional upwelling in the region of Tendrovska spit. It was not 
detected by the expedition data because its influence on surface water was reduced to 20 
May when this region was investigated. 
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Figure I.5.6. Available NOAA satellite sea surface temperature data during the NPMS UA 
(http://dvs.net.ua/mp/data/main.shtml).  

 

Formation of the thermocline depth occurred under influence of seasonal warming of surface 
layer and circulation processes (Figure I.5.7.). Maximum value of thermocline depth in 11 m 
was observed on station 9 under influence of the open sea waters and on station 14 at Odessa 
hollow. Minimum value of the thermocline depth was observed on station 3 at upwelling area 
where thermocline layer was "lifted up" to 3 m depth by the rising deep cold water. 

 

 
 

Figure I.5.7. The field of the upper border depth of the thermocline layer (NPMS UA). 
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Salinity. Water salinity on sea surface observed during NPMS UA (Figure I.5.8) corresponded 
to the climatic conditions (Figure I.5.9). The location of isƻƘŀƭƛƴ мтΦр҉ ŘƛǾƛŘŜǎ ǘƘŜ ǎƘŜƭŦ ǿŀǘŜǊ 
from the water of open sea on NWBS (Popov&Polonsky, 2011). The outer boundary of shelf 
waters in the central part of NWBS area shifted to the west approximately on 30 miles in 
comparison to the expedition data due to the climatic distributions (Figure I.5.10). 

Salinity field on 20 m according to surveys data (Figure I.5.11.) shows more salt waters on the 
open shelf in the Odessa basin and in the Danube region. This is obviously the result of 
upwelling phenomena. 

Water transparency field on NWBS is presented in Figure I.5.12. Minimum transparency was 
observed in the Danube region. The transparency of the waters at the northern part of the 
expedition area, similar to salinity, is indicative of weak activity and spreading of Dnieper-Bug 
waters. There was an area of high water transparency (9-11 pm) in the central and southern 
regions of the Odessa bank and that is unusual. 

  a)     b)    c) 
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Figure. I.5.8. Salinity fields on horizons: a) 0 m; b) 10 m; and c) 20 m (NPMS UA). 
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Figure I.5.9. Climatic salinity fields in the NWBS on the horizons: a) 0 m; b) 10 m; and 20 m) 
(UkrSCES data, Orlova at al., 2008). 

 



Scientific Report ï Joint Black Sea Surveys 2016  

 

45   

 
Figure I.5.10Φ [ƻŎŀǘƛƻƴ ƻŦ ƛǎƻƘŀƭƛƴŜ мтΦр҉ ƛƴ ŘƛŦŦŜǊŜƴǘ ŘŜǇǘƘǎ ƻŦ ǘƘŜ b².{ όbta{ ¦!). 

 

 
Figure I.5.11. Vertical distribution of salinity along the transect from Dniester estuary 

 (NPMS UA). 
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Figure. I.5.12. Water transparency field in NWBS region. 

 

Pycnocline. The upper border depth of the seasonal shift of density is presented in Figure 
I.5.13. It corresponds to the thickness of the upper quasi-homogeneous layer and reflects the 
cumulative activity of wind-wave mixing. The distribution zones of river waters, the area of 
cyclonic and anticyclonic eddies in north Odessa depressions and anti-cyclonic over the area 
ƻŦ ½ŜǊƴƻǾΩǎ ŦƛŜƭŘ όŀ ŎŜƴǘǊŀƭ ǇŀǊǘ ƻŦ b².{ύΦ [ƻǿŜǊƛƴƎ ƻŦ ǘƘŜ ǳǇǇŜǊ ōƻǊŘŜǊ ƻŦ ǘƘŜ ǇȅŎƴƻƪƭƛƴŜ 
reached 10-12 meters in the anticyclones areas, whereas an overwhelmingly large area 
changed from 2 to 7 m. Characteristic feature of NWBS currents structure during the NPMS 
UA for surface layer as well as for deeper layers is the existence of two topographic divergent 
eddies located at northern and central areas of the shelf (Figure I.5.14.).  

 
Figure I.5.13. Fields of upper border of pycnokline (isolines) and thickness of pycnokline 

(Figure under point) on NWBS (NPMS-UA).  

Note: ¦.  upper border of pycnokline, m / TP thickness of pycnokline, m 
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  a)                b)                                   c) 

 
Figure I.5.14. Water circulation fields of NWBS for surface layer (a), intermediate layer (b) 

and near bottom layer (c) (calculated by POM).  

 

Current oriented perpendicularly to the shore to the northwest direction as a result of 
connection of these two dynamic structures was aroused. This current led to the increasing of 
water mass transport from open sea and intensifying mixing processes. 

This current was divided into two coastal streams far ahead in the upper and middle layers. 
The direction of one of them was to the southwest towards the Dniester estuary, the other 
was in the direction of the Odessa Gulf. The bottom layer flow near the shore went along 
isobaths to the northeastern direction. 

 

I.5.3. Hydrophysical features of the eastern part of the Black 
Sea (JOSS GE-UA, NPMS GE) 

The depth of surface layer varied from 6 to 8 m to the southeast. Temperatures grew from 
18.2°C to 19.5°C in southern direction (Figure I.5.15.ύΦ {ŀƭƛƴƛǘȅ ǊŀƴƎƛƴƎ ǾŀǊƛŜŘ ŦǊƻƳ мтΦфс҉ ǘƻ 
мтΦус҉ ƛƴ ǘƘŜ ǎǳǊŦŀŎŜ ƭŀȅŜǊΦ aŀȄƛƳǳƳ ǎŀƭƛƴƛǘȅ ннΦно҉ ǿŀǎ ƳŜŀǎǳǊŜŘ ŀǘ ǎǘŀǘƛƻƴ 12 on the 
horizon of 998 m. 

Seasonal thermocline was observed on depths of 30 - 35 m. The core of CIL was 60 - 65 m 
through transect. Minimum value of temperature was 8.33°C at station 10 at the depth of 62 
m. 

The surface layer depth of the main halocline ranged from 70 to 75 m. The isohalines in 
thickness of the halocline was saddle-like form and they came deeper at the center. 
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Figure I.5.15. Vertical distribution of water temperature (a), and salinity (b) by transect 

through the eastern part of the continental slope (JOSS GE-UA). 

 

²ŀǘŜǊ ǘŜƳǇŜǊŀǘǳǊŜ ǾŀǊƛŜŘ ŦǊƻƳ уΦпϲ/ ǘƻ мфΦфϲ/Φ {ŀƭƛƴƛǘȅ ǾŀǊƛŜŘ ŦǊƻƳ мн҉ ǘƻ нл҉Φ 

A specific feature in the distribution of hydrological characteristics of the surface water layer 
was the presence of areas with rather warm and fresh waters on the northern and southern 
parts of the field (Figure I.5.16.). They were associated with spring river run-off. The maximum 
ƻŦ ǘŜƳǇŜǊŀǘǳǊŜ ǾŀƭǳŜ мфΦфоϲ / ό{ǘΦ bƻΦ мрύ ŀƴŘ ǘƘŜ ƳƛƴƛƳǳƳ ƻŦ ǎŀƭƛƴƛǘȅ мнΦмо҉ ǿŜǊŜ ƻōǎŜǊǾŜŘ 
(St. No. 3). 

The minimum value of the water transparency was 1.5 m on St. No. 3. 
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͊ύ      b)  

 

Figure I.5.16. Fields of temperature (a) and salinity (b) in surface layer (NPMS GE). 

 

Water temperature decreased in the direction from the coast to the open sea. Salinity grew 
to the same direction. A similar picture was seen at the depth of 20 m (Figure I.5.17.) with an 
offset freshened water along the coast in the southern part of the field. 
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͊ύ      ͋ύ 

Figure I.5.17.  Fields of temperature (a) and salinity (b) in layer 20 m (NPMS GE). 

 

There are two levels with high vertical gradients in distribution of the water density depth at 
the most of shelf stations. The first of them in 4-5 meters depth is caused by producing light 
freshwaters, the second - in 15-20 meters depth is corresponding to the seasonal thermocline 
depth (Figure I.5.18.).  

 
Figure I.5.18. Vertical distribution of density (sigma-t) in NPMS GE.  
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The CIL was located at depths from 55 to 82 m in the deep water stations. It was determined 
that the layer thickness was reduced from 23 m at the centre to 7 m on the borders of the 
transect by identifying the gradient boundaries of CIL. Minimum temperature 8.37°C was 
recorded at 62 m depth at St. No. 10 (Figure I.5.19.). 

It should be noted that the continuing trend of temperature increase is associated with the 
climate change of water stratification and influence by the previous "warm" winters (Polonsky 
& Popov, 2015). 

 
Figure I.5.19. Vertical distribution of water temperature by transect through the south-

western part of the Black Sea (JOSS GE-UA). 

 

I.5.4. Hydrophysical features of the continental slope and 
central part of the Black Sea 

Hydrological investigations over north-western and eastern parts of continental slope and 
central part of the Black Sea were performed during the JOSS GE-UA, JOSS RF and NPMS 12-
months RF. 

The powerful Sevastopol eddy (SE) was observed at locations of stations JOSS GE-UA 21-25. 
The transsection crossed current SE through its middle part (St. No. 21 and 23 located at the 
core of the eddy). This was the 4th eddy since the beginning of 2016. The eddy was first 
discovered by satellite data (Figure I.5.20.) in the middle of April. It completed its life cycle at 
the beginning of October. There are 11-14 eddies formed usually during a year and only one 
of them is long-living. 
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Figure I.5.20. Fields of (a) water temperature, (b) chlorophyll-a and (c) the long-wave 

radiation of the water surface at the beginning of June 2016 determined by satellite data. 

 

Reported data (Figure I.5.21.a) show a continuous CIL profile contoured by isotherm 8.7°C and 
the minimum temperature in core is 8.27-8.5°C. Earlier in 2005 the core of CIL was 8.0°C 
(Polonskyi & Popov, 2011). Vertical distribution of the following characteristics over the 
continental slope in the southern border of the NWBS (Figure I.5.21.) was obtained in two 
stages: Stations JOSS GE-UA 1 and 2 ς24 May; Stations JOSS GE-UA 21 - 25 ς 3-4 June. 

 ͊

 ͋

Figure I.5.21. Vertical distribution of water temperature (a), and salinity (b) by transect 
through the north-western part of continental slope (JOSS GE-UA). 
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The temperature of the upper layer 100 m in the deep part of the Black Sea was higher than 
climate temperature values for June (Eremeev and al. 2009). Higher temperature values were 
observed on all stations (Figure I.5.22.). This fact allows us to draw the conclusion about the 
overall warming of the upper layer of Black Sea water during the spring (Figure I.5.23.).  

The only deep-sea station JOSS GE-UA 12 measured to the bottom by temperature showed 
that a higher temperature than the expected climate value was recorded until the depth more 
than 900 meters. 

a 
 

b 

c 
 

d 

Figure I.5.22. Vertical distribution of water temperature: temperature obtained in JOSS GE-
UA and the multi-year values of temperature (Eremeev and al. 2009) for May and June: 

western part (JOSS GE-UA No. 19) - a); central part (St. No. 16) - b); eastern part (JOSS GE-
UA No. 13) -c); southeastern part (JOSS GE-UA No. 12) -d) 
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Figure I.5.23Φ ±ŜǊǘƛŎŀƭ ŘƛǎǘǊƛōǳǘƛƻƴ ƻŦ ǘŜƳǇŜǊŀǘǳǊŜ ŘƛŦŦŜǊŜƴŎŜ όҟǘ ƛƴϲ/ύ ŎƭƛƳŀǘŜ ǾŀƭǳŜǎ ŦƻǊ 
June and average values measured during the JOSS GE-UA. 

 

Really freshened waters (14.87-мтΦлл҉ύ ƛƴ ǎǳǊŦŀŎŜ ƭŀȅŜǊ ǿŀǎ ƻƴ ǘƘŜ ǾŜǊǘƛŎŀƭ ŘƛǎǘǊƛōǳǘƛƻƴ ƻŦ 
salinity (Figure I.5.21.). 

Vertical distribution of hydrophysical features through the central part of open sea shows 
mostly homogenous structure fields (Figure I.5.24.). Minor variations in characteristics were 
observed in the western part of the transect and were associated with SE mentioned above. 

Observations at stations Nos. 13-19 were performed later than at the stations Nos. 3 and 4 on 
the decade. During this time, subsurface waters warmed up by 2°C approximately. Seasonal 
thermocline layer was at 11-15 m and the temperature increased by ca. 3 °C (14-18°C). 

¢ƘŜ ƳƛƴƛƳǳƳ ƻŦ ǿŀǘŜǊ ǘŜƳǇŜǊŀǘǳǊŜ ƛƴ /L[Ωǎ ŎƻǊŜ ǿŀǎ ŜȄŀŎǘƭȅ ǘƘŜ ǎŀƳŜ ŀǎ ŀǘ ǘƘŜ ǘǊŀƴǎŜŎǘ ŦǊƻƳ 
NWBS (8.27°C). 

The upper border of the main halocline of vertical distribution was located at depths of 40 - 
53 m, with a minimum value in the central part of the sea. It had been raised to 10 - 15 m at 
the edges of the transect and located approximately in the areas of cores of climatic domes 
(Figure I.5.24.b). 

The only station with observations down to 1000 m depth was station No. 12. It was located 
at the periphery of the Batumi eddy. Borders of the main pycnokline at the location changed 
from 70 to 175 m and had a density range from 14.4 to 16.4. 

  

T, C̄ 

H, m 
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Figure I.5.24. Vertical distributions of water temperature (a), and salinity (b) by transect 
through the open part of the Black Sea (JOSS GE-UA). 

 

During the JOSS RF the temperature in the 100-m water column changed from 8.2oC in the CIL 
to 20oC near surface. The most prominent feature of observed temperature distribution was 
the absence of the classical CIL bordered by isotherm of 8oC (Titov, 2004). The minimum 
temperature in the CIL was ca. 8.2oC (Figure I.2.25.a). CIL was bounded by isotherm of 8.5oC. 
Salinity changed substantially along the transect showing the decrease at surface from the 
deep waters (18.5) to coastal zone (17.3) where the spring runoff still is manifested in May 
(Figure I.2.25.b). Vertical distribution of density exhibited the shallow upper mixed layer 
varying from 9 to 12 m (Figure I.2.25.c). Sharp density gradients (approx. 0.15 sigma-t/m) 
denoted the upper part of seasonal thermocline. All these hydrophysical properties (density, 
temperature and salinity) were compressed along depth in the sea center and expanded in 
peripheral area. CIL thickness in the sea centre was close to 15 m, whereas it was equal to 30 
m near the shelf, which istypical for the Black Sea hydrophysical structure (Oguz, 2008).   
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Figure I.2.25. Vertical distribution of (a) temperature (oC), (b) salinity and (c) density 

(sigma-t) along the 95-mile transect in JOSS RF. 

 

I.5.5. NPMS 12-months RF monitoring - Gelendzhik (Blue Bay)  

The sampling site of the NPMS 12-months RF monitoring study was located 4.3 miles off-shore 
near Gelendzhik (Blue Bay) over the sea bottom depth of 500 - 700 m (Figure I.5.26.). This 
region is a transitional zone between the coastal and open waters. Biological annual 
succession is less impacted by frequent environmental fluctuations in this place than in the 
shelf. The patterns of succession, phenology of the main biological annual events are the key 
characteristics of the ecosystem, based on which indicators of the good environmental status 
can be elaborated. 
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Figure I.5.26. Scheme of sampling locations during the NPMS RF: pilot monitoring study in 

Anapa Bay (left insertion), Gelendzhik Bay (right insertion) and NPMS 12-months 
monitoring study near Blue Bay (central insertion). 

 

Figure I.5.27. Vertical distribution of salinity (a) and temperature (b, oC) from May 
to November during NPMS long-term study in Gelendzhik. 

 

During the investigated time period salinity at sea surface varied in a narrow range from 17 to 
18 (Figure I.5.27.a). Lowest values were observed in summer time. Along depth salinity 
gradually increased until depth of 80 m where the sharp increase in salinity and its gradients 
occurred. Temperature at the surface changed from 14oC in May to 27oC in August and to 14oC 
in November (Figure I.5.27.b). The thickness of the upper mixed layer decreased from ca. 10 
m in May to 20 m in August and to 60 m in late November.  Changes of density in the upper 
layer were defined by those of salinity and temperature. Therefore, minimum values were 
observed in August (10 sigma-t) and highest in November (12.7 sigma-t). 

Gradual changes in all hydrophysical parameters were observed during the period of 
observation with exception of 19 June when vertical structure was compressed by lifting up 
subthermocline water. Typically, such effects were caused by mesoscale eddies which 
regularly occurred along the Caucasian shelf slope (Zatsepin et al., 2003). This event on 19 
June also led to increased concentration of phosphates and nitrates (see Chapter 
Eutrophication). Such intensive dynamics near the shelf means that the more frequent 
observations (biweekly) are needed for proper monitoring of the shelf ecosystem. 
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I.5.6 The dynamics of the upper border of the hydrogen 
sulphide zone in the deep part of the Black Sea  

To assess the current position of the anaerobic zone, the hydrogen sulphide content was 
investigated in seawater on six stations at the transect made along 43oолˠ b ƭŀǘƛǘǳŘŜ όWh{{ D9-
UA - 3, 12, 13, 16, 19, 21) and on two stations in the territorial waters of Georgia (NPMS GE - 
St. Nos. 15, 12). The transect crossed the axis area of the Black Sea divergence zone (Belevich 
at al., 2011), where a maximum of uplift border between the aerobic and anaerobic waters 
ŀǊŜ ŜȄǇŜŎǘŜŘΦ  {ŀƳǇƭŜǎ ǿŜǊŜ ǘŀƪŜƴ ŦǊƻƳ ǘƘŜ ǿŀǘŜǊ ƭŀȅŜǊ ƻŦ ˋt =15.8 ς 16.2. As it is known, the 
use of a scale of conventional density in place of the traditional depth scale allows to separate 
the effect of various dynamic processes upon the depth and configuration of isopycnic 
surfaces.  

In Figure I.5.28. it is shown that the upper boundary of hydrogen sulphide layer did not fall 
ōŜƭƻǿ ˋt =15,3 - 15,4 at all stations. This is significantly higher than the avŜǊŀƎŜ ǾŀƭǳŜ ˋǘ 
=16.18, which was obtained by Bezborodov at al. (1993) via processing the array observations 
over the period of 1924 - 1990. Maximum lifting boundary of the H2S-ȊƻƴŜ ƛƴ ǳƴƛǘǎ ƻŦ ˋt όˋt 
=15.0; 58 m) was recorded at station JOSS GE-UA No. 19, located in the central part of the 
Western cyclonic gyre. In the central part of the Eastern gyre (station JOSS GE-UA No. 13) 
hydrogen sulphide was detected at the depth of 54 m, and this depth corresponded to the 
ǾŀƭǳŜ ƻŦ ǘƘŜ ŎƻƴŘƛǘƛƻƴŀƭ ŘŜƴǎƛǘȅ ˋt =15.4. So, the data obtained during JOSS GE-UA have to be 
revalidated during expedition in 2017. 

 

 

 

 

 

 

 

 

 

 

Figure I.5.28. Vertical distribution of hydrogen sulphide (˃mol/l ) on the transect over the 
central part of the Black Sea (JOSS GE-UA). 

Vertical distributions of the oxygen and hydrogen sulphide are presented on Figure I.5.29. The 
figures show that at some stations the anaerobic and aerobic zones overlap, that is actually 
observed in the layer of coexistence of oxygen and hydrogen sulphide (C-layer). C-layer was 
recorded by many researchers until the early 90-ies, when was developed more accurate 
methods of measurement of oxygen, and previous results were revised, since Winkler method 
gave higher values of oxygen at its low concentrations. According to more modern concepts, 
the layer of coexistence of oxygen and hydrogen sulphide in the Black Sea does not exist 
(Sapozhnikov & Agatova, 2005, Belevich at al., 2011). In the works of Stunzhas at al. (2013), 
Eremeev & Konovalov (2006) it was shown that at the boundary of aerobic and anaerobic 
zones at low concentrations of O2 and H2S, the value of the error of measurement of 
concentration can be: for oxygen, 5 ς 15 µmol/l (0,16-0,48 mg/l) and for hydrogen sulphide is 
3 ÷ 5 µmol/l (0,10 ς 0,17 mg/l).  

Depth, m 
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Figure I.5.29. Vertical distribution of oxygen and hydrogen sulphide (mg/l) 
at the transect along 43oолˠ b ƭŀǘΦ όWh{{ D9-UA) and in the territorial waters of Georgia (NPMS GE). 
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Apparently, the intersection of the anaerobic and aerobic zones in the graphs (Figure I.1.37.) 
should be the result of error analyses of oxygen that were carried out according to the method 
of Winkler and must be checked.  

These errors did not allow to obtain accurate estimates of the occurrence depth of the upper 
boundary of the H2S-zones, but they do not alter the conclusion that the boundary of the H2S-
zone on the transect 43oолϥb ƭŀǘΦ ƭƛŜǎ ƛƴ ǘƘŜ ǊŀƴƎŜ ƻŦ ˋǘ ҐмрΦл ς 15.4, i.e., on average, 1 unit of 
ˋǘ ǎƳŀƭƭŜǊ ǘƘŀƴ ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǾŀƭǳŜ ŘŜǘŜǊƳƛƴŜŘ ƛƴ ǘƘŜ ǿƻǊƪ ƻŦ Bezborodov at al.  (1993) 
taking into account data from 1984 till 1992. 

Significantly higher country of H2S zone is supported by the data on microbial community 
composition (see Chapter II.6 for details). Indeed, microbial community sampled at 60 m at 
station 19 and at 54 m and 70 m at station 13 was characterised by high relative abundance 
of anaerobic bacterial genera, which benefit from the present of H2S, utilising various 
metabolic strategies. These genera include Wolinella (anaerobic fumarate respiring, reaching 
the relative abundance of 20% at 54 m at station 13), Candidatus thioglobus (previously known 
to mediate biogeochemical cycles in anoxic fjords, upwelling zones, and sulfidic regions) and 
Thioprofundum (sulfur oxidising bacteria).  

 

I.6. Conclusions 

Based on hydrographic data gathered during the spring of 2016, model calculations and 
satellite data the water hydrodynamic features and thermohaline structure of the Black Sea 
were analysed. 

Wind during the second half of May over BSB region was characterised by a variable wind as 
by direction as by values. 

The surface current fields corresponded to the climatic circulation of the open part of the 
Black Sea. Hydrodynamic of the north-western part of the Black Sea was rather complete and 
depended on number of factors: wind strength and direction, river run-off, anticyclonic eddies 
moving lengthways along the contƛƴŜƴǘŀƭ ǎƭƻǇŜ ǎƻǳǘƘǿŜǎǘǿŀǊŘƭȅ ŀƴŘ wƛƳ /ǳǊǊŜƴǘΩǎ ƛƴǘŜƴǎƛǘȅΦ 
Circulation of the NWBS waters was characterised mainly by multi-directional vertical 
structures of synoptic scale. The results were confirmed by two different methods: 
instrumental observations of density and current model POM. 

Surface fields of temperature and salinity were close to the predicted multi-year values (by 
Eremeev at al., 2009), but at the same time reflected the current processes of the coastal 
upwelling. 

Transect across the continental slope located near NWBS dissected the middle part of 
Sevastopol eddy that was already the 4th formation in 2016. The situation was confirmed by 
the satellite data. 

The temperature of the surface layer of water in the Black Sea during the work was higher 
than the predicted multi-year values (by Eremeev at al., 2009) in a range from 0.4 to 1.3°C. 

Abnormally high values of temperature in core of CIL were observed over the continental 
slope and the open sea. This indicates significant changes in thermal conditions in the 
atmosphere over the BSB, reducing thermal processes and dynamic exchange of sea-
atmosphere system and forming water CIL in winter during the last years. 

During the JOSS RF the most prominent feature of observed temperature distribution was an 
absence of the classical CIL. The minimum temperature in the CIL was ca. 8.2oC. CIL was 
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bounded by isotherm of 8.5oC. Salinity changed substantially along the transect showing the 
decrease at surface from the deep waters to coastal zone where the spring runoff still was 
manifested in May 2016. Vertical distribution of density exhibited the shallow upper mixed 
layer varying from 9 to 12 m. All these hydrophysical properties (density, temperature and 
salinity) were compressed along depth in the sea center and expanded in peripheral area. CIL 
thickness in the sea centre was close to 15 m, whereas it was equal to 30 m near the shelf, 
which is typical for the Black Sea hydrophysical structure. 

Gradual changes in all hydrophysical parameters during fulfillment of the NPMS 12-months RF 
monitoring near Gelendzhik were observed during the period of observation with exception 
of 19 June, when the vertical structure was compressed by lifting up subthermocline water. 
Typically, such effect is caused by mesoscale eddies which regularly occurre along the 
Caucasian shelf slope. Such intensive dynamics near the shelf means that the more frequent 
observations (biweekly) are needed for proper monitoring of the shelf ecosystem. 

Upper boundary of hydrogen sulphide layer did not Ŧŀƭƭ ōŜƭƻǿ ˋt 15,3 - 15,4 at all stations. This 
ƛǎ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ƘƛƎƘŜǊ ǘƘŀƴ ǘƘŜ ŀǾŜǊŀƎŜ ǾŀƭǳŜ ˋǘ мсΦмуΣ ǿƘƛŎƘ ǿŀǎ ƻōǘŀƛƴŜŘ ōȅ Bezborodov at 
al. (1993) using the available data in the period from 1924 till 1990. Maximum lifting boundary 
of the H2S-zone in ǳƴƛǘǎ ƻŦ ˋt όˋt 15.0; 58 m) was recorded at station No. 19, located in the 
central part of the western cyclonic eddy. In the central part of the eastern eddy (station No. 
13) hydrogen sulphide was detected at a depth of 54 m, but this depth corresponded to the 
ǾŀƭǳŜ ƻŦ ǘƘŜ ŎƻƴŘƛǘƛƻƴŀƭ ŘŜƴǎƛǘȅ ƻŦ ˋt =15.4. 

 

I.7. Recommendation 

In a follow-up surveys CTD measurements must be done until the depths of no less than 200 
- 250 m. A periodical validation of the readings from CTD sensors will have to be done by 
independent parallel laboratory measurements during the expedition. 

Significantly higher country of H2S zone is supported by the data on microbial community 
composition (see Chapter II.6 for details). Indeed, microbial community sampled at 60 m at 
station 19 and at 54 m and 70 m at station 13 was characterised by high relative abundance 
of anaerobic bacterial genera, which benefit from the present of H2S, utilising various 
metabolic strategies. These genera include Wolinella (anaerobic fumarate respiring, reaching 
the relative abundance of 20% at 54 m at station 13), Candidatus thioglobus (previously known 
to mediate biogeochemical cycles in anoxic fjords, upwelling zones, and sulfidic regions) and 
Thioprofundum (sulfur oxidising bacteria).  
Taking into account the abovementioned data, it is recommended to validate the boundary of 
H2S layer using metatranscriptomic study of microbial communities with the specific emphasis 
to the depths, where H2S started to be detected. 
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II.1.1. Introduction 

Phytoplankton is the main producer of primary production and the basis of the trophic chains 
of the ocean. Phytoplankton communities, represented by fast-growing, short-cyclical 
organisms, are first to respond to the nutrient saturation of the water reservoirs, by coherent 
rearrangement of their structural and functional organization. The WFD (Directive 
2000/60/EC) and the MSFD (Directive 2008/56/EC) of the European Union consider the 
phytoplankton a necessary component of the assessment of the ecological status of water 
bodies. Various indicators of marine phytoplankton can provide valuable information on 
ecological processes which are important for the viability and quality of life of coastal 
countries. Structural indicators of phytoplankton, immediately reflecting the changes of 
nutrient concentration in the water column, have the advantage in the analysis of such 
environmentally significant process as eutrophication. 

However, the complexity and the lack of studies of phytoplankton reaction on the external 
environment, the need for cheap, not labor-intensive methods and using of historical data to 
assess the natural (reference) environmental conditions, methodological problems of 
sampling and processing of phytoplankton samples, difficulties of taxonomic identification, 
are the reasons that complicate the development and implementation of indicators based on 
taxonomic structure of phytoplankton. In this regard, at present, many researchers keep on 
the search and implementation of new phytoplankton indicators which reflect the various 
components of evaluating the quality of the aquatic environment (Moncheva, Boicenco 2010; 
RO IAR, 2013; BG IAR, 2013). 

EMBLAS project not only provides an opportunity to explore the natural processes that occur 
in various parts of the Black Sea, but also to develop mechanisms for inter-laboratory 
cooperation for the representatives of Black Sea countries, to harmonise the methods of 
sampling and processing of the raw data, to develop and clarify rating scales which are used 
in the assessment of ecological status of Black Sea on the basis of various indices of 
phytoplankton. 
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II.1.2. Materials and methods 

II.1.2.1. NPMS/JOSS GE-UA 

During the surveys of NPMS UA and JOSS GE-UA 110 quantitative samples of phytoplankton 
were collected. In total, 58 and 52 samples were collected at the 25 stations of JOSS GE-UA 
and at 15 stations of NPMS UA, respectively. 

Quantitative phytoplankton samples were collected by vertical series consisting from several 
sampling depths. The depths were chosen with a target to collect material from main 
hydrophysical layers. At each station these layers were defined according to the CTD-sounding 
which was performed before the phytoplankton sampling. A special attention has been paid 
to fluorescence profile obtained simultaneously with the CTD-sounding. The samples in NPMS 
were collected from the upper mixed layer (UML), upper thermocline layer, lower thermocline 
layer, near bottom layer and depth of chlorophyll-a maximum (if this maximum did not 
coincide with other sampling layers). During JOSS the samples were collected from upper 
mixed layer, upper thermocline layer, and deep chlorophyll-a maximum depth. Additionally, 
at several stations samples from the Cold Intermediate Layer (CIL), lower thermocline and 
near bottom layers were collected when the vertical distribution of fluorescence allowed to 
suppose the presence of phytoplankton at such depths. For sample collecting 5L Niskis bottles 
attached to the CTD rosette system were used. Volume of sample was equal to 1-2 L and 3 L 
during NPMS and JOSS, respectively.  

During NPMS UA samples of the phytoplankton were fixed with 4% buffered formaldehyde up 
to the final concentration of 2% in a sample and carried to the laboratory. Then phytoplankton 
cells were allowed to settle for two weeks. After that the samples were slowly decanted to 30 
ς 40 ml. JOSS samples were concentrated on board by the funnel of inverted filtration to the 
volume of 50 - 100 ml and then also fixed with 4% buffered formaldehyde up to the final 
concentration of 2% in a sample. These concentrated samples from both surveys were kept at 
temperature of 5 - 7oC during a month before further processing. Before counting, the 
concentrated samples were concentrated one more time, down to 10 - 20 cm3 by slow 
decantation.  

Identification of species and counting of cells were carried out under a light microscope LOMO 
(Russian Federation) with magnification of 600 in the drop with the volume of 0.05 ml. The 
wet biomass was calculated by the method of geometric similarity equating shapes of cells to 
corresponding geometrical shapes and assuming that the cell volume of 1 mm3 is equal to 
1 pg.  

Species identification was done using mainly Schiller (1937), Kisselew (1950), Proshkina-
Lavrenko (1955), Carmelo (1997), Steidinger and Tangen (1997), Cronberg and Annadotter 
(2006) and the taxonomic nomenclature according to the on-line database of World Register 
of Marine Species (WoRMS). 

Dominance of the species was studied. Species were defined as dominant if their proportion in the 
total phytoplankton abundance (or biomass) exceeded >60% b y  a single species or two 
species in total. 

The phytoplankton functional authotrophs/heterotrophs list was composed from the 
taxonomic list of the EMBLAS cruise. Species were defined as heterotrophs on base of the IO-
BAS database (trophic preferences specified for 140 species), NIMRD database (trophic 
preferences specified for 867 species), the Checklist of Baltic Sea Phytoplankton Species 
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(Guy Hällfors, 2004) and international databases available online 
(http://nordicmicroalgae.org/, http://www.eos.ubc.ca/, http://eol.org/).  

The potentially toxic species were extracted from the phytoplankton taxonomic list of the 
EMBLAS cruise based on the list of toxic species of the Black Sea from the MISIS project report 
(Moncheva, Boicenco, 2014.) 

For assessment of the ecological status of ecosystem using biomass and chlorophyll-a the 
folowing definitions were used:  

- RefCon - background value for the given parameter from reference sources;  

- Target - target concentration for the given parameter;  

- AcDev - permissible deviation from background values (RefCon), if the value of the 
indicator is in direct dependence on eutrophication, i.e., its value increases with 
increasing level of eutrophication, we accepted AcDev = +50%; if the value of the 
indicator decreases with increasing eutrophication, we accepted AcDev = - 20%.  

- AcStat ς actual values of the given parameter obtained by observation.  

Background values and target concentrations for Georgia and Russian Federation were taken 
from the Final Report 'Environmental monitoring of the Black Sea with focus on nutrient 
pollution' (Baltic2Black), the values for Ukraine were taken from the Report 'Reference and 
Target concentration for Eutrophication and Estimate of the state of waters', (Baltic2Black; 
UA, 2013). A list of indicators is presented in Table II.1.1. 

Table II.1.1. Metrics for the colour coding corresponding to WFD categories (after 
Baltic2Black). 

Habitat 

 

B (ɜg/m3) Chl-a (ɜg/l) 

Ref* Targ** Ref* Targ** 

Eastern deep-sea (marine) 155.30 233.00 0.20 0.30 

Western deep-sea (marine) 155.30 233.00 0.20 0.30 

UA NWBS Central 155.30 233.00 0.45 0.68 

UA NWBS Mixing 197.50 296.30 0.50 0.75 

UA Dniester (transitional) 1 078.30 1 617.50 0.60 0.90 

UA Dnieper(transitional) 1 078.30 1 617.50 0.80 1.20 

UA Danube (transitional) 3 553.00 5 329.50 1.20 1.80 

GE (coastal) - - 4.00 6.00 

* Reference conditions (RefCon); ** target concentration (Target) 

 

II.1.2.2. NPMS GE 

Samples of phytoplankton were collected on the 4-6-mile transect from the Georgian coastal 
zone of the Black Sea to the shelf area. Samples were taken at 15 stations. Stations 1 and 2 
were located rather remote from industrial, municipal and rural waste waters. This area was 
impacted by light anthropogenic influence.  Stations 3, 4 and 5 were located in the region 
which was impacted by the strong anthropogenic influence. Industrial, municipal and rural 
waste waters are charging into this area from Batumi and the river Chorokhi. Also mining 
waters from Chorohi are flowing into this area. Stations 6 and 7 were affected by the slight 
anthropogenic impact This section of the transect is most remote from industrial, municipal 
and rural waste waters. Stations 8 and 9 were located in the area with the slight anthropogenic 
influence. Minor impact from Kobuleti and Choloqi municipal and rural waste waters has been 
revealed. Stations 11 and 12 were siruated in the region with the strong anthropogenic 

http://nordicmicroalgae.org/
http://nordicmicroalgae.org/
http://www.eos.ubc.ca/
http://eol.org/)
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impact. Industrial, municipal and rural waste waters are charging into this section of the 
transect from Poti and river Rioni. Mining waste waters from the river Rioni are inflowing into 
this area. During water floods large volume of fresh water is causing the freshening of this 
area. Stations 13, 14 and 15 were located in the area with the slight anthropogenic influence. 
An influence of municipal and rural discharge waters from the river Enguri and Kulevi were 
less significant in this region. During floods this area is a subject to freshening. 

Samples were collected by vertical series consisting from different 3 to 6 sampling depths. The 
depths were chosen with a target to collect material from main hydrophysical layers: the 
upper mixed layer (UML), seasonal thermocline (TL) and the layer below - cold intermediate 
layer (CIL). At each station these layers were defined according to CTD-sounding which was 
performed prior to phytoplankton sampling. Special attention has been paid to the 
fluorescence profiles which were obtained simultaneously with the CTD-soundings. One of the 
phytoplankton samples was collected at a depth of the fluorescent maximum. 

Samples of the phytoplankton (volume of 2 L) were placed in labeled polyethylene bottle and 
fixed with 4% buffered formaldehyde. Then phytoplankton cells were allowed to settle for two 
weeks. After that via back filtration method the phytoplankton samples were concentrated 
using the special funnel and nylon filters (nuclear filters ς pore size 1.09 µm). The samples 
were decanted to 80 ς 120 ml. Identification of species and counting of cells were carried out 
under a microscope KRUSS with objectives with magnification of x20 and x40. Counting 
chamber Naujotte (0.05 ml) was used. Taxonomic identification was carried out mainly 
according to Identifying Marine Phytoplankton Manuals (Carmelo R. Tomas, 1998; Proshkina, 
1955; Kiselev, 1950). Taxonomical identification and quantification was provided as described 
in the Manual for Phytoplankton Sampling and Analysis in the Black Sea (Moncheva, Parr, 
2010). 

 

II.1.2.3. JOSS RF 

Samples of phytoplankton were collected on the 100-mile transect from the centre of the 
eastern part of the sea to the shelf area near Gelendzhik (see map of the cruise on Figure 3, 
Executive Summary) at six stations. Samples were collected by vertical series consisting from 
six sampling depths. The depths were chosen with an idea to collect material from main 
hydrophysical layers: the upper mixed layer (UML), seasonal thermocline (TL) and the layer 
below - cold intermediate layer (CIL). At each station these layers were defined according to 
CTD-sounding, which was performed prior to the phytoplankton sampling. A special attention 
has been paid to chlorophyll a maximum. Its depth was defined according to fluorescence 
profile obtained simultaneously with the CTD-sounding. One of the phytoplankton samples 
was collected at the depth of the fluorescent peak.  

Different methods were used for counting of micro-phytoplankton (> 6 µm) and nano- (2-6 
µm), pico-phytoplankton (< 2 µm). Samples of the micro-phytoplankton (volume of 1 liter) 
were fixed with 4% buffered formaldehyde up to the final concentration of 2% in a sample.  
Then phytoplankton cells were allowed to settle for two weeks. After that the samples were 
slowly decanted to 30 ς 40 ml. These concentrates were kept at the temperature of 5-7oC 
during a month before further processing. Before count the concentrates were concentrated 
down to 10 - 20 cm3 by a slow decantation. Identification of species and counting of cells were 
carried out under a light microscope Ergoval (Karl Zeiss, Jena) with magnifications of 160 and 
400. Counting chambers Naujotte (0.05 ml) and Naumann (1.0 ml) were used. Taxonomic 
identification was carried out mainly according to Identifying Marine Phytoplankton Manual 
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(Tomas, 1997). Species names were checked in line with the World Register of Marine Species 
(http://www.marinespecies.org). The wet biomass was calculated by the method of geometric 
similarity equating cells to shape of corresponding figures (cylinder, sphere, ellipsoid of 
rotation: Edier 1979, Vadrucci et al. 2007) assuming that the cellular density is equal to 1. 

Small phytoplankton (less than 6 µm) was enumerated using epifluorescent microscopy. 
Aliquots (14 ml) of the collected samples were fixed with glutaraldehyde (up to 1 % of final 
concentration). After 20 min, the aliquots were filtered through 0.2 µm Nuclepore black filters. 
Following filtering algae cells were stained with primulin in the filtering funnel (Caron 1983). 
After filtering, slides with the filters were frozen at -22oC and transported to laboratory in 
Gelendzhik where they were kept at the same temperature. During 2-3 weeks the slides were 
examined microscopically (FLUOVAL, Carl Zeiss, Yena) using blue excitation. Eukaryotes had 
gradation of red colour, unicellular cyanobacteria (under 2 µm) fluoresced yellow-orange. 
Cells were counted at magnification × 1000 in 30 fields of vision. The investigated filter area 
corresponded to 0.021 ml.  

 

II.1.2.4. NPMS RF 

Phytoplankton quantitative samples were collected during the surveys of R/V Peleng in Kerch 
strait on 6-7 August 2016 (5 samples) and Sochi Region 23 November ς 1 December 2016 (14 
samples). The samples with the volume of 1.5 L were collected during the daytime from 
surface layer and were fixed with buffered formaldehyde up to the final concentration of 2%. 
Phytoplankton was concentrated by sedimentation method when bottles with samples were 
allowed to settle in dark and moderately cold place in vertical position for 2-3 weeks. After 
that the samples were concentrated by suctioning with 2 cm incurved syphon pipe covered 
ǿƛǘƘ ŀ ǇƛŜŎŜ ƻŦ ōƻƭǘƛƴƎ ŎƭƻǘƘ Ѕтт ǘƻ ǘƘŜ ǾƻƭǳƳŜ ƻŦ млл - 150 ml. These concentrates were 
decanted in narrow cylinders. They were settled for one week and concentrated one more 
time to the final volume of 10 - 50 ml (Tsiban, 1980; Sukhanova, 1983; Makarevich, Druzhkov, 
1989). Samples treatment was carried out in a stationary Lab under a light microscope LOMO 

άaƛƪƳŜŘ-нέ with magnifications of x 200 and x 400. Phytoplankton cells were examined in a 
Nageotte counting chamber with a volume of 0.05 ml at least in three replicates (Fedorov, 
1979; Koltsova et al., 1979; Manual, 1980). 

Most of species of micro- and nanoplankton algae of classes Chrysophyceae, Euglenophyceae, 
Chlorophyceae, Cyanophyceae, Cryptophyceae and some "bare" representatives of 
Dinophyceae do not have dense cell membranes. Their tender cell membranes easily break 
down even under the action of weak fixatives. To include this group of algae to analysis 
duplicate samples of 0.5 L were taken, fixed with 5% Lugol's solution (more gentle fixative), 
and the sediment method was used for concentration of algae. Part of the concentrate (1/5-
1/10) was diluted to the volume of 10-15 ml for enumeration of seldom large species.  Cells 
were measured with the help of eyepiece-micrometer, the minimal size of identified cells ς 1-

3 Ƴ́Φ CƻǊ ǘƘŜ Ŏƻƭƻƴƛŀƭ ˿ȅŀƴƻǇƘȅŎŜŀŜ ŀƭƎŀŜ ƻŦ ǘƘŜ ƎŜƴǳǎ hǎŎƛƭƭŀǘƻǊƛŀ ŀƴŘ tƭŀƴƪǘƻƭȅƴƎōȅŀΣ ŀ 
ŦƛƭŀƳŜƴǘ ƻŦ млл ˃Ƴ ƛƴ ƭŜƴƎǘƘ ǿŀǎ ǳǎŜŘ ŀǎ ƻƴŜ ŎƻƴǾŜƴǘƛƻƴal unit of counting. The materials 
from the web-site 'Algae Base.org' (http://www.algaebase.org/search/species/) were used in 
phytoplankton samples classification. For species identification the various manuals were 
used (Kosinskaya, 1948; Kisselew, 1950; Zabelin, Kisselew, Proshkina-Lavrenko et al., 1951; 
Gollerbakh, Kosinskaya, Polyanskiy, 1953; Proshkina-Lavrenko, 1955, 1963; Konovalova, 1988; 
Konovalova et al., 1989; Dodge, 1982; Thomas, 1997). 

The biomass of algae was estimated by the volume-estimating method assuming shape of cells 

http://www.algaebase.org/search/species/
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similar to geometric fugure or using original and published data on cell volume measurements 
for each species (Koltsova, 1970; Senichkina, 1978; Bryantseva et al., 2005). Considering the 
specific gravity of algae equal to 1, the weight of the cell was equal to its volume.  

 

II.1.3. Results and discussion 

The analysed data from NPMS UA, NPMS GE, JOSS GE-UA and JOSS RF are discussed. Stations 
NPMS UA and NPMS GE corresponded with the category 'Shelf' (Shelf-UA and Shelf-GE). 
Stations JOSS GE-UA and JOSS RF corresponded with the categories 'open water' (OW; OW-
UA, OW-GE, OW-RF). Part of data from NPMS RF are under processing. 

 

II.1.3.1. Species composition and biodiversity  

In the whole studied area 356 species from 15 classes of unicellular algae were identified. The 
total list of species, its occurrence in different habitats is presented in the Annex. The highest 
contribution to the overall species diversity belonged to Dinophyceae (45%, 160 species). The 
second taxon by the number of species was Bacillariophyceae (108). The relatively high 
number of species was identified for Cyanophyceae (22) Chlorophyceae (20) and 
Prymnesiophyceae (16). For Chrysophyceae as for Cryptophyceae 5 species was identified. 
Another 12 species were distributed among six other classes (Figure II.1.1.). Number of species 
in the open waters (287) and shelf (291) was close, but the number of Dinophyceae species in 
the shelf (120) was lower than in the open sea waters (154). In contrast, the number of 
Bacillariophyceae species in the shelf (102) was higher than in the open waters (74). 

 

Figure II.1.1. Phytoplankton taxonomic composition (transects NPMS UA (Shelf-UA), NPMS 
GE (Shelf-GE), JOSS GE-UA (OW-UA, OWςGE) and JOSS RF (OWςRF)). 
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Highest species diversity was found in Shelf-UA (224 species). In the open waters, the number 
of identified species decreased (138 species in OW-UA, 71 in OW-RF and 72 in OW-GE). 126 
species of unicellular algae were identified on Georgia's continental shelf. Dinophyceae 
contribution to the total number of species increased from 30% in Shelf-UA to 50% in OW-UA 
and to 69% in OW-RF. In OW-GE and Shelf-GE Dinophyceae contributions were similar (an 
average of 66%). For species diversity of Bacillariophyceae the trend was reverse. The 
contribution of this taxon to the total number of species decreased from 42% in Shelf-UA to 
25% (OW-UA) and to 18% (OW-RF). It slightly increased in OW-GE and Shelf-GE (24% on 
average). 

In JOSS RF total number of occurred species was 76 including 5 size groups of non-identified 
nanoflagellates and pico-eucariotes and unicellular cyanobacteria. Dinophyceae was most 
numerous group represented by 49 species followed by Bacillariophyceae with 13 species and 
Prymnesiophyceae with 3 species. By abundance, coccolithopore Emiliania huxleyi 
predominated in the UML and TL on average accounting for 0.89 and 0.63 × 106 cells/l, 
respectively. In the CIL, cyanobacteria were most numerous, averaging 1.2 × 106 cells/l. By 
biomass, Emiliania huxleyi predominated in the UML (156 mg/m3) and TL (96 mg/m3), whereas 
nanoflagellates 4-8 µm comprised a main portion to the total phytoplankton biomass (13 
mg/m3) in the CIL (Figure II.1.2.).   

 

 

 
 

Figure II.1.2. Shares of different taxonomic groups in the total phytoplankton biomass in 
the layers: UML, TL and CIL (transect JOSS RF). 

 

In the investigated area of Sochi Region 58 species and several not identified algae belonging 
to 8 classes were detected: Bacillariophyceae (diatoms), Dinophyceae (dinophyte), 
Prymnesiophyceae (primesia), Cryptophyceae (cryptophyte), Dictyochophyceae 
(diktiochovye), Prasinophyceae (prasinophyte), Cyanophyceae (blue-green), Ebriophyceae 
(ebridium) (Figure II.1.3.). Highest species diversity was distinguished among Dinophyceae (31 
species) and diatoms (20 species) algae, other classes were represented by a small amount (1-
2 species). 

In the investigated area of the Kerch strait 41 species and several not identified species 
belonging to 6 classes were detected: Bacillariophyceae (diatoms), Dinophyceae (dinophyte), 
Cryptophyceae (cryptophyte), Euglenophyceae (euglenic), Chlorophyceae (green), 
Cyanophyceae (blue-green) (Figure II.1.3). Highest species diversity was distinguished among 
dinophytes (19 species) and diatoms (15 species) algae. Other classes were represented by a 
low number (2-3) of species. 
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Figure II.1.3. The number of species identified within the dominant classes of plankton 
algae in the investigated area of Sochi (a) and Kerch strait (b). 

 

II.1.3.2. Phytoplankton community structure (abundance, 
biomass by taxonomic groups) 

¢ƘŜ ŀōǳƴŘŀƴŎŜ ƻŦ ǇƘȅǘƻǇƭŀƴƪǘƻƴ ǾŀǊƛŜŘ ŦǊƻƳ лΦрфϊмл3 cells/l (OW-¦!ύ ǘƻ офмуϊмл3 cells/l 

(Shelf-UA), biomass from 0.15 mg/m3 (OW-GE) to 2386 mg/m3 (Shelf-GE). 

¢ƘŜ ŀǾŜǊŀƎŜ ǾŀƭǳŜǎ ŀǘ ǘƘŜ ǎƘŜƭŦ όоннϊмл3 cells/lύ ŀƴŘ ǘƘŜ ƻǇŜƴ ǿŀǘŜǊ όолрϊмл3 cells/l) stations 

were very close. The mean biomass for shelf waters (529 mg/m3) was two times higher than 

in the open waters (261 mg/m3) (Figure II.1.4 a, b). The mean abundance for the stations of 

national transects JOSS GE and NPMS GE were four times lower, whereas the mean biomass 

ǿŜǊŜ ǘǿƻ ǘƛƳŜǎ ƘƛƎƘŜǊ ǘƘŀƴ ǘƘŜ ǎŀƳŜ ǾŀƭǳŜǎ ŦƻǊ ǘƘŜ ¦ƪǊŀƛƴƛŀƴ ǘǊŀƴǎŜŎǘ όфм ŀƴŘ офтϊмл3 cells/l; 

651 and 337 mg/m3, respectively; Figure II.1.4.c, d). 

The mean biomass for Shelf-UA was 418 mg/m3. In OW-UA it decreased to 247 mg/m3 and in 

OW-RU it reached the minimum value of 108 mg/m3 (Figure II.1.4.e, f). Biomass in OW-GE 

and in Shelf-GE was significantly higher than that in all other water bodies. Abundance was 

lower than in OW-RU and Shelf-UA. The average abundance in OW-UA was also two times 

higher than in OW-D9 όнмпϊмл3 ŀƴŘ млоϊмл3 cells/l), but these differences were not 

statistically significant. 
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a b 

  

c d 

  

e f 

 

 

Figure II.1.4. Spatial variation of average abundance (103 cells/l, left) and biomass (mg/m3, 
right) on transects NPMS UA (Shelf-UA), NPMS GE (Shelf-GE), JOSS GE-UA (OW-UA, OWς

GE) and JOSS RF (OW ςRF). 

 

Highest values of abundance and biomass in shelf-UA were observed in the UML (786ϊмл3 
cells/l and 656 mg/m3). Mean values of these parameters in the TL decreased to 548ϊмл3 cells/l 
and 446 mg/m3, in the CIL to 116ϊмл3 cells/l and 109 mg/m3 (Figure II.1.5). 
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a  b  

 

 

 

 

c  d  

 

 

 

 

e  f  

 

 

 

 

Figure II.1.5. Distribution of total phytoplankton average abundance (103 cells/l, left) and 
biomass (mg/m3, right) in upper mixed layer (UML, a, b), seasonal thermocline (TL, c, d) 
and cold intermediate layer (CIL, e, f) in NPMS UA (X-axis - longitude; Y-axis - latitude; 

crosses - samples). 

 

In the UML and the TL the phytoplankton abundance and biomass in Shelf-UA were observed 
in the area of the Danube Delta (Figure II.1.5.a-d). The impact of the Dniester was revealed 
only in the bottom layer, which may be associated with the development of coastal upwelling 
(Figure II.1.5 e, f). Effect of runoff of the Dnieper in the upper layers also was not observed. A 
steady decline in the abundance of phytoplankton with depth was also observed in Shelf-GE 
(NPMS GE). The average abundance was successively decreasing from 144ϊмл3 cells/l in the 
UML to 98ϊмл3 cells/l in the TL and to 36ϊмл3 cells/l in the CIL. Biomass decreased from 1063 
to 542 and to 369 mg/m3, respectively (Figure II.1.6.).  

 
































































































































































































































































































































































































































































































































































































































































































































































































































