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Executive summary 

V. Komorin1, V. Medinets2, A. Mikaelyan3, A. Guchmanidze4, A. Korshenko5, M. Pogojeva5, J. Slobodnik6 

 

1 Ukrainian Scientific Center of Ecology of the Sea (UkrSCES), Odesa, Ukraine 
2 Odesa National University (ONU), Odesa, Ukraine 
3 P.P. Shirshov Institute of Oceanology, Russian Academy of Sciences (SIO RAS), Moscow, Russian Federation 
4 National Environmental Agency (NEA), Batumi, Georgia 
5 State Oceanographic Institute (SOI), Moscow, Russian Federation 
6 Environmental Institute (EI), Kos, Slovakia    

 

The Scientific Report “12-Months National Pilot Monitoring Studies (NPMS) in Georgia, Russian 
Federation and Ukraine, 2016-2017” has been prepared under the EU-UNDP Project 
“Improving Environmental Monitoring in the Black Sea, phase 2 (EMBLAS-II)” 
(http://emblasproject.org/). The 12-Months NPMS Programme was developed within the 
framework of Project Activity (PA) 2:  National Pilot Monitoring Studies (NPMS): “Development 
and implementation of NPMS Programmes in order to test and harmonize the drafts of cost-
effective National Black Sea Integrated Environmental Monitoring and Assessment 
Programmes (N-BSIMAPs)”, which had been elaborated  by EMBLAS-I Project in accordance 
with reporting obligations under the MSFD, WFD and BSIMAP. 

The 12-Months NPMS 2016-2017 Scientific Report consists of summaries of scientific results 
based on data collected during the oceanographic investigations by Georgia, Russian 
Federation and Ukraine.  

The report outlines the 12-Months NPMS in: 

• Georgia (GE): 4 monitoring sites; 

• Russian Federation (RF): 2 monitoring sites; 

• Ukraine (UA): 2 monitoring sites. 

The 12-Months NPMS in Georgia were led by the National Environmental Agency of Georgia 
(NEA), in cooperation with the Iv. Javakhishvili Tbilisi State University (TSU), during the period 
of January - December 2017. There were carried out hydrobiological (once a month) and 
microbiological (twice per month) samplings at four permanent stations (Sarpi, Pier Batumi, 
Batumi Port, Green Cape) along the Black Sea coast of Georgia. 

In the Russian Federation the 12-Months Monitoring programme was performed on two sites 
by N.N.Zubov State Oceanographic Institute (SOI) and P.P.Shirshov Institute of Oceanology of 
the Russian Academy of Sciences (SIO-RAS). One SOI station in Kerch Strait was monitored 
weekly from April 2016 to December 2017. Another one situated off-shore near town 
Gelendzhik (Blue Bay) was monitored by SIO RAS from March to December 2016 and from April 
to September 2017 with monthly frequency. 

In Ukraine, the 12-Months NPMS programme was carried out by I. I. Mechnikov Odessa 
National University (ONU) at two monitoring sites in special micropolygons in coastal waters: 
Marine Research Station “Zmiinyi Island” (open sea area with minimum anthropogenic 
pressure and protected area of National Significance) and Marine Biological Station in Odessa 
(coastal waters with high anthropogenic pressure) from April 2016 to June 2017. Separate 
frequency was organized for each kind of field observations and sampling connected with 
different variability of parameters observed.  

 



Scientific Report - 12-Months Monitoring Studies 

in Georgia, Russian Federation and Ukraine, 2016-2017 

 

14 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

I. Part I.  
12-Months National Pilot Monitoring 

Studies in Georgia 
 

  



Scientific Report - 12-Months Monitoring Studies 

in Georgia, Russian Federation and Ukraine, 2016-2017 

 

15 

I.1. National Pilot Monitoring Studies in Georgia – chemistry  

I.1.1. Objectives 

National Pilot Monitoring Studies (NPMS) are directed to development and implementation of 

NPMS for testing and harmonisation of EMBLAS-I drafts of cost-effective National Black Sea 

Integrated Monitoring and Assessment Programmes (N-BSIMAPs) in accordance with reporting 

obligations under the WFD, MSFD and BSIMAP. 

This monitoring programme aims to making the initial assessment (Article 8(1)) needed to 

creation of GES and based on the indicative list of elements set out in Annex III and the list set 

out in Annex V and referenced to the environmental targets (Art. 10). 

The GES criteria were defined by the group of experts from the participating states during the 

period of 2016 and 2017. 

The overall objective of the project was to help to improve the Black Sea environment 

protection. This objective was pursued through the implementation of those initiatives that 

were elaborated and planned during the preparatory phase of EMBLAS-I project. The EMBLAS-

II project is addressing the overall need for support for Black Sea environmental quality and 

sustainability protection and restoration. The specific objectives are as follows:  

• To improve availability and quality of Black Sea environmental data in line with the 

MSFD and WFD and Black Sea Strategic Action Plan (2009) needs; 

• To improve partner countries' ability to perform marine environmental monitoring 

along MSFD and WFD principles, taking into account the Black Sea Diagnostic Report II 

recommendations on capacity building. 

The main goal of this activity is to support the collection of sufficient, quality controlled and 

comparable data sets for the assessment of the Black Sea environmental status. The field 

implementation of revised, country-tailored and integrated environmental marine monitoring 

programmes including physical, chemical and biological parameters were pursued and 

supported throughout the whole project duration. 

The revised programmes will include an updated list of mandatory and optional parameters to 

be monitored taking into consideration the needs stemming from the implementation of the 

MSFD and WFD so that the programmes of EU and non-EU member states in the Black Sea 

region are harmonised at the largest possible extent. These programmes were designed with a 

view to ensure appropriate coverage, relevant frequency, and longer-term of implementation 

perspectives (at least 10 years).  

The main objectives of the Programme are as follows: 

1) To develop methodological framework for marine monitoring in accordance with the 

MFSD and WFD; 

2) To assess the current state of marine ecosystem in Georgian Black Sea waters to make 

the initial assessment; 

3) To prepare a set of recommendations for GES in Georgian Black Sea area. 
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The following tasks were performed during field research: 

• Bringing the sampling methods into compliance with the requirements of the EU MSFD 

and WFD;  

• Monitoring of physical, chemical and biological indicators of marine environment quality 

in accordance with MSFD and WFD; 

• Assessments of the current state and possible eutrophication and pollution within the 

Georgian Black Sea shelf;  

• Assessment of ecosystem components toxic contamination and biological effects of 

water pollution; 

• Assessment of water hydrological and hydrochemical parameters in impact and 

protected areas; 

• Assessment of the state of marine communities (microbial community composition; 

chlorophyll-a concentration; phyto-, meso- and ichthyoplankton composition; abundance 

and species composition of marine bird and mammal populations; meio- and 

macrozoobenthos, micro- and macrophytobenthos composition); 

• Field testing within 12-months sampling period and “in situ” measurements of physical, 

chemical and biological parameters at two pilot monitoring sites: in Sarpi and Batumi Bay; 

• Evaluation of marine water quality using the method of toxicological biotesting on mussel 

larvae, and using hydrobiological indicators of trophicity and saprobity; 

• Testing of novel monitoring methods, including identification of priority pollutants, 

evaluation of marine litter quantity and composition and assessment of underwater noise 

intensity and; 

• Development of marine monitoring data base. 

 

I.1.2. Main approach 

Survey area  

The study area is the Georgian Black Sea shelf area from Gonio to Anaklia. The Black Sea coast 

of Georgia possesses unique recreational potential as well as zone of heighten biological 

productivity, which provides spawning, wintering and inhabit areas for many valuable fish 

species. Here are located Batumi sand bank, Supsa ground and Poti -Anaklia-Ochamchira sand 

bank where gene fund of sturgeons, flounders, salmons and a number of other fish species is 

still conserved. There are concentrated and caught anchovy stock also in winter. The most 

valuable natural habitats of the Black Sea and Georgian coastline are in Kolkheti National Park 

and they are under special protection. Kolkheti National Park comprises 15,742 ha of marine 

protected area (strict and managed protection zones) and it is a significant habitat for dolphins 

and sturgeons. The whole coastal perimeter of the sea is flown by 150 large and small rivers.  

The increase of anthropogenic pressure, exploitation and building oil terminals and ports (on 

the relatively small area of 80km in the south-eastern coast of Georgia four oil terminals are 

functioning at present (Batumi, Poti, Supsa and Kulevi) and one more Anaklia port is planned 
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to be built in the future), coast pollution, overfishing, development of tourism in Georgian 

region are causing the  threat to the unique biodiversity of the Black Sea. It is important to note 

that Supsa and Kulevi terminals are located at the borders of wetland national park. 

Scope of investigations 

The sampling and observations programme of NPMS was fulfilled by NEA at the appointed 

sampling sites in  Georgia. Sampling, processing of samples and reporting was done according 

to the methods and templates agreed among the EMBLAS project partners.  

The sampling, measurements and observations during the NPMS Georgia consist of Physico-

chemical parameters: dissolved oxygen, pH, suspended solids, nitrates, nitrites, phosphates at 

the surface and bottom horizon; samples taken for laboratory analyses of, ammonium nitrogen 

and silicon. 

 

I.1.3. Sampling and measurements on site 

Sampling 

Water samples were taken in accordance with the standard methods indicated in Chapter 3 

“Reference Documents” and in the procedure SOP-2.14., which are implemented in the 

Laboratories of the Department of the Environmental monitoring of the NEA. Immediately after 

filling the bottles with samples were labelled.  

All the necessary identification data were written on the label: 

• The code of the sample; 

• The sampling point; 

• The sampling date; 

• The name of the person who took the samples. 

Labels were firmly attached to the sample packaging and, where appropriate, resistant to 

fading, sample or reagent spillage and reasonable extremes of temperature and humidity. 

Depending on the type of parameter which were tested specific preservation agents were 

added to the samples. The sampling, labelling and preservation activity were performed by the 

sampling personnel.  

All the information concerning: 

• Date, time and place of sampling; 

• Sampling depth, vertical profile; 

• Field number of the sample; 

• Parameters analysed in the field. 

Name and signature of person in charge with sampling were recorded on board in the 

“Sampling Protocol“. The Sampling Protocols were filled in by hand.  Samples were returned to 

the Department together with the Sampling Protocols.  
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Measurements on site 

In sampling points were taken water samples with duplicates. At the site in the samples the 

following parameters were measured: pH, conductivity, salinity, temperature, and dissolved 

oxygen.  

 

I.1.4. Methodology 

Transportation of the samples 

The transportation of the samples from the sampling place to the laboratory was done by car, 

in secure conditions (in the special containers with ice) to reduce sample deterioration. Sample 

containers were packed in such conditions to avoid breakage and contamination during 

transport.  At the same time sample containers had proper stoppers so that the sample does 

not leak out during transport. 

Receipt of samples in the laboratory 

Samples were received in the Laboratory by the analyst, which is, in this case, also the sample 

custodian. The sample custodian receives the samples in the sample storage room. At the 

receipt of the samples the analyst performed a qualitative check of each sample and of the 

accompanying documents, as for example: 

• The integrity of the sample (well packed, the whole quantity inscribed in the Sample 

Protocols); 

• The integrity of the label and of the information written on the label; 

• The concordance of the information written on the label and the information recorded 

in the Sampling Protocols. 

Handling of samples 

During the period of pre-treatment of the samples and the performance of the tests, samples 

were handled in accordance with the instructions from the test method and the specific SOPs. 

To maintain integrity of the samples, long periods of keeping the sample in the laboratory are 

avoided. At the same time, samples were kept in proper condition of temperature and 

humidity. Before the analyses the calibration of measurement and test equipment were done 

internally by the laboratory. 

Analyses 

Analyses of the samples were done in accordance with the ISO standards. The list of applied 

methods is given in the Table I.1-1. 

Table I.1-1.  List of methods 

Scope Method  Scope Method 

Sampling ISO5667-1;ISO5667-6:1990  Nitrite Nitrogen Skalar 

Temperature   Nitrate nitrogen Skalar 

pH EL. metrical  Sulphate Skalar 

Total Suspended solids SFS-EN 872  Ammonium Nitrogen Skalar 

Dissolved Oxygen (EPA 2540)1998  Orthophosphate Skalar  
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I.1.5. Methods and devices 

Physico-chemical parameters 

The collected EMBLAS samples were distributed to the Regional Division of Environmental 

Pollution Monitoring (Batumi). After the preliminary processing the contents of nutrients – 

ammonia, nitrites, nitrates, phosphates, silicates – in the water samples were estimated using 

the automatic analyser - SKALAR SANplus ANALYZER (Figure I.1-1). The functioning of the device 

is based on standard methods for nutrient identification. Preliminary treatment considered 

sample filtration (Glass Microfibre Filter GF5 grade, retention 0.7 μm) using All-Glass Vacuum 

Filter Holder – Sartorius 16309.  

 

Figure I.1-1. SKALAR SANplus ANALYZER 

 

The above nutrient analysis method allows analysis of large number of samples with the 

computerised control and calculation of final results, with high preciseness (<0.1μmol/l) and 

high sensitivity.  

For determination of soluble nutrients in the samples prior to the analysis the samples were 

filtered to eradicate analytical impact of particulate matter. Moreover, the filtration was made 

for other purpose too – for exclusion of adsorption of nutrients soluble in water by particulate 

matters. After the sample filtration the samples were analysed. The procedure is developed by 

Kirkwood (1996). 

The automated procedure for the determination of Phosphate is based on the following 

reaction; ammonium heptamolybdate and potassium antimony(II) oxide tartrate react in an 

acidic medium with diluted solutions of phosphate to form an antimony-phospho-molybdate 

complex. This complex is reduced to an intensely blue-colored complex by L (+) ascorbic acid. 

The complex is measured at 880nm.    

The automated procedure for the determination of Silicate is based on the following reaction; 

the sample as acidified and mixed with an ammonium heptamolybdate solution forming 

molybdosilicic acid. This acid is reduced with ascorbic acid to a blue dye, which is measured at 

810 nm. Oxalic acid is added to avoid phosphate interference (method according to CEFAS).  

The automated procedure for the determination of Nitrate and Nitrite is based on the cadmium 

reduction method; the sample is buffered at pH 8.2 and passed through a column containing 

granulated copper-cadmium to reduce the nitrate to nitrite. The nitrite (originally present plus 
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reduced nitrate) is determined by diazotizing of sulphanilamide and coupling with N-(1-

naphthyl) ethylenediamine dihydrochloride to form a highly coloured azo dye which is 

measured at 540 nm (method according to CEFAS). 

The automated procedure for the determination of Ammonia is based on the modified 

Berthelot reaction; ammonia is chlorinated to monochloramine which reacts with phenol. After 

oxidation and oxidative coupling a green colored complex is formed. The reaction is catalysed 

by nitroprusside, sodium dichloroisocyanurate is used for chlorine donation. The absorption of 

the formed complex is measured at 630 nm (method according to CEFAS). 

For the determination of chlorophyll a, 250 ml sea water was filtered (Glass Microfibre Filter 

GF5 grade, retention 0.7 μm) using All-Glass Vacuum Filter Holder. For chlorophyll a  extraction 

purposes filters were placed in 8 ml 90% acetone solution. According to the method the 

extraction period varies between 18-72 hours. During this period the samples were kept in 

black box to avoid disintegration of chlorophyll a and were placed in the refrigerator. Before 

the definition of chlorophyll-a concentration in sea water the samples were centrifuged (see 

picture 2.4) for 10 minutes (3500 rev/minute), afterwards was measured using field 

Fluorometer - 10-AU Fluorometer Model 10-AU-005-CE (see Figures I.1-2,3). Based on received 

results the concentration of chlorophyll a were determined (CEFAS method). 

 

 

Figure I.1-2. Centrifuge  Figure I.1-3. Field Fluorometer 10-AU,  

Model 10-AU-005-CE  
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I.1.6. Results  

Results of NPMS for 2017 are presented in Table I.1-3 below. 

Laboratory is accredited for water analyses (certificate N GAC-TL-0094 Annex I). Its accreditation covers pH and heavy metals such as aluminium, 

arsenic, barium, cadmium, chromium, copper, manganese (total), molybdenum (total), nickel, lead, selenium, strontium, cobalt, zinc in water 

matrices.  

Table I.1-3 Results of 12-months NPMS 2017 in Georgia 

Date of 
sampling 

Depth m Station  coordinates 
Transparency 

sm 
Turbidity 

NTU 
salinity, ‰ T, ºC 

El 
conductivity 
Mms / sm 

pH ORP 
PO4,  

mkmol/l 
NH4, 

mkmol/l 
NO3,  

mkmol/l 
NO2, 

mkmol/l 
Si,  

mkmol/l 
Suspended 
solids mg/l 

Dissolved 
oxygen 

mg/l 

Oxygen 
saturation 

% 

BOD5 
mg/l 

chlorophyl a, 
mkg/l 

16.01.2017 surface Sarphi 
N 41°52.67'28'' E 

41°54.80'94''  
500   18.1 10.6 29.7 8.5 -86.9           3.2 11.59 103   10.3 

16.01.2017 surface Batumi 
N 41°65.65'35'' E 

41°63.31'12''  
450   18.2 11.05 30.0 8.55 -85.6           3.2 11.13 100   24.4 

21.02.2017 surface Sarphi 
N 41°52.67'28'' E 

41°54.80'94''  
400   18.1 8.4 29.8 8.48 -81.8           2.4 12.25 104   21.2 

21.02.2017 surface Batumi 
N 41°65.65'35'' E 

41°63.31'12''  
250   18.1 8.8 29.9 8.45 -81.3           9.2 11.7 100   42.0 

07.03.2017 surface Sarphi 
N 41°52.67'28'' E 

41°54.80'94''  
460   17.9 10.5 29.3 8.36 -80.2 0.08 ND 0.10 0.10 37.62 5.6 11.81 107   117.7 

07.03.2017 surface Batumi 
N 41°65.65'35'' E 

41°63.31'12''  
270   15.3 10.6 25.4 8.05 -84.4 0.19 ND 0.88 0.12 7.83 7.6 11.54 103   80.1 

07.03.2017 surface Batumiს port 
N 41°65.05'07'' E 

41°64.47'46''  
240   15.5 12.2 25.8 8.52 -84.5 0.43 ND 1.08 0.12 8.58 6.4 10.72 100   104.4 

07.03.2017 surface 
Mtsvane 
Kontskhi 

N 41°69.17'19'' E 
41°70.34'79''  

300   16.5 9.8 27.2 8.50 -83.8 0.10 ND 0.70 0.10 23.51 7.2 12.01 107   84.8 

12.04.2017 surface Sarphi 
N 41°52.67'28'' E 

41°54.80'94''  
450   17.2 12.6 28.54 8.52 -84.1 0.13 ND 0.20 ND 41.93 2.4 11.46 109   18.1 

12.04.2017 surface Batumi 
N 41°65.65'35'' E 

41°63.31'12''  
250   16.4 13.0 26.34 8.55 -87.0 0.1 ND 0.60 ND 27.78 4.8 10.94 104   39.4 

25.05.2017 surface Sarphi 
N 41°52.67'28'' E 

41°54.80'94''  
    16.9 18.5 28.89 8.55 -86.5 0.07 ND ND ND 37.05 7.6 9.75 104   137.8 

25.05.2017 surface Batumiს port 
N 41°65.05'07'' E 

41°64.47'46''  
    12.6 21.0 22.18 8.37 -81.3 1.16 4.47 9.24 0.23 17.65 5.2 8.57 96   42.5 

25.05.2017 surface 
Mtsvane 
Kontskhi 

N 41°69.17'19'' E 
41°70.34'79''  

    14.3 18.4 24.82 8.30 -84.0 0.07 ND 0.2 ND 19.82 9.2 9.83 105   62.3 

13.06.2017 surface Sarphi 
N 41°52.67'28'' E 

41°54.80'94''  
300   14.6 22.3 25.73 8.41 -82.9 ND ND 1.01 0.06 36.13 4.8 9.16 106   75.9 

13.06.2017 surface 
Mtsvane 
Kontskhi 

N 41°69.17'19'' E 
41°70.34'79''  

150   13.3 24.1 22.94 8.56 -89.9 ND ND 6.50 0.11 21.04 8.8 8.79 105   235.8 
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Date of 
sampling 

Depth m Station  coordinates 
Transparency 

sm 
Turbidity 

NTU 
salinity, ‰ T, ºC 

El 
conductivity 
Mms / sm 

pH ORP 
PO4,  

mkmol/l 
NH4, 

mkmol/l 
NO3,  

mkmol/l 
NO2, 

mkmol/l 
Si,  

mkmol/l 
Suspended 
solids mg/l 

Dissolved 
oxygen 

mg/l 

Oxygen 
saturation 

% 

BOD5 
mg/l 

chlorophyl a, 
mkg/l 

13.06.2017 surface Batumiს port 
N 41°65.05'07'' E 

41°64.47'46''  
200   13.3 25.0 23.04 8.51 -87.4 ND ND 1.90 0.14 20.23 5.2 8.57 102   133.7 

1.08.2017 surface Jilina channel 
N 41°63.30'69'' E 

41°60.25'55''  
    15.7 26.1 26.41 8.26 -92.3 0.52 4.13 1.28 ND 22.46 14.0 8.20 101   209.2 

1.08.2017 surface Batumi (port) 
N 41°65.05'07'' E 

41°64.47'46''  
150   15.6 26.7 26.64 8.30 -92.5 0.11 ND 3.19 ND 20.64 9.6 8.09 101   39.6 

1.08.2017 surface pier Batumi 
N 41°65.65'35'' E 

41°63.31'12''  
250   15.4 28.2 25.88 8.38 -96.3 7.11 25.77 33.06 7.62 136.61 18.8 7.98 102   80.50 

1.08.2017 surface 
Batumi               

Bartskhana 
N 41°69.12'75'' E 

41°70.34'23''  
    1.8 25.3 2.18 7.80 -67.5 0.02 ND 1.40 ND 20.35 3.6 7.77 93   134.30 

1.08.2017 surface 
Mtsvane 
Kontskhi 

N 41°69.17'19'' E 
41°70.34'79''  

200   15.3 26.6 26.01 8.13 -88.9 0.01 ND 1.48 ND 16.57 19.6 8.23 102   159.60 

6.09.2017 surface 
Mtsvane 
Kontskhi 

N 41°69.17'19'' E 
41°70.34'79''  

    16.9 27.3 28.46 8.89   0.13 0.48 1.27 0.16 8.05 9.6 8.08 103   119.00 

6.09.2017 surface Batumi (port) 
N 41°65.05'07'' E 

41°64.47'46''  
    16.1 27.4 27.4 8.93   0.13 ND 2.43 0.15 14.55 9.6 7.93 101   121.9 

6.09.2017 surface pier Batumi 
N 41°65.65'35'' E 

41°63.31'12''  
    15.4 27.0 26.54 8.95   0.13 0.05 1.90 0.14 7.48 9.6 8.05 102   132.10 

6.09.2017 surface Jilina channel 
N 41°63.30'69'' E 

41°60.25'55''  
    13.7 26.6 23.53 8.91   0.64 10.27 2.97 0.66 26.43 48.0 8.07 101   143.3 

24.10.2017 surface Jilina channel 
N 41°63.30'69'' E 

41°60.25'55''  
    14.0 20.0 23.96 7.51   0.01 ND 1.29 0.12 13.26 16.4 9.10 101   159.3 

24.10.2017 surface 
Mtsvane 
Kontskhi 

N 41°69.17'19'' E 
41°70.34'79''  

    17.0 21.8 28.63 7.53   0.01 ND 4.69 0.2 18.75 7.2 9.07 104   219.4 

24.10.2017 surface 
Batumi 

Bartskhana 
N 41°69.12'75'' E 

41°70.34'23''  
    13.0 21.2 23.76 7.47   0.20 4.76 2.18 0.11 7.92 4.0 9.13 104   176.6 

24.10.2017 surface Batumi (port) 
N 41°65.05'07'' E 

41°64.47'46''  
    16.0 20.4 28.22 7.42   0.95 ND 22.05 0.92 67.75 11.6 8.94 100   91.8 

24.10.2017 surface pier Batumi 
N 41°65.65'35'' E 

41°63.31'12''  
    17.0 22.4 28.54 7.38   0.10 ND 1.21 0.06 15.52 4.4 8.61 99   184.0 

20.11.2017 surface 
Mtsvane 
Kontskhi 

N 41°69.17'19'' E 
41°70.34'79''  

    8.3 17.1 14.87 8.40   0.08   0.51 0.15 3.71 1.6 9.76 102   364.3 

20.11.2017 surface 
Batumi 

Bartskhana 
N 41°69.12'75'' E 

41°70.34'23''  
    7.9 17.7 14.24 8.34   0.79   5.91 0.47 22.16 3.2 10.7 115   161.1 

20.11.2017 surface Batumi (port) 
N 41°65.05'07'' E 

41°64.47'46''  
    8.0 17.2 14.50 8.16   0.78   3.38 0.29 22.4 1.2 9.12 95   449.2 

20.11.2017 surface pier Batumi 
N 41°65.65'35'' E 

41°63.31'12''  
    8.4 17.7 15.12 8.03   0.38   0.35 0.11 1.22 2.4 9.63 101   330.1 

20.11.2017 surface Jilina channel 
N 41°63.30'69'' E 

41°60.25'55''  
    5.4 18.1 9.92 7.80   15.78   0.49 0.51 115 9.6 7.34 76   342.2 

13.12.2017 surface 
Mtsvane 
Kontskhi 

N 41°69.17'19'' E 
41°70.34'79''  

    8.0 13.4 14.4 8.13   0.15   0.93 0.14 4.61 4.0 10.44 100   215.6 

13.12.2017 surface 
Batumi 

Bartskhana 
N 41°69.12'75'' E 

41°70.34'23''  
    0.2 10.2 1.308 7.98   3.99   34.15 1.62 149 5.6 11.16 99   78.1 
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Date of 
sampling 

Depth m Station  coordinates 
Transparency 

sm 
Turbidity 

NTU 
salinity, ‰ T, ºC 

El 
conductivity 
Mms / sm 

pH ORP 
PO4,  

mkmol/l 
NH4, 

mkmol/l 
NO3,  

mkmol/l 
NO2, 

mkmol/l 
Si,  

mkmol/l 
Suspended 
solids mg/l 

Dissolved 
oxygen 

mg/l 

Oxygen 
saturation 

% 

BOD5 
mg/l 

chlorophyl a, 
mkg/l 

13.12.2017 surface Batumi (port) 
N 41°65.05'07'' E 

41°64.47'46''  
    7.5 13.1 12.60 8.80   1.54   23.56 0.69 40.58 4.0 9.50 91   130.1 

13.12.2017 surface pier Batumi 
N 41°65.65'35'' E 

41°63.31'12''  
    16.5 13.5 28.22 8.22   0.20   0.76 0.25 40.58 4.4 10.26 97   142.9 

13.12.2017 surface Jilina channel 
N 41°63.30'69'' E 

41°60.25'55''  
    14.5 13.7 25.02 8.24   6.59   1.09 0.52 4.2 12.0 10.00 99   285.3 

22.01.2018 surface 
Mtsvane 
Kontskhi 

N 41°69.17'19'' E 
41°70.34'79''  

  3.00 15.1 11.2 27.7 8.34   0.77 ND 3.23 0.31 5.67 9.2 10.66 98   200.3 

22.01.2018 surface Batumi (port) 
N 41°65.05'07'' E 

41°64.47'46''  
  4.45 15.9 11.4 26.67 8.37   0.9 ND 5.11 0.22 12.02 4.0 10.39 96   121.8 

22.01.2018 surface pier Batumi 
N 41°65.65'35'' E 

41°63.31'12''  
  4.04 16.2 11.5 27.57 8.38   0.79 ND 2.76 0.19 2.89 16.0 10.72 99   229.0 

22.01.2018 surface Sarphi 
N 41°52.67'28'' E 

41°54.80'94''  
  0.47 16.3 11.6 27.1 8.33   0.77 ND 2.41 0.19 0.69 6.4 10.72 99   129.6 

16.02.2018 surface 
Mtsvane 
Kontskhi 

N 41°69.17'19'' E 
41°70.34'79''  

    16.1 11 27.57 9.04 -100 0.3 ND 5.97 0.63 10.95 4.8 10.95 99   129.8 

16.02.2018 surface Batumi (port) 
N 41°65.05'07'' E 

41°64.47'46''  
    13.0 10.4 22.32 8.78 -92 0.44 ND 11.89 0.55 21.65 8.0 10.79 96   116.4 

16.02.2018 surface pier Batumi 
N 41°65.65'35'' E 

41°63.31'12''  
    14.5 11.4 25.04 8.49 -83 0.27 ND 8.1 0.41 15.92 6.8 11.05 101   80.7 

16.02.2018 surface Sarphi 
N 41°52.67'28'' E 

41°54.80'94''  
    17.8 11.6 29.83 8.45 -81 0.34 ND 1.81 0.64 ND 1.2 10.64 99   61.8 

20.03.2018 surface tsikhidziri 
N 41°77.16'51'' E 

41°75.51'26''  
  9.47 16.6 12.3 26.75 8.32 -77 0.14 ND 2.26 ND 8.83 10.0 10.75 102 3.11 166.8 

20.03.2018 surface 
Mtsvane 
Kontskhi 

N 41°69.17'19'' E 
41°70.34'79''  

  4.10 16.4 14.1 25.42 8.38 -78 0.09 ND 3.46 ND 14.49 3.2 10.26 102 2.22 252.1 

20.03.2018 surface Batumi (port) 
N 41°65.05'07'' E 

41°64.47'46''  
  3.24 13.6 14 27.08 8.34 -77 0.3 ND 5.43 0.04 4.12 4.8 9.96 98 1.8 132.9 

27.03.2018 surface pier Batumi 
N 41°65.65'35'' E 

41°63.31'12''  
  13.60 15.3 13.1 29.67 8.46 -83 0.07 ND 5.02 ND 18.87 7.6 10.48 100 1.43 84.3 

27.03.2018 surface Sarphi 
N 41°52.67'28'' E 

41°54.80'94''  
  2.53 17.3 14.4 26.09 8.46 -82 0.05 ND 1.55 ND ND 2.4 10.3 101 1.3 180.6 

11.04.2018 surface 
Mtsvane 
Kontskhi 

N 41°69.17'19'' E 
41°70.34'79''  

  7.45 12.7 15.7 22.37 8.57 -89 0.09 ND 5.48 0.46 42.23 5.2 10.4 106 1.1 536.5 

11.04.2018 surface Batumi (port) 
N 41°65.05'07'' E 

41°64.47'46''  
  12.00 9.8 15.7 17.55 8.54 -93 0.38 ND 14.42 0.5 75.16 5.6 10.01 99 1.13 641.4 

11.04.2018 surface pier Batumi 
N 41°65.65'35'' E 

41°63.31'12''  
  20.00 11.8 16.3 20.86 8.55 -87 0.12 ND 4.27 0.37 40.53 6.8 10.16 103 1.61 249.7 

11.04.2018 surface Sarphi 
N 41°52.67'28'' E 

41°54.80'94''  
  6.73 13.4 17.6 23.43 8.53 -86 0.13 ND 2.27 0.42 21.29 4.0 9.95 103 1.59 372.7 
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I.1.7. Quality assurance / quality control 

The Department takes responsibility for testing with the requirements of the international 

standard ISO 17025. QA/QC applies to the whole environmental monitoring process, including 

data analysis, interpretation and management. 

The purpose of Quality Management System is to ensure that all services and products satisfy 

the customer’s needs and have been designed, manufactured, and delivered under controlled 

conditions. The effectiveness of the Quality Management System is assessed in several ways: 

• By a programme of planned internal audits, covering all aspects of the operation of 

the quality management system; 

• by regular management reviews of the suitability and effectiveness of the quality 

management system; 

• by analysis of potential and actual problems as shown by customer complaints and 

supplier and subcontractor assessments; 

• By other methods approved from time to time by the Department. 

Laboratory has established and maintain procedures (standard procedure 1.1) to control all 

documents, which are part of management such as the regulations, standards, other normative 

documents, test methods, the software, specifications, instructions and manuals.  

The Laboratory ensures that all environmental conditions as well as other undertaken 

laboratory activities required for performing of correct measures do not affect the occupation 

safety, invalidate the results or adversely affect the required quality of any measurement. The 

laboratory always follows environmental conditions and requirements given in international or 

domestic standards, and those are also included in standard operation procedures.  

The Laboratory uses appropriate methods and procedures for all tests with its scopes. These 

include handling, transport, storage and preparation of items for testing and, where necessary, 

the estimation of measurement uncertainty and statistical techniques for analysis of test data. 

The Laboratory has the procedures for estimating measurement uncertainty described in 

standard procedure. Equipment and software used by the laboratory for testing are capable to 

achieve the required accuracy and meet the specifications associated with those tests. 

Calibration programs are applied for key variables or value of the instruments that significantly 

affect the results. Equipment is operated only by authorized personal. The laboratory has a 

system for identifying of test samples. The identification of the sample is retained throughout 

the life of the sample in the laboratory. The system is designed and used in way to ensure that 

the samples or items cannot be confused physically or referred in the records or other 

documents. The Laboratory follows developed procedures for monitoring of validity of 

performed tests and calibration.  
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I.2. NPMS in Georgia – Biology  

I.2.1. General information 

Period of Coastal monitoring: monthly -from January to December 2017 

Number of stations (see map #1) -  4: Sarpi (41.543261° / 41.557807°), Pier Batumi (41.656571° 

/ 41.633083°), Batumi Port (41.650911° / 41.644562°), Green Cape (41.691792° / 41.703510°). 

 

 

 

Within the National Monitoring program, during the period of January-December 2017 there 

were carried out hydrobiological (once a month) and microbiological (twice per month) 

samplings in four permanent stations in the Black Sea coast of Georgia Sarpi, Pier Batumi, 

Batumi Port, Green Cape. The stations Sarpi and Green Cape were selected as a reference water 

area, being relatively less anthropogenic influenced and Batumi and Batumi port – as having 

more intensive household press. 

Samples for microbiological research were taken from the upper water layer by the sterile 

borosilicate glass bottles.The samples of phytoplankton and zooplankton were collected with 

appropriate equipment (bathometer and small size jedy net) 20-30 meters away from the 

coast, in the upper layer of the sea. Benthos samples were collected by Van Veen Grab from 

the depth of 5-6 m. Macrophyte and Epifauna samples were taken from the rock coast of Sarpi, 

Green Cape and Castle (Tsikhisdziri) with diver.  
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I.2.2. Microbiology 

Microbiological monitoring of the Black Sea Coast of Georgia (2017) 

The microbiological analysis of the Sea water surface, were carried out at the 4 stationary 

stations during 2017: N1 Green cape, N2-Batumi port, N3- Pier Batumi and N4-Sarpi. 

The partially complex sanitary-microbiological analysis of water was implemented, which 

included 5 parameters: TBC (Total Bacterial Count)/1 ml, at two temperature conditions 37 0C 

and 220C; Coliform/100ml; E. coli/100ml and Streptococcus faecalis/100ml. The following solid 

growth media were used for microbiological analyse: Tryptic soy agar, MFC, Enterococcus agar, 

Rida count total, Rida count coliform, Rida count E. coli, Compact dry TC, Compact dry CC.  

Microbiological analyses were carried out by parallel methods, but the assessment of water 

microbiological quality was made by up-to-date membran filtration methods. Under the 

requirements of the second category of surface waters, which includes normative 

documentation of Georgia (Coliforms<1000UFC/100ml, E. coli <500 UFC/100ml, Streptococcus 

faecalis <100UFC/100ml), but the acceptable values of mesophilic aerobic and facultative 

anaerobic microorganisms (TBC) were selected according to international standards. According 

to these standards, "clean" class waters are the waters where the range of TBC in 1 ml varies 

between 100-1000 cells. Increasing this indicator is characterized by 1100-5000 "   sufficiently 

“clean waters” from 5100 to 10000" polluted waters. By using above mentioned criteria the 

ecological condition of research stations was assessed. 

The general microbiological and sanitary parameters of the station N1 (Green Cape) in different 

seasons (spring, summer, autumn) respond to norms of normative documentation of Georgia 

(Figure I.2-1). 

 

Figure I.2-1. Seasonal dynamics of TBC (Total Bacterial Count) at two temperature 

conditions (37 0C and 220C) and Coliforms in 2017, Station: Green Cape. 

Analysis of the situation in the station N2 (Batumi Port) shows that 75% of annual average TBC 

(at two temperatures) are satisfactory microbial quality and 25% are relatively high microbial 

contamination (Figure I.2-2).  
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Analysis of the situation in the station N2 (Batumi Port) shows that according to the annual 

average TBC (at two temperatures) 75% of samples are satisfactory microbial quality and 25% 

of samples are with relatively high microbial contamination (Figure I.2-2). 

 

Figure I.2-2. Seasonal dynamics of TBC (Total Bacterial Count) at two temperature 

conditions (37 0C and 220C) and Coliforms in 2017, station Batumi Port. 

 

At the same station, in accordance with the received data, 4 samples (25%) corresponded to a 

"clean" water category for some sanitary indicators (coliforms, E. coli, faecal streptococcus). By 

the same parameters, the high level of pollution was revealed in 12 samples (75%). Faecal 

streptococcus in 9 samples (56%) exceeded permissible sanitary norms (Figure I.2-2). 

The microbial quality examined in the Station N4 water samples- (9) and station N3 (Pierre 

Batumi) water samples (14), provide satisfactory results for general microbiological and fecal 

pollution parameters (Figures I.2-3, 4). In the station N3 (Pierre Batumi) only 2 samples 

exceeded the Coliforms in small quantities (1.5 times) and in the Station N4 (Sarpi) 1 sample 

(less than 2 times) exceeds the normal documentation of Georgian Norms. 

Faecal streptococcus is actually an equal with the criteria provided. In this case there was 

exception to the station N3 (Pierre Batumi), where only one of these samples exceeded the 

permissible norms (130 UFC/100ml). 
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Figure I.2-3. Seasonal dynamics of TBC (Total Bacterial Count) at two temperature 

conditions  

(37 0C and 220C) and Coliforms in 2017, Station: Pier Batumi 

 

 

Figure I.2-4. Seasonal dynamics of TBC (Total Bacterial Count) at two temperature 

conditions (37 0C and 220C) and Coliforms in 2017, Station: Sarpi. 

 

Based on the above-mentioned microbiological parameters, it can be concluded that the 

cleanest is station N1 (Green Cape) and Station N4 (Sarpi), the parameters in one case were 

higher than the sanitary norms - the station N3 (Pierre Batumi), while the highest level of 

microbial load was revealed in the Station N2 (Batumi Port). 

 

I.2.3. Phytoplankton 

Phytoplankton monitoring of the Black Sea Coast of Georgia (2017) 

The monitoring of the Black Sea Georgian coastal waters was carried out at 4 biological stations 

in 2017 (Sarpi, Batumi Boulevard (Pier Batumi), Batumi Port, Green Cape). Phytoplankton's 
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samples were with the following dominant groups: Bacillariophyceae and Dinophyceae. 

Presented data are comparatively decreasing Chlorophyceae with Protococcales, 

Cyanobacteria, Silicoflagellatae, Chrysophyta, Xanthophyta, and Coccolitineae. At the same 

time, it should be noted that mainly Bacillariophyceae dominate the Dinophyceae, although 

their values are sometimes equal during the summer season, or even the Dinophyceae are 

slightly higher then Bacillariophyceae in the winter season. Typical composition and 

quantitative indicators of phytoplankton's other groups are more or less vulnerable to seasonal 

changes, as well as influenced by anthropogenic factors.  

During 2017 the Georgian Black Sea Coast phytoplankton species were following: 

Bacillariophyceae -62, Dinophyceae-47, Chlorophyceae and Protococcales-18, Cyanobacteria-

9, Chrysophyta-2, Xanthophyta-2, Coccolitineae-3 and Silicoflagellatae – 1 species (Figure I.2-

5). 

 

Figure I.2-5. Percentage shares of the main groups of phytoplankton 

 in the Georgian coastal waters of the Black Sea 

 

Phytoplankton samples were taken in the coastal waters of Batumi Port in 2017 for 11 months. 

Number of species – 95. Heterocapsa triquetra and Prorocentrum micans were tested in the 

samples all the seasons of the year, both are Dinophyta. 

Batumi port samples contained varieties of species. The highest number of species was in 

November -29 species, March - 28, and October - 27 species. The fewer species varieties were 

observed in August - 14 Species. 
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Figure I.2-6. Percentage shares of the main groups of phytoplankton  

in the coastal waters of Batumi port 

Bacillariophyceae  was more dominant than Dinophyceae and their percentage ratio were 

following: In March -50% and 28,6%, April- 55% and 25%, September -50% and 33,3%, October- 

59,3% and18,5%, November -48,3% and 34%, December - 52 % and 32 %, July38% and 33,3%. 

In August and February phytoplankton samples Bacillariophyceae and Dinophyceae 

percentage ratio were the same each other 28,6 % - (August) and 39 % (February). In May and 

January Dinophyceae was were more dominant than Bacillariophyceae and their percentage 

ratio was following: 45% - 40%and57,1% - 33,3% (Figure I.2-6). 

Phytoplankton samples were taken in the coastal waters of Green Cape in 2017 for 7 months 

(May, June, August, September, October, November and December). The number of species – 

70. Prorocentrum micans, Trachaelomonas volvocina, Thalassionema nitzschioides and 

Scrippsiella trochoidea were tested in the samples all the seasons of the year. Green Cape 

phytoplankton samples were distinguished with varieties of species. The most number of 

species were in August - 28 species, November - 28 species and December - 28 species. The 

fewer species varieties were in May -14 Species (Figure I.2-7). 

 

Figure I.2-7. Percentage shares of the main groups of phytoplankton  

in the coastal waters of Green Cape 
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In the phytoplankton samples of Green Cape the species Bacillariophyceae were more 

dominant than Dinophyceae and their percentage ratio were following: May- 64,3%-

14,3%,October -61,5%-15,5%, November -50% - 25%,  September46,2 % -34,6 %, December 

46,2%-39,3%. In June the phytoplankton samples of Green Cape Bacillariophyceae and 

Dinophyceae percentage ratio were the same as each other: 28,6 %. In August Dinophyceae 

was more dominant than Bacillariophyceae and their percentage ratio was 50 % and 32,2 % 

(Figure I.2-7).  

Phytoplankton samples were taken in the coastal waters of Batumi Boulevard in 2017 for 8 

months (January, February, March, April, September, October, November and December). The 

number of species – 86. Trachaelomonas volvocina, Thalassionema nitzschioides were tested 

in the samples all the seasons of the year. 

Batumi Boulevard (Pier Batumi) phytoplankton samples were distinguished with varieties of 

species. The highest number of species were found in September - 28 species, October -  28 

species. The fewer species varieties were found in February - 16 species (Figure 8). 

 

Figure I.2-8. Percentage shares of the main groups of phytoplankton  

in the coastal waters of Batumi Boulevard 

Bacillariophyceae was more dominant than Dinophyceae and their percentage ratio were 

following: January:  47,3% and 42,1%, March: 47,3 % and 31,5 %, April 38,1% and 33,3 %. 

October: 67,9% and 21,4%, December: 57,7% and 26,9%. In the coastal waters of Batumi 

Boulevard February samples number of Bacillariophyceae increased and its percentage ratio 

was 75 %, but Dinophyceae in February samples did not increase. In September and November 

phytoplankton samples Bacillariophyceae and Dinophyceae percentage ratio were the same as 

each other 42,9 %- (September) and 41,7 % (November) (Figure I.2-8).  

Phytoplankton samples were taken in the coastal waters of Sarpi in 2017 for 6 months (January, 

February, March, April, May, and June). Number of species – 68. Cocconeis scutellum, 

Grammatophora marina, Scrippsiella trochoidea and Trachaelomonas volvocina were tested 

in the samples during all the seasons of the year. 
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Sarpi phytoplankton samples were distinguished with varieties of species. The highest 

number of species was in July -25 species. The fewer species varieties were in February -17 

species and in May - 17 species. 

 

Figure I.2-9. Percentage shares of the main groups of phytoplankton  

in the coastal waters of Sarpi 

 

Bacillariophyceae was more dominant than Dinophyceae and their percentage ratio were 

following:  May: 64,7% and 23,5%, June: 52%-24%, January: 47,4% and 42,1%,  April: 39,1% and 

30,4%.In March phytoplankton samples Bacillariophyceae and  Dinophyceae percentage ratio 

were the same as each other - 37,5%. Dinophyceaewas dominant than Bacillariophyceaein the 

February phytoplankton samples and their percentage ratio were following 29,4 % and 23,5%. 

The number of Cyanobacteria in the April phytoplankton samples was highest in all stations- 

21,7% (Figure I.2-9). 

 

Figure I.2-10. The abundance of phytoplankton on the Black Sea coast of Georgia in 2017 
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Figure I.2-11. Phytoplankton biomass on the shore of the shore of Georgia in 2017 

 

The lowest rates of biomass were observed in Sarpi and Green Cape samples - Sarpi May 

99,28 mg/m3 and Green Cape June 95,23 mg/m3; while the highest in September - 5786,38 

mg/m3 and the Port of Batumi 4934,31 mg/m3 (Figure I.2-11). 

The abundance of phytoplankton and biomass indicators are different in the charts, which is 

due to the values of the combined species and the corresponding weight in certain groups. 

For example: A small number of some large size species of biomass indicates higher numbers 

than some of the Chlorophyceae and Cyanobacteria algae, whose biomass is quite small. 

 

Evaluation of sea water ecological status in the coastline of Georgia with phytoplankton 

integral indicator(IPI). 

For the evaluation of the sea water ecological status in the coastline of Georgia the National 

scales from EMBLAS-II project were used - integral phytoplankton index (IPI):, 

EQS IPI 

High >0,760 

Good 0,76-0,511 

Moderate 0,510-0,378 

Poor 0,377-0,286 

Bad >0,286 

 

The specially created programme was used for the calculations. Quality classification consists 

of 5 categories in accordance with the requirements of the Water Frame Directive. The results 

are in the tables below (Table I.2-1,2,3,4,): 
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Table I.2-1. The dynamics of phytoplankton number and biomass of the Black Sea coast of 

Georgia according to months and characterization of water quality (st. Batumi port 2017) 

Station Batumi port   N [cells/l] 
Biomass 

mg/m^3 
Shannon  Index IPI  

17.01.2017 115549,2 837,7076026 2,837787436 0,553 Good 

20.02.2017 731821,4 859,9049135 1,25960255 0,539 Good 

07.03.2017 140716,8 3077,472421 2,638985811 0,539 Good 

12.04.2017 115338,6 327,8629044 2,490266405 0,591 Good 

25.05.2017 1033200 1444,758165 1,314563297 0,325 Poor 

13.06.2017 26873,6 405,0295813 0,083732046 0,180 Bad 

01.08.2017 66050,4 886,129173 2,180003385 0,326 Poor 

06.09.2017 169780,8 4934,314768 2,309920492 0,738 Good 

24.10.2017 264953,7 888,3011613 2,348433292 0,324 Poor 

20.11.2017 153098,3 486,982998 2,319482815 0,234 Bad 

13.12.2017 126027 1255,728051 2,844486395 0,383 Moderate 

 

Table I.2-2. The dynamics of phytoplankton number and biomass of the Black Sea coast of 

Georgia according to months and characterization of water quality (st. Green Cape 2017) 

Station Green Cape   N [cells/l] 
Biomass 

mg/m^3 
Shannon Index IPI  

25.05.2017 87620,8 185,9593 2,097104894 0,116 Bad 

13.06.2017 84534,8 95,23160795 1,87278804 0,113 Bad 

01.08.2017 185409 1735,015294 2,438088437 0,447 Moderate 

06.09.2017 293848 5786,381626 2,518561838 0,794 High 

24.10.2017 152257,6 1787,278841 3,002667725 0,462 Moderate 

20.11.2017 95407,4 657,5502079 3,04180869 0,279 Bad 

13.12.2017 119183,5 1261,104243 3,128239282 0,381 Moderate 

 

Table I.2-3. The dynamics of phytoplankton number and biomass of the Black Sea coast of 

Georgia according to months and characterization of water quality (station Batumi 

Boulevard 2017) 

Station Batumi 

Boulevard 
  N [cells/l] 

Biomass 

mg/m^3 
Shannon Index IPI  

17.01.2017 105274 520,8499983 2,007922189 0,297 Poor 

20.02.2017 184408 422,1008072 1,857310027 0,254 Bad 

07.03.2017 62305 947,9414353 2,69481306 0,308 Poor 

12.04.2017 42752 174,1270991 2,836066215 0,292 Poor 

06.09.2017 293986,8 2859,48286 2,618879161 0,573 Good 

24.10.2017 146845,6 939,689402 2,784348294 0,980 High 

20.11.2017 168324,1 1615,095455 2,692954351 0,435 Moderate 

13.12.2017 95175,5 1068,916361 3,011910916 0,358 Poor 
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Table I.2-4. The dynamics of phytoplankton number and biomass of the Black Sea coast of 

Georgia according to months and characterization of water quality (station Sarpi 2017) 

Station Sarpi   N [cells/l] 
Biomass 

mg/m^3 
Shannon Index IPI  

17.01.2017 105274 520,8499983 2,007922189 0,477 Moderate 

20.02.2017 358412,2 801,7811778 1,282832078 0,481 Moderate 

07.03.2017 75046,4 366,3945071 2,888503542 0,495 Moderate 

12.04.2017 236880,4 979,5782328 2,123396976 0,492 Moderate 

25.05.2017 32445 99,28235323 2,614344329 0,030 Bad 

13.06.2017 83694 118,6319668 1,809043166 0,065 Bad 

 

The ecological quality assessment scales of the sea water are still in the process of 

development, so this data is expected. During May-June, the entire coastal zone was marked 

by the lowest index of water integral phytoplankton index (IPI), which is expected to be caused 

by high levels of Cyanobacteria, average number of Microcystis aeruginosa - 266960,27 Cell./L. 

I.2.4. Zooplankton 

Seasonal dynamics of zooplankton’s abundance and biomass in the Black Sea coast of 

Georgia, 2017. 

During the monthly hydrobiological monitoring in 2017, 40 species of Zooplankton were 

identified in the 4 stations at the Georgian Black Sea coast, 27 of which belong to the 

holoplankton and 13 are larvae forms of benthic and other organisms - meroplankton. The 

species of zooplankton of the Black Sea coast of Georgia are relatively homogeneous. They are 

represented by widespread species of the Black Sea, including the most diverse group of 

Crustacea (18 species)-which consist 43% of the entire zooplankton population, 33% of which 

is Copepoda, and 10% of Cladocera. There were only single species from the other groups 

(Figure I.2-12, Table I.2-5). 

 

Figure I.2-12. Percentage ratio of zooplankton groups  

in the Black Sea coast of  Georgia, Sarpi-Green Cape (2017) 
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From the group of Copepods, the most common are important representatives of fodder 

zooplankton: eurythermik species - Acartia clausi (48%) and cold water species Pseudocalanus 

elongatus (15 %) (Figure I.2-13) 

 

Figure I.2-13. The species composition of Copepods, in the Black Sea coast  

of Sarpi-Green Cape (2017). 

The average quantity of Acartia clause in the Georgian coast is 963ind/m2, according to the 

stations the most number of this species are fixed in Sarpi and Green cape (1772 ind/m3 and 

1198 ind/m3). More less amount was fixed on the stations of Batumi and Pier –Batumi, in 

average 343ind/m2 Pseudocalanus elongatus-is observed in the winter and spring months of 

the Black Sea Georgian coast. The water temperature in this period of the year is relatively low 

(10°C-15°C), the average quantity of Pseudocalanus elongates is 285 ind/ m3, the maximum 

quantity was recorded in the spring in Pier Batumi station and was the 2571ind/m3. 

The leading role in the number of Coppodes is also owned by Acartia tonsa (10%) and Oithona 

davisae (12%). Both are alien invasive species, but now they are well adapted in the Black Sea. 

Acartia tonsa has appeared on the beach since June and is at the end of autumn. The average 

annual abundance is 188 ind/m3. On the beach of Sarpi and Green cape the quantity of Acartia 

tonsa reaches to 1300 ind/m3, The Cyclopoida Oithona Davisae in the coastal waters is on all 

year round, the maximum number is recorded in the summer months and its average number 

is 230 ind/m3. Oithona davisae was first registered in Sevastopol Port's aquatory in 2001, and 

since 2005 has become a massive form. Presumably it has entered the Black Sea with ballast 

waters, and in fact took ecological niche of native species Oithona nana. 

The percentage portion of copepods in total biomass of zooplankton is an important indicator. 

This Figure varies according to the stations, the highest amount is in the Green Cape-42%, and 

in Sarpi is 30%. The quantity of copepods in the stations which are under anthropogenic 

influenced are relatively low: these stations are: Batumi and Batumi port and on average are 

20%. 

Dominants species from Cladocera is Penilia avirostris. This species in the coastal zone appears 

only in summer months, average quantity is 143ind/m3. The high number of Penilia avirostris- 

(1886 ind/m3) is fixed during August on the station of Pier Batumi 
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Bivalve mussels larvae are most abundant from Meroplankton, their number is 552 egz/m3, 

while in the Sarpi and Green cape stations is over 850 egz/m3 . 

Table I.2-5. Species of zooplankton in the Black Sea coastline of Georgia according to the 

stations, 2017 

N Taxon (Species) Sarpi Batumi Batumi port Green Cape 
 

HOLOPLANKTON         
 

Dinophyceae         

1 Noctiluca scintillans Kofoid&Swezy, 1921 + + + + 
 

Hydrozoa         

2 Hydrozoa, planula + + + + 
 

Scyphozoa         

3 Aurelia aurita (Linnaeus, 1758), ephyra     +   
 

Ctenophora         
 

Mnemiopsis leidyi (Agassiz, 1865), larvae         

4 Beroe ovata + +   + 

5 Pleurobrachia pileus (larvae)   + +   
 

Rotatoria         

6 Asplanchna sp. + + +   

7 Brachionus  sp. +   +   

8 Synchaeta sp. + + +   
 

Cladocera         

9 Penilia avirostris   + + + 

10 Bosmina longirostris +   +   

11 Pseudoevadne tergestina     + + 

12 Pleopsis polyphemoides   + + + 
 

Copepoda         

13 Copepod g.sp., nauplii + + + + 
 

Сalanoida       

14 Calanus euxinus  COP  + + +   

15 Acartia clausiGiesbrecht, 1889  + + + + 

16 Acartia tonsa Dana, 1849    + + + 

17 Acartia sp. (clausi+tonsa)  +       

18 Centropages ponticusKaravaev, 1894 + + + + 

19 Paracalanus parvus (Claus, 1863) + + + + 

20 Pseudocalanus elongatus (Boeck, 1865)  + + + + 
 

Cyclopoida         

21 Oithona sp. + + +   

22 Oithona davisae (Ferrari F.D. and Orsi, 1984) + + + + 

23 Oithona similis    + +   

24 Cyclops sp.   + +   

25 Cyclopina gracilis       + 
 

Harpacticoida         

26 Harpacticoida, sp.         
 

Chaetognatha         

27 Parasagitta setosa (Müller,1847) + + + + 
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N Taxon (Species) Sarpi Batumi Batumi port Green Cape 
 

Appendicularia         

28 Oikopleura (Vexillaria) dioica Fol, 1872    + +   
 

MEROPLANKTON         

29 Polychaeta g. sp., larvae + + + + 

30 Amphibalanus  + + + + 

31 Decapoda g. sp., larvae + + + + 

32 Bivalvia g. sp., larvae + + + + 

33 Gastropoda g. sp., larvae + + + + 

34 Phoronis euxinicola, larvae     +   

35 Pisces sp., larvae     +   

36 Pisces sp., ova   + + + 

37 Ostracoda larvae + + + + 

38 Cumacea larvae   + + + 

39 Misidae larvae     +   

40 Isopoda larvae   + +   

41 Ascidion larvae     +   
 

TOTALLY 23 30 37 23 

 

The number of mezozooplankton in the coastal waters of the Georgian Black Sea is quite 

variable and seasonally fluctuates according to stations. Minimum annual average number was 

recorded on the Green Cape coast and it amounts to 134,29 ind / m3, and the maximum 

number was recorded (54571,43 ind/m3) at Pier Batumi Station (Figure I.2-14). Average annual 

biomass is changed from 68.38 mg/m3 (station Green Cape) to 379,45 mg/m3 (Pier Batumi). 

The lowest biomass of mesozooplankton on the permanent monitoring stations of the Georgian 

Black Sea coast is observed in November-December and it is in average 5,8 mg/m3 (Figure I.2-

15). 

 

Figure I.2-14. Seasonal dynamics of zooplankton’s abundance (ind/m3)  

in the Black Sea coast of Georgia, 2017 
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Figure I.2-15. Seasonal dynamics of zooplankton’s  biomass  

in the Black Sea coast of Georgia, 2017. 
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February-April, which is due to the abundant growth of Noctiluca scintillans.  The high biomass 

(64% -94%) is noticed in this period for Pier Batumi and Batumi port stations. 
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Table I.2-6. An assessment of the ecological status of sea water in the coastline of Georgia 

in accordance with the Integrated Zooplankton Indicator. 

  

20.02. 

2017 

07.03. 

2017 

12.04. 

2017 

23.05. 

2017 

13.06. 

2017 

01.08. 

2017 

06.09. 

2017 

24.10. 

2017 

01.11. 

2017 

01.12. 

2017 

Sarpi 0,620 0,760 0,670 0,704 0,742 
     

Batumi 0,421 0,634 0,414 
  

0,595 0,610 0,719 0,748 0,451 

Batumi port 0,602 0,364 0,426 0,356 0,712 0,679 0,629 0,685 0,751 0,657 

Green Cape 
   

0,638 0,741 0,726 0,719 0,779 0,626 0,625 

 

During the assessment according IZI (Integrated Zooplankton Index) the following results were 

obtained: Sarpi and Green Cape stations have a good status, while the Batumi and Port stations 

are moderately polluted (Table I.2-6). 

 

I.2.5. Macrophytobenthos  

Macrophytes communities fulfils basic environmental function. In coastal ecosystems they 

create primary organic with which cycle of matter and energy transformation. Macrophytes are 

also used for identification of the Ecological status class of the Black Sea coastal waters. 

The Black Sea Macrophytes are present in three taxonomical groups: Chloropyta, Ochropyta 

and Rhodophyta. Nowadays, the Georgian Black Sea flora has 25 identified species, among 

them there are 9 species of Chlorophyta group macrophytes, which are widely distributed in 

the four observed stations. Rhodophyta group has the highest diversity, it contains 13 species, 

and Ochrophyta group has only 3 species (Figure I.2-16). 

 

Figure I.2-16. The percentage correlation of macrophyte groups. 

 

Sarpi and Green Cape rock coastal zone have more diversity in macrophytes, at both stations 

there are 16-16 species identified. At Castle station there are 10 species and Batumi Port station 

has 9 species, however the stations are very  different to each other, not only in quantity of 

species, but also in dominant species and ecological status. At Sarpi and Castle stations there is 

a perennial dominant species of Rhodophyta group Cystoseira barbata (Figure I.2-17.). 
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 a    b 

 

 c    d 

Figure I.2-17. The sensitive macrophyte from genus  Cystoseira with epiphytic species: a – 
Cystoseira barbata; b – Cystoseira barbata under binocular microscope; c – Cystoseira 

barbata with epiphytic Acrochaetium secundatum; d – Cystoseira barbata with epiphytic 
species  - Cladophora albida and Ceramium diaphanum. 

 

Communities of brown algae Cystoseirabarbata are the keystones of the coastal ecosystem 

which is a reliable indicator of environmental quality and an essential component of 

environmental monitoring. Cistoseirabarbata  is not adapt to eutrophication waters, which are 

saturated biogenic elements. The habitat of Cystoseirabarbata is open-shores, stones or rocks, 

which has many epiphytic organisms (Acrochaetiumsecundatum, Ceramiumdiaphanum, 

Cladophoraalbida). Biomass of Cystoseirabarbata depends on season, minimal abundance was 

fixed in March on Sarpi coast area 0.73 kg/m2, maximal was in October 2.08 kg/m2. In this 

period at Castle station biomass of Cystoseirabarbata was 1.39 kg/m2. During spring time at 

Sarpi area good ecological status was observed by indicator species Nemalionlubricum (0.14 

kg/m2); Scytosiphon lomentaria (0.45 kg/m2) and Dermocorynus dichotomus (0.55 kg/m2) 

(Figure I.2-18). 
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a b 

Figure I.2-18. The sensitive macrophytes under binocular microscope:-a– Dermocorynus 

dichotumus; b -  Scytosiphon lomentaria. 

At Green Cape station there are dominant species of Rhodophyta group – Dermocorynus 

dichotomus and Gelidium crinale (Figure I.2-19.), there are also sensitive for assessment of the 

Ecological Status Class (ESC) and their biomass is - 1.53 kg/m2 and 0.145 kg/m2. 

 

Figure I.2-19. The sensitive macrophyte  from genus Gelidium– Gelidium crinale. 

 

At Batumi Port station its widely distributed dominant species of Chlorophyta group Ulva 

prolifera and Bryopsis hypnoides. 

 

Table I.2-7. Georgian Black Sea coastal Macrophytes diversity and distribution.  

N  Sampling site  
Batumi 

Port 
Sarpi 

Green 

Cape 
Castle 

  CHLOROPHYTA 

1 Ulvaintestinalis (Linnaeus) Nees =Enteromorphaintestinalis(L.) Link. + + +   

2 U. linza(L.) J. Ag. = E. linza(L.) J. Ag.   +     

3 U. prolifera (O.Mull.) J. Ag. = E. prolifera (O.Mull.) J. Ag. +       

4 Cladophora sp.       + 

5 Cladophora laetevirens (Dillw.) Kuitz.     +   

6 Cladophoravagabunda(L.)  Van Hoek. + +     

7 C.albida (Nees) Kutzing 1843: 26 + +     

8 Urosporapenicilliformis (Roth) Aresch.   +     

9 BryopsishypnoidesLamour +       
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N  Sampling site  
Batumi 

Port 
Sarpi 

Green 

Cape 
Castle 

  OCHROPHYTA 

10 Ectocarpussiliculosus (Dillwyn) Lyngbye 1819: 131 + + +   

11 Scytosiphon lomentaria (Lyngbye) Link 1833: 232   + +   

12 Cystoseirabarbata (Stackhouse) C.Agardh 1820: 57   +   + 

  RHODOPHYTA 

13 Stylonemaalsidii(Zanardini) K.M.Drew     +   

14 Pyropialeucosticta (Thuret) Neefus&J.Brodie in Sutherland et al. 2011: 1144   + + + 

15 Acrochaetium secundatum (Lyngbye) Nägeli + + + + 

16 Nemalion lubricum Duby 1830: 959   + +   

17 Gelidiumcrinale (Hare ex Turner) Gaillon 1828:362     + + 

18 Gelidiumspinosum (S.G.Gmelin) P.C.Silva in Silva = G. latifolium f. globus     + + 

19 

Dermocorynusdichotomus (J.Agardh) Gargiulo, M.Morabito&Manghisi 

2013: 31 (Gratelupiadicotoma   J. Ag.) 

  + + + 

20 Ceramiumarborescens     +   

21 C. virgatum Roth.= C. pedicillatum, C.rubrum   + + + 

22 C. diaphanum = C. teniussimum + + + + 

23 C. siliculosum var. elegans = C. elegans   +     

24 Callithamnioncorymbosum (Smith) Lyngbye 1819: 125 +   +   

25 

Lophosiphoniaobscura (C.Agardh) Falkenberg in F.Schmitz&Falkenberg 

1897: 460 

  + + + 

  Total number of Macrophytes 9 16 16 10 

 

Ecological Status Class 

Using the methodology of the Water Framework Directive (WFD), macrophytes are important 

for the assessment of Ecological Status Class (ESC) based on morphofunctional parameters. 

Within pilot monitoring at area of the Georgian coast (August 2016; March and May – 2017) 

with different ecological status (Sarpi, Batumi Port, Castle, Green Cape) develop the evaluation 

scales for calculating 5 categories of ESC (Table I.2-8.). 

Table I.2-8. Quality evaluation scales for identification of the ecological status class of 

Georgian national coastal areas (salinity within 12-17‰) by macrophytes morphofunctional 

indicators. 

ESC 
Ecological Evaluation Index (EEI) range 

(S/W)3Dp, m2.kg-1 EQR (S/W)x, m2.kg-1 EQR  Ssp, % EQR 

High (S/W)3Dp< 12 ≥ 0.92 (S/W)x <50 ≥0.74 Ssp≥ 40 ≥ 0.80 

Good 
12 ≤ (S/W)3Dp ≤ 

30 
0.58 50 ≤ (S/W)x  ≤ 70 0.53 39≥Ssp≥25 0.50 

Moderate 
31 ≤ (S/W)3Dp ≤ 

40 
0.39 71 ≤ (S/W)x ≤ 90 0.32 24≥Ssp≥15 0.30 

Poor 
41 ≤ (S/W)3Dp ≤ 

50 
0.19 

91 ≤ (S/W)x ≤ 

100 
0.21 14≥Ssp≥10 0.20 

Bad (S/W)3Dp>50 ≤0.05 (S/W)x > 100 ≤0.06 Ssp<10 ≤0.01 

http://www.algaebase.org/search/species/detail/?species_id=ue5c49e035c8db5b7
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As Ecological Evaluation Index (EEI), three morphofunctional indicators were used by 

macrophytes surface index (S/W) and biomass, Indices: Three Dominants Ecological Activity - 

S/W3DP, Average Species Ecological Activity - S/Wxand Percentage the Sensitive Species in 

floristic composition of macrophytobenthos community – Ssp%. 

To assess the different water areas in Georgian coastal zone, was used this morphofunctional 

parameters for 2017 year (Table I.2-9.). 

These morphofunctional parameters were used to assess the different water areas in Georgian 

coastal zone in 2017 (Table I.2-9.). 

Table I.2-9. Value of macrophytobenthos indicators for Georgian national coastal zone in 

2017 

Station 

Date  

                                          EEI range 

(S/W)3Dpm2.kg-1 (S/W)x,m2.kg-1 Ssp, % 

Sarpi 

March 8.5±0.47 72.7±2.4 30 

May 16.56±0.85 59.5±2.04 41.16 

October 108.1±2.71 87.44±2.5 20 

Batumi port 

March 134.4±9.1 104.1±6.9 0 

May 87.8±3.1 85.8±6.28 0 

October 97.41±8.14 82.89±6.7 0 

Green Cape 

March 18.19±0.72 47.66±1.84 50 

May 24.57±1.37 50.05±2.08 30 

October 169.7±3.5 116.01±2.7 40 

Castle October 22.2±1.16 82.07±2.21 33.33 

 

The results showed that monitoring areas in Batumi Port is characterized in 65% by a ,,bad’’ 

category. The status of the monitoring areas of Sarpi and Green Cape was characterised just 

10-20% by a ,bad’’ category and most of it was in ,,Good’’ and ,,High’’ categories.  

 

I.2.6. Macrozoobenthos 

Macrozoobenthos in the Georgian Black Sea Coast (2017). 

The main task of Hydrobiology is the hydrobiological study of water ecosystem. To work out 

the  biological bases of the use- protection and rehabilitation of natural resources is very 

important to prevent undesirable changes in water reservoirs  and to carry out appropriate 

measures.  

Bentofauna and other representatives of Hydrobionts are actively involved in the process of 

exchange of energy and matter, based on which the ecosystem creates a favorable 
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environment for living organisms. Bentosic organisms create biocenosical structures  based on 

bio-connections and their dependence on the abiotic ecological. The determination of the 

composition of bio-components in these structures allows us to predict the expected 

undesirable change of timely forecast and to prepare recommendations for appropriate 

measures to prevent it. 

The principles of the research during the NPMS were: collection, identification, determination 

of quantity of biomass of benthic organisms and epifauna, and distinguishing massive and 

characteristic groups and species. All above mentioned steps are necessary for assessing the 

ecosystem condition. 

For the monitoring of Black Sea shelf bottom settlement - invertebrate hidrobionts diversity for 

2017 year,  41 samples, 28 benthic and 13 Epifauna were collected  monthly at the permanent 

stations - Sarpi, Batumi Port and the Green Cape . Research was carried out by commonly 

accepted methods, by “Ekman" grab and framework for epifauna. 

Species composition in ecosystem is one of the most important signs  of biocenosis. 

Consequently, to define the population in the ecosystem, it is necessary to determine the type 

of animal structure, as the species diversity is an accurate indicator of cenotical difficulty. 

The main determinant of the diversity of bottom invertebrate settlement are the bottom 

sediments and ground of the water ecosystem, which is at the same time the ecological 

environment for these hydrobionts. The bottom of above mentioned research stations is 

formed mainly by thin and large fractions of sand, easy to wash silt, mixture detritus and broken 

shells of mussels. Epifauna samples were collected from natural cliffs (Sarpi and Green Cape). 

The structure of species composition for the research stations of Georgian Black Sea shelf 

(Green Cape and Batumi port) is following (Table 1): Kingdommulticellular-Metazoa; 7 Type  

(Plathelminthes, Nemertini, Nemathelminthes, Annelides, Mollusca, Arthropoda,Tentaculata) 8 

class– (Turbellaria, Nemertini, Nematoda, Polychaeta, Oligochaeta, Gastropoda, 

Lamellibranchiata, Crustacea, Phoronidae, Bryozoa) and  53 species. During the year dominant 

species from Polychaeta are: H. filiform N.cirrosa (Batumi port), from Mollusca 

L.mediterraneum, A. diadema  (Green Cape) and B. Reticulatum, R.venosa (Batumi port) 

(Annex, Table 6,7). 

The study of research stations provides the following picture: Polychaeta is presented by 16 

species, it’s 30% of the whole  Zoobenthos. Mollusca are presented by  2 clasess (16 species -

30%): Gastropoda and Bivalve 8-8 species. The type of Arthropoda is presented by 16 species -

30%. There were  other hydroboints present (nemertins, nematodes, oligocates and 

chironomies) which is only 10% of the whole settlement, but they occupy an important place 

in the diversity of bottom ecosystems. 
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Figure I.2-20. The percentage ratio of main mzcrozoobenthos groups  

in the Black Sea coast of  Georgia, Sarpi-Green Cape (2017) . 

The total quantity of Macrozoobenthos of Green Cape and Batumi port equals 5200 ind/m2. 

The quantity of organisms from this, in green cape is 2835 ind/m2 (54.5%), and 2366 ind/m2 

(45.5%) on the port of Batumi (Figure I.2-21). The main mass of zoobentos comes in bivalve  

mollusc L.mediterraneum2190 ind/m2, which is 42% of the total number of Benthos. There are 

also fixed other hydrobionts in a low quantity, on the research stations.(G. tridactyla , O. 

plicata, P. kroyeri, S. tentaculata , A. succinea, B. nebula , B. sexdentatus, I. elisae , Ch. Gallina 

and others.)  They are characterized by the lowest coefficient of numbers (2 - 6 ind / m2), but 

they still hold a certain place in the diversity of the bottom settlement. 

 

Figure 21. The Abundance of main groups of benthos 

in the  Black Sea Georgian coastal line, 2017. 

Regarding to Ch.gallina , it is the hydrobiont that was created biocenosis a decade ago, today 

is not thinkable only biocenoz, populations and even dominance of the species due to the 

influence of Rapan. Also, in Anadara inaequivalvis 1991-2003, the studies have shown that the 

Black Sea coastal shelf is heavily populated with this mollusc  which is another new cultivated 

object for above mentioned ecosystem.  
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Scientists believe that the cause of the spread of new opportunist is, that the self-climate 

filtered species anadara is able to close the shells hermetically and can survive in the bottom 

waters during hypoxia. In the samples of 2017, the average number of these mollusk in the 

Green Cape benthic samples was 42 and in the bottom settlement of Batumi port only a few 

individuals werenpresent in April and June. It is expected, as in the case of other bivalve 

mussels, there is a negative impact on the Rapan too on Anadara inaequivalvis.. 

The quantity of the whole biomass in the research stations is 193.266 g/m2.  From this amount, 

the Green Cape Benthos quantity is 93.307 g/m2 (48%), dominant species is presented  by 

L.mediterraneum, whose biomass is 72.971 g/m2 (38%), and Benthos of Batumi Port station is 

99.959 g/m2 (52%). Here is the prevalence of R. venosa 85.441 g/m2 (44%) (Figure I.2-22). 

 

Figure I.2-22. The Biomass of main groups of benthos  

in the  Black Sea Georgian coastal line, 2017. 

 

Epifauna  

The systematically structure of epifauna of the Georgian Black Sea coast(Green Cape and Sarpi) 

is following: 2 kingdom, 8 type-(Sarkomastigophora, Porifera, Plathelminthes, 

Nemathelminthes, Annelides, Mollusca, Arthropoda; Tentaculata), 11 class - Sarcodina, 

Porifera, Turbellari, Nematoda, Polychaeta, Loricata, Gastropoda, Lamelli branchiata, 

Crustacea, Phoronidae, Bryozoa and 23 species . 3 of them are colonial forms: H. brondstedi, D. 

fragilis  and  Membranipora sp. (Annex, Table 8,9). 

Dominant forms in the research epifauna sample are: from Polychaeta-N.zonata, From 

Mussels: M.lineatus, M.galloprovincialis, P.ulyssipoiensis, from crustacean - H. pontica . 

The  fouling invertebrates hydrobionts  are presented by 4 species, which is 18.2% of the 

epifauna; Mollusk are presented by 8 species it’s-36.4% of the epifauna, Arthropoda-4 species-

18.2%, and other hydrobionts are presented by 6 species (Turbellaria, Nematoda , Porifera, 

Tentaculata) it’s 27,2 % of whole Epifauna. 
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Classification of polytechnics from the invertebrate hybrids of 4 species, mollusks or rabbits in 

8 species 36.4%, the four forms are 18.2%, and various hybrids (Turbellaria, Nematoda, 

Porifera, Tentaculata) 27.2%.  

 

A)                                            B) 

Figure I.2-24. The biodiversity of Epifauna in the  Black Sea Georgian coastal zone, 2017.  

A) Green cape; B) Sarpi. 

The quantity of epifauna in the Green cape and Sarpi shelf is equal to7522 ind/m2,from this  the 

Green cape epifauna comes in 3913 ind / m2 (52.1%), and Sarfi - 3609 ind / m2 (47.9%). In 

Epifauna samples dominant species from Mollusca are (from both stations) M.lineatus, 

M.galloprovincialis 3279 and 2516 ind/m2, it’s 44% of whole benthos. The relatively low 

number was observed N.zonata, H.pontica and P.ulyssipoiensis, (201, 438 and 772 ind / m2). 

For the shelf of Georgia, Sarpi rock fouling  was first marked mullusca kiton-l.cinerea, the 

number of which is equal to 6 ind / m2. The number of Anadara inaequivalvis is observed in the 

Sarpi Epifauna sample in 2017, where it was recorded only 17 ind / m2 in the form of new ones 

(0.1 cm). 

The total biomass of the epifauna study is equal to 4724.31 g / m2. From this, the Green Cape 

Epifauna  Biomass is (3370.87 g / m2), which constitutes 71% of the whole biomass. Here are 

the dominant forms of M.lineatus, M.galloprovincialis 4193.5 g / m2, which is 88.76% of the 

total biomass of the epifauna. 

In addition to the adult and mature individuals, as well as in the bottom settlement as in fouling 

places, were fixed, larvae of Mollusca and growing forms, larvae of Polychaeta-s with 

incomplete number of segments and nectokets, crustaceas was observed in the after larval 

level, all these means that in the research stations hydrobionts are reproduce. 

Table I.2-10.  The abundance of epifauna in the Black Sea Georgian rocky coastal zone, 2017 

  Green Cape Sarpi 

Epifauna 17.01 20.02 7.03 12.04 Avearge 17.01 20.02 7.03 12.04 Average 

Polychaeta                     

Hedis diversicolor  0 0 0 22 6 22 22 0 110 11 

Nereis zonata  44 154 88 176 116 22 33 44 242 85 

Nephtys cirrosa  0 0 0 0 0 0 0 66 0 17 

Nephtys hombergii  0 22 0 66 22 0 0 0 132 33 

სულ Polychaeta 44 176 0 264 144 44 55 110 484 146 
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  Green Cape Sarpi 

Mollusca ,Loricata                     

Lepidochitona cinerea 0 0 0 0 0 0 22 0 0 6 

Lamelibranchiata                       

Mytilaster lineatus  924 2706 2200 2904 2184 330 275 5588 330 1630 

Mytilus galloprovincialis  418 1298 1144 1518 1095 286 132 2970 154 886 

Modiolula phaseolina    0 0 0 0 0 0 0 0 132 33 

Anadara inaequivalvis  0 22 0 44 17 0 0 0 0 0 

Lentidium mediterraneum  0 0 0 110 28 0 0 0 0 0 

სულ Lamelibranchiata 1342 4026 3344 4576 3324 616 407 8558 616 2549 

Gastropoda                     

Patella ulyssiponensis  220 264 198 374 264 176 121 1474 264 508 

Rapana venosa  0 22 0 22 11 0 0 0 0 0 

სულ Gastropoda 220 286 198 396 275 176 121 1474 264 508 

სულ Mollusca 1562 4312 3542 4972 550 792 550 10032 880 3063 

Crustacea                     

Hyale pontica    44 198 110 198 138 88 209 792 0 300 

Ampelisca diadema  0 44 0 88 33 154 0 0 0 39 

Nototropis guttatus   0 0 0 0 0 0 0 0 44 11 

Pontogammarus maeoticus 0 0 0 0 0 0 0 0 22 6 

სულ Crustacea 44 242 110 286 171 242 209 792 66 356 

Plathelminthes, Turbellaria                     

Stylochus  pilidium 0 0 0 0 0 44 0 0 0 11 

Nematoda sp 0 0 0 0 0 0 0 0 132 33 

Porifera                     

Hymenedesmia brondstedi Colonial         Ccolonial         

Dysidea fragilis  Colonial                   

Tentaculata                     

Membranipora sp. Colonial                   

Sarcodina,Foraminifera +         +         

Total Epifauna 1650 4730 3740 5522 3913 1122 814 10934 1562 3609 

TOTAL NUMBER OF 

SPECIES 23 

15 17 

 

Evaluation of sea water ecological status in the coastline of Georgi with M-AMBI 

Table I.2-11. Ecological status (ES) of stations in the Georgian region of the Black Sea (Sarpi-

Batumi) according to average diversity and biotic indices of macrozoobenthos. 

Stations AMBI Diversity Richness M-AMBI Status 

Geen Cape   1,4393 1,7582 34 0,80628   Good   

Batumi port 2,2586 3,229 39 0,94052   Good   
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Figure I.2-23 Proportion of the ecological group’s abundance in the benthic community 

structure in the Black Sea Georgian coastal stations (Batumi port and Green Cape), 2017 

 

Ecological indices Richness, Diversity, AMBI, М-АМBI, which  determined as ratio of the number 

of sensitive and pollution-resistant species,  in general characterize the ecological state of the 

given water area as "good". 

 

ANNEX 

Table N1. Phytoplankton groups and species of coastal waters of the Black Sea   - 2017    

Phytoplankton groups and species Sarphy Batumi Boulevard Batumi port Green Cape 

Bacillariophyta     

Achnanthes brevipes        +         +   

Achn. longipes        +          +  

Asterienelopsis gracialis          +         +  

Amphora  hyalina          +          +  

Amphora  inflexa       +           +  

Bacillaria  paradoxa        +         +          +  

Camphylodiscus  echeneis         +    

Camph. clypeus          +         +  

Cerataulina pelagica          +         +       + 

Cocconeis  scutellum*         +          +         +       + 

Cyclotella  caspia*         +          +          +       + 

Cycl. kuitzingiana            +  

Chaetoceros affinis           +          +        + 

Ch. curvisetus            +          +         + 

Ch. compressus            +   

Ch. insignis             +  

Ch.  socialis           +   

Ch. mulleri            +   

Cymb..   sp.        +          + 
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Phytoplankton groups and species Sarphy Batumi Boulevard Batumi port Green Cape 

Cylindrotheca  closterium           +          +        + 

Coscinodiscus jonesianus           + 

Coscin. granii            +  

Detonula  confervacea           +           +        + 

Dactyliosolen fragilissima           +           +         + 

Ditylum  brightwelli        +          +   

Fragillaria crotomeis*        +          +           +          + 

Gomphonema constrictum        +    

Grammatophora  marina         +          +   

Hemiaulus  hauckii           +          +          + 

Hyalodiscus  ambiguus           +           + 

Hyal. scoticus           +   

Leptocylindrus  danicus           +           +          + 

Lept.  minimus           +           +  

Licmophora gracilis           +   

L. ehrenbergii         +          +          +  

Melosira moniliformis*         + +          +          + 

Navicula cancellata*         + +          +          + 

Navicula  sp.         +            +           + 

Nitzschia holsatica         +           +   

Nitzsc.  distans            +  

Nitzsc sigmoidea            +  

Nitzschia  sp.            +          + 

Odontella  sinensis            +   

Paralia  sulcata         +           +   

Proboscia  alata            +         +  

Pseudosolenia calcar avis            +          +          + 

Pseudo-nitzschia delicatissima            +          +          + 

Pleurosigma   rigidum          +           +  

Pl.  elongatum            +   

Rhabdonema  adriaticum            +          +  

Skeletonema  costatum*         +            +          +           + 

Striatella  delicatula         +           +  

Stephanodiscus  astraea         +    

Steph. hantzschii         +    

St. sp. +          +  

Synedra  tabulata            +         +        + 

Syn.   ulna        +          +  

Syn.  sp.        +           + 

Surirella  ovata           +  

Surirella  sp.           +  

Thalassiosira  parva        +           +         +  

Thalassionema nitzschioides*        +           +          +         + 

   Dinophyta     

Akashiwa  sanguinea            +         + 

Amphydinium  kofoidi            +  

Amphydinium  sp.            +  

Ceratium  furca*         +           +          +         + 

Cer. fusus v. seta            +         + 
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Phytoplankton groups and species Sarphy Batumi Boulevard Batumi port Green Cape 

C. fusus           +          +  

C. declinatum           +          +  + 

Cochlodinium  geminatum*       +          +          +  + 

Dinophysis caudata           +   

Din.  acuta          +  

Din.  ovum           +        +  

Glenodinium   pilula        +          +         +  

Gl. paululum  +         +  

Gl.penardiforme           + 

Gl. obliquum  +   

Gymnodinium  geminatum   +         +        + 

Gymn. agile         +  +         +  

G. najadeum         +    

Gymn. palustre             + 

Gymn. rhomboides           +  

Gymnod.  sp.           +  

Gyrodinium   fissum         +    

Gyr.  spirale           +  

Goniaulax  spinifera           +  

G. cochlea         +    

G.scrippsae          +   

G. minima          +         +        + 

G. polygramma          +   

Heterocapsa  triquetra*        +         +          +         + 

Meroporos perforates*        +         +          +          + 

Minuscula  bipes        +         +   

Oxyrris  marina          +          +  

Phalacroma pulchellum*        +          +          +         + 

Phalacr. Rotundatum*        +          +          +         + 

Polykrikos  schwarzi            +  

Prorocentrum  cordatum*        +          +          +          + 

Pr.  Micans*         +          +          +          + 

Pr. compressum   +   

Protoperidinium  bipes            +  

Pr.-per. globules v. ovatum          +          +          + 

Pr.-per. granii  +   

Pr.-per. divergens         + +           + 

Pr.-per. pellucidum         +         +          +  

Pr.-per.  subsalsum           +  

Pr.-per. Steinii*       +         +          +       + 

Peridinium  cincrum*        +          +          +        + 

Scrippsiella  trochoidea* +          +          +        + 

 Chlorophyta     

Ankisrtodesmus fusiforme            + 

Dictyococcus  mucosus           +           +  

Dictyosphaerum  simplex         +           = 

Scenedesmus  acuminatus    + 

Scen.  arcuatus  +   

Coelastrum  sp.            +  
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Phytoplankton groups and species Sarphy Batumi Boulevard Batumi port Green Cape 

Crucigenis  sp.       + +   

Euglena viridis*       + +          +          + 

Eugl.  acus   +          +          + 

Euglena  sp.           +   

Eutreptia  lanowii       +            + 

Oocystis  ovale        +    

Oocys.   sp.        +          +         +          + 

Oocys. Lacustris*        +          +          +          + 

Phacus  sp.     + 

Trachaelomonas  volvocina*        +           +           +  + 

Tetrastrum  sp.        +    

Tetraedron  minimum        +    

Cyaniphyta     

Anabaena  flos-aquae     

Anabaena  sp.        +         +  

Gloeocapsa  turgida        +          +  

Gloeocapsa  limnetica           +  

Gloeocapsa  sp.*        +            +          +         + 

Merismop.  sp.        +    

Microcystis  aeruginosa*        +            +          +           + 

Spirulina okensis           + 

Phormidium  sp.*         + +          +         + 

Chrysophyta     

Dinobrion  sp.         +    

Mallomonas  sp.            +  

Xanthophyta     

Tribonema  minus             +  

Tribon. sp.             +  

Coccolitineae     

Coccolithophoride  sp.            +           +         + 

Emiliania  hyxley     

Pontosphaera  sp.*           +            +           +          + 

Silicoflagellatae     

Dictiocha speculum          +           +           +  

Note: * - The species that are characteristic of all stations are mentioned. / Total -  144species 

 

Batumi Port 2017 depth -0m 

Table N2. Phytoplankton species composed of coastal waters of Batumi port. 

 Species I II III IV V VI VIII IX X XI XII 

 Bacillariophyceae 

1 Achnantheslongipes + +  +  +      

2 Amphorahyalina   +  +    + +  

3 Amph. Inflexa   + +        

4 Asterionellopsisgracialis    +        

5 Bacillariaparadoxa      +  +  + + 

6 Camphylodiscus clypeus   +   + +     

7 Cerataulinapelagica          +  

8 Chaetocerosaffinis    +     +   
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 Species I II III IV V VI VIII IX X XI XII 

9 Chaetoceros  curvisetus        + + + + 

10 Chaet. insignis        +    

11 Coscinodiscus granii   +        + 

12 Cocconeisscutellum  + + + + +   + + + 

13 Cyclotella caspia +  +  +    +  + 

14 Cyclotellameneghiniana            

15 Cylindrothecaclosterium  +  +     + + + 

16 Dactyliosolenfragilissima        + +   

17 Detonula confervaceae  +  +    +    

18 Fragillariacrotoneis         + +  

19 Hemiaulushauckii          +  

20 Licmophoraehrenbergii     +     +  

21 Leptocylindrus minimus  +  +        

22 Leptoc.danicus  +         + 

23 Melosira moniliformis   + + +    + + + 

24 Navicula cancellata   +   +   +   

25 Navicula sp. +           

26 Nitzschiasigmoidea      +      

27 Nitzschia sublinearis   +         

28 Nitzschia sp.   +   +     + 

29 Pleurosigma rigidum +           

30 Pseudosoleniacalcaravis       + + + + + 

31 Pseudonitzschiadelicatissima        + + + + 

32 Probosciaalata        + + +  

33 Rhabdonemaadriaticum   +        + 

34 Skeletonema costatum + +  + +    +  + 

35 Surirellaovata       +     

36 Surirella sp.   +  +       

37 Striatella delicatula   +         

38 Synedratabulata         +   

39 Synedraulna      +      

40 Synedra sp. +           

41 Thalassionema nitzschioides +   +   + + + +  

42 Thalassiosiraparva   +  +       

  7 7 14 11 8 8 4 9 16 14 13 

 Dinophyceae  

43 Akachiva sanguinea   +  +      + 

44 Amphydiniumsp.     +     +  

45 Ceratiumdeclinatum    +        

46 Ceratium furca         +  + 

47 Ceratiumfurcav.eugrammum +           

48 Ceratiumfusus v. seta          + + 

49 Cochlodiniumgeminatum + + +  +  +   + + 

50 Dinophysisacuta        +    

51 Glenodinium pilula +    +       

52 Gl. paululum + +          

53 G.agile +           

54 Goniaulaxminima      +    +  

55 Goniaulaxspinifera        +    
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 Species I II III IV V VI VIII IX X XI XII 

56 Gymnodinium sp.     +       

57 Gymnodinium agile   +      + +  

58 Gymn. rhomboides   +         

59 Gyrodinium spirale + +          

60 Heterocapsa triquetra + + + + + + + + + +  

61 Meroporosperforatus       +    + 

62 Minuscula bipes +           

63 Oxyrrismarina           + 

64 Phalacroma pulchellum +  +         

65 Phalacromarotundatum      +      

66 Proto-peridinium pellucidum +           

67 Peridinium divergens  +          

68 Peridinium cinctum +         +  

69 Polykrikosschwarzi        +    

70 Prorocentrum micans   + + + + + + + + + 

71 Pror. cordatum    + +       

72 Protoperidiniumbrevipes  +          

73 Protoperidiniumglobulus          +  

74 Protoperidiniumsteinii    +  +  +    

75 Pyrophacussp.      +      

76 Scrippsiella trochoidea + + +  + +   + + + 

  12 7 8 5 9 7 4 6 5 10 8 

 Chlorophyceae 

77 Euglenaacus        +    

78 Euglena viridis + +    + +  + +  

79 Euglenasp.           + 

80 Trachaelomonasvolvocina  + + + + +  + + + + 

  1 2 1 1 1 2 1 2 2 2 2 

 Protococcales 

81 Dactyococcus mucosus   +         

82 Coelastrumsp.       +     

83 Oosyatis lacustris   +         

84 Oocystis sp.   + +  +      

  - - 3 1 - 1 1 - - - - 

 Cyanobacteria  

85 Anabaenasp.     +       

86 Gloeocapsalimnetica       +     

87 Gloeocapsaturgida   +         

88 Gloeocapsa sp. +   +  + +  + +  

89 Microcystisaeruginosa     +    + +  

90 Phormidiumsp.        + +  + 

  1 - 1 1 2 1 2 1 3 2  

 Silicoflagellatae 

91 Dityochaspeculum    +        

  - - - 1 - - - - - - - 

 Xanthophyta 

92 Tribonema sp.  + +   +   + + + 

  - 1 1 - - 1 - - 1 1 1 

 Coccolitineae 
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 Species I II III IV V VI VIII IX X XI XII 

93 Coccolihophoridesp.       +     

94 Pontosphaera sp  +    +      

  - 1 - - - 1 1 - - - - 

 Chrysophyta 

95 Mallomonas  sp.       +     

  - - - - - - 1 - - - - 

 Totally number of species 21 18 28 20 20 21 14 18 27 29 25 

 

Green Cape  2017– depth  -0m 

Table.N3. Phytoplankton species composed of coastal waters of Green Cape. 

 Species V VI VIII IX X XI XII 

 Bacillariophyceae 

1 Amphora hyalina  +     + 

2 Bacillaria paradoxa     + +  

3 Cerataulina pelagica   +  + +  

4 Chaetoceros  affinis     + +  

5 Chaetoceros  curvisetus +  + + + + + 

6 Chaetoceros lorensianus +       

7 Coscinodiscus  granii   +     

8 Cocconeis scutellum  +   + + + 

9 Cyclotella  caspia  +   +  + 

10 Cyc. kuetzingiana  +      

11 Cylindrotheca closterium +   + + + + 

12 Cymbella  sp.    +    

13 Dactyliosolen fragilissima   + +  + + 

14 Detonula  confervaceae   + +   + 

15 Fragillaria crotoneis    +  + + 

16 Hemiaulus hauckii    +    

17 Hyalodiscus ambiguus    +    

18 Leptocylindrus minimus +       

19 Leptoc.danicus   +  + + + 

20 Melosira moniliformis  +   + + + 

21 Navicula  cancellata  +   +   

22 Navicula  sp.    +    

23 Nitzschia  sigmoidea +       

24 Nitzschia  sp.     +   

25 Pseudosolenia calcar avis   + + + + + 

26 Pseudonitzschia delicatissima   + + + + + 

27 Skeletonema costatum +    + +  

28 Synedra tabulata +    +   

29 Thalassionema nitzschioides +  + + + + + 

  9 6 9 12 16 14 13 

 Dinophyceae  

30 Akachiva sanguinea   +     

31 Ceratium  declinatum   +   + + 

32 Ceratium furca +   + +  + 

33 Ceratium fusus v. seta      + + 
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 Species V VI VIII IX X XI XII 

34 Cochlodinium geminatum   + +  + + 

35 Glenodinium penardii   +     

36 Goniaulax  cochlea  +      

37 Goniaulax minima       + 

38 Goniaulax  scrippsae    +    

39 Gymnodinium sp.     +   

40 Gymnodinium pussila   +     

41 Heterocapsa triquetra  + + +   + 

42 Meroporos  perforatus   +    + 

43 Phalacroma  rotundatum   + +    

44 Peridinium cinctum   +   +  

45 Prorocentrum  micans + + + + + + + 

46 Pror. cordatum   +     

47 Pror. scutellum  +      

48 Protoperidinium divergens   +     

49 Protoperidinium  granii    +    

50 Protoperidinium depressum  +      

51 Protoperidinium  steinii   + +  +  

52 Pr-perid. subinerme       + 

53 Protoperidiniumsp.       + 

54 Scrippsiella trochoidea  + + + + + + 

  2 6 14 9 4 7 11 

 Chlorophyceae 

55 Euglena acus    +    

56 Euglena viridis  + +  + + + 

57 Euglena sp.    +    

58 Phacus  sp.    +    

59 Trachaelomonas volvocina + + + + + + + 

  1 2 2 4 2 2 2 

 Protococcales 

60 Ankistrodesmus  sp.      +  

61 Oocystis  sp.  +    +  

62 Scenedesmus acuminarus  +   +   

  - 2 - - 1 2 - 

 Cyanobacteria  

63 Anabaena  sp. +       

64 Gloeocapsa  sp.  + + + + +  

65 Microcystis  aeruginosa  +      

66 Oscilatoria  sp.       + 

67 Phormidium  sp.     +   

68 Spirulina okensis +    +   

  2 2 1 1 3 1 1 

 Coccolitineae 

69 Coccolihophoride  sp.  + +   +  

70 Pontosphaera  sp  + +   + + 

  - 2 2 - - 2 1 

 Totally number of species 14 20 28 26 26 28 28 
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Batumi Boulevard 2017  -depth -0m 

Table N4. Phytoplankton species composed of coastal waters of Batumi Boulevard. 

 Species I II III IV IX X XI XII 

 Bacillariophyceae 

1 Achnanthes brevipes    +     

2 Achnanthes longipes +        

3 Amphora hyalina  + + +     

4 Asterionellopsis gracialis    +     

5 Bacillaria paradoxa     + +  + 

6 Camphylodiscus clypeus   +      

7 Cerataulina pelagica      + + + 

8 Chaetoceros  affinis        + 

9 Chaetoceros muller  +       

10 Ch. socialis  +       

11 Chaetoceros  curvisetus     + + + + 

12 Chaet.compressus      +   

13 Cocconeis scutellum +  + +  +   

14 Cyclotella  caspia  + + +    + 

15 Cylindrotheca closterium  + + +  +   

16 Cymbella  sp. +        

17 Dactyliosolen fragilissima     + + + + 

18 Detonula confervaceae  +    +  + 

19 Ditylum brightwellii  +       

20 Fragillaria crotoneis +     +   

21 Grammatophora marina +     +   

22 Hemiaulus hauckii     + + + + 

23 Hyalodiscus  ambiguus  +   +    

24 Licmophora ehrenbergii     + +   

25 Leptocylindrus minimus  +       

26 Leptoc.danicus     +  + + 

27 Melosira moniliformis      +   

28 Navicula  cancellata   + +     

29 Navicula  sp. +        

30 Nitzscha holsatica      +   

31 Paralia sulcata   +      

32 Pleurosigma elongatum      +   

33 Pleurosigma  rigidum +        

34 Pseudosolenia calcar avis     + + + + 

35 Pseudonitzschia delicatissima     + + + + 

36 Proboscia alata     +  + + 

37 Rhabdonema adriaticum        + 

38 Skeletonema costatum  + +  + + + + 

39 Synedra tabulata   +      

40 Synedra  sp. +        
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 Species I II III IV IX X XI XII 

41 Thalassionema nitzschioides + +  + + + + + 

42 Thalassiosira parva  +       

  9 12 9 8 12 19 10 15 

 Dinophyceae  

43 Ceratium  declinatum    +     

44 Ceratium furca      + + + 

45 Ceratium furca v.eugrammum +        

46 Ceratium fusus v. seta      +  + 

47 Cochlodinium geminatum   +   +   

48 Dinophysisacuminata     +    

49 Glenodinium rotundum     +    

50 Glenodinium  pilula +        

51 G.agile   +  +    

52 Goniaulax minima       +  

53 Gon. Scrippsae       +  

54 Goniaulax polygramma     +    

55 Gymnodinium najadeum +        

56 Heterocapsa triquetra +  + + +  + + 

57 Minuscula    bipes   +      

58 Meroporos perforatus    +     

59 Oxyrris marina     +  + + 

60 Phalacroma pulchellum +    +    

61 Phalacroma  rotundatum    +     

62 Proto-peridinium pellucidum   +      

63 Peridiniumdivergens     +    

64 Peridinium cinctum +   +     

65 Prorocentrum  micans +    + + + + 

66 Pror. cordatum     +    

67 Prorocentrum compressum    +   +  

68 Proto-per.  granii     +    

69 Protoperidinium globulus       +  

70 Protoperidinium  steinii    +  + + + 

71 Scrippsiella trochoidea +  +  + + + + 

  8 - 6 7 12 6 10 7 

 Chlorophyceae 

72 Euglena acus     +    

73 Euglena viridis    + +  + + 

74 Euglena sp.       + + 

75 Trachaelomonas volvocina + + + + + + + + 

  1 1 1 2 3 1 3 3 

 Protococcales 

76 Dactyococcus mucosus  +       

77 Crucigenia  sp.    +     

78 Oosyatis  lacustris    +     

79 Oocystis limnetica  +       
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 Species I II III IV IX X XI XII 

80 Oocystis  sp.   + +     

  - 2 1 3 - - -  

  

81 Anabaena  sp. +        

82 Gloeocapsa  sp.   + + + + +  

83 Microcystis  aeruginosa      +   

  1 - 1 1 1 2 1 - 

 Chrysophyceae 

84 Dinobryon  sp.   +      

  - - 1 - - - - - 

 Silicoflagellatae 

85 Dityocha  speculum  +       

  - 1 - - - - - - 

 Coccolitineae 

86 Pontosphaera  sp        + 

  - - - - - - - 1 

 Totally number of species 19 16 19 21 28 28 24 26 

 

Sarpi 2017  -  depth-0m 

Table N.5 Phytoplankton species composed of coastal waters of Sarpi. 

 Species I II III IV V VI 

 Bacillariophyceae 

1 Achnanthes longipes +  + +  + 

2 Amphipora alata      + 

3 Amphora inflexa    +   

4 Bacillaria paradoxa  +   + + 

5 Cocconeis scutellum +  + + + + 

6 Cyclotella  caspia   + + +  

7 Cymbella  sp. +      

8 Ditylum brightwellii   +   + 

9 Fragillaria crotoneis +   + +  

10 Grammatophora marina +  + + + + 

11 Gomphonema constictum     +  

12 Hyalodiscus  ambiguus  +     

13 Licmophora ehrenbergii     + + 

14 Melosira moniliformis     + + 

15 Navicula  cancellata  + + +  + 

16 Navicula pennata v. pontica      + 

17 Navicula  sp. +      

18 Nitzscha holsatica     + + 

19 Nitzscha sublinearis      + 

20 Paralia sulcata   +    

21 Pleurosigma  rigidum +      

22 Skeletonema costatum  + +    
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 Species I II III IV V VI 

23 Stephanodiscus astrea    +   

24 Striatella delicatula   +  +  

25 Synedra ulna    +   

26 Synedra  sp. +      

27 Thalassionema nitzschioides +      

28 Thalassiosira parva     +  

  9 4 9 9 11 13 

 Dinophyceae  

29 Ceratium  declinatum    +   

30 Ceratium furca       

31 Ceratium furca v.eugrammum +      

32 Ceratium fusus v. seta    +   

33 Cochlodinium geminatum  +     

34 Glenodinium  pilula +  +  +  

35 Gymnodinium agile   +    

36 Goniaulax cochlea   +  + + 

37 Gymnodinium najadeum + +     

38 Gyrodinium fissum     +  

39 Heterocapsa triquetra +  + +  + 

40 Minuscula    bipes   +    

41 Meroporos perforatus  +     

42 Phalacroma pulchellum +  +    

43 Phalacroma  rotundatum    +  + 

44 Proto-peridinium pellucidum   +    

45 Peridiniumdivergens  +     

46 Peridinium cinctum +      

47 Prorocentrum  micans +  + +  + 

48 Pror. cordatum    +   

49 Protoperidinium crassipes    +   

50 Protoperidinium  steinii      + 

51 Scrippsiella trochoidea + + +  + + 

  8 5 9 7 4 6 

 Chlorophyceae 

52 Euglena acus     +  

53 Euglena viridis  +     

54 Trachaelomonas volvocina + + + +  + 

  1 2 1 1 1 1 

 Protococcales 

55 Dactyococcus mucosus   +    

56 Crucigenia  sp.  +     

57 Oosyatis  lacustris  +  +   

58 Oocystis  sp.   +    

59 Tetraedron trigonum  +     

  - 3 2 1 - - 

 Cyanobacteria  
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 Species I II III IV V VI 

60 Anabaena  sp. +   +   

61 Gloeocapsa turgida   + +   

62 Gloeocapsa  sp.  + +  + + 

63 Microcystis  aeruginosa  +  +  + 

64 Merismopedia sp.    +   

65 Phormidium sp.    +  + 

  1 2 2 5 1 3 

 Silicoflagellatae 

66 Dityocha  speculum   +    

  - - 1 - - - 

 Coccolitineae 

67 Coccolithophoridie      + 

68 Pontosphaera  sp  +    + 

  - 1 - - - 2 

 Total number of species 19 17 24 23 17 25 
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Table N6.  The Abundance  of Benthopauna of the statioms : Green Cape and Batumi port egz/2 2017 

Bentofauna Green cape Batumi port 

25.5 13.6 1.8 6.9 24.10 20.11 13.12 საშ. 17.1 20.2 7.3 12.4 25.5 13.6 1.8 6.9 5.10 24.10 20.11 13.12 საშ. 

Polychaeta                      

Nephtys cirrosa  13 0 0 360 40 0 0 59 260 600 280 100 67 0 320 1160 0 0 0 80 239 

Glycera tridactyla  13 0 0 0 0 0 0 2 0 0 0 20 0 0 0 0 0 0 0 0 2 

Microspio mecznikowianus  13 121 120 80 0 0 0 45 0 0 0 0 0 33 0 0 0 0 0 0 3 

Alitta succinea  0 0 40 0 0 0 0 6 0 0 0 0 0 0 0 40 0 0 0 0 3 

Ficopomatus  enigmatica 0 0 360 0 0 0 0 51 0 0 0 0 0 0 160 0 0 0 0 0 13 

Polydora cornuta  0 0 200 0 0 0 0 29 0 0 0 0 0 0 40 0 0 0 0 0 3 

Fabricia stellaris  0 0 40 0 0 0 0 6 0 0 0 0 93 44 0 0 0 0 0 0 11 

Sigambra tentaculata  0 0 40 0 0 0 0 6 0 0 0 0 0 0 0 40 0 0 0 0 3 

Heteromastus filiformis 0 0 0 0 0 0 0 0 300 920 0 1640 1146 0 840 280 1080 120 320 0 554 

Magelona  papilicornis 0 0 0 0 0 0 0 0 0 0 80 0 0 0 0 0 120 0 0  17 

Capitella capitata  0 0 0 0 0 0 0 0 0 0 0 0 27 187 0 0 0 0 0 0 18 

Syllis gracilis  0 0 0 0 0 0 0 0 0 0 0 0 0 44 0 0 0 0 0 0 4 

Prionospio cirrifera  0 0 0 0 0 0 0 0 0 0 0 0 0 0 80 240 120 160 360 0 80 

Melita palmata  0 0 0 0 0 0 0 0 0 0 0 0 0 0 40 0 0 0 0 0 3 

Serpula vermicularis  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 40 0 0 0 0 3 

Nephtys hombergii  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 440 160 520 0 93 

Total  Polychaeta 39 121 800 440 40 0 0 204 560 1520 360 1760 1333 308 1480 1800 1760 440 1200 80 1050 

Mollusca ,Lamelibranchiata                      

Lentidium mediterraneum  67 1023 3000 1520 3320 5960 440 2190 0 0 0 0 0 0 80 0 0 0 0 0 7 

Donax trunculus  93 44 40 0 0 0 0 25 0 0 0 0 0 0 0 0 0 0 0 0 0 

Spisula subtruncata  150 44 0 0 0 0 0 28 0 0 0 0 0 0 0 0 0 0 0 0 0 

Lucinella divaricata  53 0 0 0 0 0 0 8 0 0 0 0 0 0 0 0 0 0 0 0 0 

Chamelea gallina  40 0 0 0 0 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 

Mytilaster lineatus   13 0 0 40 0 120 0 25 20 40 0 0 40 44 40 0 0 40 40 0 22 

Anadara inaequivalvis  0 11 0 0 120 160 0 42 0 0 0 20 0 11 0 0 0 0 0 0 3 

Mytilus galloprovincialis  0 0 120 0 0 0 0 17 0 0 0 0 53 33 0 0 0 0 0 0 7 

Total Lamelibranchiata 416 1122 3160 1560 3440 6280 440 2341 20 40 0 20 93 88 120 0 0 40 40 0 39 

Gastropoda                      

Rapana venosa   27 0 200 0 0 0 0 32 20 40 40 40 0 11 0 0 40 0 0 0 16 

Tritia neritea  27 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 

Cyclope neritea  0 44 0 0 0 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 

Odostomia plicata  0 11 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Bentofauna Green cape Batumi port 

25.5 13.6 1.8 6.9 24.10 20.11 13.12 საშ. 17.1 20.2 7.3 12.4 25.5 13.6 1.8 6.9 5.10 24.10 20.11 13.12 საშ. 

Spiralinella incerta   0 11 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 

Bittium reticulatum 0 0 0 0 0 0 0 0 1040 1760 840 2400 53 737  80 960 0 120 0 666 

Bela nebula  0 0 0 0 0 0 0 0 0 0 0 0 0 11 0 0 0 0 0 0 1 

Bittium submammillatum 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 80 0 1240 110 

Gastropoda 54 66 200 0 0 0 0 48 1060 1800 880 2440 53 759 0 80 1000 80 120 1240 793 

Total  Mollusca 470 1188 3360 1560 3440 6280 440 2389 1080 1840 880 2460 146 847 120 80 1000 120 160 1240 832 

Crustacea                         

Ampelisca diadema  53 44 80 80 80 0 40 54 0 0 0 0 0 0 120 0 40 0 0 0 13 

Pseudocuma graciloides  133 154 0 0 0 240 0 75 0 0 0 20 107 11 0 0 0 0 0 0 12 

Pseudocuma (P) ciliata 0 0 80 80 0 0 0 23 0 0 0 0 0 0 0 0 0 0 0 0 0 

Diogenes pugilator  13 22 0 0 0 0 0 5 0 0 0 0 13 0 80 360 0 80 0 0 44 

Nototropis guttatus   27 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 

Echinogammarus olivii  53 33 0 0 0 0 0 12 0 0 0 0 0 0 0 0 0 0 0 0 0 

Paramysis kroyeri 0 11 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 

Corophium sp.   0 0 200 40 0 0 0 34 0 0 0 0 0 0 80 40 0 0 0 0 10 

Brachynotus sexdentatus  0 0 0 40 0 0 0 6 0 0 0 0 0 0 0 0 0 0 40 0 3 

Amphibalanus improvisus  0 0 0 0 80 0 0 11 140 0 0 0 0 22 0 0 0 0 0 0 14 

Eurydice spinigera  0 0 0 0 0 0 40 6 0 0 0 0 0 0 0 0 0 0 0 0 0 

Iphinoe elisae  0 0 0 0 0 0 0 0 0 0 0 20 0 0 0 0 0 0 0 0 2 

Caprellidae sp. 0 0 0 0 0 0 0 0 0 0 0 0 27 0 0 0 0 0 0 0 2 

Tanaidacea sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 80 0 0 0 0 0 7 

Hippolyte leptocerus  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 80 0 0 0 0 7 

Pestarella candida  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 40 0 0 3 

სულ Crustacea 279 264 360 240 160 240 80 232 140 0 0 0 147 33 360 480 40 120 40 0 117 

Nemertea  sp. 13 0 40 0 0 0 0 7 0 0 0 0 27 0 0 0 0 0 280 0 26 

Chyronomida sp. 0 0 40 0 0 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 

Nematoda sp 0 0 0 0 0 0 0 0 0 0 0 80 40 0 0 0 0 0 160 0 23 

Olygochaeta sp 0 0 0 0 0 0 0 0 0 0 0 2580 320 0 80 480 0 200 120 0 315 

Total Benthofauna 801 1573 4600 2240 3640 6480 520 2835 1780 3360 1240 6920 2013 1188 2040 2840 2800 920 1960 1320 2363 

Species 53 34 37 
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Table N7. The Biomass of Benthofauna of the stations in the Black Sea Georgian coast: Green Cape and Batumi port egz/2 2017. 

Bentofauna 

Green cape Batumi port 

25.5 13.6 1.8 6.9 24.10 20.11 13.12 საშ. 17.1 20.2 7.3 12.4 25.5 13.6 1.8 6.9 5.10 24.10 20.11 13.12 საშ. 

Polychaeta                      

Nephtys cirrosa  0.013 0 0 0.36 0.028 0 0 0.057 0.16 0.36 0.04 0.02 0.067 0 31.04 0.42 0 0 0 0.08 0.096 

Glycera tridactyla  0.493 0 0 0 0 0 0 0.07 0 0 0 2.3 0 0 0 0 0 0 0 0 0.192 

Microspio mecznikowianus  0.067 0.121 0.04 0.44 0 0 0 0.095 0 0 0 0 0 0.033 0 0 0 0 0 0 0.003 

Alitta succinea  0 0 0.44 0 0 0 0 0.063 0 0 0 0 0 0 0 0.56 0 0 0 0 0.047 

Ficopomatus  enigmatica 0 0 0.056 0 0 0 0 0.008 0 0 0 0 0 0 0.04 0 0 0 0 0 0.003 

Polydora cornuta  0 0 0.04 0 0 0 0 0.006 0 0 0 0 0 0 0.014 0 0 0 0 0 0.001 

Fabricia stellaris  0 0 0.028 0 0 0 0 0.004 0 0 0 0 0.053 0.022 0 0 0 0 0 0 0.006 

Sigambra tentaculata  0 0 0.04 0 0 0 0 0.006 0 0 0 0 0 0 0 0.08 0 0 0 0 0.007 

Heteromastus filiformis 0 0 0 0 0 0 0 0 2.9 3.32 0 16.583 7.971 0 0.76 0.24 0.356 1.32 3.24 0 3.058 

Magelona  papilicornis 0 0 0 0 0 0 0 0 0 0 0.08 0 0 0 0 0 0.12 0 0  0.017 

Capitella capitata  0 0 0 0 0 0 0 0 0 0 0 0 0.163 0.154 0 0 0 0 0 0 0.026 

Syllis gracilis  0 0 0 0 0 0 0 0 0 0 0 0 0 0.044 0 0 0 0 0 0 0.004 

Prionospio cirrifera  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.12 0.6 0.16 0.224 0.76 0 0.155 

Melita palmata  0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.04 0 0 0 0 0 0.087 

Serpula vermicularis  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.04 0 0 0 0 0.003 

Nephtys hombergii  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.324 0.16 0.44 0 2.664 

Total  Polychaeta 0.573 0.121 0.644 0.8 0.028 0 0 0.309 3.06 3.68 0.12 18.903 8.254 0.253 33.014 1.94 0.96 1.704 4.44 0.08 6.367 

Mollusca, 
Lamelibranchiata 

     
 

               

Lentidium mediterraneum  0.161 1.793 1.36 0.08 160.44 342.12 4.84 72.971 0 0 0 0 0 0 0.2 0 0 0 0 0 0.017 

Donax trunculus  47.335 0.704 0.672 0 0 0 0 6.959 0 0 0 0 0 0 0 0 0 0 0 0 0 

Spisula subtruncata  1.493 0.297 0 0 0 0 0 0.256 0 0 0 0 0 0 0 0 0 0 0 0 0 

Lucinella divaricata  0.627 0 0 0 0 0 0 0.09 0 0 0 0 0 0 0 0 0 0 0 0 0 

Chamelea gallina  0.373 0 0 0 0 0 0 0.053 0 0 0 0 0 0 0 0 0 0 0 0 0 

Mytilaster lineatus   0.027 0 0 0.04 0 0.120 0 0.028 0.02 0.06 0 0 0.027 1.408 0.12 0 0 0.12 0.16 0 0.16 

Anadara inaequivalvis  0 2.475 0 0 0.04 0.04 0 0.365 0 0 0 0.26 0 0.055 0 0 0 0 0 0 0.026 

Mytilus galloprovincialis  0 0 0.032 0 0 0 0 0.005 0 0 0 0 0.02 0.792 0 0 0 0 0 0 0.068 

Total Lamelibranchiata 50.016 5.269 2.064 0.12 160.48 6240 4.84 80.727 0.02 0.06 0 0.26 0.047 2.255 0.32 0 0 0.12 0.16 0 0.271 

Gastropoda                      

Rapana venosa   23.288 0 39.12 0 0 0 0 8.915 143.52 310.24 149.32 6.12 0 210.408 0 0 205.68 0 0 0 85.441 

Tritia neritea  4.306 0 0 0 0 0 0 0.615 0 0 0 0 0 0 0 0 0 0 0 0 0 

Cyclope neritea  0 1.804 0 0 0 0 0 0.258 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Bentofauna 

Green cape Batumi port 

25.5 13.6 1.8 6.9 24.10 20.11 13.12 საშ. 17.1 20.2 7.3 12.4 25.5 13.6 1.8 6.9 5.10 24.10 20.11 13.12 საშ. 

Odostomia plicata  0 0.011 0 0 0 0 0 0.002 0 0 0 0 0 0 0 0 0 0 0 0 0 

Spiralinella incerta   0 0.011 0 0 0 0 0 0.002 0 0 0 0 0 0 0 0 0 0 0 0 0 

Bittium reticulatum 0 0 0 0 0 0 0 0 3.92 7.96 5.1 18.08 0.12 2.783 0 0.32 7.04 0 1.04 0 3.864 

Bela nebula  0 0 0 0 0 0 0 0 0 0 0 0 0 0.121 0 0 0 0 0 0 0.01 

Bittium submammillatum 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.44 0 6.8 0.603 

Gastropoda 27.594 1.826 39.12 0 0 0 0 9.792 147.44 318.2 154.42 24.20 0.12 213.312 0 0.32 212.72 0.44 1.04 6.8 89.918 

Total Mollusca 77.610 7.095 41.184 0.12 160.48 342.28 4.480 90.519 147.46 318.26 154.42 24.46 0.167 215.567 0.32 0.32 212.72 0.56 1.2 6.8 90.188 

Crustacea                         

Ampelisca diadema  0.082 0.154 0.12 0.12 0.08 0 0.12 0.097 0 0 0 0 0 0 0.16 0 0.04 0 0 0 0.017 

Pseudocuma graciloides  0.413 0.015 0 0 0 1.00 0 0.204 0 0 0 0.002 0.333 0.008 0 0 0 0 0 0 0.029 

Pseudocuma (P) ciliata 0 0 0.28 0.28 0 0 0 0.08 0 0 0 0 0 0 0 0 0 0 0 0 0 

Diogenes pugilator  3.612 8.448 0 0 0 0 0 1.723 0 0 0 0 1.226 0 16.92 0.2 0 0.16 0 0 1.542 

Nototropis guttatus   0.027 0 0 0 0 0 0 0.004 0 0 0 0 0 0 0 0 0 0 0 0 0 

Echinogammarus olivii  0.532 0.033 0 0 0 0 0 0.081 0 0 0 0 0 0 0 0 0 0 0 0 0 

Paramysis kroyeri 0 0.066 0 0 0 0 0 0.009 0 0 0 0 0 0 0 0 0 0 0 0 0 

Corophium sp.   0 0 0.08 0.016 0 0 0 0.014 0 0 0 0 0 0 0.2 0.02 0 0 0 0 0.018 

Brachynotus sexdentatus  0 0 0 0.24 0 0 0 0.034 0 0 0 0 0 0 0 0 0 0 6.04 0 0.503 

Amphibalanus improvisus  0 0 0 0 1.24 0 0 0.177 2.8 0 0 0 0 1.683 0 0 0 0 0 0 0.374 

Eurydice spinigera  0 0 0 0 0 0 0.068 0.01 0 0 0 0 0 0 0 0 0 0 0 0 0 

Iphinoe elisae  0 0 0 0 0 0 0 0 0 0 0 0.01 0 0 0 0 0 0 0 0 0.005 

Caprellidae sp. 0 0 0 0 0 0 0 0 0 0 0 0 0.007 0 0 0 0 0 0 0 0.001 

Tanaidacea sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.2 0 0 0 0 0 0.017 

Hippolyte leptocerus  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.2 0 0 0 0 0.017 

Pestarella candida  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.04 0 0 0.003 

Total  Crustacea 4.666 8.716 0.48 0.656 1.32 1.00 0.188 2.433 2.8 0 0 0.012 1.566 1.691 17.48 0.42 0.04 0.2 6.04 0 2.526 

Nemertea  sp. 0.241 0 0.04 0 0 0 0 0.04 0 0 0 0 0.24 0 0 0 0 0 1.72 0 0.163 

Chyronomida sp. 0 0 0.052 0 0 0 0 0.007 0 0 0 0 0 0 0 0 0 0 0 0 0 

Nematoda sp 0 0 0 0 0 0 0 0 0 0 0 0.02 0.041 0 0 0 0 0 0.32 0 0.032 

Olygochaeta sp 0 0 0 0 0 0 0 0 0 0 0 5.0 0.241 0 0.06 0.34 0 0.2 0.12 0 0.497 

Phoronidae                      

Phoronis euxinicola  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2.24 0 0 0.187 

Total Benthofauna 83.09 15.932 42.4 1.576 161.828 343.28 5.028 93.308 153.32 321.94 154.54 48.395 10.509 217.511 50.87 3.02 213.72 4.904 13.84 6.88 99.96 

species53  34 39 
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Table N8. The  abundance (ind/m2) of Epifauna on the stations Green Cape and Sarpi 2017 

 Green cape Sarpi 

Epifauna 17.01 20.02 7.03 12.04 Average 17.01 20.02 7.03 12.04 Average 

Polychaeta           

Hedis diversicolor  0 0 0 22 6 22 22 0 110 11 

Nereis zonata  44 154 88 176 116 22 33 44 242 85 

Nephtys cirrosa  0 0 0 0 0 0 0 66 0 17 

Nephtys hombergii  0 22 0 66 22 0 0 0 132 33 

Total  Polychaeta 44 176 0 264 144 44 55 110 484 146 

Mollusca ,Loricata           

Lepidochitona cinerea 0 0 0 0 0 0 22 0 0 6 

Lamelibranchiata             

Mytilaster lineatus  924 2706 2200 2904 2184 330 275 5588 330 1630 

Mytilus galloprovincialis  418 1298 1144 1518 1095 286 132 2970 154 886 

Modiolula phaseolina    0 0 0 0 0 0 0 0 132 33 

Anadara inaequivalvis  0 22 0 44 17 0 0 0 0 0 

Lentidium mediterraneum  0 0 0 110 28 0 0 0 0 0 

Total Lamelibranchiata 1342 4026 3344 4576 3324 616 407 8558 616 2549 

Gastropoda           

Patella ulyssiponensis  220 264 198 374 264 176 121 1474 264 508 

Rapana venosa  0 22 0 22 11 0 0 0 0 0 

Total  Gastropoda 220 286 198 396 275 176 121 1474 264 508 

Total  Mollusca 1562 4312 3542 4972 550 792 550 10032 880 3063 

Crustacea           

Hyale pontica    44 198 110 198 138 88 209 792 0 300 

Ampelisca diadema  0 44 0 88 33 154 0 0 0 39 

Nototropis guttatus   0 0 0 0 0 0 0 0 44 11 

Pontogammarus maeoticus 0 0 0 0 0 0 0 0 22 6 

Total Crustacea 44 242 110 286 171 242 209 792 66 356 

Plathelminthes, Turbellaria           

Stylochus  pilidium 0 0 0 0 0 44 0 0 0 11 

Nematoda sp 0 0 0 0 0 0 0 0 132 33 

Porifera           

Hymenedesmia brondstedi Colonial     Ccolonial     

Dysidea fragilis  Colonial          

Tentaculata           

Membranipora sp. Colonial          

Sarcodina,Foraminifera +     +     

Total Epifauna 1650 4730 3740 5522 3913 1122 814 10934 1562 3609 

Species number 23 15 17 
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Table N9. Black Sea Georgia Shelf / Green Cape and Sarpi / Natural Substrate, Rock flouing–

Epifauna  Biomass  g / m2 

 Green cape Sarpi 

Epifauna 17.01 20.02 7.03 12.04 Average 17.01 20.02 7.03 12.04 Average  

Polychaeta           

Hedis diversicolor  0 0 0 0.836 0.209 0.77 1.023 0 4.246 1.51 

Nereis zonata  0.484 1.386 0.946 1.496 1.078 0.022 0.792 440.352 5.412 1.645 

Nephtys cirrosa  0 0 0 0 0 0 0 0.044 0 0.011 

Nephtys hombergii  0 1.144 0 1.298 0.611 0 0 0 12.342 3.086 

Total  Polychaeta 0.484 2.530 0 3.630 1.898 0.792 1.815 0.3996 22.0 6.252 

Mollusca ,Loricata            

Lepidochitona cinerea 0 0 0 0 0 0 4.312 0 0 1.078 

Lamelibranchiata             

Mytilaster lineatus  870.232 28.084 2071.96 2855.248 2159.881 444.114 683.958 620.18 466.378 553.658 

Mytilus galloprovincialis  538.01 1298.288 1280.488 1311.288 1107.019 692.362 221.936 329.626 247.676 372.9 

Modiolula phaseolina    0 0 0 0 0 0 0 0 0.068 0.017 

Anadara inaequivalvis  0 6.138 0 6.578 3.179 0 0 0 0 0 

Lentidium 

mediterraneum  

0 0 0 0.11 0.028 

0 

0 0 

0 

0 

Total Lamelibranchiata 1408.242 4137.51 3352.448 4173.224 3270.107 1136.476 905.894 949.806 714.122 926.575 

Gastropoda            

Patella ulyssiponensis  73.194 87.758 72.27 94.358 81.895 127.05 93.258 537.592 916.872 418.693 

Rapana venosa  0 33.946 0 31.856 16.451 0 0 0 0 0 

Total  Gastropoda 73.194 121.704 72.27 126.214 98.346 127.05 93.258 537.592 916.872 418.693 

Total Mollusca 1481.436 4259.214 3424.718 4299.438 3368.453 1263.526 1003.464 1487.398 1630.994 1346.346 

Crustacea            

Hyale pontica    0.198 0.726 0.286 0.726 0.484 0.143 0.33 1.716 0 0.547 

Ampelisca diadema  0 0.044 0 0.11 0.039 0.704 0 0 0 0.176 

Nototropis guttatus   0 0 0 0 0 0 0 0 0.026 0.007 

Pontogammarus 

maeoticus 

0 0 0 0 0 

0 

0 0 0.154 0.039 

Total Crustacea 44 0.770 0.286 0.836 0.523 0.847 0.33 1.716 0.180 0.769 

Plathelminthes, 

Turbellaria 

     

  

    

Stylochus  pilidium 0 0 0 0 0 0.176 0 0 0 0.044 

Nematoda sp 0 0 0 0 0 0 0 0 0.132 0.033 

Porifera           

Hymenedesmia 

brondstedi 

Colonial     

Colonial 

    

Dysidea fragilis  Colonial          

Tentaculata           

Membranipora sp. Colonial          

Sarcodina,Foraminifera +     +     

Total Epifauna 1482.12 4262.51 3425.95 4303.904 3370.874 1265.341 1005.609 1489.514 1653.31 1353.444 

Number of speceis 23 15 17 
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II. Part II.  
12-Months National Pilot Monitoring 

Studies in Russian Federation 
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II.1. NPMS 12-Months National Pilot Monitoring Studies in 
Gelendzhik 

T. Shiganova1, A. Mikaelyan1, V. Chasovnikov2, D. Zasko2   
 
1 P.P. Shirshov Institute of Oceanology, Russian Academy of Sciences (SIO RAS), Moscow, Russian Federation 
2 Southern branch Institute of Oceanology, Russian Academy of Sciences (SB SIO RAS), Gelendzhik, Russian Federation 

II.1.1. Objectives  

The main objective of the National Pilot Monitoring Studies is to test the current National 

Monitoring Programmes and to suggest new parameters and approaches to ecological 

monitoring. This Studies aim to assist all participants in understanding and piloting a common 

approach to assessment of the ecosystem state of the shelf waters based on the principles and 

methodologies of the EU Marine Strategy Framework Directive. 

The main tasks 

• Assess the current state of pollution of the 3 selected regions in the north Caucasian 

coast; 

• Assess the eutrophication potential of the shelf regions including the closed bays like 

Gelendzhik area and Blue Bay Region; 

• Explore the biodiversity of different taxons (phytoplankton, bacterioplankton, 

zooplankton, mesozooplankton, macroplankton (gelatinous plankton); 

• Establish presence and role of non-indigenous species; 

• Assess the ichtyoplankton (fish and larvae) species composition; 

• Assess the current state and environmental status of the shelf ecosystem in shelf regions 

and its open parts; 

• Provide field material including new ecosystem parameters for the elaboration of 

indicators of GES of the sea interior ecosystem. 

II.1.2. Main approach 

Two types of activities were fulfilled in the frame of the National Pilot Monitoring Studies. First 

is the exploration of the shelf regions with the different recreation press. Second is the monthly 

monitoring on selected site during one year in order to explore the seasonal dynamics of 

biological parameters. All these data coming from both activities will be stored in the Black Sea 

Water Quality Database, developed with the project support. The parameters measured in both 

activities are presented in Table II.1-1.  
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Table II.1-1. Parameters and corresponding National Pilot Monitoring Studies’ tasks, MSFD 

descriptors and indicators  

No Parameter /(group) MSFD descriptor MSFD indicators Gelenzik Bay 
and Anapa 

Blue Bay 

1 Wind, waves, cloudiness 6-Biological diversity 
(BD)  

1.6.3 +  

2 Salinity 

Density 

Temperature 

6-BD,  

7-Hydrographical 
conditions (HD) 

1.6.3, 7.1.1, 7.2.2 + + 

3 Depth 6-BD, 7-HD 1.6.3, 7.1.1, 7.2.2 + + 

4 Secchi Disk 5-Eutrophication (EU) 5.2.2 + + 

6 Oxygen 5-EU 5.3.2 + + 

9 Nutrient concentrations 
(Ph, alkalinity, 
macronutrients: inorganic, 
organic, nutrient ratios) 

6-BD, 5-EU 1.6.3, 5.1.1, 5.1.2 + + 

10 Micro-Phytoplankton 6-BD,  

2- Non-Indigenous 
species (NIS) 

4 -Food Web (FW) 5-EU 

1.1.1, 1.1.2, 1.2.1, 
1.7.1, 2.1.1, 2.2.2, 
4.3.1, 5.2.4 

+ + 

11 Chlorophyll a  5-EU 5.2.1 +  

12 Mesozooplankton 

including meroplankton 

6-BD,  

2- Non-Indigenous 
species (NIS) 

4-FW 

5-EU 

1.1.1, 1.1.2, 1.2.1, 
1.7.1, 2.1.1, 2.2.2, 
4.3.1, 5.2.4 

+ + 

13 Macrozooplankton 

(gelatinous plankton) 

6-BD,  

2-NIS 

4-FW 

5-EU 

1.1.1, 1.1.2, 1.2.1, 
1.7.1, 2.1.1, 2.2.2, 
4.3.1, 5.2.4 

+ + 

14 Ichtyoplankton 

(including larvae) 

3- Fish, Shellfish (FS) 3.2.1 + + 

15 Contaminants and 
pollutants in water 
sediments  

8 - Contaminants And 
Pollution Effects 

8.1.1, 8.2.1 +  

16 Contaminants in fish and 
other  hydrobionts 

9 - Contaminants in fish 
and other  hydrobionts 

9.1.1 +  

17 Marine litter 10 - Marine liter 10.1.1, 10.1.2 +  

18 Underwater noise 11 - Underwater noise 11.1.1 +  

 

II.1.3. Selected area and sampling sites  

Gelendzhik Bay  

Sampling has been done in the Blue and Gelendzhik Bays which is marked by high recreation 

pressure on ecosystem. The bay is rather close; the exchange with the open sea is restricted. In 

touristic season more than 1 million of people have a rest in surroundings of the Bay.  

Sampling locations are presented in Table II.1-2. 
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Figure II.1-1. Sampling sites in the Gelendzhik Bay. 

 

Table II.1-2. Coordinates of stations and sampling in the Gelendzhik Bay 

№ Station  
Bottom 
depth  

Latitude Longitude  
Water sampling 
depths 

Sediment 
sampling 

Number of plankton 
samples*** 

1 10 44° 34.095'N 38° 2.986'E 2* 1 2/1/2 

2 25 44° 32.837' 38° 1.901' 3** 1 3/1/3 

3 500 44° 30.382' 37° 59.802' 3 1 3/1/3 

   Total: 8 3 8/3/8 

*- 2 depths: surface and near-bottom; 

**- 3 depths - surface, thermocline and near-bottom (if the depth is more than 50 m, then 50 m). 

***Phytoplankton/zooplankton/bacterioplankton 

 

Anapa region 

Sampling has been done in the Anapa region, which is one of the cleanest areas in the region. 

The long coast is open, cross-shelf exchange is intensive and relatively low anthropogenic 

pressure occurs in this area. Sampling locations are presented in Table 3. 

 

Figure II.1-2. Sampling sites in the Anapa Bay. 
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Table II.1-3. Coordinates of stations and sampling in Anapa region 

№ 
Station  

Bottom 
depth  

Latitude Longitude  
Water sampling 
depths 

Sediment 
sampling 

Number of plankton 
samples*** 

1 10 45° 2.022'N 37° 6.198'E 2* 1 2/1/2 

2 25 45° 0.854' 37° 5.433'E 3** 1 3/1/3 

3 500? 44° 57.823' 37° 3.450'E 3 1 3/1/3 

   Total: 8 3 8/3/8 

*- 2 depths: surface and near-bottom; 

**- 3 depths - surface, thermocline and near-bottom (if the depth is more than 50 m, then 50 m). 

 

The Blue Bay region 

 

Figure II.1-3. Sampling sites in the Blue (Golubaya) Bay region 2016: Russian national 

monitoring sites and EMBAS -II monitoring site above 500 m depth 

 

This region was selected for NPMS long-term 12 months study. The sampling site of EMBLAS is 

located in 5 miles off-shore over the sea bottom depth of 500m. This is transitional zone 

between coastal and the open waters. Biological annual succession is less undergone 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. Sampling 

locations are presented in Table II.1-4 and II.1-4.1. 

Table II.1-4. Coordinates of stations and sampling in Blue Bay 2016 

№ 
Station  

Bottom 
depth  

Latitude Longitude  
Water sampling 
depths 

Sediment 
sampling 

Number of plankton 
samples*** 

1 500 44°30.9'N 37°55.74'E 6* - 6/1/6 

   Total: 6 - 6/1/6 

*- 6 depths: surface and according to temperature profile; 

***Phytoplankton/zooplankton/bacterioplankton - the total number of samples is given for one month. The 

annual sum is 72/12/72. 
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Table II.1-4.1. Locations of stations and sampling in Blue Bay 2017  

№ Station Latitude Latitude Depth, m Location 

1 44°33.75 37°58.48 25 Inner shelf 

2 44°31.97 37°56.85 50 Inner shelf 

3 44°32´21 37°56´07 100 Inner shelf 

4 44°30.87 37°56.00 500 Deep waters, open sea 

 

II.1.4. Study terms 

The NPMS long-term 12 months study started in March 2016 until November 2016 and 

continued in March-October 2017 in order to catch the spring bloom of phytoplankton.  

In 2017 the surveys were conducted along transect with 3 stations on 25,50 and 100 m and with 

monitoring site above the depth 500 m (Fig. II.1-1, Table II.1-1) at the end of transect on the 

board of the research vessel “Ashamba” . 

Research vessel “Ashamba”  (Figure 18, appendix 2). 

The National Pilot Monitoring Studies was conducted from 10 to 14 May 2016.  The NPMS long-

term 12 months study started in May 2016.  

Table II.1-5. Measured parameters and estimated number of samples in NPMS 

№ Measured parameters Unit Number 

  1. Expedition works   

1 Meteorological parameters  set 6 

2 Marine Litter - 2 beaches beach 2 

3 Marine Litter - marine bottom route 1 

4 Marine Litter - sea surface route 1 

  2. Water: Standard Hydrochemistry 

5 Water sampling   

6 Temperature sample 16 

7 Salinity profile 6 

8 Chlorinity profile 6 

9 Transparency (Disk Secchi) sample 16 

10 Nitrogen Ammonium N-NH4 cast 6 

11 Nitrogen Nitrites N-NO2 sample 16 

12 Nitrogen Nitrates N-NO3 -"- 16 

13 Nitrogen Total (including organic) Ntotal -"- 16 

14 Phosphorus Phosphates P-PO4 -"- 16 

15 Phosphorus Total Ptotal -"- 16 

16 Siliceous Silicates Si-SO4 -"- 16 

17 Dissolved Oxygen -"- 16 

18 BOD5 -"- 16 

19 Hydrogen ion (pH) -"- 16 

20 Alkalinity -"- 16 

 3. Water: additional parameters   

21 Detergents Anion   

22 Phenols Total -"- 16 

23 Total Petroleum Hydrocarbons (TPHs) -"- 16 
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№ Measured parameters Unit Number 

24 Chlorophyll -"- 16 

25 Suspended Solids (SS) -"- 16 

26 C_organic -"- 16 

  4. Trace metals in water   

27 Mercury (Hg)   

28 Cadmium (Cd) sample 8 

29 Lead (Pb) -"- 8 

30 Copper (Cu) -"- 8 

31 Zinc (Zn) -"- 8 

32 Ferrum (Fe) -"- 8 

33 Manganese (Mn) -"- 8 

34 Nickel (Ni) -"- 8 

35 Cobalt (Co) -"- 8 

36 Chrome (Cr) -"- 8 

  5. Trace metals in the Bottom Sediments   

37 Sampling of Bottom Sediments sample 6 

38 Mercury (Hg) -"- 6 

39 Cadmium (Cd) -"- 6 

40 Lead (Pb) -"- 6 

41 Copper (Cu) -"- 6 

42 Zinc (Zn) -"- 6 

43 Ferrum (Fe) -"- 6 

44 Manganese (Mn) -"- 6 

45 Nickel (Ni) -"- 6 

46 Cobalt (Co) -"- 6 

47 Chrome (Cr) -"- 6 

48 Arsenic (As) -"- 6 

49 Aluminium (Al) -"- 6 

50 Barium (Ba) -"- 6 

51 Vanadium (V) -"- 6 

52 Molybdenum (Mo) -"- 6 

53 Selenium (Se) -"- 6 

  6. Organic Pollutants in the Bottom Sediments   

54 Granulometric Analysis sample 6 

55 Total Petroleum Hydrocarbons (Infra Red Method) -"- 6 

56 PAHs (including benz(a)pyren) -"- 6 

57 Chlorinated Pesticides -"- 6 

58 PCBs -"- 6 

59 Phenols Total -"- 6 

60 Corganic -"- 6 

61 Sampling pre-treatment for analysis of Trace Metals -"- 6 

62 Sampling pre-treatment for TPHs determination in the BS -"- 6 

  7. Pollution in hydrobionts   

63 Mercury (Hg) sample 6 

64 Cadmium (Cd) -"- 6 

65 Lead (Pb) -"- 6 

66 Copper (Cu) -"- 6 

67 Zinc (Zn) -"- 6 

68 Nickel (Ni) -"- 6 
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№ Measured parameters Unit Number 

69 Cobalt (Co) -"- 6 

70 Chrome (Cr) -"- 6 

71 PAHs (including benz(a)pyren) -"- 6 

72 Chlorinated Pesticides -"- 6 

73 PCBs -"- 6 

  8. Biological samples treatment   

74 Plankton sampling (phyto-, zooplankton) 2000 12 

75 Ichtyoplankton 2500 6 

76 Mesozooplankton 5000 12 

77 Macroplankton (Gelatinous plankton) 2000 6 

78 Phytoplankton 5000 12 

79 Microbiology (bacterioplankton) 1500 6 

88 Dolphins + Birds route 3 

 

Table II.1-6. Measured parameters and estimated number of samples in 12-month NPMS 

№ Measured parameters Unit Number 

  1. Expedition works   

1 Meteorological parameters  set 6 

  2. Water: Standard Hydrochemistry   

2 Water sampling sample 72 

3 Temperature profile 12 

4 Salinity profile 12 

5 Chlorinity sample 72 

6 Transparency (Disk Secchi) cast 12 

7 Nitrogen Ammonium N-NH4 sample 72 

8 Nitrogen Nitrites N-NO2 -"- 72 

9 Nitrogen Nitrates N-NO3 -"- 72 

10 Nitrogen Total (including organic) Ntotal -"- 72 

11 Phosphorus Phosphates P-PO4 -"- 72 

12 Phosphorus Total Ptotal -"- 72 

13 Siliceous Silicates Si-SO4 -"- 12 

14 Dissolved Oxygen -"- 72 

15 BOD5 -"- 72 

16 Hydrogen ion (pH) -"- 72 

17 Alkalinity -"- 72 

  3. Water: additional parameters   

18 Total Petroleum Hydrocarbons (TPHs) -"- 12 

19 Chlorophyll -"- 72 

20 Suspended Solids (SS) -"- 12 

  4. Biological samples treatment   

21 Plankton sampling (phyto-, zooplankton) sample 72 

22 Ichtyoplankton net 12 

23 Mesozooplankton net 12 

24 Macroplankton (gelatinous plankton) net 12 

25 Phytoplankton sample 72 

26 Microbiology (bacterioplankton) sample 72 
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II.1.5. Sampling and laboratory analysis 

Temperature and salinity were recorded vertically with a CTD probe. Zooplankton (including 

ovae and larvae of ctenophores) were collected with a Juday plankton net (0.1 m2 opening, 180 

µm mesh size), and gelatinous plankton (ctenophores and medusae) were collected with a 

smaller modification of Bogorov-Rass net (0.2 m2 opening, 500 µm mesh size).  

For collections of phytoplankton the water bottles of  CTD were used. In the shallow area 

samples were taken from the bottom to surface and the deep-water zone, samples were taken 

from the upper boundary of the hydrogen sulphide layer to the surface of the sea. The position 

of the boundaries of the vertical stratification of the water column was determined according 

to the probe STD. Collection of phytoplankton and bacterioplankton carried out layer by layer, 

with inclusion also a surface horizon. Total zooplankton and gelatinous plankton were collected 

from the bottom layer to the surface in the coastal zone. 

Sampling and laboratory analysis was done by the qualified staff (key experts of the project 

supervised the whole process of sampling collections for all elements) from the following 

national laboratories:  

• Laboratory of Hydrochemistry, Southern branch SIO RAS, Gelendzhik (List of equipment 

in Appendix I.) 

• Laboratory of Ecology, Southern branch IO RAS, Gelendzhik 

• Laboratory of Structure and Dynamics of Plankton Communities, SIO RAS, Moscow 

• Taifun, Moscow 

Standardised and harmonised methods were used for sampling and subsequent analysis of the 

quality elements and parameters (Standard Operational Procedures to be provided).  

 

II.1.6. Quality Control/Quality Assurance measures  

To ensure the accuracy and precision as well as the overall reliability and comparability of the 

collected data a transparent and well-specified analytical quality control procedure has to be 

applied by the laboratories involved.  

- Standard sampling procedures for all parameters 

- Control of the preparatory tasks before sampling 

- Common sampling protocols and also analytical methods were agreed on the joint 

workshop of participants of EMBLAS Project before the NPMS. 
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II.2. Meteorological and hydrological description of the main 
physical parameters   

T. Shiganova1, A. Mikaelyan1, V. Ocherednik2 

 
1 P.P. Shirshov Institute of Oceanology, Russian Academy of Sciences (SIO RAS), Moscow, Russian Federation 
2 Southern branch Institute of Oceanology, Russian Academy of Sciences (SB SIO RAS), Gelendzhik, Russian Federation 

 

The sampling site of the NPMS 12-month monitoring study was located in 4.3 miles off-shore 

near town Gelendzhik (Blue Bay) over the sea bottom depth of 500-700 m (Table II.1-3, 

Figure II.1-3). This region is transitional zone between coastal and the open waters. Biological 

annual succession is less undergone 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. 

 

Figure II.1-4. Scheme of sampling locations during the NPMS RF: pilot monitoring study  

in Anapa Bay (left insertion) and Gelendzhik Bay (left insertion).  

12-month NPMS near Blue Bay (central insertion).   

 

II.2.1. Results 

During 2016 starting from May 6 stations consisting of vertical series (6 depths) were fulfilled in 

the frame of EMBLAS-II Project. Another 9 stations with chemical measurements were 

conducted in the same location in the frames of the national scientific programs. These stations 

filled time gaps in sampling and were added to NPMS 12 months study as in-kind contribution 

of the Russia Federation. Thus, the total number of stations with chemical measurements was 

15; the total number of sampling depths was 90. 
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Table II.1-7.  Coordinates of station and sampling during 12-month (6 months) monitoring 

station off the Blue Bay.  

№ 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 zoos 

 

 

Figure II.1-5. Vertical distribution of salinity (a) and temperature (b, oC) from May to 

November 2016 during NPMS long-term study in Gelendzhik. 

 

During explored time period salinity at sea surface varied in a narrow range from 17. to 18 

(Figure II.1-5a). 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 II.1-5b). The thickness of the upper mixed layer decreased from about of 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, minimal 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 effect caused by mesoscale eddies which regularly 

occurred along the Caucasian shelf slope (Zatsepin et al., 2003). This event in 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. 

 

NPMS pilot RF 

Three regions were chosen for NPMS pilot studies: (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 

minimal load on the ecosystem and (3) station off the Blue Bay, area with the transition waters 

corresponded to sampling site of 12-month monitoring study (Figure II.1-4, Tables II.1-8 and 

II.1-9). Works were fulfilled on R/V "Ashamba" from 8 to 10 May 2016. 
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Table II.1-8.  Coordinates of stations and sampling during pilot study near Gelendzhik Bay. 

№ 
Station  

Bottom 
depth  

Latitude Longitude  
Water sampling 

depths 

Water/ 

Bottom 
sampling  

Chemistry, 

Phytoplankton, 

Bacteria, 

Zooplankton 

1г 10 44° 34.095'С 38° 2.986'E 2* 1 2/1/2 

2г 25 44° 32.837'С 38° 1.901'E 3** 1 3/1/3 

3г 65 44° 30.382'С 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 II.1-9.  Coordinates of stations and sampling during pilot study near Gelendzhik Bay. 

№ 
Station  

Bottom 
depth  

Latitude Longitude  
Water sampling 

depths 

Water/ 

Bottom 
sampling  

Chemistry, 

Phytoplankton, 

Bacteria, 

Zooplankton 

1б 4 45° 1.624'С 37° 5.461'В 1 - 1/0/1 

2б 10 45° 2.267'С 37° 5.782'В 2* 1 2/1/2 

3б 16 45° 1.563'С 37° 5.343'В 3** 1 3/1/3 

4б 21 45° 0.084'С 37° 4.325'В 3 1 3/1/3 

*, ** the same as on the table 4. 
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II.3. NPMS 12-month study near Gelendzhik - Chemistry 

V. Chasovnikov1 

 

1 Southern branch Institute of Oceanology, Russian Academy of Sciences (SB SIO RAS), Gelendzhik, Russian Federation 

II.3.1. Methods 

The concentration of nutrients in water was determined according to (Regulatory 

Documentation), namely, inorganic phosphorus (P-PO4) by colorimetry, using the modified 

Murphy and Riley method; silicates (Si), colorimetrically according to blue silicon–molybdenum 

complex (Koroleff method); nitrites (NO2), colorimetrically; nitrates (NO3), colorimetrically after 

reduction to nitrite nitrogen on cadmium columns; ammonium (NH4), colorimetrically by the 

Sagi–Solorzano method. The concentration of dissolved oxygen was measured by the approach 

elaborated by Winkler. 

II.3.2. Results 

NPMS 12-months study in Gelendzhik 

Monitoring on hydrochemical conditions on the sampling site from March to November 2016 

showed conspicuous changes in macro-nutrients and oxygen. Decreasing trend in the near 

surface layer was observed in concentration of oxygen which fall from 330 to 270 M (Figure 

II.3-1 a), in silicate exposing decline from 2 to 1 M (Figure II.3-1 b), in nitrate showing decline 

from 1.2 to 0.7 µM (Figure II.3-1 d) and in nitrite changing from 0.2 to 0.05 µM (Figure II.3-1 e). 

In contrast, highest concentrations of phosphate and ammonium occurred from May to August 

(Figure II.3-1 c, f). 

All explored parameters manifested drastic changes during the period from 10 to 27 June. All of 

them demonstrated increased concentration (Figure II.3-1 a-e) with exception of ammonium 

(Figure II.3-1 f). Partly, the origin of these changes was a wind induced upwelling occurred in the 

study area. Strong north-eastern wind was recorded in 24-25 June. Before and after the 

sampling have been done. The wind induced upwelling most evidently affected the Si increasing 

its concentration by 2 times up to 4.4 M in the upper 50-m water column (Figure II.3-1 b). 

Increase in nutrient concentration led to increase of photosynthesis rate. This fact is supported 

by elevated amount of oxygen. Increase in nutrient consumption resulted in depletion of all 

nutrients in the early July, which was well seen throughout all 50-m layer (Figure II.3-1 b-f). 

Such reaction of the local ecosystem to north-eastern wind is well known phenomenon. The 

frequency of this event varied between years. 1-2 weeks after upwelling the hydrochemical 

environment returned back to the pre-upwelling conditions. The increase in phosphate and 

nitrate was observed before the strong wind. Currently, there is no explanation.  Possible the 

reason was in the cross-shelf water advection, which induced by currents and well documented 

for Caucasian shelf region (Zatsepin et al., 2003). Anyway, such periodical enrichments of the 

upper layer with nutrients is essential for shelf and near shelf ecosystem functioning and should 

be considered when the reference conditions of this region will be defined. 
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Figure II.3-1 Temporal changes in vertical distribution of hydrochemical parameters in the 

upper 60-meter layer during NPMS RF 12 months study: oxygen (a), silicate (b), phosphate 

(d), nitrate (d), nitrite (e) and ammonium (f).  

Comparison with historical data (Table II.3-1) showed that in 2016 the main inorganic nutrients 

limiting phytoplankton growth demonstrated increase. Silicate and ammonium showed maximal 

values. Trend in decrease of silicate which was observed in the region since 2012 was not 

confirmed in 2016. Such high concentration of silicate might be reflected in species composition 

of the phytoplankton. 

Table. II.3-1.  Mean annual meanings of chemical parameters in the upper 50-m layer on 4-

mile transect in 2014-2016. 

Parameter 
Mean 

2014  2015  2016 

Oxygen (O2), мкМ 275.9 331.4 276.4 

pH 8.52 8.57 8.43 

Alkalinity, mg-eqv/L 3.293 3.296 3.244 

Phosphate(PO4), µM 0.06 0.05 0.07 

Phosphorus total, µM 0.33 0.25 0.26 

Silicate(Si), µM 2.20 1.97 3.18 

Nitrate (NO3), µM 0.77 0.68 0.60 

Nitrite (NO2), µM 0.06 0.05 0.09 

Ammonium (NH4), µM 0.65 0.67 1.06 

Total inorganic nitrogen, µM 1.47 1.45 1.82 
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During 2017 starting from May 6 stations consisting of vertical series (6 depths) were fulfilled in 

the frame of EMBLAS-II Project. Another 9 stations with chemical measurements were 

conducted in the same location in the frames of the national scientific programs. These stations 

filled time gaps in sampling and were added to NPMS study as in kind contribution of the Russia 

Federation. Thus, the total number of stations with chemical measurements was 15; the total 

number of sampling depths was 90. 

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 effect caused by mesoscale eddies which regularly 

occurred along the Caucasian shelf slope (Zatsepin et al., 2003). This event in 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. 

 

Figure II.3-2. Temporal changes in vertical distribution of hydrochemical parameters in the 
upper 60-meter layer during NPMS RF in 2017: oxygen (a), silicate (b), phosphate (d), nitrate 

(d), nitrite (e) and ammonium (f). 
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Figures II.3-2 (a-f) shows the time-dependent changes in the content of biogenic elements in the 
upper 60-meter layer of the sea at a station above the isobaths of 500 meters on a 5-mile section 
(at the top of the date of exits to the sea). 
 
The analysis of the obtained graphs of the annual course of hydrochemical parameters according 
to the data of ship monitoring shows that in the expedition season of 2017 the minimum content 
of biogenic elements in the active layer of the sea falls on the beginning of autumn (Fig. II.3-1b-
f).  

Thus, based on obtained material one can conclude the following: 

• In 2016 trend in increase of concentration of silicate and ammonium was observed.  

• The wind induced upwelling seriously affects hydrochemical environment in the region.   

• Such events could be traced for 2 weeks and should be considered in estimating of annual 

means.  
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II.4. 12-months NPMS RF - biology 

II.4.1. Microplankton (bacterioplankton)  

D. Zasco1 , I. Mosharova2 

 

1 Southern branch Institute of Oceanology, Russian Academy of Sciences (SB SIO RAS), Gelendzhik, Russian Federation  

2 P.P. Shirshov Institute of Oceanology, Russian Academy of Sciences (SIO RAS), Moscow, Russian Federation 

II.4.1.1. Methods 

Estimation of the total number of bacteria was conducted by standard methods of 

epifluorescent microscopy (Sherr et al., 2001). Samples were collected in sterile plastic tubes 

and fixed with formaldehyde to the final concentration of 4 %. Then samples were kept in 

refrigerator at 6-8oC. In a land laboratory samples were stained with universal fluorochrome 

acridine orange for enumeration of total number of bacteria. Stained samples were filtered 

through black Nucleopore filters (Whatman) with the pore size of 0.22 M. The funnel Millipore 

(USA) with the diameter 25 mm was used. The slides were examined under epifluorescence 
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microscopes (JOSS: FLUOVAL, Germany; NPMS: LUMAM, Russia) with UV and blue light filter 

sets (Hauer et al. 2001). Final magnification was 1000.  

From 20 to 40 fields of vision was examined. The total number of counted cells was not less than 

400. Linear dimensions of bacteria cells were measured considering the shape of the cell. 

Coefficient 1.6 was applied for cell biomass calculation in order to compensate the shrinking of 

the cells during fixation and staining (Sazhin et al., 1987). Wet biomass was converted to dry 

weight using coefficient 0.15. Dry weight was converted to carbon content with coefficient 0.5. 

II.4.1.2. Results 

NPMS 12-month study  

In 2016 bacterioplankton was collected from May to November2016, for 6 times at the 

sampling site with the seabed 500 m (see map in Chapter II.1). Vertical profile consisted of 6 

depths. 

 

Figure II.4-1. Vertical distribution of abundance (a) and biomass of bacterioplankton (b)  

on 500-m station on the Gelendzhik shelf in 2016. Dates of sampling are shown on the 

upper X-axis.  

From May to November 2016 bacteria were represented by sticks and vibrions of various sizes. 

The share of other morphotypes was minimal. They were represented mainly by small and 

medium size coccobacteria. Small-size forms of stick, vibrion and coccus predominated in the 

community averaging by numbers 80%. The share of medium and large cells increased with 

depth. This distribution was observed during all seasons.  

From May to November 2016 the total numbers of bacteria in the water column varied   from 

0.15 to 0.95 × 106 cell/L (Figure II.4-1a). In May, bacterioplankton was distributed evenly with 

the average of 0.34 × 106 cell/L. In June, abundance of bacterioplankton increased to 0.57 × 106 

cell/L with the maximum at depth of 20 m. In July, the total cell numbers were close to June 

values (0.5 × 106 cell/L). Maximal abundance (0.7 × 106 cell/L) was recorded in August showing 

high values in the whole water column. In autumn the total numbers of bacteria decreased in 

the upper 25-m layer. Maximal abundance (up to 0.5 × 106 cell/L) occurred at depth 30-40 m. 
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Biomass of bacterioplankton changed from May to December from 5 to 45 g C/L. Spatial 

distribution of biomass generally repeated that of abundance.  

In 2017 bacterioplankton was collected from May to October2017, for 7 times at a sampling 

site with the seabed 500 m (see map in Chapter I). Vertical profile consisted of 6 depths. 

From May to October bacteria were represented by sticks and vibrions of various sizes. The 

share of other morphotypes was minimal. They were represented mainly by small and medium 

size coccobacteria. Small-size forms of stick, vibrion and coccus predominated in the community 

averaging by numbers 80%. The share of medium and large cells increased with depth. This 

distribution was observed during all seasons.  

On the monitoring station from April to October 2017 the total number of bacterioplankton 

from the surface to 120 m, ranged from 150 thousand to 1,500 cells/ml (Fig. II.4-2). In May 2017 

bacterioplankton has been distributed in water spotty and the average value of the total number 

is equal to 611 thousand cells /ml. In June 2017 , the number of bacterioplankton has decreased 

slightly (318 thousand cells/ml) and evenly distributed in the water column. In July 2017, the 

total number sharply increases (1000 thousand CL / ml), with highs on the surface and on the 

horizon of 20 m. 

In August 2017, the total number of bacterioplankton has decreased (600 thousand cells/ml) 

throughout the water column. By early and late September and beginning of October, the 

bacteria are evenly distributed in the water column and their number has decreased (570 and 

400 thousand cells/ml.). 

 

Figure II.4-2. Vertical distribution of abundance (a) and biomass of bacterioplankton (b) 

on 500 m station in the Blue Bay  in 2017. (Dates of sampling are on the upper X-axis.)  

II.4.1.3. Gaps 

The nature of Black Sea microbial diversity remains an important issue for further exploration. 

Indeed, the taxonomic diversity is just the first step of the analysis that lays the background for 

the subsequent research of microbiome functions. The presence or absence of the particular 

OTU gives the insight into the potential role of this OTU in biogeochemical processes at a certain 

depth, yet it does not indicate that this role and this function are actually being performed at 

the certain geographical and time point. Therefore, the main gap is the metatranscriptome study 

of Black Sea microbial communities. 
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II.4.1.4. Recommendations 

To conduct the metatransciptome study of Black Sea microbial communities in order to describe 

the horizontal distribution of genes responsible for the certain processes in biogeochemical 

cycles and the role and function of the particular Black sea microbial groups in microbial loop 

and in food webs in general. To implement the methods of total bacterial count and biomass 

estimation simultaneously with metagenomic and metatransciptomic analysis at the same 

geographical and time scale.  
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II.4.2. Mesozooplankton  

T. Shiganova1, L. Anokhina1 

 
1 P.P. Shirshov Institute of Oceanology, Russian Academy of Sciences (SIO RAS), Moscow, Russian Federation 

 

In 2016 the team of P.P.Shirshov Institute of Oceanology - RAS conducted six cruises along 

transect from the coast of Blue Bay  up to 500 m since May till December  2016, which included 

3 station of long term national monitoring survey and one site in frame of project EMBLAS-II. 

In 2017 seven cruises were organized, along transect from the coast of Blue Bay up to 500 m 

since May till October 2017, which included 3 stations of long term national monitoring survey 

25 m, 50 m, 100m and one site in frame of project EMBLAS-II with monitoring station above 500 

m depth. 

II.4.2.1. Method 

Mesozooplankton was collected by vertical hauls with Juday net  (opening mouth 0,1 m-2, mesh 

size 150 mk. Samples were immediately preserved in 4% formaldehyde buffered to pH 8-8.2 

with disodium tetraborate (borax) (Na2B4O3·10 H2O) formalin solution (1 part 40% formaldehyde 

solution and 9 parts water- sample) and stored in plastic containers. In the laboratory, the 

samples were concentrated to 100-200 ml and processed total samples to avoid losing rare or 

new species occurrence. A Bogorov’s chamber was used for quantitative assessment 

(abundance and biomass calculation, using species individual weight) and qualitative (taxonomic 

structure) processing of samples. 

II.4.2.2. Results 

According to the observations in 2016, mesozooplankton biomass (mg·m-3)  seasonally changed 

with a peak in late July-August 2016 (Figure II.4-3). However, biomass was not high , mean 142 
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mg.m-3 (with a range 92-175 mg.m-3) in deeper waters biomass was higher due to lower biomass 

of M.leidyi during its mass development (Figure II.4-3, II.4-4) . 

 

Figure II.4-3. Seasonal development of edible zooplankton (without gelatinous 

species: Noctiluca scincillans, Pleurobrachia pileus and early stages of Mnemiopsis leidyi, 

Beroe ovata and Aurelia aurita, in 2016. 

 

Figure II.4-4. Seasonal development of invasive ctenophores  

M.leidyi and B.ovata in 2016. 

 

M.leidyi was recorded in low abundance in May and B.ovata was found at the same stations 

already in May, which happened only during last years. During first years B.ovata appeared in 

late August or even September. As it was assessed in the previous publications  the appearance 

and abundances of the two species determined by environmental conditions, first of all 

temperature (Shiganova et al. 2014). With warming  during last years first M.leidyi and follow it  

B.ovata began to appear in water column and developed earlier. What are new now, M.leidyi 

and B.ovata appearance coincides, while in previous years B.ovata appeared in water column 

when M.leidyi reached peak of reproduction in early or late August (Shiganova et al. 2014).  
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Thus, according to the assessment M.leidyi abundance was low (<5 ind.m-3) in 2016 which 

corresponded to GES (Shiganova et al., 2014).  

At the same time in coastal waters Noctiluca scintillans biomass was extremely high in May 2016 

reaching mean 329 mg.m-3 with a range 159-412 mg.m-3 that was comprised up to 85 -97% total 

zooplankton biomass. In the deep waters above 500 m depth biomass N. scintillans was lower 

with mean 112 mg.m-3, which comprised 38% of total zooplankton biomass. That was time of N. 

scintillans sexual reproduction in coastal waters in May.  In June N. scintillans biomass was lower 

but still high comprising mean 72,7% of total zooplankton biomass in coastal waters. In July 

percent of N. scintillans was low in all studied area (1-2% of  total zooplankton biomass). 

However, in the middle August 2016 N. scintillans second peak of biomass was recorded above 

the depth m 50 at the layers closer to thermocline (Figure II.4-5).   

 

Figure II.4-5. Seasonal variability of zooplankton species composition and biomass in 

north-eastern Black Sea in 2016 along transect. 

Proposed thresholds for zooplankton biomass in summer are as follows: coastal (550-280 mg·m-

3), shelf (300-130 mg·m-3) and open sea (150-50 mg·m-3). Established threshold for good 

environmental status is % N. scintillans <30%. Open sea mesozooplankton biomass and percent 

of Noctiluca scintillans corresponded to GES, whereas in coastal waters and shelf is not for N. 

scintillans during its seasonal development in May-June and in deeper layers in August and 

November 2016. 
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According to the observations In 2017, the development warm water species began earlier than 

usually due to higher temperature already in spring. Peak of zooplankton abundance was 

recorded as usually in August with high value 6937,9 ind.m-3 and abundance was also very in 

first part of September as well in shelf waters (0-100 m) in 2017.  In deeper waters (above depth 

500 m) in upper layer above thermocline abundance was higher 12915 ind.m-3 due to lower 

biomass of M.leidyi during its mass development ((Fig. II.4-6 A,B) . 

 

Figure II.4-6. Seasonal development of edible zooplankton in shelf (0-100m) and open sea 

(above  500m) (without gelatinous species: Noctiluca scincillans, Pleurobrachia pileus and 

early stages of Mnemiopsis leidyi, Beroe ovata and Aurelia aurita). 

Zooplankton species diversity was high, among alien species Oithona davisae  was very 

abundant since August till October with maximum in deeper waters (no data after October). 

At the same time in coastal waters Noctiluca scintillans biomass was extremely high in April 

comprising 85-90% total abundance and reaching 13800 maximum 13900 ind.m-3 with a range 

7200-13900 ind.m-3. In the deep waters above 500 m depth biomass N. scintillans was highest, 

comprising 90% of total zooplankton biomass. That was time of N. scintillans sexual 
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reproduction in the coastal waters.  In May-July N. scintillans abundance was lower but still high 

comprising mean 38-72 % of total zooplankton abundance with maximum in deep waters In 

August share of N. scintillans was low in all studied area (1-2% and less of  total zooplankton 

biomass). Second peak of N. scintillans abundance was not recorded in May (Fig. II.4-7).   

 

Figure II.4-7. Seasonal variability of zooplankton species composition and abundance in 

north-eastern Black Sea in 2017 along transect. 

In 2016 the biomass of copepods (%) - contribution of copepods biomass to total 

mesozooplankton biomass comprised 13-26%  at the depth 500 m and only 0,5-5% of biomass 

in coastal waters and shelf.  Particularly low percent of Copepoda was recorded during peak of 

M.leidyi development in July and early August  1,2-4% in shelf waters which is not corresponded 

to GES in both areas while at the depth 500 m percent of Copepoda was higher 26,6% before 

and 13% during and after peak of M.ledyi.  The GES boundary was estimated to be 42%.  

In 2017 the abundance of copepods (%) - contribution to total mesozooplankton abundance  

comprised mean 79- 84,1%  and at the depth 500 m 98% . Even in peak of M.leidyi development 

in July percent of Copepoda was 55,57 % in shelf waters and 51,5% in open sea (above 500m 

depth)  which is corresponded to GES in both areas and after peak of M.ledyi percent of 

Copepoda abundance was lower. Abundance for estimation has been taken into account, but in 

in August-September there was a high development of Cladocera which comprised high share 

of abundance. 

Shannon-Weaver index (bit·ind-1) – reflects the number of species in a dataset, considering how 

evenly the basic entities (such as individuals) are distributed among species. So, this index 

reflected total biodiversity of mesozooplankton. The boundary for good status was accepted 3 

bit·ind-1 for coastal and shelf habitats, while 2.5 bit·ind-1 was for open sea. In 2016 the index 
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was low  1,2 in the open sea and 0,3 in shelf. In 2017 the index was maximal  2,5  in the open 

sea and maximal 2,3 in shelf. It is higher than in 2016, but still is not correspond GES. 

 

Indicators of GES of the sea interior ecosystem 

Preliminary analysis of macro- and mesozooplankton data for identification of environmental 

status (GES) has been assessed to the north-eastern transect area.  Using categories GES (Good 

Environment Status) provided MSFD and includes two-point rating scale: 1) GES - Good 

Environment Status, 2) LES - Low Environmental Status. For these purposes, the thresholds 

defined above cited indicators of mesozooplankton (Moncheva, Boicenco, 2014). In recent 

years, the majority of biological indicators, which are used to assess the quality of the marine 

environment, provide for a five-point rating scale according WFD. 

For zooplankton thresholds that scale have been developed for the coastal zone of the Black Sea 

(Stefanova et al., 2016). This scale was also used for the preliminary analysis of the assembly 

material. 

Total biomass of zooplankton has maximal sensitivity in comparison with others indicators 

(Table II.4-1 and Table II.4-2). This characteristic has been used to analyse the spatial distribution 

of environmental quality. 

Table II.4-1. Ecological status of marine environment (GES), in the northeastern Black Sea on 

the base macro- and mesozooplankton state indicators in 2016. 

Month 

Mean edible 
zoo.B, 

mg·m-3 

ES 
Mean Noc, 

% 
ES 

Mean 
M.leidyi 

ind.m-3 

 
Cop, 

% 
GES  

Mean 
Sh, 

bit·ind-1 

 

ES 

  Coastal waters 10-100 m   

May 
15,5 

Bad 96,8 Bad 
0,26 Good 

1,9 Bad 
0,1-

0,012 Bad 

June 23,2 Bad 82,8 Bad 0,288 Good 1,2 Bad 0,1-0,28 Bad 

July 164,9 Moderate 0,13 Good 1,56 Good 8,0 Bad 0,25-0,3 Bad 

August 163 Moderate 30,1 Moderate 0,1 Good 2,8 Bad 0,35-0,5 Bad 

November 
 

         

 

 

         

 Shelf waters (100-200 m) 

May 21,9 Bad 89,5 Bad 0,25 Good 3,25 Bad 0,5-1,2 Bad 

June 21,35 Bad 52,5 Bad 0,32 Good 3,4 Bad 0,5-1,2 Bad 

July 52,328 Poor 20,3 Good 1,8 Good 2,1 Bad 0,5-1,2 Bad 

August 64,7 Poor O,7 Good 0,4 Good 5,1 Bad 0,5-1,2 Bad 

November 
 

         

 Open sea (500 m) 

May 179,8 Good 38 Bad 0.0125 Good 26,6 Good 1,5-2 Moderate 

June 161 Good 11,3 Good 0,27 Good 26,2 Good 1,5-2 Moderate 

July 48,3 Good 0,48 Good 0,043 Good 7,5 Bad 1,5-2 Moderate 

August 91,2 Good 37,8 Bad 0,08 Good 3,162 Bad 1,5-2 Moderate 

November 102,4 Good 37,9 Bad 0 Good 13,1 Moderate 1,5-2 Moderate 

Note. Mesozooplankton indicators: B zoo- total edible zooplankton biomass, Noc.- % of Noctiluca scintilans in 

total zooplankton biomass, Cop,%  Percent of Copepoda in total biomass of edible zooplankton,  Sh- Shennon-

Weaver index. 
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Table II.4-2. Ecological status of marine environment (GES), in the northeastern Black Sea on 
the base macro- and mesozooplankton state indicators in 2017.  

Month 

Mean 
edible 
zoo.N, 

ind·m-3 

ES 

Mean 
Noc, 

% 

ES 

Mean 
M.leidyi 

ind.m-3 

GES Cop,% ES 
Mean Sh, 
bit·ind-1 

ES 

  Coastal waters 10-100 m   

April 1489,75 Bad 86,3 Bad  Good 79 Good 0,9 Moderate 

June 1494,5 Bad 55,5 Bad 0,02 Good 84,1 Good 0,29-0,48 Bad 

04 July 1699,4 Moderate 55,8 Good 0 Good 46,9 Good 0,65-1,3 Moderate 

27 July 2051,3  Moderate 4,9 Good 0,09 Good 58,5 Good 0,6-1,2 Moderate 

August 6937 Good 0,9 Good 0,045 Good 55,67 Good 0,9-2,3 Moderate 

4 September 6805  Good 0,008  
0,02 Good 39,25 Moderate 0,5-0,9 Moderate 

27 September 4376 Good 3,07 4,3 0,04 Good 37 Moderate 0,8 Moderate 

 
Open sea (500 m) 

 
Mean edible 

zoo N, 
ind·m-3 

GES 
Mean 
Noc,  % 

GES 

Mean 
M.leidyi 

ind.m-3 

 Cop, % 
  GES 

 

Mean 
Sh,  

bit·ind-1 

GES 

April 2379,633 Good 85,38 Bad 0,27 Good 98 Good  1,5-2 Moderate 

June 724 Moderate 76,82 Bad 0,043 Good 89 Good 1,5-2 Moderate 

4 July 816,8 Moderate 71,2 Bad 0,08 Good 77,7 Good 1,5-2 Moderate 

27 July 2333,2 Good 34,3 Bad 0,02 Good 89,7 Good 1,5-2 Moderate 

August 12915 Good 0,09 Good 0,04 Good 51,5 Good 1,9-2,5 Moderate 

4 September 3663,2 Good 0 Good 0,04 Good 18,3 Moderate 1,8-2,9 Moderate 

27 September 10344 Good 0,2 Good 0,02 Good 12,65 Moderate 1,8-2,3 Moderate 

 
Note. Mesozooplankton indicators: B zoo- total edible zooplankton abundance, Noc.- % of Noctiluca scintilans in 
total zooplankton biomass, Cop,%  Percent of Copepoda in total biomass of edible zooplankton,  Sh- Shennon-
Weaver index. 

 

Thus, according to the assessment of macro-and mesoplankton parameters environmental 

status is still mainly not good in the north-eastern Black Sea, in spite of great decrease of 

population M.leidyi. Biomass of N.scintilans was still high in April- May-June in coastal areas and 

August in shelf waters during it seasonal development. Species diversity and share of Copepoda 

are still low in the coastal and shelf waters.  
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II.4.3. Macroplankton  

Gelatinous plankton observations in 2016 in NPMS RU 

 

T. Shiganova1 

 

1 P.P. Shirshov Institute of Oceanology, Russian Academy of Sciences (SIO RAS), Moscow, Russian Federation 

II.4.3.1. Introduction 

Gelatinous plankton plays important role in the functioning of the marine ecosystems and in the 

cases of excessive bloom its role is negative.  Gelatinous  species and particularly invasive ones 

blooms have become a major threat to marine ecosystems, leading to biodiversity loss, 

ecosystem degradation, economic and social impacts. The Black Sea is one of the basins, which 

has extremely become degraded from blooms of gelatinous species first native then invasive.  

There are two species of Scyphozoa  among native  species the most common and widely 

distributed jellyfish Aurelia aurita (L),  and another Rhyzostoma pulmo (Macri,1778)  which is a 

rather usual species in the Black Sea; it dwells mainly in the near-shore regions of the Black Sea 

and sometimes penetrates with currents to its open part and one ctenophore Pleurobrachia 

pileus O. Muller.  

Since 1980, native gelatinous species have considerably increased their population size and 

distribution areas in the Black Sea. Among them Aurelia aurita blooms were the most 

considerable. Increase abundance of Aurelia aurita was facilitated by different anthropogenic 

factors and climate change, the first among which were man-made eutrophication and later 

increasing surface water temperature.  

But the most dramatic event, which followed native gelatinous species blooms, was invasion of 

ctenophore Mnemiopsis leidyi A.Agassiz 1865 in early 1980s and its considerable impact on the 

total Black Sea ecosystem. Ten years later its predator Beroe ovata sensu Mayer was introduced 

in the Black Sea and ecosystem began gradually to recover (Shiganova et al., 2014).  

With respect to their origin native gelatinous species belong to moderately cold-water species: 

the ctenophore Pleurobrachia pileus,  scyphomedusa Aurelia aurita, Phisostoma pulmo and the 

pyrophyte alga Noctiluca scintillans. Two warm water invasive ctenophores Mnemiopsis leidyi 

and Beroe ovata arrived and established in upper warm up layer. 
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Figure II.4-8. Subdivision of the gelatinous species in their relation to mean seasonal, annual 

and minimal winter SST: analyses of field data according to main component method). 

 

In spite of recovering of some trophic levels both invasive ctenophores and native jellyfish 

Aurelia aurita are still the main drivers of pelagic ecosystem functioning of the Black Sea. 

 

II.4.3.2. Materials and methods 

Gelatinous plankton in SIO RAS surveys was collected by vertical hauls with shorten modification 

of Bogorov-Rass net ( opening mouth 0,5 m-2, mesh size 500 µk)  along transect. Samples were 

taken from boundary of anoxic layer to surface. At the monitoring station samples were taken 

from the upper boundary of thermocline to surface and from boundary of anoxic layer to the 

surface. Boundaries of vertical stratification were identified by CTD. Species were identified and 

their weights estimated according to Black Sea Monitoring Guidelines – Macroplankton 

(Shiganova et al., 2014) 

Since the preservation of ctenophores and large scyphozoan species are very problematic, 

measurements of size, counting and weighing of these organisms have been made immediately 

after sampling.  

Ovae and small larvae M.leidyi and B.ovata, all specimens of Pleurobrachia pileus, planulae and 

ephyrae of scyphozoa have been preserved with 2 % formaldehyde. 
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II.4.3.3. Results 

In 2016 the seasonal development gelatinous plankton was observed during EMBLAS station 

sampling and during national NPMS Ru sampling along Gelendzhik transect. 

 

Figure II.4-9. Species composition and abundance of gelatinous plankton  

during NPMS RU survey 

 

In May 2016 in surface layer Aurelia aurita was the most abundant, next was P.pileus, M.leidyi 

was found in a few numbers (Figure II.4-9A). In deep waters under thermocline A.aurita and P. 

pileus were the only species found in May (Figure II.4-9B). In June in both layers also  A.aurita 

and P. pileus were only found. In July M.leidyi abundance was the highest and B.ovata appeared 

in water column. Small size larvae of both species appeared that argued on reproduction 

beginning.  In August M.leidyi abundance decreased under B.ovata grazing but reproduction of 

both species still continued. In November only B.ovata adults and juveniles were found, M.leidyi 

completely disappeared. In deeper waters P.pileus was abundant. 

Observations along transect showed more detailed seasonal development of both invasive 

ctenophores. M.leidyi was first recorded in low abundance in May and B.ovata was also found 

at the same stations already in May, which happened only during last years (Figure II.4-10). 

During first years B.ovata appeared only in late August or even September in water column. As 

it was assessed in the previous publications the appearance and abundances of the two species 

determined by environmental conditions, first of all temperature and prey availability 

(zooplankton for M.leidyi and M.leidyi for B.ovata  (Shiganova et al. 2001, 2004, 2014). With 
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warming during last years, first M.leidyi and followed by B.ovata began to appear in water 

column and developed earlier. What are new now, M.leidyi and B.ovata appearance coincides, 

while in previous years B.ovata appeared in water column when M.leidyi reached peak of 

reproduction in early or late August (Shiganova et al. 2014).  

 

Figure II.4-10. Seasonal development of invasive ctenophores M.leidyi and B.ovata along 

transect in 2016. Error bars: standard deviations. 

Peak of M.leidyi development coincides with a summer peak of zooplankton (Figure II.4-11).  

 

Figure II.4-11. Seasonal development of edible zooplankton in 2016.  

Error bars: standard deviations 

According to the assessment M.leidyi abundance was  low (<5 ind.m-3) in 2016 even during its 

peak, which corresponded to GES (Shiganova et al.,2014).  

But M. leidyi preying on mesozooplankton decreased its biomass and mesozooplankton biomass 

did not correspond GES boundaries since August in 2016.  

In 2017 time of ctenophores Mnemiopsis leidyi and Beroe ovata appearance in upper layer was 

similar 2016, both ctenophores appeared earlier than before 2012 (Shiganova et al., 2014) 
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However B.ovata appeared later in 2017 than in  2015-2016 years in July, and began to 

reproduce in August probably due to very low abundance of   M.leidyi. Abundance of M.leidyi 

was very low even in is peak because of very high temperature (>26-270 С). That is unfavorable 

for M.leidyi reproduction.  It stop reproduction at temperature higher than 270 С (Shiganova et 

al., 2018). 

 

Figure II.4-12. Seasonal development of invasive ctenophores M.leidyi and B.ovata in 2017.  

These results indicate a decrease in the abundance of the harmful species M.leidyi in recent 

years and, accordingly, its effects on the pelagic ecosystem, first of all  edible zooplankton and 

fish eggs and larvae 

Jellyfish Aurelia aurita, which increased abundance  in spring and autumn in recent years, since 

2012 due to the rise in the temperature of the surface layer and the decrease in the number of 

its competitor  M.leidyi at this time due to its eating out by B.ovata. in 2017 was numerous only 

in the spring in the area of the Blue Bay in 2017.  The rest of the year it was not numerous both 

in the coastal area and in the open part of the sea. 

 

Figure II.4-13. Seasonal development of Aurelia aurita in 2017 
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II.4.4. Ichthyoplankton   

II.4.4.1. Material and Method 

In NPMS RU Gelendzhik sampling was conducted along transect from Blue Bay and at monitoring 

station of EMBLAS above 500 m at the end of transect from May to December 2016 

The samples - fish eggs and larvae (ichthyoplankton) were collected by vertical hauls with 

shorten modification of Bogorov-Rass net ( opening mouth 0,5 m-2, mesh size 500 µk). Along 

transect samples were taken from boundary of anoxic layer to surface. At the monitoring station 

above 500 m) samples were taken from the upper boundary of termocline to surface and from 

boundary of anoxic layer to the surface. Boundary of vertical stratification was identified by CTD. 

Species were identified with usage Guide of T.Dekhnik (1973). Ovae and larvae of fish have been 

preserved with 4 % formaldehyde. In the laboratory, the total samples were processed. A 

Bogorov’s chamber was used for quantitative assessment (abundance and taxonomic structure 

were identified). 

II.4.4.2. Results 

Species composition and seasonal occurrence of fish eggs and larvae were observed and 

analysed during EMBLAS station sampling (500m) and national NPMS Ru sampling along 

Gelendzhik transect from May to November 2016 (Figure II.4-14) and from April to the end 

September 2017 (Figure II.4-16). 

 

 

Figure II.4-14. Occurrence and species composition of eggs and larvae along transect 

from May to November 2016. 
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During May 2016 fish eggs were recorded only at station above the depth 200 m. Among them 

anchovy eggs were the most abundant although their numbers were rather low 0,6 ind.m-3 , 

next were eggs of mullet Mugil cephalus 0,02 ind.m-3  and last singular eggs of Sprattus sprattus 

phalericus were found, which probably were collected from deeper layer. It is cold water species 

and its main spawning occurs in cold seasons (Figure II.4-14). 

In June 2016 numbers of fish eggs and species diversity increased, there were recorded  eggs of 

6 species. Among them anchovy eggs considerable increased mainly in coastal waters most 

above the depth 10 m and 30 m, maximal anchovy eggs were recorded 4 ind.m-3 and its 

appeared larvae comprised 0, 1 ind.m-3. Numbers of mullet eggs Mugil cephalus also increased 

and reached 1,2 ind.m-3. Eggs of Mulus barbatus and Mediterranean horse mackerel Trachurus 

Mediterranean ponticus appeared in shallow waters above 10 and 30 m, singular eggs of 

Sprattus phalericus were  found as well (Figure II.4-14).  In open waters there were not any fish 

eggs and larvae recorded.  

In July 2016 eggs of Mediterranean horse mackerel increased and were the rather abundant 

both in coastal waters and open sea, comprising 2, 6 and 1, 9 ind.m-3, but anchovy eggs almost 

disappeared, however its larvae were found in shallow and open sea. It could be explained peak 

of development M.leidyi in July 2016 , which was the most abundant in coastal waters where 

anchovy mainly spawned (Figure II.4-14). With increasing M.leidyi abundance followed 

development of Beroe ovata and in August 2016 M.leidyi abundance dropped due to B.ovata 

grazing (Figure II.4-15). Resulted in anchovy spawning recovered in August, abundance of eggs 

was 4, 4 ind.m-3 in coastal waters,  next were larvae of Mediterranean horse mackerel. These 

species larvae were abundant both in coastal waters and open sea (Figure II.4-14). 

 

  

Figure II.4-15. Seasonal development of invasive ctenophores M.leidyi and B.ovata 

along transect in 2016. Error bars: standard deviations. 
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During April 2017 the fish eggs of cold water spawning fiish Sprattus sprattus were recorded and 

at the same time warm spawning fish anchovy Engraulis encrasicolus eggs were for the first time 

were found so early what is possible to explain warmer temperature already in April 2017.  In 

June 2017, Anchovy eggs were the most abundant although their numbers were rather low 0,6 

ind.m-3 , next were eggs of mullet Mugil cephalus 0,02 ind.m-3  and last singular eggs of Sprattus 

sprattus, which probably were collected from deeper layer. It is cold water species and its main 

spawning occurs in cold seasons  (Figure II.4-16) 

In July 2017, numbers of fish eggs and species diversity increased, there were recorded 6 eggs 

of species. Among them  anchovy eggs considerable increased mainly in coastal waters most 

above the depth 10m and 30 m, maximal anchovy eggs abundance were recorded 4 ind.m-3 and 

its larvae appearance comprised 0,1 ind.m-3 ,numbers of mullet eggs Mugil cephalus also 

increased and reached 1,2 ind.m-3,eggs of Mulus barbatus and Mediterranean horse mackerel 

Trachurus mediterranean appeared in shallow waters above 10 and 30 m, singular eggs of 

Sprattus sprattus were  found as well (Figure II.4-16).  In open waters there were not any fish 

eggs and larvae. 

In July eggs of Mediterranean horse mackerel increased and were the rather abundant both in 

coastal waters and open sea, comprising 2,6 and 1,9 ind.m-3, but anchovy eggs almost 

disappeared, however its larvae were found in shallow and open sea. It could be explained peak 

of development M.leidyi in July 2017, which was the most abundant in coastal waters where 

anchovy mainly spawned (Figure II.4-12). With increasing M.leidyi abundance followed 

development of Beroe ovata and in August 2017 M.leidyi abundance dropped due to B.ovata 

grazing (Figure II.4-12). Resulted in anchovy spawning recovered in August 2017, abundance of 

eggs were 4, 4 ind.m-3 in coastal waters next were larvae of Mediterranean horse mackerel 

these species larvae were abundant both in coastal waters   and open sea (Figure II.4-14). 
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Figure II.4-16. Seasonal occurrence fish eggs and larvae along transect in 2017.  

II.4.4.3. Conclusions    

Based on Russian observations of ichthyoplankton in the northeastern Black Sea in 2016 and 

2017  it can be concluded that there is a trend of recovering fish eggs and larvae species diversity 

and abundance. However, during seasonal peak of M.leidyi in spite of its short duration due to 

fast grazing of B.ovata fish eggs were almost absent. In addition, time of the beginning spawning 

of warm water species became earlier but intensity of spawning is still low as well as species 

diversity. Therefore, it cannot be stated that environmental status became good in the north-

eastern Black Sea.  
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II.4.5. Phytoplankton study  

In 2017 the phytoplankton was collected during 4 cruises: 28 April, 7 June, 15 August and 4 

September. Sampling was carried out at monitored site at 500 m bottom depth. Samples were 

collected by vertical series consisting from six-seven sampling depths. The depths were chosen 

according to CTD-sounding, which was performed prior to the phytoplankton sampling. Samples 

were taken from surface to the bottom of the Cold Intermediate layer with was located at some 

cases at depth of 105 m. 

Samples of the micro-phytoplankton with the cell dimensions more than 4 µm were 

enumerated. Water with the volume of 1 liter was 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 – 40 ml. These concentrates were 

kept at the temperature of 5-7oC during a month before further processing. Before count the 

concentrates were concentrated again 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 (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: Edler 1979, Vadrucci et al. 2007) assuming that the cellular density 

is equal to 1.  

 

Figure II.4-17. 5. Similarity in species composition between the different months according to 

multi-dimensional scaling based on Bray-Curtis index. The share of species (%) in the total 

phytoplankton biomass under water column was used. 

According to seasonal succession in the open waters of the Black Sea (Mikaelyan et al., 2018) 

the collected samples represented 3 different biological seasons: Late spring (April), Early 

summer (June) and Summer (August, September). Comparison of species structure between 

these seasons showed a good correspondence with the described scheme (Fig. 5). April and June 

were different while August and September were very similar in species composition. In April 
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coccolithophore Emiliania huxleyi contributed a main portion (74%) to the total phytoplankton 

biomass. Other 26% were represented mainly by nanoflagellates 4-12 µm (6-7%) and 

dinoflagellate Ceratium tripos (5%). In June Emiliania huxleyi completely predominated in 

phytoplankton making up 94% of the total phytoplankton biomass. Other algae contributed a 

negligibly small portion. For example, next taxon by biomass after E. huxleyi was nanoflagellates 

(1%).  

In April dinoflagellates more often predominated in phytoplankton (Georgieva, 1993; Eker et al., 

1999). They were represented by Scrippsiella trochoidea, Akashiwo sanguinea and Ceratium 

tripos. Coccolithophore Emiliania huxleyi also presented in high quantities in April, but very 

rarely predominated in phytoplankton by biomass (Mikaelyan et al., 2018). In June the bloom of 

coccolithophores regularly occurs in the Black Sea (Eker-Deverli and Kideys, 2003; Berseneva et 

al., 2004; Mikaelyan et al., 2015). It contributed from 40 to 80% to the total phytoplankton 

biomass. In 2017, this share was a record high (94%). It is well known, that the most intensive 

blooms of coccolithophores occur after cold winters (Mikaelyan et al., 2015). The winter 2017 

was rather cold. The mean water temperature at the surface in February was 6.9 oC while the 

multi-annual mean of is 7.5 oC. As a result, the strong bloom of coccolithophores was observed 

in the Black Sea (Fig. II.4-18). This defined the long predomination of Emiliania huxleyi in the 

phytoplankton biomass started from end of April and till June. 

 

Figure II.4-18 Distribution of the particular inorganic carbon - the tracer of coccolithophores 

(µM l-1) at the peak of bloom 18-26 June 2017.   Data from satellite scanner AquaModis. 

In August and September diatom Pseudosolenia calcar-avis predominated in the phytoplankton 

biomass (82-87%). Nanoflagellates, Emiliania huxleyi and Gymnodinium simplex contributed 

from 2 to 4% to the total phytoplankton biomass. The summer-autumn predominance of P. 

calcar-avis was reported earlier for the Black Sea (Morozova-Vodyanitskaya, 1957; Zavyalova 

and Mikaelyan, 1997; Eker et al., 1999; Berseneva et al, 2004). Observed in 2017 the 

predominance of this species was especially high. This can be due to close position of sampling 

site to the shelf area (1 mile), where the increased concentration of nutrients occurs in 

comparison with the open waters. The intensive cross-shelf transport of shelf waters rich with 

nitrate, first of all, affect phytoplankton in the near shelf water and stimulate the growth of the 

large-celled diatom species like P.calcar-avis. 
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II.5. Observations of dolphins, birds and floating litter  
(8-10 May 2016; R/V "Ashamba ") 

 

A. Fedorov1 

 
1 Southern branch Institute of Oceanology, Russian Academy of Sciences (SB SIO RAS), Gelendzhik, Russian Federation   

 

II.5.1. Methods 

Floating litter 

Observations on floating  litter were conducted along the way between stations on transects 

fixed width from  the both sides  of vessel (10+10 m) during day time. At the stations litter was 

counted in the first 15 minutes of after stop in radius of  50 m. Classification of recorded litter 

was carried out according to the recommendations of the European Commission (Guidance on 

Monitoring of Marine Litter in European Seas).  

 

Methods for monitoring ornithofauna and marine mammals 

Accounting along routes was the main type of observations; the main task of routing accounting 

is to obtain data that allows to estimate the relative number (density) of birds. The calculations 

were carried out during the movement of the vessel during the day  hours. 
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Route surveys were conducted by one assessor from a permanent observation point located 

along the bow of the vessel (Figure II.5-1) simultaneously on both sides in a radius of 300 m. This 

method of transect registration in various modifications is widely used in the study of seabirds 

(Krasnov et al., 2002; Krasnov , 2007). 

 

Figure II.5-1 A permanent observation post for the assessment of birds, marine mammals 

and other route-based surface observations. 

 

During all the time of the route assessment of all birds, they were assessed in the 600-meter 

strip. In addition, the directions of their movements were accounted (in transit flying birds). 

Inspection of airspace (for the detection of flying birds) was carried out with the naked eye. Birds 

purposefully accompanying the vessel (the so-called "suite"), were recorded in the register only 

at the time of their first appearance. For each segment of the account time and geographical 

coordinates (by GPS) of its beginning and end were registered. The density of birds in that case 

was calculated from the average detection range (Ravkin, Chelintsev, 1999, Chelintsev, 1992, 

1993, 2000) without correction for flying birds. 

 

Methods of dolphin’s observations. 

On passages between stations, dolphins were counted by one observer on both sides; at the 

stations they were recorded by both an observer and other members of the expedition, which 

were involved in deck work. All the individuals were recorded in the visibility zone with the 

naked eye (the width of the registration strip on both sides is 200 + 200 m). 

 

II.5.2. Results  

On May 9-10, the synoptic situation was generally favorable for carrying out both outboard 

operations and surface observations 

Birds and dolphins  

In total, during the observations in May 2016, 6 species of birds were recorded along the 

transects of Anapa and Gelendzhik (see Table II.5-1). The distribution of seabirds was uneven. 
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More than 90% of their number and the largest species diversity were observed in Anapa area. 

The number of absolute dominants was the lake gull (Larus ridibundus) and the group of "large 

white-headed gulls" (Larus cachinnans, L. michahellis); also noted a small gull (Larus minutus). 

Table II.5-1. Species of birds, recorded during monitoring in 9-10 May 2016. 

Species Total number  

"large white-headed gulls" (Larus cachinnans, L. michahellis, etc.) 8 

little gull (Larus minutus) 4 

lake gull (Larus ridibundus) 10 

Пестроносая крачка (Sterna sandvicensis) 6 

Passeriformes  (Passeriformes sp.) 2 

Total: 30 

 

On May 9 - 10, 2016, two species of Black Sea dolphins were recorded along the transects of 

Anapa and Gelendzhik. Common dolphin dominated (Delphinus delphis ponticus). The density 

of dolphins according to the results of estimations between monitoring stations is shown in 

Table II.5-2. 

Table II.5-2.Density of dolphins along transects  "Anapa" and "Gelendzhik" according to the 

results of surveys on 9 - 10 May 2016. 

The section between monitoring stations and the 
length of the accounting route 

Species Numbers Density, ind./км-2 

Transect 1/2 B – 1 B No dolphins 0  

Transect 1 B – 2 B  Bottle-nosed dolphin 3  

Transect 2 B – 3 B Common dolphins 6  

Transect 1 B – 2 B No dolphins 0  

Transect 2 C – 3C 
Common dolphin 3  

Bottle-nosed dolphin 1  

Total: Total  13  

 

Surface pollutions and jellyfish 

The following types of pollution has been searched: 

• Floating oil slick. 

• Areas of increased water foaming. 

• Areas of high turbidity of water. 

No such type of pollution has been observed in the water area of the areas "Anapa" and 

"Gelendzhik". 

 

Floating seaweed. 

Floating plants in small quantities were recorded on the Anapa transect at station No. 1/2 B and 

1 B. At the site "Gelendzhik" is also isolated in the water area of the Gelendzhik bay. 

Floating solid waste. 

The number of floating wastes accounted for by the results of routing records during the 

transition between stations is shown in Table 14.  
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Table 14. The amount of floating litter taken into account during the transect i between 

stations in May 2016 

Date № station 
Flouting litter (in radius  50 m from vessel) 

К-во (шт.) Тип мусора* 

09.05.2016 Transect 1/2 B – 1 B  0 − algae, small organic litter 

09.05.2016 Transect 1 B – 2 B 0 − a little small organic litter 

09.05.2016 Transect 2 B – 3 B 2 − PB 

10.05.2016 Transect 1 C – 2 C 11 − PB, PC, PP, R 

10.05.2016 Transect 2 C – 3C 0 − no litter 

* Type of litter: W − wood (Logs, trees, boards, etc.); P – plastic (bottles, jars, glasses, lids, etc.); PP – pieces of 

foam plastic; PB – plastic bags; PC − paper, cardboard etc.; M – metal products (cans, barrels, cans, etc.);R- 

products made of rubber (balls, mattresses, cameras, etc.). 

 

Appendix I 

List of equipment of Laboratory of Chemistry P.P. Shirshov Institute of Oceanology · Southern 

Branch 

№ Analytical Equipment 
Manufactor, 

the brand 
Defined parameters 

1. 
Atomic Absorption 

Spectrophotometer (AAS) 

Russia 

"KVANT-2A" 

Heavy metals: Fe, Cu, Co, Mn, 
Pb, Hg, Cd, Ni, Cr, Zn, As 

2. Fluorat 02 3M 
Russia  

"Lumex" 

Total Petroleum 

Hydrocarbons 

 (TPHs), Detergents, Fenols 

3. pH meter 
Germany  

pH-330i 
pH 

4. Gas Chromatograph 
Russia 

NPF "Meta-chrome" "KristaLyuks-4000M" 

Pesticides (DDT, DDE, DDD, 
HCB) 

5. Liquid chromatograph 
Russia 

"Lyumahrom" 
Benzo (a) pyrene 

6. Kontsentratomer (IR)  
Russia 

KN-2M 
TPHs 

7. Photocolorimeter 
Russia  

KFK-3 

Nutrients: PO4-P, TP, NO3-N, 
NO2-N, NH4-N, TN, Si; H2S 

8. Spectrophotometer  Germany “Hach”Lange DR 2800 
Nutrients: PO4-P, TP, NO3-N, 
NO2-N, NH4-N, TN, Si; H2S 

9. Mercury analyzer 
Russia 

NPO "Metrology +" Julia-5K 
Hg 

10. Potentiometric titrator 
Germany 

Metrohm 
O2, BOD5, H2S  

11. Potentiometric titrator 
Russia 

ATP-02 
Total alkalinity 

12. Electronic balance 

USA 

PRECISION Standart  

AV 264 C 

Suspended 

 solids 

13 Total Carbon Analyzer 

Germany 

Elementar 

Vario TOC Cube 

TOC 
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Appendix II 

Figure 18. R/V “Ashamba”  

 

Length: 15.6 m 

Desk: 4.15 m 

Draft: 1.5 m  

Deadweight: 30 ton 
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II.6. 12-Months National Pilot Monitoring Studies  
- Kerch Strait 

II.6.1. Introduction 

Objectives 

National Pilot Monitoring Studies (NPMS) are directed to development and implementation of 

NPMS for testing and harmonisation of EMBLAS-I drafts of cost-effective National Black Sea 

Integrated Monitoring and Assessment Programmes (N-BSIMAPs) in accordance with reporting 

obligations under the WFD, MSFD and BSIMAP. 

The Kerch Strait weekly station monitoring was carried out to better understand the seasonal 

changes of the main water parameters, dynamics and current state of biological characteristics 

and contamination in this region. 

Main approach 

In 2016 the monitoring on the high-frequency station was performed in the surface layer every 

week during free of ice period from 7th of April to 22nd of December 2016, 38 weeks in total.  

In 2017 water samples on the high-frequency station were taken once a week from the surface 

layer during free of ice period from 6th of April to 21st of December 2017, 37 samples in total. 

The samples were analyzed for standard hydrochemical parameters, contamination, species 

composition, abundance and biomass of phyto- and mesozooplankton. 

Survey area  

The Kerch Strait weekly monitoring station is situated in the Southern part of the strait in the 

vicinity of the Tuzla Island (Figure II.6-1). 

 

Figure II.6-1 Monitoring stations of NPMS during EMBLAS project.  
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Quality Control/Quality Assurance measures  

To ensure the accuracy and precision as well as the overall reliability and comparability of the 

collected data a transparent and well-specified analytical quality control procedure was applied 

by the laboratories involved.  

- Standard sampling procedures for all parameters 

- Control of the preparatory tasks before sampling 

- Common sampling protocols and also analytical methods were agreed on the joint 

workshop of participants of EMBLAS Project before the NPMS. 

II.6.2. Results 

In the studied period, the main marine environmental parameters of the surface layer showed 

regular seasonal changes (Fig. II.6-2). During the spring-summer warm-up period, a temperature 

course was observed with a natural increase in summer and an indicative parallel slight decrease 

in the dissolved oxygen content, which concentration varied from 7,36 to 12,94 mgO2/dm3 (9,90 

mgO2/dm3 on average), from 15th of June to 13th of October - 8.58 mgO2/dm3. Deficiency of 

oxygen in the surface layer of water at the weekly station was not observed during the entire 

observation period. During the year, in the waters of the strait, the pH values were stable: 7,68-

8,18 pH, 7,98 in average. At the observation point, the salinity was relatively high and did not 

show significant fluctuations, the range was 13,47-17,90‰, with an average of 15,92‰. In the 

northern narrowness of the strait, the salinity varied within the same range of 13,20-17,57‰, 

however, the average value was significantly lower – 14,58‰. 

 
Figure II.6-2. Dynamics of the main marine environmental parameters at the high-frequency 

monitoring station in the southern part of the Kerch Strait in 2016. 

 

In 2017 during the spring-summer warming up period, a gradual rise in temperature was 

observed from 9,8°C to a maximum of 27,5°C, which was recorded on the of August (Fig. 3). 

Sharp cooling in early October continued to gradually decrease to 6,1°C at the end of the year. 

In general, the seasonal temperature changes were very close to last year’s, with the exception 

of the beginning of winter, when in 2016 the water surface reached zero values.  

The concentration of dissolved oxygen in water naturally decreased with the increasing of 

temperature, reaching the lowest values in August; the range of values was 6,25-10,58, 8,36 

mgO2/dm3 in average. At the same time, oxygen deficiency in the surface layer of the Kerch 
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Strait waters was not observed, since the minimum oxygen concentration was higher than the 

standard even in the most unfavorable month of August. The oxygen regime in both studied 

years was significantly different. In 2016, the total dissolved oxygen concentration was 

significantly higher, the average value was 9,90 mgO2/dm3. In spring, autumn and in first 

summer month the curves of decrease and increase in oxygen concentration were synchronous, 

although at different levels, but in July-August the local peaks did not coincide. Last year, an 

oxygen increase, probably associated with phytoplankton blooms, was observed in July 2016, 

and in 2017 this period was noticed in August. 

The pH values of strait waters during the year 2017, as in previous year, were stable and varied 

in a very narrow range (7,87-8,33, average 8,05 pH). At the same time, the total level of 

hydrogen ion concentration was significantly lower than in 2016: 7,68-8,18, average 7,98 pH. 

 

Figure II.6-3. Seasonal dynamics of temperature (TOC), hydrogen ions concentration (pH) and 

dissolved oxygen (mgO2/dm3) in the surface water layer of high-frequency monitoring 

station in the southern part of the Kerch Strait in 2016-2017. 

 

At the weekly station southwest of Tuzla island in 2017 salinity varied in a relatively narrow 
range from 13,74-17,92‰, 16,23‰ in average (Fig. 4). In the previous year, the limits of salinity 
variations were very similar, and the difference between the extreme values was only about 
4,5‰: 13,47-17,90‰, 15,92‰ in average. The distribution of the salinity prevailing values over 
the seasons of the year was significantly different. In 2017, in the first half of the year until the 
end of July, the water salinity at the station was significantly lower than in previous year (average 
15,71‰ against 16,66‰), whereas in the second half of the year the values changed to opposite 
(16,62‰ against 15,36‰). According to routine monitoring data at four stations in the northern 
narrowness of the strait between the ports of Crimea and Caucasus, to the north from Tuzla 
Island and closer to the Azov Sea waters, the salinity in 2017 varied in a very wide range from 
13,58 to 18,21‰, but the average value was significantly lower (1,32‰ in 2017 and 0,83‰ in 
2016) than the values at the weekly station – 15,09‰. In previous year, it was even less – 
14,58‰. 
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Figure II.6-4. Seasonal dynamics of salinity (‰) in the surface water layer at the Kerch Strait 

high-frequency monitoring station in 2016-2017. 
 

The water transparency according to Secchi disk during the year varied from 1,0 m in late 

autumn (26th of October and 30th of November) to 3,4 m at the end of the year on 21st of 

December; the average value was 2,4 m. 

The suspended solids concentration varied in a very wide range from 7,44 mg/dm3 (22nd of June 

and 3rd of August) to 69,12 mg/dm3 at the end of November, which determined the decreasing 

of water transparency to a minimum. The average value was 18,1 mg/dm3, which is almost twice 

MAC. The average concentration of oxidizable organic substances according to BOD5 was 2,22 

mgO2/dm3, which is 0,7 MAC; the range of values was 0,70-4,55 mgO2/dm3. Twelve of 19 

samples which exceeded the average values of organic concentration were determined in the 

end of the year from October to December. Probably this was due to the general decrease in 

water temperature and the slowing down of bacterial decomposition of organic matter. The 

total alkalinity of water remained almost unchanged during the year, the range of values was 

3,20-3,30, 3,22 mmol/dm3 in average. 

 

The ratio of various forms of nitrogen in the surface waters of the southern part of the Kerch 

Strait in 2016 indicates the absolute dominance of organic nitrogen (Fig. II.6-5, right scale). The 

sum of mineral forms, among which ammonium nitrogen undoubtedly dominated 

(concentration range 0,01-339,67, average 52,15 μg/dm3), ranged from 7,66 to 352,42, average 

67,53 μg/dm3) whereas the content of organic nitrogen was usually 10-30 times higher (33,33-

6836,34/1377,28 μg/dm3). It is obvious that the main part of the nitrogen present in the strait 

water is enclosed in the bodies of plankton organisms or is in dissolved organic matter. Seasonal 

dynamics of the concentration of different forms of nitrogen implies the absence of significant 

phytoplankton blooms until the end of the first decade of June, since ammonium and nitrates 

were present in significant amounts in the water. The fixed peak of organic nitrogen on 15th of 

June was replaced by a monthly decrease in flowering, after which a whole month was observed 

of the highest concentration of total nitrogen in seawater due to planktonic organisms. The long 

intermediate state with local ammonium peaks in the middle and the end of October was 
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replaced by the November-December relatively elevated values of all forms of nitrogen, with 

the exception of nitrites. The value of the latter in the nitrogen balance was extremely 

insignificant over the entire observation period: the concentration range was 0,40-10,00, with 

an average of 4,36 µg/dm3. 

 
Figure II.6-5. Dynamics of the content of nitrogen various forms (µg/dm3) in coastal waters 
at the high-frequency monitoring station in the southern part of the Kerch Strait in 2016. 

 
In 2017, as in the previous year, the ratio of various nitrogen forms in the surface water layer in 

the southern part of the Kerch Strait in 2017, organic nitrogen completely dominated over all 

other ingredients, averaging 94,9% of the total nitrogen content (Fig. 6, right scale). The range 

of organic nitrogen was 145-2283, in average 1101 µg/dm3; total nitrogen 177-2320 and 1161 

µg/dm3, respectively. In contrast to last year, there were no extremely high values of 4-7 

thousand mg/dm3, which were detected in June-July 2016, but other values and their seasonal 

variation completely coincided (Fig. II.6-6). From the end of April, started the gradual growth of 

organic nitrogen and reached highest values in late July-the first half of August, then the 

decrease 3-4 times in October and a second rise in November-December. In 2016, the decrease 

began much earlier - in the first half of August. The synchronous increase in the proportion of 

inorganic nitrogen in spring and autumn decreasing periods of organic nitrogen content are 

indicative. Ammonium nitrogen was undoubtedly dominant among the mineral forms of 

nitrogen. The range of its concentration was 6,22-149,33, in average 47,06 µg/dm3, which 

almost coincides with last year’s value of 52,15 µg/dm3. The minimum was noticed in the middle 

of July, and the maximum in the beginning of April. Nitrites did not play a significant role in the 

nitrogen balance (0,92–9,32; in average 3,94 µg/dm3), and nitrates were almost absent in water 

throughout the year (0,40–11,90/3.98 µg/dm3) until mid-November, when their concentration 

increased by an order of magnitude (10,68-86,11/39.87 µg/dm3). The ratio of organic nitrogen 

to the amount of mineral forms during the studied period varied from 1-2 in April and October 

to a maximum of 84, recorded on 11th of July. In general, these seasonal variations indicate two 

clear peaks of increased concentration of organic nitrogen in Kerch Strait waters - July with a 

gradual decrease at the end of September and less pronounced in November-December (Fig. 

II.6-7). In 2016, a similar trend was observed, however, in all seasons, one-week outbreaks of 

elevated concentrations of organic nitrogen with respect to mineral form. 
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Figure II.6-6. Dynamics of content of various forms of nitrogen (µg/dm3) in coastal waters at 

the high-frequency monitoring station in the southern part of the Kerch Strait in 2017. 

 

Figure II.6-7. Dynamics of content of various forms of nitrogen (µg/dm3) in coastal waters at 

the high-frequency monitoring station in the southern part of the Kerch Strait in 2016 
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Figure II.6-8. Seasonal changes in the ratio of the concentration of organic nitrogen to the 

sum of mineral forms in the southern part of the Kerch Strait in 2016–2017. The extreme 

value of 892,5, observed on 20th of July 2016 is outside the scope of the schedule. 

 
The phosphate concentration in the strait waters was insignificant during the entire observation 
period: 0,43-82,66 µg/dm3, average 15,44 µg/dm3; the maximum was detected on 14th of 
October (Fig.  II.6-9). Organic phosphorus concentration was several times higher, the range of 
values was 19,42–220,13 µg/dm3, 63,20 µg/dm3 in average. During the entire period from April 
to October, the total phosphorus content, mainly determined by the level of the organic 
phosphorus, was consistently low, and only in late autumn there was a clear increase. However, 
even with such a low level of inorganic phosphorus, the ratio of mineral nitrogen compounds to 
it was for almost the entire observation period very low and significantly less than the 
stoichiometric ratio for marine waters, 16N: 1P, provided by Redfield (Fig. II.6-10). Probably such 
alteration of the classical proportions was associated with a constant lack of inorganic nitrogen 
for the development of phytoplankton in the Kerch Strait waters. Such a ratio was broken only 
at the beginning of April and twice in October-November. The ratio of organic forms of nitrogen 
and phosphorus was much more unstable and ranged from 0,8 in April to 129,5 and 256,2 in 
June and July 2016, average 30,7, and without these three extreme values, the proportion was 
22,2. In contrast to the mineral dissolved matter, the ratio of nitrogen and phosphorus in 
plankton organisms and in dissolved organics indicates the limit of available phosphorus for 
phytoplankton. Indicative high and very stable, as well as the ratio of mineral forms of nitrogen 
and phosphorus, was the content of chlorophyll in the surface waters of the strait, which 
concentration varied from 4,04 to 8,11 μg/dm3, average 5,55 μg/dm3. These values are in good 
agreement with the data obtained during the EMBLAS NPMS survey across the strait on 6-7th of 
August 2016 (Fig. 1). On the NPMS survey stations changes in the content of chlorophyll fit in 
the range of 0,49-10,30 µg/dm3, average 3,93 µg/dm3; At the same time at the weekly station, 
was detected a concentration of 6,07 µg/dm3. 
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Figure II.6-9. Dynamics of the content of phosphorus and silicates  

various forms (µg/dm3) in coastal waters at a high-frequency monitoring station in the 
southern part of the Kerch Strait in 2016. 

 
Figure II.6-10. Dynamics of the concentration ratio of nitrogen mineral forms  

and phosphorus in coastal waters at a high-frequency monitoring station in the southern 
part of the Kerch Strait in 2016. 

 

The silicate content in the strait waters during the year was relatively low (27-418, average 164 

µg/dm3) and very unstable, the transition from elevated to very low sometimes occurred within 

1-2 weeks (Fig. II.6-9). Only in July-August and October the concentration of silicic acid was 

constantly above average values. 

The content of easily oxidized organic substances according to BOD5 in the waters of the strait 

was relatively low and varied in a very narrow range of 0,62-2,58 mgO2/dm3; the maximum was 

only 0,86 MAC (Fig. II.6-11, right scale). All spring until the first decade of June and from late 

August to mid-November, the concentration of organic substances was below half of the 

standard, and a prolonged increase was observed in summer and in December.  

The concentration of suspended particles naturally increased several times in spring and late 

autumn, when storms lift up fine sediments from the bottom of shallow channel. Their content 

varied during the observation period from 2,0 to 58,8 mg/dm3, 18,8 mg/dm3 in average, but in 

the summer season from June to October, the average value decreased to 9,2 mg/dm3. 
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Correspondingly, the water transparency on the Secchi disk, which varied in the range of 0,4-3,5 

m, 1.8 m in average, in summer was increased up to 2,5 m, and in winter decreased to 0,7 m (40 

cm –1,1 m). 

 
Figure II.6-11. Dynamics of organic substances content according to BOD5 (mg/dm3), 

suspended solids (mg/dm3) and petroleum hydrocarbons (TPHs µg/dm3) in coastal waters at 
the high-frequency monitoring station in the southern part of the Kerch Strait in 2016. 

 
The phosphates concentration in the strait waters was very low during the whole observation 

period in 2017: 2,59–12,73 µg/dm3, 6,70 µg/dm3 in average (0,13 MAC for mesotrophic water 

bodies); the maximum was noted on 18th of May (Fig. II.6-12). Both the average and maximum 

values were less than in 2016 – 15,03/82,66 µg/dm3. The content of organic phosphorus was 

about four times higher, the range of values was 25,49-87,81 µg/dm3, with an average of 45,59 

µg/dm3. In comparison with the year 2016, the average value has decreased by 1,4 times, and 

the maximum - by 2,5 times. The content of total phosphorus (29,41-97,22/52,28 µg/dm3) was 

mainly determined by the level of organic phosphorus almost the whole observation period 

from April to December 2017, its percentage was 77,1-95,8%, average - 86,9% (Fig. II.6-13). In 

2016, the percentage of organic matter in the balance of phosphorus was significantly lower 

(58,9-100%, in average 80,1%), while the differences in the values from week to week were 

much larger in general. 

 

Figure II.6-12. Dynamics of the content of various forms of phosphorus (µg/dm3) in the 

southern part of the Kerch Strait in 2016-2017. 
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Figure II.6-13. Seasonal variability of the ratio of organic phosphorus to total (%) in the 

southern part of the Kerch Strait in 2016-2017. 

 
The pollution of the surface layer of the strait waters with petroleum hydrocarbons at the 
weekly station varied from insignificant values in spring to 2,6 MAC at the beginning of June (Fig. 
15). In general, in 25 samples out of 38 analyzed (65.8%) the concentration of TPHs was equal 
to or exceeded the established standard of 50 µg/dm3. The values varied from 10 to 130 µg/dm3, 
the average value (51,6 µg/dm3) exceeded the MAC. Weekly observations during the ice-free 
period of the year confirmed the conclusion about the high level of pollution of Kerch Strait 
waters with petroleum hydrocarbons, which is of a chronic nature (Table II.6-1, Fig. II.6-14, Fig. 
II.6-15). Intensive exploitation of the strait as a transit area, as well as a transshipment zone for 
pumping oil and petroleum products from one ship to another, leads to constantly elevated level 
of petroleum hydrocarbons in average values about 1-2 MAC in the northern narrowness of the 
strait as well as southward of the island Tuzla. 
 
Table II.6-1. Kerch Strait water pollution during EMBLAS NPMS survey (6-7th of August 2016) 
and the corresponding average long-term water contamination of the northern narrowness 
of the Kerch Strait between the ports of Crimea and the Caucasus in August and throughout 
the year from 2000-2017. 
 EMBLAS NPMS Kerch Strait 2000-2017 August Kerch Strait 2000-2017 

Parameter Av./σ/n* Min-Max Av./σ/n Min-Max Av./σ/n Min-Max 

TPHs, mg/dm3 0,056/ 

0,029/31 

0,02/ 

0,140 

0,065/ 

0,065/456 

0,000/ 

0,310 

0,053/ 

0,062/2542 

0,000/ 

0,800 

Detergents, µg/dm3 70,0/ 

92/10 

0/ 

310 

15,0/ 

26,2/521 

0/ 

147 

13,8/ 

25,8/2543 

0/ 

193 

Phenols, µg/dm3 0,95/ 

1,25/10 

0/ 

4,4 

0,17/ 

0,69/456 

0/ 

4,0 

0,17/ 

0,70/2535 

0/ 

6,0 

* Av./σ/n – average concentration, standard deviation and number of observations. 
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Figure II.6-14. The maximum concentration of petroleum hydrocarbons (mg/dm3) in the 
Black Sea waters with a salinity of more than 13‰ and less salty Azov-Sea waters in the 

Kerch Strait in 2013-2016. Sample date is plotted on the horizontal axis. 
 

 
Figure II.6-15. The average concentration of petroleum hydrocarbons (mg/dm3) 

in the Kerch Strait in 2013-2016. 
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12-Months National Pilot Monitoring 

Studies in Ukraine 
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III.1. NPMS 12-months programme 

V. Medinets1, Ye. Gazyetov1, S. Snigirov1, O. Konareva1, S. Medinets1, I. Soltys1 

 
1 Odesa National University (ONU), Odesa, Ukraine 

III.1.1. Introduction  

Subtask PA2.3 (National Pilot Monitoring Studies -  Development and pilot implementation of 

revised environmental marine monitoring programmes at selected areas and sites, including 

transboundary areas and transitional waters) was planned by the EMBLAS-II Project in the 

framework of PA2 (National Pilot Monitoring Studies (NPMS) “Development and 

implementation of NPMS Programmes in order to test and harmonize the drafts of cost-effective 

National Black Sea Integrated Environmental Monitoring and Assessment Programmes (N-

BSIMAPs)”, which had been elaborated  by EMBLAS-I Project in accordance with reporting 

obligations under the MSFD, WFD and BSIMAP. The first step toward this subtask 

implementation is the preparation of National Pilot Monitoring Study programme for Ukraine. 

Three Ukrainian Partners Organisations participated in this subtask: Ukrainian Scientific Centre 

of the Ecology of Sea (UkrSCES), Institute of Marine Biology (IMB) and Odessa National I.I. 

Mechnikov University (ONU).  

 

III.1.2. Goals and tasks  

The main goals of ONU NPMS sub-programme were pilot testing (implementation) of the most 

important parts of future National Black Sea Integrated Monitoring and Assessment 

programme, especially testing of environmental marine monitoring approaches according to the 

requirements of MSFD, WFD and current BSIMAP in teo selected areas of the Black Sea (Odessa 

Bay and Zmiinuy island coastal waters) and collection of sufficient, quality controlled and 

comparable data sets for the assessment of the Black Sea environmental status to fulfil the 

commitments of Ukraine to the Black Sea Convention to use in future for preparation of Initial 

Assessment during MSFD implementation in Ukraine. After the results of the implemented initial 

testing are be assessed and validated, proposals for improvement and finalisation of National 

Black Sea Monitoring and Assessment Programme (N-BSIMAP)  will be elaborated for adoption 

and implementation in Ukrainian n part of the Black Sea. 

The tasks of Pilot Monitoring Study Subprogramme of ONU team according to the Terms of 

Reference were as follows:  

- The field testing within April 2016 – June 2017 period of sampling and “in situ” 

measurements of physical, chemical and biological parameters at two Pilot Monitoring sites 

of Odessa National I.I. Mechnikov University: Marine Research Station “Zmiinyi Island” 

(open sea area with minimal anthropogenic pressure and protected area of National 

Significance) and Marine Hydrobiological Station in Odessa Bay (coastal waters with high 

anthropogenic pressure);  
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- To collect as much information as possible about state of marine ecosystems in areas with 

very different anthropogenic pressures for future drafting of MSFD Initial Assessment and 

for the Black Sea assessment in the framework of Ukrainian obligations under the Black Sea 

Convention; 

- To study seasonal changes of hydrometeorological, hydrological, hydrochemical and 

hydrobiological characteristics for evaluation most of the descriptors of MSFD; 

- To assess long-term changes of the main hydrological, hydrochemical and hydrobiological 

characteristics using current and historical data;  

- To investigate the levels of pollution in matrix water-bottom sediments and hydrobionts 

such as fish and molluscs; 

- To assess the levels of Eutrophication and Water quality state using E-TRIX index; 

- To study the current state of Biodiversity (Fish, Benthos, Zooplankton, Phytoplankton); 

- To test new monitoring techniques for sampling, analysis and assessment. 

 

III.1.3. Duration and the main approaches  

III.1.3.1. Duration  

ONU NPMS sub-programme implementation was carried out  from April 2016 to June 2017 in 2 

areas of the Black Sea (Zmiinyi Island and Odessa Bay), in which  Odessa National I.I. Mechnikov 

University has research stations. Location of these areas of Pilot Monitoring Studies are 

presented in Figure III.1-1.   

 

Figure III.1-1. Location of two ONU Pilot Monitoring sites: Marine Hydrobiological  Station 

(MHBS) and Marine Research Station “Zmiinyi Island” (MRS “Zmiinyi Island”) 

 

III.1.3.2. Main approach  

The ONU Pilot Monitoring study sampling and observations sub-programme fulfilled at both 

above mentioned sites using national and international sampling and collection methods. 
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Processing and reporting was done according to the methods and templates agreed between 

the EMBLAS Project participants. Processing and analysis of most of samples has been carried 

out in laboratories of ONU, except the toxic pollutants, which were processed in the UkrSCES 

laboratory.   

ONU pilot sub-programme included the parameters for field measurements and observations 

for both sites according with eligible funding. Separate frequency was planned for each kind of 

field observations and sampling connected with different variability of parameters observed. 

The Pilot studies were performed in special micropolygons  in coastal waters of Odessa Bay 

(from 0 till 12-15 m) and the Zmiinyi Island from 0 till 30 m isobaths (see Figure III.1-2.  III.1-3).   

 

 

Figure III.1-2. Location of planed points of sampling and observations in ONU MHBS site area 

LEGEND    

 
Isobaths. M  Bottom substrate type 

 Area of ichtiological surveys    Stones 

 Reference station MHBS-R   Stones + shelly ground 

 
Micropolygons of macrozoobenthos 
and macrophytobenthos sampling 

  Stones + shelly ground + sand 

  Stones + shelly ground + silt 

    Silt + sand 

    Sand 

Notes: 1 – location of MHBS of ONU (46,44672 N; 30,77326 E) 
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Figure III.1-3. Planed locations of sampling and observations in coastal waters of 

Zmiinyi Island in 2016-2017 

LEGEND    

 
Isobaths, m  Bottom substrate type 

 
Zmiinyi island  

 Stones + shelly ground 

 500 m border of protected area   
 Sand + shelly ground  

 Possible transects stations network  
 Sand + shelly ground +silt 

 Reference station ZPR  
 Sand + silt 

 
Micropolygons of macrozoobenthos 
and macrophytobenthos sampling 

 
 Silt 

 
 Sand 

 

III.1.3.3. List and frequency of observations and sampling  

All types of observations and sampling were grouped into 6 categories: 

- Hydrology and Standard Hydrochemistry (HCM) – MHBS and MRS “Zmiinyi Island” 

- Meteorology and Atmospheric nutrients input (MAN) - MRS “Zmiinyi Island” 

- Hydrobiology (HB) - MHBS and MRS “Zmiinyi Island” 

- Pollution in water, bottom Sediments and Hydrobionts (P) - MHBS and MRS “Zmiinyi 

Island” 

- Marine Mammals (BM) - MRS “Zmiinyi Island” 

- Special investigations and observations (SIO) in case additional funding is available. 

 

!
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III.1.3.4. Site 1: Marine Hydrobiological Station of ONU (MHBS) 

Hydrology and Standard Hydrochemistry (HCM) 

The following observations were performed at the reference station MHBS-R in surface and 

bottom horizons every 10 days and at least  10 stations in Odessa Bay monthly: 

- Determination of depth, transparency, wind speed and direction, waves and other 

sampling conditions; 

- Temperature, oxygen, conductivity and рН in the surface and bottom horizons obligatory 

and if it was possible under whether conditions were performed additional 

measurements every 1.0 m to build vertical profiles and find transition (cline) layers for 

the parameters measured. 

At all the stations water is sampled monthly from the surface and bottom horizons to 

determine total nitrogen, nitrate, nitrite, total phosphorus and phosphate in the coastal 

laboratory. In case a cline of any parameter is found, additional sampling the cline layer were 

implemented.  

Hydrobiology (HB) 

Sampling and conservation of bacterioplankton, zooplankton, phytoplankton and 

photosynthetic pigments is done decade at reference HBS-R station and monthly at least in three 

stations from surface and bottom horizons with depths 5, 10 and 12-15 m. In case a cline is 

revealed for one of the parameters an additional sampling of bacterioplankton and 

photosynthetic pigments can be done from the cline layer.  

Ichthyological observations (surveys), macrozoobenthos and macrophytobenthos sampling 

(benthic surveys) are performed quarterly. Species composition is determined, as well as 

abundance of each fish and macrozoobenthos species, both mass and rare ones. The places of 

sampling of macrozoobenthos and macrophytobenthos  samples will carry out with take in 

account the type of substrate and results of diver observations. 

Pollution in water, bottom sediments and hydrobionts (P) 

Quarterly water sampling is performed at 1 reference station for radionuclides determination 

in marine water and in bottom sediments. 

Quarterly, during the period of benthic surveys, water, bottom sediments and hydrobionts 

were  sampled in order to determine content of toxic metals and persistent organic pollutants 

analysed in the UkrSCES laboratory for different depths and substrates.  

Special investigations and observations (SIO) 

In June 2016 bathymetry survey of the observations area was carried out, as the result a map 

of bottom landscapes was compiled. New equipment was tested: passive samplers provided 

by the EMBLAS Project.   
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III.1.3.5. Site 2: Marine Research Station “Zmiinyi Island” (ZMN area) 

Hydrology and Standard Hydrochemistry (HCM) 

The following observations were carried out at the reference station ZPR daily (at 8.00): 

- Determination of depth, transparency, wind speed and direction, waves and other 

sampling conditions;  

- Determination of temperature, oxygen and рН on 2 horizons (surface and bottom). The 

additional measurements periodically were performed every 1.0 m to build vertical 

profiles and find the horizontal cline for the parameters measured; 

- Measurement of sea level at 8.30 and 20.30 (every 12 hours);  

- Water sampling (every 10 days) from the surface and bottom horizons to determine total 

nitrogen, ammonium, nitrate, nitrite, total phosphorus and phosphate. 

The following measurements were carried out quarterly at 7 stations (with 1, 5, 10, 15, 20, 25 

and 30 m depth of one of transects Z1 – Z6 (evaluation of concrete transect was depend on 

meteorological conditions especially from direction and intensity of winds and waves): 

- Determination of depth, transparency and other sampling conditions; 

- Determination of temperature, oxygen and рН on 2 horizons (surface and bottom). The 

additional measurements were performed periodically every 2.0 m to build vertical 

profiles and find the horizontal cline for the parameters measured; 

- Water sampling from the surface and bottom horizons to determine total nitrogen, 

ammonium, nitrate, nitrite, total phosphorus and phosphate. 

Meteorology and Atmospheric nutrients input (MAN) 

Meteorological observations were performed daily during each sampling:  wind speed and 

direction, air temperature, atmospheric pressure, humidity, waves height and direction. 

Sampling of atmospheric depositions was performed every 15 days (from 30th (31st) to 15th 

and from 15th to 30th (31st) of each month) with the EMEP sampler. Twice a day (9.00 and 

21.00) sum of precipitations was measured using Tretyakov precipitation gauge. Sampling of all 

rainfalls was performed for chemical analysis.  

Hydrobiology (HB)  

Sampling and conservation of bacterioplankton, zooplankton, phytoplankton and 

photosynthetic pigments was done decade at the reference station (ZPR) and monthly at least 

in  3 stations (with isobaths  5, 15 and 25 m) in coastal transects from surface and bottom 

horizons. Ichthyological observations (ichthyological surveys) and macrozoobenthos and 

macrophytobenthos sampling (benthic surveys) were performed in the coastal waters of the 

island quarterly. At all possible stations visual observations of bottom landscapes, 

macrozoobenthos abundance, fish and mammals were performed, both mass and rare species. 

The concrete places of sampling of macrozoobenthos and macrophytobenthos samples was 

carry out with take in account the type of substrate and results of visual observations of divers. 
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Pollution in water, bottom Sediments and Hydrobionts (P) 

Every month water sampling was performed at 1 reference station for radionuclides 

determination in marine water and bottom sediments. Quarterly, during the period of benthic 

surveys, water, bottom sediments and hydrobionts were sampled in order to determine content 

of toxic metals and persistent organic pollutants – analyses are carried out in the UkrSCES 

laboratory.  

Marine mammals (MM) 

Daily visual observation and taking notes about dolphins and other marine fauna 

representatives spotted in the coastal waters of the island. 

Special investigations and observations (SIO) 

New equipment was tested: passive samplers provided by the EMBLAS Project. 

 

III.1.4. Methods of observations, sampling, processing, reporting 

- Methods used for hydrological & hydrochemical and hydrobiological observations are 

recommended by national and international methodologies and international standards 

and presented in framework of biological training (Odessa, February 2016).  

- Methods and equipment used for meteorological observations are recommended by 

Hydrometeorological Service of Ukraine. 

- Sampling of water, hydrobionts and bottom sediments is done using certified boats and 

diving outfit. 

- Precipitations and deposition sampling, as well as meteorological observations, are 

performed using methodologies recommended by EMEP.  

- Samples of water, air, biota, bottom sediments and atmospheric deposition and 

precipitation are conserved and transported to the laboratories of the University keeping 

to the requirements of methodologies and obligatory together with all the accompanying 

information required for analytical and chamber processing. 

- Detailed descriptions and references for methods are presented in relevant parts of this 

report. 

 

Reporting and estimation of total number of samples/observations and processed samples 

The results of observations and samples processing were collected with use of excel Data 

Collection Templates, prepared by the UkrSCES.  All data were transferred to UkrSCES, to be 

included in the Black Sea Water QualityDatabase.  The Table III.1-1.1. provides an overview of 

total number of samples/observations for 12 Months NPMS programme.  
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Table III.1-1.1. Numbers of sampling/observations and/or surveys of ONU Pilot Monitoring 

sub-programme implemented by ONU team in 2016-2017 

No Type of 
observations 

Type of sampling / observations + 
processing of samples 

Number of samples/observations/surveys and 
processed samples 

MHBS MRS Total 

P R P R P R 

1 HCM Salinity 220 536 640 1222 860 1758 

2  Temperature 220 536 640 1243 860 1779 

3  Depth 120 148 440 410 560 558 

4  Secchi Disk 120 148 440 383 560 531 

5  Oxygen 220 536 640 1222 860 1758 

6  pH 220 536 640 894 860 1430 

7  Nutrients compounds of N+P 120 318 120 170 240 488 

8 MAN Wind 50 148 300 410 350 558 

9  Temperature   300 390 350 390 

10  Pressure   300 390 300 390 

11  Atmospheric bulk depositions    24 24 24 24 

12  Atmospheric precipitation   30 39 30 39 

13 HB Phytoplankton 120 166 120 176 240 342 

14  Chlorophyll a 120 166 120 158 240 324 

15  Zooplankton 40 92 40 66 80 158 

16  Bacterioplankton 120 166 120 158 240 324 

17  Fish (quarterly surveys) 4 4 4 4 8 8 

  Fish number - 2494 - 6983 -  9477 

18  Macrozoobenthos (quarterly surveys) 4 4 4 4 8 8 

  Macrozoobenthos samples 20 26 20 23 40 49 

19  Macrophytobenthos (quarterly surveys) 4 4 4 4 8 8 

  Macrophytobenthos samples  20 32 20 23 40 55 

20 P *POPs + Toxic Metals - water 16 18 16 15 32 33 

21  *POPs + Toxic Metals – bottom sediments  16 16 16 16 32 32 

22  *POPs + Toxic Metals - fish 16 20 16 16 32 36 

23  *POPs + Toxic Metals – mollusks  16 21 16 16 32 37 

24  *Radionuclide Cs-137 20 28 20 22 40 50 

25 MM Mammals visual observations days -  300  300 300  300 

26 SIO Bathymetry (survey) 1 1   1 1 

27  Passive POPs samplers testing 1 1 1 1 2 2 

Notes:  

1. HCM -Hydrology and Standard Hydrochemistry, MAN - Meteorology and Atmospheric nutrients input, 

HB- Hydrobiology, P - Pollution in water, bottom Sediments and Hydrobionts, MM - Marine Mammals,  SIO 

- Special  investigations and observations. 

2. P – planed sampling/processing/surveys, R – real carried of sampling/processing/surveys 

3. * - Only sampling 
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III.2. Hydrology and standard hydrochemistry (HCM) 

V. Medinets1 (Editor), Ye. Gazyetov1, S. Snigirov1, V. Pitsyk1, O. Abakumov1, S. Medinets1, P. Snigirov1, A. Mileva1,   
I. Gruzova1, M. Botnar1, K. Svitlychna1, O. Konareva1, I. Soltys1, V. Molchanyuk1 

 
1 Odesa National University (ONU), Odesa, Ukraine 

III.2.1. Introduction 

The main tasks of NPMS sub-programme for hydrology and hydrochemistry part were as follows: 

- To perform the field testing within not less than 12 months period of sampling and “in 

situ” measurements of physical and chemical parameters at two monitoring sites of ONU: 

Marine Research Station “Zmiinyi Island” (open sea area with minimal anthropogenic 

pressure and protected area of National Significance) and Marine Hydrobiological Station 

in Odessa Bay (coastal waters with high anthropogenic pressure);  

- To study seasonal changes of hydrological and hydrochemical characteristics for 

evaluation of the main descriptors of MSFD [1]; 

- To assess long-term changes of the main hydrological and hydrochemical characteristics;   

- To test new monitoring techniques for sampling, analysis and assessment. 

The hydrological and hydrochemical observations and measurements are required to collect the 

information necessary for assessment of the main MSFD descriptors’ state – such as D1 

(Biological Diversity), D5 (Human-induced eutrophication), D6 (Sea floor integrity) or D7 

(Hydrographical conditions); that is why the information collected during the 12-months NPMS 

can be used for future preparation of Initial Assessments during MSFD [1] and WFD [2] 

implementations in Ukraine. List of hydrological and hydrochemical monitoring parameters of 

the WFD and their relative MSFD parameters (Annex III) and indicators (COM DEC 2010/477/EU) 

[3,4] are presented in Table III.2-1. 

Table III.2-1 Hydrological and hydrochemical monitoring parameters of the WFD and their 

relative MSFD parameters 

WFD PARAMETER  
Relevant MSFD 

parameter of Annex III  
Relevant MSFD indicator  

Acidification  39  1.6.3  

Ammonium  49  5.1.1, 5.1.2  

Nitrates  49  5.1.1, 5.1.2  

Nutrient Conditions (Nutrient concentrations) 49  1.6.3, 5.1.1, 5.1.2  

Oxygenation  50  5.3.2, 1.6.3  

Conductivity   1.6.3  

Depth Variation (Seabed Bathymetry) 53  1.6.3, 7.2.2.  

pH  39  1.6.3  

Salinity  52  1.6.3  

Temperature  60  1.6.3  

Transparency  61  1.6.3, 5.2.2  

Upwelling   1.6.3  

Wave exposure   1.6.3  

Turbidity   1.6.3, 5.2.2 

Seabed Topography   6.1.1, 6.1.2, 7.1.1, 7.2.1, 7.2.2  
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III.2.2. Description of sites of the studies 

The studies in hydrology and standard hydrochemistry in the framework of the 12 months 

integrated monitoring NPMS sub-programme were performed using the existing infrastructure 

of the Odessa National I.I. Mechnikov University (ONU) in 2 Black Sea areas (Zmiinyi Island and 

Odessa Bay), in which the ONU had research stations. The location of the areas of Pilot 

Monitoring Studies is presented in Figure III.2-1. 

 

Figure III.2-1 Location of two ONU Pilot Monitoring areas: Marine Hydrobiological Station 

(MHBS area) and Marine Research Station “Zmiinyi Island” (ZMN area) 

 

III.2.2.1. Odessa Bay coastal waters (MHBS area)  

The part of physicochemical (hydrological and hydrochemical) parameters monitoring in the 

Odessa Bay coastal waters was performed on 13 stations; their locations are presented in Figure 

III.2-2. 

Observations were carried out every 10 days in the period from April 2016 to June 2017 on the 

reference station «MHBS-R» (Figure III.2-2) and included water sampling for subsequent 

laboratory analyses and in-situ measurement of such parameters as electrical conductivity, pH, 

oxygen content, heaving, wind speed etc. 

Monthly surveys in 13 stations with depth up to 15 m (Figure III.2-2) were performed on 

22.04.2016, 01.06.2016, 02.07.2016, 21.07.2016, 29.08.2016, 22.09.2016, 03.11.2016, 

26.05.2017 and 29.06.2017 in the 500-m coastal zone.  

 



Scientific Report - 12-Months Monitoring Studies 

in Georgia, Russian Federation and Ukraine, 2016-2017 

 

132 

 

Figure III.2-2 – Scheme of location of observation stations of the ONU in the MHBS area  

(  - marine monitoring stations;  - breakwater; - stone substrate;  - sand; - 

mosaic: shelly ground; stone substrate; - mosaic: shelly ground; sand; stone substrate;

- mosaic: shelly ground; stone substrate; silt) 

 

 

III.2.2.2. Coastal waters adjacent to the Zmiinyi Island (ZMN area)  

Sampling and observations in-situ of physicochemical (hydrological and hydrochemical) 

parameters in the Zmiinyi Island coastal waters were done in the stations, planned location of 

which is illustrated by Figure III.2-3. 

Daily observations and in-situ measurement of such parameters as conductivity, pH, oxygen 

content, heaving wind speed etc. were carried out in the periods from April 10 to December 23, 

2016 and from April 28 to June 30, 2017 in the reference station «ZPR» (Figure III.2-3), also 

including water sampling every 10 days for further analysis in the lab. Monthly surveys along 

one of the transects (transect was chosen based on wind direction in the time of the survey) 

comprised 7 stations within the 500-m coastal zone with the depth up to 30 m (Figure III.2-3) 

and were carried out on 22.04.2016, 01.06.2016, 02.07.2016, 21.07.2016, 29.08.2016, 

22.09.2016, 03.11.2016, 26.05.2017 and 29.06.2017.  
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Figure III.2-3 – Scheme of location of the planned observation stations in the Zmiinyi Island 

coastal waters (  - Reference station of marine monitoring (ZPR); - marine monitoring 

stations of the transects) 

 

III.2.3. Methods of observations, sampling and processing 

Nautical observations. Coordinates of points and stations of observation were established using 

Garmin-12 GPS navigator, its precision being 15 m, in accordance with user manual of the device 

[5]. 

Sea level is determined through instrumental control method using depth-gauge attached to a 

pillar of the main berth on the Zmiinyi Island, in accordance with methodology [6].  

Water temperature was measured with deepwater thermometer/depth gauge TGM mounted 

on marine bathometers BM-48, according to methodological recommendations [7]. 

Measurement precision was 0.1˚С. Also, to take the measurements portable device Hach HQ 

40d ser. № 070300007566 probe CDC 40115 was used in accordance with their user manuals 

[8]. Water temperature measurement precision was 0.1˚С. 

Relative transparency of water was measured using white (Sekki) disk in accordance with 

methodological recommendations [7]. 

Parameters of heaving of sea: type of heaving, state of water surface, wave direction, height 

and period were determined using visual method in accordance with methodology [9]. 

Water sampling for hydrochemical analyses was done using bathometer BM-48 (1 litre) and 

marine plastic bathometer “Gidrobios” (4 litres) according to methodology [7]. 

Oxygen content (degree of saturation in % and concentration in mg/l) was determined using 

portable oxymeters Hanna HI 9143, factory number 151908, with a standard probe and the 
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HI9143, factory number 151911, in accordance with [10] and operational manual [11]. Precision 

of measurements was 0.15 % and 0.01 mg/l respectively. Besides, portable meter Hach HQ 40d 

ser. № 080700023064 with probe LDO 10115 was used for boat in-situ measurement according 

to user guides [8]. Measurement precision was 1.0 %.  

Conductivity of water was determined through electrometric method using portable 

conductivity meter Toledo MC 226, factory number 200544 М, with probe L 00229 in accordance 

with user guide [12]. Precision of measurement was 0.005 and 0.001 µS respectively. 

Conductivity in field was also measured using portable device Hach HQ 40d ser. № 

070300007566 with probe CDC 40115 in accordance with user guide [8]. Measurement precision 

was 0.001 µS. 

Measurement of pH value was done using electrometric method according to methodology [13] 

with portable рН-meter “Hydrus 100”, factory number 68342/20 [14] (precision of 

measurement: ± 0.05 рН units), as well as with portable device Hach HQ 40d ser. № 

080700023064 with probe PHC 10115 in accordance with operational manuals of the devices 

[8]. Precision was 0.01 рН units. 

Phosphate. Phosphate was determined using modified Murphy & Riley method [15]. Water 

sample is poured into a Nessler cylinder up to the mark 50 ml. Before the cylinder is to be rinsed 

with the sample studied. In each cylinder 4 ml of mixed reagent and 1 ml of ascorbic acid solution 

are added to the sample. The solutions are mixed and in 10 minutes their optical density is 

measured in 100 mm long cuvettes with spectrophotometer JENWAY-6300 using wave length 

882 nm [16].  

Total phosphorus. The method used to determine total phosphorus is based on its compounds 

oxidation to dissolved orthophosphate with further analysis according to Murphy & Riley 

method [15] with spectrophotometer JENWAY-6300 using wave length 882 nm [16]. Solutions 

required for the analysis are prepared according to the requirements [16]. 

Nitrite. To determine nitrite Griess-Ilosvay method [15] was used. To establish calibration 

characteristics reflecting the dependence of optical density on nitrate concentration the 

standard produced by the Special Construction Bureau of Research Production of the Physico-

Chemical A.B.Bogatskiy Institute (National Academy of Sciences of Ukraine). Calibration 

solutions were prepared according to requirements [15]. 

Nitrate. To determine nitrate the method based on nitrate restoration to nitrite was used [15], 

as well as the new method of nitrate determination in sea water recommended by DSTU-ISO-

7890-3:1988 [17]; the method was based on spectrometric measurement of content of the 

yellow compound formed as the result of sulphosalicylic acid reaction with nitrate and further 

alkali treatment. 

Total nitrogen. The method is based on oxidation of nitrogen chlorine compounds and 

ammonium nitrogen to nitrate and nitrite at boiling with potassium persulphate under alkaline 

condition. The sum of nitrite and nitrate is restored with copper cadmium to nitrite and analysed 

using Griess-Ilosvay reagent [15]. Depending on total phosphorus concentration, 10 ml 

(concentration less than 1000 mkg/l) or 2 l (over 1000 mkg/l) samples are placed into autoclaving 

glasses and 10 ml of oxidation solution are added. The glasses are closed and mixed. 600 ml of 

distilled water are poured into a pressure-cooker and glasses are placed there. The glasses with 
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the solution boil for 30 minutes under 120 0С. After cooling the content of the glasses is 

transferred to Nessler cylinders and distilled water is added to 100 ml. The solutions are further 

analysed according to methodology of nitrate measurement [15].  

 

III.2.4. Relief and bathymetry in observation areas - MHBS and ZMN 

Relief and bathymetry of the NWBS part where Ukrainian Pilot Programme of studies was 

performed is predicated by the relief of the entire Black Sea bottom. The Black Sea bottom is 

divided into three main forms - shelf, continental slope and the deep-sea trough [18]. The shelf 

occupies 25 % of the sea area and 1.5 % of water volume (up to isobathic curve 200). The Black 

Sea north-western shelf (NWBS), whose main part is within the exclusive economic zone of 

Ukraine, occupies 16 % of the water area (68390 km2) and 0.7 % of water volume (3555 km3) 

within the boundaries from cape Chersonese to cape Caliacra. Figure III.2-4 shows bathymetric 

map of the north-western Black Sea part, in two areas of which (coastal waters of Odessa Bay 

(MHBS area) and near the Zmiinyi Island (ZMN area) the Pilot Sub programme was implemented 

by the ONU research team in the framework of the EMBLAS-II Project. 

 

 

Figure III.2-4 – Bathymetric map of the Black Sea north-western shelf 

 

According to the plan echo-sounding survey of Odessa Bay was carried out, on the results of 

which a detailed bathymetric map of the Odessa Bay area adjacent to the MHBS was made. 
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Using the data from the many years’ echo-sounding surveys carried out by the ONU in the 

Zmiinyi Island area the bathymetric map of the 500-m Black Sea zone around the Zmiinyi Island 

was updated.  

 

III.2.4.1. Bottom relief of Odessa Bay coastal waters (MHBS area) 

The MHBS area of pilot studies is located in Odessa Bay within the zone impacted by Odessa city 

and occupies about 1х1 km of Odessa resort zone.  

Analysis of bathymetric map of the area built based on the echo-sounding survey results (August 

2016) showed that the sea bottom relief in the MHBS area was continental slope in the south-

eastern direction (Figure III.2-5). 

 

 

Figure III.2-5 – Bathymetric map of Odessa Bay area adjacent to the MHBS 

 

Bottom relief is characterized by quite monotonous decline from 0 to 15 m depth with an 

eastward slope of about 4.3 degrees. Several forms of relief can be distinguished – shelve 

rocks, which interrupt the monotonous decline. Their origin is, probably, connected with 

coastal land-slides. The consequences of the land-slides in the form of elongated tongues 
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can be registered down to 11-meters isobathic line, while below that depth monotonous 

relief is no more interrupted by anything. The elevation and bottom landscapes map, which 

included the results of bathymetry and observations made by the divers, was used to select 

the areas for the observation stations in Odessa Bay (Figure III.2-6). 

 

 

Figure III.2-6 – Elevation and bottom landscapes map of the coastal zone of Odessa Bay  

 

III.2.4.2. Zmiinyi Island coastal waters (ZMN area) 

The ZMN area of pilot studies with depth up to 30 m is located in the southern part of the 

NWBS 37-40 km far from the Danube Delta. The area covers 500-m zone of the Black Sea 

adjacent to the Zmiinyi Island. Analysis of the bathymetric map of the area, which was 

made using the results of many years’ echo-sounding surveys of the ONU (2004-2017), has 

shown that the Black Sea shelf zone relief in the Zmiinyi Island area at the distance of up to 

1 km from the island was characterized by sharp depth drop-off in the northern and 

southern directions and much smoother changing of depth in the eastern and western 

directions. At that, the detailed analysis of depths and bottom landscapes distribution has 

shown significant complexity of their structure (Figure III.2-7). 
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Figure III.2-7 – Bathymetric map of the Zmiinyi Island (ZMN) area  

 

In particular, according to the results of divers’ observations, many small depressions, rocky 

elevations and sharp depth drop-offs in the southern part of the island were registered. 

According to experts opinion, this is caused by geology of the island, which was formed in the 

New Euxinian time after the last glaciation of Europe (ca. 11500 years ago) [19]. Further forming 

of underwater relief took place at the background of slow rising of the Black Sea level and at 

present is regulated by a combination of hydrogenous phenomena (waves, fluctuations of sea 

level, currents). At that, within the scale of several years, those were the strong wind-driven 

waves that most visibly influenced the process of island coastline and adjacent bottom relief 

formation. Keeping in mind the parameters of wind-generated waves near the Zmiinyi Island, 

the ir influence can be quite strong (up to 15-17 t/m2) [19]. As the rocks composing the island 

coastal slopes are quite strong, however they are weathered and full of cracks, such a force can 

cause chipping out of cliffs and forming of rock benches on the underwater slope. As the result, 

the pebble-size detritus and boulders typically prevail around the island. That is why abrasive 

and scuffing action are the main processes in the bottom relief forming [19].  

Coastal slope of the island comprises different forms, however all those are very steep. This 

shows the importance of initial layering of the relief and its influence on the current underwater 

slope’s parameters. Taking into account the parameters of storm waves at the island, it can be 

said that these hard rocks (in general, class IV on their abrasion strength), which compose the 
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underwater part of the island, feel the abrasion wave action down to the isobathic line -10 m 

[19]. Analysis of depths distribution revealed coastal abrasion terraces formed in old times on 

the depth from 7 to 11 m.  

The scuffing processes between pebble, boulders and the bottom, as well as between the stones 

only, produce suspended matter of average particle diameter < 0.05 mm. The critical 

transporting water velocity for those particles is 0.15-0.17 m/sec. These and even higher 

velocities are characteristic of descending, wind-induced, drift (up to 0.40 m/sec) and wave (up 

to 1.5 m/sec) currents. This is the reason why suspended particles cannot stay on the 

underwater slope (depth 0-25 m) and being transported to the Black Sea external shelf [19]. 

That is why there are very little suspended solids and sediments around the Zmiinyi Island. 

Using the results of echo-sounding and divers’ observations bottom elevations and landscapes 

of the coastal shelf (Figure III.2-8) were mapped; the map was used to choose location of 

observation and sampling stations for monthly and quarterly surveys of the Black Sea area 

around the Zmiinyi Island.  

 

Figure III.2-8 – Bottom elevation and landscapes map of the Zmiinyi Island coastal shelf 

 

Bottom substrate type    
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 Sand + silt 

 Sand + shelly ground   
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 Sand + shelly ground +silt  
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III.2.5. Hydrology and hydrochemistry of MHBS area 

III.2.5.1. Transparency 

Sea water transparency at the «MHBS-R» station exceeded the value of depth at the station (3.0 

m) for practically the entire period of observations; in May-June 2016 transparency decreased 

reaching 2.3 m; in October 2016, March and June 2016 went down to 2.0 m. As in most cases 

water transparency at the MHBS-R station exceeded the water depth at the station no temporal 

analysis of this parameter was done. Sea water transparency in the periods of monthly surveys 

in Odessa Bay in 2016-2017 (Figure III.2-9) was within 2.3 m (26.04.2016 at MHBS-06 station) 

and 7.0 m (26.05.2017 at MHBS-09). 

 

Figure III.2-9 – Sea water transparency variation in Odessa Bay in the MHBS area according 

to the data from monthly surveys of 2016-2017 

Figure III.2-9 shows seasonal variability of marine water transparency in Odessa Bay with 

maximal values during cold season (November) and minimal in spring and early summer. 

However, abnormally high values of water transparency in the end of May 2017 superpose on 

this seasonal variability, which can be explained for that season by upwelling of the water 

masses containing less suspended organics. 

III.2.5.2. Waves height 

During sampling and measurements at the stations in the MHBS area in April-December 2016 

and May–June 2017 waves height varied within 0 (29.08.2016 and 30.09.2016) and 1.5 m 

(21.11.2016). At that, maximal values of waves height were observed in spring and autumn; 

minimal – in summer period (August). 

III.2.5.3. Water temperature 

Temperature of surface and bottom water layers at the «MHBS-R» station (Figure III.2-10) in 

April-December 2016 and in February-June 2017 was within the limits from 1.4ºС (28.02.2017) 

to 26.5ºС (29.06 and 20.07.2016). It needs to be underlined that water temperature variations 

had well pronounced seasonal character in both surface and bottom layers, with maximum in 
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July and minima in February and January, when the sea water temperature was going down 

below the freezing point (in that case no observations were performed).  

 

Figure III.2-10 – Results of 10-days’ observations of surface and bottom water layer 

temperature at the «MHBS-R» station in 2016-2017 

The dynamic of 10-days’ changes of water temperature values at the station in the period of 

studies (2016-2017) was characterized by practically sinusoidal cycle. Harp decreases of 

temperature observed in some periods of time can be explained by arrival of cold bottom water 

masses as the result of upwelling.  

Analysis of water temperature changes at different depth according to monthly surveys of 2016-

2017 (Figure III.2-11) revealed significant gradients between surface and bottom layers 

beginning from June 2016 – 12.8ºС and May 2017 – 7.5 ºС. In early July 2016 the difference 

between temperatures was maximal and made 14.3ºС. In late July 2016 this difference 

decreased and made 10.1ºС, in August 2016 – 6.9ºС and in September-November 2016 it went 

down to the tenths of degree. In August 2017, unlike August 2016< the difference between the 

temperatures of surface and bottom layers in the MHBS area was somewhat higher (9.7ºС) as 

the result of proximity of two sharply different water masses. 

 

Figure III.2-11 – Sea water temperature values for the MHBS area in 2016-2017 for different 

water layers  
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To determine the depth of density transition zone and analyse water density structure 

measurements of temperature and salinity were taken monthly at the deepest station MHBS-9 

(depth up to 14.5 m) every 1-2 m. Vertical profiles are presented on Figures III.2-12- III.2-16.  

  

 

Figure III.2-12 – Vertical distribution of temperature (1) and salinity (2) at the MHBS-09 

station of 22.04.2016 (left) and of 01.06.2016 (right) 

 

 

  

Figure III.2-13 – Vertical distribution of temperature (1) and salinity (2) at the MHBS-09 

station of 02.07.2016 (left) and of 21.07.2016 (right) 
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Figure III.2-14 – Vertical distribution of temperature (1) and salinity (2) at the MHBS-09 

station of 29.08.2016 (left) and of 22.09.2016 (right) 

  

Figure III.2-15 – Vertical distribution of temperature (1) and salinity (2) at the MHBS-09 

station of 03.11.2016 (left) and of 26.05.2017 (right) 

  

Figure III.2-16 – Vertical distribution of temperature (1) and salinity (2) at the MHBS-09 

station of 29.06.2017 (left) and of 31.08.2017 (right) 
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Analysis of the results of observations in 2016-2017 (Figure III.2-11- III.2-16) illustrated a classical 

scheme of seasonal variations of density transition zone depth [20]. In the above period the 

depth of density transition zone was changing as follows: April 2016 - 6-8 m; June 2016 – 6-9 m; 

July 2016 – 6-12 m and 0-6 m (after upwelling); August 2016 – 9-13 m (the sharpest jump in 

temperature); September and November 2016 – no transition zone, homogenous temperature 

down to the depth of 14 m; in May 2017 the temperature transition zone was at the depth of 9-

13 m (after intensive mixing due to a storm); in June 2017 – decrease of temperature from the 

surface down to 10 m with gradient of about 1 degree per 1 meter of depth; August 2017 – well-

marked thermocline at the depth of 5-7 m with vertical gradient 4 degrees per 1 meter of depth. 

III.2.5.4. Salinity 

Measurement of salinity, which is one of the most important physicochemical characteristics, 

was done regularly in the period of 10-days’ sampling at the «MHBS-R» station and during 

monthly surveys in Odessa Bay. Figure III.2-17 shows distribution of 10-days’ water salinity 

values in the surface and bottom layers at the «MHBS-R» station in 2016-2017. Their analysis 

shows that salinity of the surface and bottom waters at the «MHBS-R» station in April-December 

2016 and in February-June 2017 varied within the limits from 7.818 PSU (10.03.2017) to 17.032 

PSU (30.03.2017). 

 

Figure III.2-17 – The results of 10-days’ measurements of marine water surface and bottom 

layers salinity at the «MHBS-R» station in 2016-2017 

 

Mean values of salinity for the entire period of measurements at the MHBS-R station in 2016-

2017 made 14.986 and 15.149 PSU for the surface and bottom layers respectively. Maxima of 

salinity for the surface and bottom layers (16.854 and 17.032 PSU respectively) were observed 

in March 2017. Minimal values (11.473/11.627; 10.352/10.524; 11.188/11.182; 13.057/13.057; 

7.599/9.225 PSU for the surface and bottom layers) were observed on 30 May, 21, 29 June, 21 

November 2016 and 10 March 2017 respectively and can be caused by advection of freshened 

water masses of the rivers Dnipro, Southern Bug and Dniester. These samples of sea water 

require special attention during analysis of nutrients concentrations distribution and 
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hydrobiological characteristics, which a priori must differ from the water in the open part of the 

sea. 

Analysis of salinity seasonal variations at different depths according to the monthly surveys 

results of 2016-2017 (Figure III.2-18) leads to the conclusions about the periods when freshened 

water masses reach the MHBS area.  

 

Figure III.2-18 – Values of sea water salinity in the MHBS area in 2016-2017 on the data of 

monthly surveys in different layers of water  

 

According to the data on salinity in the MHBS area for the samples taken on 21.07.2016, 

29.08.2016, 22.09.2016, 03.11.2016, 26.05.2017, 29.06.2017 and 31.08.2017 the average 

salinity in water column 0-15 m made 16.231 PSU. At that, the range of salinity variations was 

somewhat more than 2 PSU (from 15.134 to 17.210 PSU). Salinity variation range in the bottom 

layer (11-15 m) for the entire period of observations in the MHBS area in 2016-2017 made 1.246 

PSU (from 15.964 to 17.210 PSU). During the monthly surveys on 22.04, 01.06, 08.06 and 

02.07.2016 the range of salinity values from the surface layer to the 15 m depth grew to 6.123 

PSU, changing from 10.791 to 16.914 PSU.  

Detailed analysis of results of salinity studies in the Zmiinyi Island coastal waters in 2004-2014 

[21] has shown that all the data from the measured series within the limits 10.0-19.2 ‰ can be 

divided into three groups connected with three types of water masses: 1 (10.0-14.0 ‰) – water 

masses formed under the influence of the river  runoff, 2 (14.1-17 ‰) – typical well mixed water 

masses from the NWBS and 3 ( >17 ‰) – masses from open waters of the Black Sea. 

Using such determination of water masses origin based on their salinity, the frequency of arrival 

of the water masses of different origin to Odessa Bay was assessed. According to the data from 

the 10-days’ sampling, in 17% of cases salinity of less than 14 PSU was registered, which 

according to the WFD is classified as transitional waters and only in 3% of cases salinity exceeded 

17 PDU, which is characteristic of open part of the sea. Salinity of the rest of samples (80% all 

the samples taken) stayed within 14-17 PSU, which is typical of the north-western Black Sea part.  

According to the data from the monthly measurements, salinity under 14 PSU was registered in 

the layer 0-2 m in April, June and July 2016. It needs to be noted that no salinity value exceeding 
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17 PSU was registered in the surface layer.  Salinity value under 14 PSU in the layer 2-5 m was 

registered in April and July 2016, and only once salinity was higher than 17.00 PSU – on 21 July. 

In the layer 5-10 m salinity under 14 PSU was registered in July 2016 and salinity exceeding 17 

PSU - on 1 July and 31 August 2017. In the layer 10-15 m salinity under 14 PSU has never been 

registered; over 17 PSU – on 21 July 2017 and 31 August 2017. Thus, it can be concluded that 

advection of freshened waters in Odessa Bay on 2016-2017 influenced salinity values at the 

depths less than 10 m, i.e. al the biocoenoses of the north-western part of the sea with depth 

under 10 m are more or less influenced by the desalinated water from the river inflow.   

Analysis of variability of water salinity distribution with depth is illustrated by Figure s III.2-12- 

III.2-16. The analysis shows that in April 2016 the jump of salinity was registered at the depth of 

6-9 m; in July 2016 smooth decrease of salinity with depth was observed without the jump; in 

July 2016 – on the level 6-10 m and 2-3 m (after upwelling of 21.07.2016); in August, September 

and October 2016 – salinity jump disappeared and homogenous salinity established, which was 

also observed in May and June. In August 2017 the jump of salinity was registered similarly to 

the situation with temperature (ca. 1 PSU) at the depth of 5-7 m, as the result of which stable 

density stratification of water column took place.  

 

III.2.5.5. Oxygen 

Distribution of dissolved oxygen concentration and oxygen saturation of the surface and bottom 

layers at the «MHBS-R» station in 2016-2017 are presented on Figures III.2-19- III.2-20.  

 

 

Figure III.2-19 – Results of 10-days’ observations of oxygen concentration (mg/l) in the 

surface and bottom layers at the «MHBS-R» station in 2016-2017  
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Figure III.2-20 – Results of daily observations of oxygen saturation (%) in the surface and 

bottom layers at the «MHBS-R» station in 2016-2017 

 

Analysis of the data show that in 2016-2017 dissolved oxygen concentration in the surface layer 

practically coincided with the concentration in bottom layer and varied in cycles from the 

minimal values 7.22 mg/l (29.06.2016) to maximal 13.89 mg/l (10.03.2017); average value for 

the entire period of observation made 9.85±1.73 mg/l. 

At that, oxygen saturation of the surface layer in the period May-September was almost always 

higher than in the bottom layer. Oxygen saturation values from 90 to 100% were registered in 

July-December 2016; 100-125 % - in April-July 2016 and February-June 2017, i.e. in conclusion, 

the natural oversaturation of water masses with oxygen is observed in the shallow areas of 

marine coastal zone with the depth under 3 m in spring - summer period, while in autumn period 

undersaturation is registered. The reason for that is quick heating of the upper layers during 

spring – summer period and quick cooling in autumn. The absolute minimum of saturation with 

oxygen – 90.9 % - was observed on 21.09.2016 and the absolute maxima of oxygen saturation, 

124% and 120%, were registered on 30.05.2016 and 19.05.2017 respectively. 

A significant negative correlative association was revealed for the «MHBS-R» station between 

the level of water saturation with oxygen in 2016-2017 and salinity (r=-0.43 at p<0.0001). No 

significant correlation was found between salinity and oxygen concentration in water. 

Analysis of seasonal changes of sea water saturation with oxygen and of oxygen concentration 

in water at different depths on the results of monthly surveys carried out in 2016-2017 (Figure 

II.1.21, II.1.22) has shown the following: decrease of both parameters’ value was observed from 

April to August 2016 with simultaneous increase of difference between the values for the 

surface and bottom layers from 9% (0.1 mg/l) in April to 61% (4.2 mg/l) in August; increase of 

both parameters’ values and decrease of difference between the values in the surface and 

bottom layers reaching practically homogeneous state in September and November 2016; for 

the same season in 2017 the regularities registered in spring-summer of 2016 were established; 

the only difference was that the drop in water saturation with oxygen in August 2017 continued 

to reach the fish kill level (below 25%). It needs to be pointed out that such low oxygen 
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concentrations (2.21 mg/l) in the bottom layer in August 2017 were observed during the period 

of very stable density stratification (Figure III.2-16, right). 

Correlation relationship between the level of water saturation with oxygen and salinity on the 

monthly surveys of 2016-2017 was also negative –(r=-0.45 at p<0.0001). No significant 

correlation relationship between salinity and oxygen concentration in water was established for 

the MHBS area. The regularities established are complemented by the illustration of vertical 

profiles of oxygen saturation and concentration of oxygen in water at the deepest station MHBS-

9 (depth reaches 14.5 m) presented on Figures III.2-23- III.2-27.  

 

Figure III.2-21 – Seasonal trend of marine water oxygen saturation in the MHBS area in 2016-

2017 for different depth ranges 

 

Figure III.2-22 – Seasonal trend of oxygen concentration in marine water in the MHBS area in 

2016-2017 for different depth ranges 

Analysis of results of the study of oxygen saturation and concentration vertical distribution in 

the MHBS area in 2016 (Figure III.2-22 - III.2-25) shows the following: in April 2016 quite 

homogeneous distribution of these characteristics with depth was observed, within the range 

103.0-93.6 % (10.17-10.05 mg/l); in June 2016 sharp decrease of oxygen saturation and 

concentration values was registered at the depth of 0-9 m - from 116.0 to 77.8% (8.11 and 9.27 
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mg/l respectively); in July-August 2016 sharp stratification occurred with gradual rising of the 

lower boundary of oxygen saturation at the bottom horizon from 60 to 40 %; in September and 

October 2016 almost homogenous distribution of water saturation with oxygen was registered 

from the surface down to 14-15 m depth. 

  

Figure III.2-23 – Vertical distribution of oxygen saturation (1) and oxygen concentration in 

water (2) at the MHBS-09 station of 22.04.2016 (left) and of 01.06.2016 (right) 

  

Figure III.2-24 – Vertical distribution of oxygen saturation (1) and oxygen concentration in 

water (2) at the MHBS-09 station of 02.07.2016 (left) and of 21.07.2016 (right) 

  

Figure III.2-25 – Vertical distribution of oxygen saturation (1) and oxygen concentration in 

water (2) at the MHBS-09 station of 29.08.2016 (left) and of 22.09.2016 (right)  
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Figure III.2-26 – Vertical distribution of oxygen saturation (1) and oxygen concentration in 

water (2) at the MHBS-09 station of 03.11.2016 (left) and of 26.05.2017 (right) 

 

Oxygen distribution with depth in May, June and August 2017 attracts special attention (Figure 

III.2-26, III.2-27). Gradual decrease of oxygen saturation and concentration was observed in May 

1017 from the surface and down to 9 m depth; below, down to 13.3 m, a stable growth of these 

parameters was registered, and concentration of dissolved oxygen in the bottom layer was 1 

mg/l higher than in the surface layer. In June 2017 at the background of practically stable oxygen 

saturation from the surface to the level of 13 m an increase in oxygen concentration in water 

was observed from 8.70 to 10.82 mg/l. As it is shown on Figure III.2-26 (left), the form of oxygen 

concentration curve is showing discontinuous variations, which can be an evidence of several 

layers of water with different concentrations that appeared as the result of a local advection. 

The oxygen distributions with depth received by us (May, June 2016) can take place in the case 

of stable density stratification, which to some extend prevents from sedimentation of organic 

matter forming a sort of a «liquid bottom» [22]. As the result, the character of oxygen vertical 

distribution in water from the surface to such a «liquid bottom» under absence of dynamic 

factors is determined by the processes of photosynthesis and biological destruction, as well as 

concentrations of nutrients inhibiting plankton development. 

  

Figure III.2-27 – Vertical distribution of oxygen saturation (1) and oxygen concentration in 

water (2) at the MHBS-09 station of 29.06.2017 (left) and of 31.08.2017 (right) 
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Figure III.2-27 (right) shows a classical illustration of oxygen distribution with depth under stable 

density stratification, which results from the presence of two water masses having sharply 

different temperature and salinity, whose profiles formed sharply pronounced thermocline and 

halocline at the depth of 5-7 m (Figure III.2-16, right); that was accompanied by practical hypoxia 

in the water layer from 8 to 15 m. At that oxygen saturation in this water layer decreased 

reaching a fish kill level (under 25%) at oxygen concentration value of a little more than 2 mg/l. 

In conclusion to this chapter one can deduce that in the period from June to August 2016 

unfavourable oxygen conditions developed in the bottom layers of Odessa Bay and monotonous 

decrease of oxygen saturation was observed reaching the minimum of 40 % at the bottom 

horizon, which no doubt evidenced hypoxia phenomena in the bottom water layers. Those 

phenomena were registered for the second time in August 2017, when the hypoxia in water 

layer below 8 m was characterized by oxygen saturation level of 20-25%. All that evidences both 

cyclicity of hypoxia phenomena in Odessa Bay and their intensification in summer 2017 

compared to 2016. 

III.2.5.6. pH value 

Analysis of pH value changes at the «MHBS-R» station in 2016-2017 (Figure III.2-28) shows that 

pH of surface and bottom layers at the «MHBS-R» station in April-December 2016 and in 

February-June 2017 were within th limits from 8.10 pH units (19.04.2017) to 8.68 pH units 

(10.03.2017) with the mean value for the entire period of observations 8.40±0.12.   

 

Figure III.2-28 – Results of 10-days’ pH value measurements in the surface and bottom layers 

of marine water at the «MHBS-R» station in 2016-2017 

 

In general, pH annual cycle cannot be followed from the data of 2016-2017. Mean pH value in 

2016 is 8.42±0.05. The observed variations of pH can be explained only by change of water 

masses in the MHBS during the period of observations, which can be traced using the annual 

cycle of sea water salinity (Figure III.2-17). All the maximal pH peak values coincide with the time 
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when freshened river water approached the area: 30 May, 21, 29 June, 21 November 2016 and 

10 March 2017. Exceptions are the peak pH values of unknown origin registered on 20.12.2016 

and 19.04.2017. 

Statistical analysis revealed the following significant correlation coefficients for the series of 

observations at the MHBS-R station: between pH and water temperature (r=0.30 at p<0.01); pH 

and salinity (r=-0.63 at p<0.0001). No significant correlation coefficients were found between 

pH and oxygen concentration in water for the period of observation 2016-2017. 

Analysis of results of studies of pH values vertical distribution in the 500-m Black Sea coastal 

area in the MHBS area in 2016-2017 revealed weak variation of the parameter with depth: in 

April 2016 stepless increase of pH value with depth was observed - from 8.22 to 8.40 pH units; 

in June 2016 – stepless decrease with depth from 8.41 to 8.25 pH units; in early July 2016 – 

stepless decrease with depth from 8.63 to 8.31 pH units; in the end of July 2016 – stepless 

decrease with depth from 8.44 to 8.08 pH units; in September 2016 – stepless increase from 

8.51 at the surface to 8.61 pH units at the depth of 3.5 m an than stepless decrease to 8.12 pH 

units in the bottom layer; in September and October 2016 almost homogenous distribution of 

pH values established down to the depth of 14 m; in May-June 2017 – almost homogenous 

distribution of pH values with depth within 8.28-8.35 pH units.  

Statistical analysis of results from the monthly surveys of 2016-2017 revealed significant 

correlation coefficients for the following series: pH and water temperature (r=0.54 at p<0.0001); 

pH and oxygen saturation of water (r=0.38 at p<0.0001); pH and water salinity (r=-0.52 at 

p<0.0001). 

Analysis of pH seasonal variations in different water layers on the results of monthly surveys of 

2016-2017 (Figure III.2-29) revealed quite a homogenous structure of pH distribution in spring 

and autumn 2016 (April, September, November) and spring-summer 2017 at the background of 

significant difference in pH value for the surface and bottom layers respectively in June (8.62 

and 7.84), July (8.69 and 8.08), August (8.61 and 8.12) 2016 and in August 2017 (8.33 and 7.76).  

 

Figure III.2-29 – Seasonal variation of marine water pH in the MHBS area in 2016-2017 for 

different ranges of depth 
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At that, pH value in practically all the bottom layers were significantly lower than in the surface 

layer, which can be explained only by anthropogenic impact of the effluent run-off from Odessa 

megalopolis.   

III.2.5.7. Nutrients 

Sampling for nutrients (nitrogen and phosphorus compounds) was done every 10 days at the 

MHBS-R station and practically monthly at the stations presented on Figure III.2-30. 

 

Figure III.2-30 – Location of nutrients sampling stations in the coastal waters of Odessa 

(MHBS area) in 2016-2017 

Sampling places and dates:  Reference station MHBS-R 22, 26.04.2016  01.06.2016   01-

02.07.2016  21.07.2016    29.08.2016  22.09.2016  03.11.2016  26.05.2017 

29.06.2017 

 

III.2.5.7.1. Phosphorus compounds 

Phosphate. Phosphate concentration in the surface waters at the «MHBS-R» station (Figure III.2-

31) in April-December 2016 and February-June 2017 varied from < 3 mkgР/l (20.07.16; 20.12.16; 

20.03.17) to 43 mkgР/l (21.11.16; 10.03.17). Phosphate concentrations in the bottom layer 

varied from < 3 mkgР/l (20.07.16; 20.12.16) to 48 mkgР/l (19.08.16; 10.03.17).  
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Figure III.2-31 – Phosphate concentrations in the surface and bottom layers at the «MHBS-R» 

station in 2016-2017 

 

Seasonal variation was revealed in the surface and bottom layers at the «MHBS-R» station 

during the period of studies; it was characterized by decrease of concentration from April to July 

2016 with further sharp increase up to maximal values in August-September. In winter period 

2016-2017 the decrease in phosphate concentrations was observed again; in March 2017 

maximal for the period value was registered (48 mkgР/l); than phosphate concentration went 

down again like in the previous year. Comparison of the time when high phosphate 

concentrations were registered with water salinity values has shown that increase of phosphate 

concentrations were observed in the periods when waters from the open part of the sea with 

high salinity (exceeding 15 PSU) were entering Odessa Bay, as well as in the periods of freshened 

waters arrival (October 2016 and March 2017).  

Correlation analysis of the results of observations at the MHBS-R station revealed negative 

interrelation only between phosphate concentrations and pH (r = 0.30; p < 0.01). 

On the results of monthly surveys of 2016-2017 (Figure III.2-32) it was established that during 

the entire period of observations phosphate concentrations in the bottom layer in most cases 

were higher than in the surface layer, or those values were equal. Exceptions are the peak values 

of concentration in the bottom layer found in August 2016 and in May 2017. The maximum of 

phosphate concentration (61 mgР/l) in August 2016 coincides in time with the period when 

hypoxia was found in the bottom layers of the Black Sea in the MHBS area. In general, big 

scattering of phosphate concentration values for different depths was pointed out (July – 3-37; 

August – 3-61; November – 11-45 mgР/l) compared with 2017. 
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Figure III.2-32 – Seasonal variations of phosphate concentration in marine water in the 

MHBS area in 2016-2017 for different depth ranges 

 

Correlation analysis of the results of observations during monthly surveys 2016-2017 in the 

MHBS area revealed significant positive interrelations between phosphate concentrations and 

transparency (r=0.37 at p<0.0001) and salinity (r=0.22 at p<0.03), as well as negative 

interrelations with oxygen saturation (r=-0.35 at p<0.001) and oxygen concentration in water 

(r=-0.27 at p<0.008).  

Total phosphorus. Analysis of results of total phosphorus content measurements in surface 

waters at the «MHBS-R» station (Figure III.2-33) in April-December 2016 and February-June 

2017 has shown that total phosphorus concentrations changed practically in synchronssm with 

phosphate values ((r=0.61; p<0.001) and varied from 14 (20.03.17) to 94 mkgР/l (19.08.16). 

Interval of total phosphorus concentrations changing in the surface layer was from 17 (20.03.17) 

to 99 mkgР/l (19.08.16).  

 

Figure III.2-33 – Total phosphorus concentrations in surface and bottom layers at the 

«MHBS-R» station in 2016-2017 



Scientific Report - 12-Months Monitoring Studies 

in Georgia, Russian Federation and Ukraine, 2016-2017 

 

156 

Minimal concentrations of total phosphorus were observed in winter period, maximal – in 

summer-autumn period. Several peas of concentrations were found in spring-summer period 

which, like in case with phosphate, coincided with the periods of water from the open part of 

the sea and freshened water arrival. 

Analysis of results of monthly surveys of 2016-2017 (Figure III.2-34) has shown that total 

phosphorus concentrations in the bottom layer were maximal compared to the upper layers in 

September, November 2016 and May 2017, which could be caused by seasonal settling of dead 

residues of phytoplankton and vegetation.   

 

 

Figure III.2-34. – Seasonal variation of total phosphorus concentrations in marine water at 

the MHBS area in 2016-2017 for different ranges of depth 

 

For other periods of 2016-2017 total phosphorus maximal concentrations were registered in the 

surface or subsurface (3-5 m) layers. At that, like for phosphate, big scattering of total 

phosphorus values with depth was revealed for 2016 (June – 28-86; July – 25-83; August – 25-

116; September – 19-83; November – 33-88 mgР/l) compared with 2017. Like for phosphate in 

the bottom layer, significant total phosphorus concentration was observed (102 mgР/l) in 

August 2016, however at the same time even higher concentration of this parameter was found 

in the layer 3-5 m, which combined with quite high temperature at the bottom (16.5°С) and 

weak mixing could create the conditions for hypoxia in the bottom layers of water.  

Like in case of phosphate, total phosphorus concentrations at the «MHBS-R» station correlated 

positively with pH (r=0.34 at p<0.003), as well as with water temperature (r=0.32 at p<0.005) 

and negative correlation with transparency (r=-0.34 at p<0.004), salinity (r=-0.26 at p=0.028) 

and dissolved oxygen (r=-0.29 at p<0.014). 

Correlation analysis of results of monthly observations in 2016-2017 in the MHBS area revealed 

positive interconnections between total phosphorus concentrations and nitrite concentrations 

(r=0.61 at p<0.0001) and negative interconnections with oxygen saturation (r=-0.31 at p<0.002) 

and oxygen concentration in water (r=-0.36 at p<0.0001). No significant correlation coefficients 

between total phosphorus concentration and other observed parameters were found. 
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III.2.5.7.2. Nitrogen compounds 

Nitrite. Analysis of the data received in 2016-2017 about nitrite content at the «MHBS-R» station 

(Figure III.2-35) has shown that nitrite concentration varied from < 1 to 8 mkgN/l in the surface 

(20.12.16) and bottom layer (20.03.17). Minimal concentrations of nitrite were observed in 

April-May. The tendency of nitrite concentration increase was observed from April-May to 

December 2016 reaching maximal values in December (surface layer).  

 

Figure III.2-35 – Nitrite concentrations in the surface and bottom layers at the «MHBS-R» 

station in 2016-2017 

 

No significant correlation between nitrite concentration and other parameters of marine 

environment was established for the above period 2016-2017 at the «MHBS-R» station. 

On the results of monthly surveys carried out in 2016-2017 (Figure III.2-36) it was found that the 

concentrations of nitrite in the surface layer were higher than in other layers in August, 

September and November 2016. The rest of surveys of 2016-2017 revealed maximal 

concentrations of nitrite in the surface layer.  

 

Figure III.2-36. – Seasonal variation of nitrite concentrations in marine water at the  MHBS 

station in 2016-2017 for different ranges of depth 
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Maximal scattering of nitrite concentration values with depth was observed in August (<1-18 

mgN/l), September (<1-15 mgN/l) 2016 and June 2017 (<1-13 mgN/l). In 2016, maximal 

concentrations of nitrite, like it was for phosphorus compounds, coincided in time with hypoxia 

periods in the bottom layers of water.  

Correlation analysis of the results of observations during monthly surveys of 2016-2017 in the 

MHBS area has revealed positive interrelations between the concentrations of nitrate with 

phosphate concentration values (k=0.56; p<0.0001), total phosphorus (k=0.61; p<0. 001) and 

negative interrelations with oxygen saturation (k=-0.30; p<0.003) and oxygen concentration in 

water (k=-0.34; p<0.001). No significant correlation between nitrogen concentration and other 

observed parameters was revealed. 

Nitrate. Analysis of the received data on the nitrate content in water at the «MHBS-R» station 

(Figure II.1.37) has shown that nitrate concentration values in 2016-2017 were from 6 (28.04.16) 

to 839 mkgN/l (10.06.16) in the surface layer and from 3 (12.06.17) to 1144 mkgN/l (06.09.16) 

in the bottom layer respectively.  

 

Figure III.2-37 – Nitrate concentrations in the surface and bottom layers at the  «MHBS-R» 

station in 2016-2017 

 

The results of observations showed several peak concentrations of nitric nitrogen both in the 

surface layer: 839 mkgN/l (10.06.16); 378 mkgN/l (20.03.17); 819 mkgN/l (31.05.17) and in the 

bottom layer: 374 mkgN/l (10.06.16); 566 mkgN/l (31.05.17); those peaks were not connected 

with any changes of salinity or other hydro physical parameters.  

No significant correlation of nitrate with other parameters of marine environment was revealed 

at the «MHBS-R» station for the above-mentioned period, like in case of nitrite. 

It was established from the results of monthly surveys of 2016-2017 (Figure III.2-38) that nitrate 

maximal concentrations were observed only in the surface layer, reaching the values of 1000-

1293 mgN/l in July-September 2016 and 950-2343 mgN/l in May-June 2017.  
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Figure III.2-38 – Seasonal variation of nitrate concentration values in marine water in the  

MHBS area in 2016-2017 for different ranges of depth 

 

Unlike nitrite concentration values, the concentrations of nitrate in the bottom layer were 

insignificant during practically all the surveys of 2016-2017 and stayed within the range 1-31 

mgN/l – except November 2016 - 315 mgN/l. Correlation analysis of observations in monthly 

surveys in 2016-2017 in the MHBS area revealed positive interconnections of nitrate 

concentrations with transparency (r=0.24 at p<0.018) and phosphate concentrations (r =0.23 at 

p<0.027). 

Ammonium nitrogen. Analysis of the collected data on ammonium nitrogen content at the 

«MHBS-R» station (Figure III.2-38) has shown that its concentration in the surface layer was from 

1 (10.08.16; 20.03.17; 30.03.17; 31.05.17) to 71 mkgN/l (30.05.16) and in the bottom layer 

varied from 1 (20.05.16; 30.11.16; 30.03.17; 19.04.17) to 86 mkgN/lл (30.05.16; 21.11.16). 

The results of ammonium nitrogen content in the surface and bottom layers at the «MHBS-R» 

station in 2016-2017 have shown that the peak concentrations of ammonium nitrogen were 

registered in spring (2016 and 2017) and autumn (2016) during favourable conditions for organic 

matter destruction.  

 

Figure III.2-39 – Ammonium concentrations in the surface and bottom layers  

at the  «MHBS-R» station in 2016-2017 
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Significant positive correlation interrelations of ammonium nitrogen concentrations were found 

with waves height (r=0.32 at p<0.007) and pH (r=0.50 at p<0.0001); negative – with water 

salinity (r=-0.42 at p<0.001). 

Comparison between time of high concentrations of ammonium nitrogen and water salinity 

registration has shown that almost all the cases of high ammonium nitrogen values were 

observed during the periods when freshened waters were coming to Odessa Bay (May, June, 

November 2016 and May 2017).  

It was found on the results of monthly surveys of 2016-2017 (Figure III.2-40) that maximal 

concentrations of ammonium were observed either in the surface or subsurface layers reaching 

93-151 mgN/l in April-June 2016, 56 mgN/l in November 2016, 47 mgN/l in June 2017.  

 

Figure III.2-40 – Seasonal variation of ammonium concentrations in marine water in the  

MHBS area in 2016-2017 for different ranges of depth 

Almost all the surveys in 2016-2017 have shown that ammonium concentration in the bottom 

layer was higher than at the surface; August 2016 was an exception – 32 mgN/lл: that was the 

period when hypoxia happened. Correlation analysis of the results of observations during 

monthly surveys in 2016-2017 in the MHBS area has shown only negative interrelations between 

ammonium concentrations and salinity (r=0.25 at р<0.015). 

Total nitrogen. Analysis of results of total nitrogen content observation in the surface waters at 

the «MHBS-R» station (Figure III.2-41) has shown that in April-December 2016 and February-

June 2017 total nitrogen concentrations in the surface layer varied from 165 (21.04.16) to 7870 

mkgN/l (20.07.16), while in the bottom layer - from 139 (20.12.16) to 5438 mkgN/l (30.09.16).  
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Figure III.2-41 – Total nitrogen concentrations in the surface and bottom layers at the 

«MHBS-R» station in 2016-2017 

 

Seasonal variation of total nitrogen concentration values was not found; however, two peak 

values were observed: in the surface layer on 20.07.2016 (7870 mkgN/l), and in the bottom layer 

on 30.09.16 (5438 mkgN/l). No significant correlation interconnections between total nitrogen 

concentration and other marine environment parameters for the above period at the «MHBS-

R» station was found. 

It was established from the results of monthly surveys of 2016-2017 (Figure III.2-42) that 

maximal concentrations of total nitrogen were almost always observed in the surface layer and 

reached peak values in July-September 2016 - 1658-2502 mgN/l and in May-June 2017 – 991-

2370 mgN/l. The only exception during the period of studies was maximal concentration of total 

nitrogen measured in November 2016 in the water sampled from the water layer 6-10 m (2789 

mgN/l).  

 

Figure III.2-42 – Seasonal variation of total nitrogen concentrations in marine water in the  

MHBS area in 2016-2017 for different ranges of depth 

Like in the case with nitrate, maximal values of total nitrogen concentration in the bottom layer 

were registered in November 2016 - 914 mgN/l. Correlation analysis of the results of 

observations during monthly surveys of 2016-2017 in the MHBS area has revealed positive 
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interconnection of total nitrogen concentration with water temperature (r=0.32 at p<0.002), pH 

(r=0.43 at p<0.0001) and negative interrelation with salinity (r=-0.24 at p<0.024). 

 

III.2.6. Hydrology and hydrochemistry in Zmiinyi Island coastal 
waters  (ZMN area) 

III.2.6.1. Sea level 

As it is known [23], seasonal variations are characteristic of the Black Sea level in the Zmiinyi 

Island area, with maxima in May-July and minima in October-November. The difference 

between summer and winter level makes 30-40 cm.  According to the results of the previous 

studies carried out in 2003-2007 [20], water level growth of 0.4-0.5 cm a year is observed in the 

Zmiinyi Island area. 

Analysis of results of daily observations performed on the Zmiinyi Island in 2016-2017 (Figure 

III.2-43) has shown that the sea level variation amplitude was 34 cm against 44 cm for the period 

2008-2014 [18, 24].  

 

Figure III.2-43 – Results of daily sea level observations near the Zmiinyi Island in 2016-2017 

 

The range of sea level variation at the «ZPR» station depended on the season, the values were 

within (-16) cm BS (October-December 2016) and (+18) cm BS (14.05.2016; 15.06.2016). Mean 

value of sea level (for May-December) for the entire period of observations on the island (2004-

2017) was (-1) cm BS; mean value for the period of 2016-2017 – (+3) cm BS.  

In April-September 2016 only positive values of sea level were observed (and the levels «0» cm 

post in the Baltic System of heights) (Figure III.2-43). Such a phenomenon was observed for the 

first time during the period (2004-2017) when the ONU carried out observations on the marine 

research station (MRS) "Zmiinyi Island". 

For the period 2004-2017 according to the results of the ONU observations on the Zmiinyi Island 

linear interannual trend of + 0.11 cm per year was established, which was lower than the trend 

for 2004-2013 - +0.27 cm per year [25].  
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III.2.6.2. Transparency 

Changes of water transparency in 2016-2017 at the «ZPR» station are illustrated by Figure III.2-

44. Transparency values at «ZPR» station in April-December 2016 and May-June 2017 varied 

from 0.8 m (22.05.16; 23.05.16; 24.05.16) to >8.0 m. At that, in 63 cases the value of 

transparency exceeded the depth at the station. Mean value for the said periods of 2016-2017 

at the «ZPR» station was 4.9±2.3 m.  

 

Figure III.2-44 – Results of daily observations of water transparency  

at the  «ZPR» station in 2016-2017 

Comparison with the data from previous years [18, 20, 24] has shown that seasonal dynamics of 

water transparency at the «ZPR» station in 2016-2017 compared with the period 2008-2015 did 

not change: minimal monthly average values were observed in May 2016 (2.1 m) and June 2017 

(2.3 m). 

Water transparency in the periods of monthly surveys in 2016-2017 (Figure III.2-45) was from 

1.0 m (17.05.2016, stations Z-3-3, Z-3-2) to maximum 9.0 m (25.09.2016 and 26.11.2016, 

stations Z-3-7, Z-3-6, Z-3-4, Z-3-3) and its seasonal variability was usual for the Zmiinyi Island 

area, with maximal values in the cold period of year (October-November) and minimal in spring 

(May). 

 

Figure III.2-45 – Seasonal variation of transparency in the 500-m water area around the 

Zmiinyi Island according to the data from monthly surveys of 2016-2017 
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III.2.6.3. Waves height 

The results of daily observation of wave height at the «ZPR» in April-December 2016 and May-

June 2017 are presented on Figure III.2-46.  

 

Figure III.2-46 – Results of wave height daily observation near  
the Zmiinyi Island in 2016-2017 

In the majority of cases heaving was of wind-driven type. Mean value of waves height was 

0.8±0.6 m; the range was from no heaving to maximal waves height of 4 m (31.10.2016), which 

did not exceed the absolute waves height maximum of 5 m registered by us in 2013 [24]. 

Minimal waves height values within the seasonal variability were observed in May-June, while 

maximal were registered in October-November. At that, it needs to be noted that in October 

2016 wave height was the lowest compared to Octobers of 2008-2015 [25].  

III.2.6.4. Water temperature 

Analysis of water temperature temporal variation in the surface and bottom layer at the «ZPR» 

station (Figure III.2-47, III.2-48) has shown that the surface temperature at the station in April-

December 2016 and May-June 2017 was from 6.6ºС (22.12.16) to 27.0ºС (02-03.08.16). The 

range of water temperature in the bottom layer (8 m depth) was similar to the changes in the 

surface one: from 6.6ºС (22.12.16) to 26.4ºС (02.08.16).  

 

Figure III.2-47 – Results of daily observation of water temperature in the surface layer at the 
«ZPR» station in 2016-2017 
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Figure III.2-48 – Results of daily observation of water temperature in the bottom (8 m) layer 

at the «ZPR» station in 2016-2017 

 

Similarly, with the previous year’s [18, 20, 24], water temperature in 2016-2017 had a distinct 

seasonal variation in the surface and bottom layers with maxima in July-August.  

Analysis of water temperature seasonal variation at different depths on the data from the 

monthly surveys of 2016-2017 (Figure III.2-49), contrastingly with the MHBS area, has revealed 

a significant difference in bottom and surface layers temperature both in May 2016 (9.5ºС) and 

in May 2017 (11.6ºС).  

 

Figure III.2-49 – Results of water temperature observation in different layers of the Zmiinyi 

Island coastal waters in 2016-2017 (data from monthly surveys) 

This difference grew in June and July 2016 reaching 18.7 and 17.7ºС respectively. In August 2016 

the difference went down to 15.9ºС, in September 2016 - to 5.5ºС and in November 2016 the 

water in the bottom layer was warmer than in at surface, i.e. the temperature anomaly, usually 

appearing in autumn periods of intensive cooling down of surface water as the result of contact 

with cooling atmosphere, was registered. 

For a more detailed analysis of water vertical structure measurements of temperature and 

salinity were taken each 2 m during monthly surveys at the stations along the transects with 

depth of 25 – 0 m; the results are presented on Figure s III.2-50- III.2-55. It was found out that 

thermocline was registered at different depths depending on seasons: April 2016 - at 5-16 m; 
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May and June 2016 – at 6-20 m (intensive heating of the surface water layer); July 2016 – at 12-

20 m (beginning of thermocline deepening); August 2016 – at 20-26 m (maximally sharp jump 

of temperature with gradient 2.2°С per one meter of depth); September 2016 – at 23-30 m 

(maximal depth of thermocline). In October 2016 disappearance of thermocline and 

temperature uniformity down to 30 m depth were registered. In 2017 the picture of 

temperature vertical distribution with depth became somewhat different: in late April 2017 a 

weakly pronounced thermocline was observed at the depth of 6-12 m, in May 2017 vertical 

distribution was characterized by smooth decrease of water temperature from the surface down 

to the depth of 30 m; in June 2017 thermocline was registered at the range of depths from 6 to 

26 m, at that forming vertical gradient of temperature – 0.8 ºС per one meter of depth. 

  

Figure III.2-50 – Vertical distribution of temperature (1) and salinity (2) at the stations Z-1-7 

on 10.04.2016 (left) and Z-3-7 on 17.05.2016 (right) 

  

Figure III.2-51 – Vertical distribution of temperature (1) and salinity (2) at the stations Z-5-7 

on 21.06.2016 (left) and Z-3-7 on 24.07.2016 (right) 
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Figure III.2-52 – Vertical distribution of temperature (1) and salinity (2) at the stations Z-5-7 

on 20.08.2016 (left) and Z-3-7 on 25.09.2016 (right) 

  

Figure III.2-53 – Vertical distribution of temperature (1) and salinity (2) at the stations Z-3-7 

on 03.11.2016 (left) and 26.11.2016 (right) 

  

Figure III.2-54 – Vertical distribution of temperature (1) and salinity (2) at the stations Z-1-7 

on 28.04.2017 (left) and Z-3-7 on 27.05.2017 (right) 
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Figure III.2-55 – Vertical distribution of temperature (1) and salinity (2) at the stations Z-3-7 

on 25.06.2017 

Thus, the results of water temperature distribution study in the 500-m area around the Zmiinyi 

Island in 2016-2017 illustrated a classical scheme of seasonal variation of thermocline depth of 

occurrence and forming of water layers with uniform temperature, which was registered by us 

earlier - in 2004-2014 [26]. 

III.2.6.5. Salinity 

Marine water salinity measurements on the Zmiinyi Island in 2016-2017 were taken during daily 

water sampling at the «ZPR» station and during monthly surveys in the 500-m coastal zone at 

the depth down to 30.  

Distribution of daily salinity values in the surface and bottom layer at the «ZPR» station is 

presented on Figure s III.2-56, III.2-57. Their analysis has shown that the surface layer salinity in 

2016 - 2017 was from 8.231 PSU (26.05.17) to 17.535 PSU (23.10.16; 01-03.11.16). Salinity of 

the bottom layer (down to 8 m) varied from 12.279 PSU (23.05.16) to 17.607 PSU (01-02.11.16). 

 

Figure III.2-56 – Results of daily salinity observation in the surface layer at the «ZPR» marine 

station  in 2016-2017 
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Figure III.2-57 – Results of daily salinity observation in the bottom layer  

at the «ZPR» marine station in 2016-2017 

Analysis of the data collected has shown that, like in previous years [18, 20, 24], in 2016-2017 

water salinity near the Zmiinyi Island had pronounced seasonal variation both in the surface and 

in bottom layer, with maxima in autumn-winter and minima in spring-summer period. Average 

monthly salinity values in 2016-2017 in general stayed within the range registered earlier for 

2008-2015 [24]. At that, the influence of freshened water arriving from the Danube Delta and 

the north-western Black Sea superposed on the seasonal variation in different seasons 

depending on a synoptic situation [25]. 

Analysis of water salinity seasonal variations at different depths on the data from monthly 

surveys of 2016-2017 (Figure III.2-58) has revealed a significant stratification of the water 

column on salinity from April to August 2016: the difference between the surface (0-2) and 

bottom (21-30 m) layer salinity reached its maximum in June – 4.596 PSU.  

 

Figure III.2-58 – Variation of marine water salinity near the Zmiinyi Island in 2016-2017 

according to the data from monthly surveys  
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Salinity difference between the surface and bottom layer reached its minimum in September 

and November 2016 – 0.412 and 0.884 PSU respectively. In April-June 2017 the water column 

stratification on salinity was almost similar to that in 2016: a classical scheme of seasonal inflow 

of the Danube water to the Zmiinyi Island area was observed forming minimal salinity values in 

the surface (0-2 m) and subsurface (3-10 m) water layers, both in May-June 2016 and in May 

2017. 

Analysis of the results of salinity vertical distribution study in the 500-m zone of the Zmiinyi 

Island coastal waters in 2016-2017 (Figure III.2-50- III.2-55) has shown that in April-May 2016 

water salinity varied from 14 PSU at the surface to 17.5-17.6 PSU at the depth of 20 m. In June 

2016 water salinity at the surface went down to 13.4 PSU increasing with depth to 17.6 PSU (20 

m and deeper). In July 2016 water salinity increased insignificantly from 13.1 to 13.5 PSU from 

the surface down to 10 m, while at the depth from 10 to 20 m a sharp halocline was registered 

with growth of salinity from 13.5 to 17.175 PSU; below that level the salinity was almost uniform. 

From August to the end of 2016 salinity was growing sharply from the surface (14.4 PSU) to 20 

m (almost 17 PSU) reaching 17.1-17.4 PSU below 20 m. In April  2017 salinity at the surface 

decreased again to 14 PSU as the result of spring inflow of the freshened water from the Danube 

River, its maximal influence was registered in May 2017, when water salinity of 7.576 PSU was 

observed in the surface layer near the Zmiinyi Island (Figure III.2-55, right). At that, a halocline 

with gradient of almost 1 PSU per meter formed at the depth from 3 to 10 and at the depth from 

11 to 30 m salinity varied from 16.0 to 17.3 PSU. In June 2017 salinity of upper water layers 

increased up to 14.6 PSU, with the depth down to 16 m reaching 16.9 PSU, stayed practically 

unchanged down to 30 m and almost did not change deeper. 

Detailed analysis of results of salinity studies in the Zmiinyi Island coastal waters in 2004-2014 

[21] has shown that all the data from the measured series within the limits 10.0-19.2 ‰ can be 

divided into three groups connected with three types of water masses: 1 (10.0-14.0 ‰) – water 

masses formed under the influence of the river  runoff, 2 (14.1-17 ‰) – typical well mixed water 

masses from the NWBS and 3 (>17 ‰) – masses from open waters of the Black Sea. 

Using the abovementioned determination of the water masses origin from their salinity the 

frequency of water masses of different origin inflow into the Zmiinyi Island area was assessed. 

According to the data from daily sampling, in 98 samples or 32% of cases the surface water 

salinity was under 14 PSU, which is characteristic of freshened water that according to the WFD 

classification are the transitional waters, and only in 39 samples or 13% of all the samples salinity 

exceeded 17 PSU, which is typical of the open parts of sea. Salinity of all the other samples (55% 

of all the samples) was within the limits between 14 and 17 PSU that is typical of the north-

western Black Sea. Out of the 302 samples from the bottom layer (depth 8 m) in 26 (9% of the 

total quantity of samples) water salinity was under 14 PSU, which is characteristic of freshened 

water that according to the WFD classification are the transitional waters, while in 43 (14% of 

all the samples) salinity values exceeded 17 PSU typical of the open parts of sea. Salinity of the 

rest of samples (77% of all the samples) was from 14 to 17 PSU, which is typical of the north-

western Black Sea.  

According to the data from monthly daily sampling, salinity under 14 PSU, which is characteristic 

of freshened water [21], was registered in the layer 0-2 m in April-July 2016 and May-June 2017. 

At that, like in Odessa Bay, no salinity values exceeding 17 PSU were registered in the surface 
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layer. In the layer 2 - 10 m salinity less than 14 PSU were registered in April-July 2016 and May 

2017, and only in November 2016 salinity exceeding 17.00 PSU was registered. In the layer from 

10 to 20 m salinity under 14 PSU was registered only in July 2016 and more than 17 PSU – in 

May, June and November 2016, as well as in April and June 2017. In the layer 20-30 m salinity 

less than 14 PSU was newer registered; more than 17 PSU – in April-July and November 2016 

and in April-June 2017. Consequently, it can be concluded that advection of freshened waters 

to the Zmiinyi Island area, like in Odessa Bay in 2016-2017 influenced salinity down to the depth 

not more than 10 m, i.e. all the biocoenoses of the shelf adjacent to the island at the depth of 

less than 10 m are more or less influenced by the freshened waters from the Danube River 

inflow.   

III.2.6.6. Oxygen 

Analysis of dissolved oxygen concentrations and oxygen saturation in waters at the «ZPR» 

station in 2016-2017 (Figure III.2-59 - III.2-62) has shown that the dissolved oxygen 

concentration in April-December 2016 and May-June 2017 in the surface layer varied from 6.97 

mg/l (27.09.16) to 11.31 mg/l (17.12.16), in the bottom layer - from 6.84 mg/l (27.09.16) to 11.17 

mg/l (17.12.16). At that, oxygen saturation values at the «ZPR» station in April-December 

2016 and May-June 2017 in the surface layer varied from 84.3 % (27.09.16) to 115.5 % 

(22.05.16); in the bottom layer - from 81.8 % (16.04.16) to 110.6 % (04.10.16). According to the 

data collected in 2016-2017 a distinct seasonal variation of dissolved oxygen concentration was 

established in the surface and bottom layer with minimum in July-September and maximum in 

winter period. Analysis of statistical interrelations of dissolved oxygen concentration and other 

physicochemical water parameters has shown significant negative correlation with transparency 

- r=-0.32 (p<0.013), water temperature – r=-0.81 (p<0.0001) and pH - r=-0.40 (p<0.0001), which 

can evidence that natural processes prevailed in the forming of oxygen concentration. Similarly, 

significant negative correlation was found between oxygen saturation and transparency - r=-

0.47 (p<0.0001), oxygen saturation and salinity - r=-0.50 (p<0.0001). Positive correlation was 

found between oxygen saturation and water temperature – r=0.21 (p<0016), oxygen saturation 

and pH - r=0.46 (p<0.0001). 

 

Figure III.2-59– Results of daily dissolved oxygen observations in the surface water layer at 

the «ZPR» station in 2016-2017 
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Figure III.2-60 – Results of daily dissolved oxygen observations in the bottom water layer at 

the «ZPR» station in 2016-2017 

 

Figure III.2-61 – Results of daily oxygen saturation observations in the surface water 

layer at the «ZPR» station in 2016-2017 

 

Figure III.2-62 – Results of daily oxygen saturation observations in the bottom water layer at 

the «ZPR» station in 2016-2017 

 

Analysis of seasonal changes of oxygen concentration and oxygen saturation in different water 

layers from the monthly surveys of 2016-2017 (Figure III.2-63, III.2-64) has shown that the values 

of both parameters decreased from April to August 2016 reaching hypoxia level (3.18 mg/l and 
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31.1% - 20.08.2016) with simultaneous increasing of the difference between the values for the 

surface and bottom layer from 19.8% (1.02 mg/l) in April 2016 to 84.9% (5.45 mg/l) in August 

2016.  

 

Figure III.2-63 – Changes of dissolved oxygen concentrations at different depths near 

the Zmiinyi Island in 2016-2017 

 

Figure III.2-64 – Seasonal variation of oxygen saturation near the Zmiinyi Island at 

different depths in 2016-2017 

 

In September and November 2016 increasing of both parameters values was registered and 

decrease of the difference between the surface and bottom layer. In spring-autumn 2017 the 

regularities found in the same period of 2016 repeated. Statistical interrelations of oxygen 

concentration with other physicochemical parameters had significant negative correlation 

coefficients with transparency (r=-024 at p<0.021), temperature (r=-0.26 at p<0.015) and salinity 

(r=-0.53 at p<0.0001). Negative correlation was established between oxygen saturation and 

transparency (r=-0.36 at p<0.0001), oxygen saturation and salinity (r=-0.81 at p<0.0001); 

positive correlation was found between oxygen saturation and water temperature (r=0.40 at 

p<0.0001) oxygen saturation and pH (r=0.54 at p<0.0001). 

Of special interest is analysis of oxygen saturation and oxygen concentration vertical distribution 

(Figure III.2-65 - III.2-70) at the stations with depth down to 30 m in the 500-m coastal zone of 

the Zmiinyi Island in 2016-2017.  
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Figure III.2-65 – Vertical distribution of oxygen saturation (1) and oxygen concentration 

(2) at the stations Z-1-7 on 10.04.2016 (left) and Z-3-7 on 17.05.2016 (right) 

  

Figure III.2-66 – Vertical distribution of oxygen saturation (1) and oxygen concentration 

(2) at the stations Z--5-7 on 21.06.2016 (left) and Z-3-7 on 24.07.2016 (right) 

  

Figure III.2-67 – Vertical distribution of oxygen saturation (1) and oxygen concentration 

(2) at the stations Z--5-7 on 20.08.2016 (left) and Z-3-7 on 25.09.2016 (right) 
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Figure III.2-68 – Vertical distribution of oxygen saturation (1) and oxygen concentration 

(2) at the stations Z-3-7 on 03.11.2016 (left) and on 26.11.2016 р. (right) 

  

Figure III.2-69 – Vertical distribution of oxygen saturation (1) and oxygen concentration 

(2) at the stations Z--1-7 on 28.04.2017 (left) and Z-3-7 on 27.05.2017 (right) 

 

 

Figure III.2-70 – Vertical distribution of oxygen saturation (1) and oxygen concentration (2) at 

the stations Z-3-7 on 25.06.2017 

Analysis of distribution of oxygen characteristics with depth has shown that in April 2016 gradual 

decline of oxygen saturation and concentration in water with depth was observed from 113 to 

93% and from 11.5 to 10.2 mg/l respectively; in May 2016 the distribution of both characteristics 

was almost uniform from the surface to the depth of 6 m, than a sharp decrease of oxygen 

saturation and concentration down to the depth of 16 m from 140 to 76% and from 13.4 to 8.2 
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mg/l; in June 2016 the level of oxygen saturation and concentration decreased from the surface 

to the depth of 20 m from 125 to 68 % and from 9.5 to 7.5 mg/l respectively; in July 2016 – the 

scheme of decrease of oxygen saturation and concentration was similar to that of June, but 

reached the depth of 26 m and the values decreased to 49% and 5.3 mg/l respectively; in August 

2016 the values of both parameters were almost the same for the layer from the surface to 20 

m and sharply decreased at the depth  of 26 m from 95 to 32% and from 7.3 to 3.2 mg/l 

respectively. In September 2016 the similar picture of oxygen characteristics distribution was 

observed – quite uniform distribution of oxygen saturation and concentration with depth from 

the surface and down to 20 m, than those characteristics were decreasing down to 30 m level 

from 93 to 55% and form 7.6 to 5.0 mg/l respectively; in October 2016 the oxygen situation 

improved: smooth decrease of oxygen saturation and concentration was observed all over the 

water column from 104 to 97% and from 10.4 to 9.2 mg/l respectively. In April 2017 the scheme 

of oxygen saturation and concentration distribution with depth was similar to that of November 

2016 except for insignificant increase of those characteristics in the 6 m layer. In May 2017 the 

difference between the values between the surface and bottom layers grew significantly (151-

74% and 13.0-8.2 mg/l respectively). In June 2017 maximal values of oxygen saturation and 

oxygen concentration were registered in the layer 10-16 m (up to 117% and 10.9 mg/l), at that 

in the 10-m surface layer oxygen distribution was characterized by uniform stratification at the 

level of 104% and 8.3 mg/l, below 16 m decrease of the values with depth was observed down 

to 63% and 7.0 mg/l respectively. 

Consequently, it can be concluded that oxygen regime in the Zmiinyi Island coastal waters in 

2016-2017 was regulated first of all by the natural seasonal changes of temperature and salinity 

of water masses in the area. At that, it needs to be noted that the initial stages of hypoxia 

phenomena were registered in the bottom water in summer periods of both 2016 and 2017.  

III.2.6.7. pH value 

Analysis of pH changes at the «ZPR» station (Figure III.2-71, III.2-72) has shown that pH value in 

April-December 2016 and in April-June 2017 demonstrated a distinct seasonal variation both for 

the surface and bottom layers and was from 7.62 pH units (10.04.16) to 8.99 pH units (24.05.16) 

at mean value of 8.38±0.27 pH units and in the surface layer - from 7.59 (12.04.16) to 8.81 pH 

units (24.05.16) at mean value of 8.34±0.24 pH units. 

 

Figure III.2-71 – Results of daily pH measurements in the surface layer  

at the «ZPR» station in 2016-2017 
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Figure III.2-72 – Results of daily pH measurements in the bottom layer  

at the «ZPR» station in 2016-2017 

 

It needs to be noted that all the maximal pH values near the Zmiinyi Island coincide with the 

time of freshened river water advent: 14-15 April, 24 May, 5 September, 3-4 October 2016 and 

03 June 2017. Statistical analysis of the data from the «ZPR» station revealed positive correlation 

between pH and temperature (r=0.71 at p<0.0001), pH and oxygen saturation (r=0.46 at 

p<0.0001), as well as negative correlation with salinity (r=-0.33 at p<0.0001) and oxygen 

concentration (r=-0.40 at p<0.0001). 

Analysis of pH value seasonal changes on the results of monthly surveys of 2016-2017 (Figure 

III.2-73) revealed quite a homogenous structure of its distribution with depth at the beginning 

of spring (April), in autumn (September, November) 2016 and in spring 2017 at the background 

of significant pH gradients for the surface and bottom layers respectively in May (8.51 and 8.10 

pH units), June (8.51 and 8.10 pH units), July (9.37 and 7.97 pH units), August (8.24 and 7.52 pH 

units) 2016< as well as in May (8.77 and 8.03 pH units) and June (8.59 and 7.98 pH units) 2017. 

 

Figure III.2-73 – Seasonal variation of pH values in water near the Zmiinyi Island  

at different depths 2016-2017 

Based on the data available it can be concluded, like at the «ZPR» station, a vivid seasonal 

variation was revealed for the pH values in the surface layer of the 500-m zone of the Zmiinyi 

Island coastal waters in 2016-2017, with maximum in June and minima at the beginning of April 

and the end of November. Statistical analysis of the results of measurements taken during 
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monthly surveys in 2016-2017 revealed the following correlations for pH: positive with 

temperature (r=0.54 at p<0.0001) and oxygen saturation (r=0.55 at p<0.0001); negative – with 

salinity (r=-0.62 at p<0.0001) and transparency (r=-0.59 at p<0.0001). 

In general, it can be concluded that pH value changes near the Zmiinyi Island in 2016-2017 

depended on hydrology and hydrochemistry of the water masses in the area, first of all on the 

inflow of freshened water into the studied area.  

III.2.6.8. Nutrients 

Water sampling for nutrients determination was done once in five days at the «ZPR» station 

(depth down to 8 m) and monthly at the stations along transects in the 500-m water area around 

the Zmiinyi Island (depth down to 30). Location of the stations is presented on Figure III.2-74. 

 

Figure III.2-74 – Location of nutrients sampling stations in the 500-m coastal water area of 

the Zmiinyi Island (MRS area) in 2016-2017 

Sampling dates and places:  - Reference station «ZPR»,  - 10.04.2016,  - 17.05.2016, 

 - 21.06.2016,  - 24.07.2016,  - 20.08.2016,  - 25.09.2016,  - 03.11.2016,  - 

26.11.2016,  -  28.04.2017,  - 27.05.2017,  - 25.06.2017 

 

III.2.6.8.1. Phosphorus compounds 

Phosphate. Phosphate concentrations at the «ZPR» station (Figure III.2-75) in April-December 

2016 and April-June 2017 in the surface layer varied within the limits from < 3 mkgР/l (10.04.16, 

22.04.16, 30.04.16, 10.05.16, 30.07.16, 30.08.16, 11.11.16, 20.11.16, 10.06.17, 15.06.17) to 32 

mkgР/l (10.08.16, 10.12.16); in the bottom layer - from < 3 mkgР/l (30.04.16, 10.05.16, 20.06.16, 

20.08.16, 10.09.16, 21.09.16) to 77 mkgР/l (30.06.16).   
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Figure III.2-75 – Phosphate concentrations in the surface and bottom water layers at the 

«ZPR» station  in 2016-2017 

Seasonal variation was revealed. I was characterized by growing of concentration from April to 

July and following gradual decrease reaching the minimal values in November (Figure III.2-75). 

Elevated concentrations of phosphate (> 25 mkgР/l) were registered mainly in summer and in 

December 2016. Statistical analysis of interrelations between phosphate concentrations and 

other physicochemical characteristics has shown significant positive correlation with 

transparency (r=0.39 at p<0.012), water temperature (r=0.25 at p<0.006), ammonium nitrogen 

(r=0.21 at p<0,022) and negative correlation with oxygen saturation (r=-0.19 at p<0.035) and 

oxygen concentration (r=-0.32 at p<0.0001). 

The results of monthly surveys of 2016-2017 (Figure III.2-76) have shown that phosphate 

concentrations in the bottom layers of water were practically all the time higher than those in 

the surface layer; this evidences that the bottom waters are the main source of phosphate in 

the Zmiinyi Island area.  

 

Figure III.2-76 – Phosphate concentration in the Zmiinyi Island coastal waters in 2016-2017 

from the results of monthly surveys 

Comparing the received data with the results from previous years (2012-2014) it can be 

concluded that in 2016 phosphate concentration in the Zmiinyi Island coastal waters was 1.5 

and 1.7 times higher in the surface and bottom layers respectively [24]. 

Statistical analysis of the data from monthly of the surveys of 2016-2017 in the 500-m coastal 

water area around the Zmiinyi Island revealed the following correlations for phosphate 

concentration: positive – with ammonium nitrogen r=0.41 (p<0.0001); negative – with oxygen 

saturation - r=-0.25 (p<0.019) and pH - r=-0.32 (p<0.002). Analysis of phosphate distribution with 
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depth has revealed an interesting fact: on 24.07.2016, when maximal phosphate concentrations 

were found in the layer 11-20 m, significant temperature (1.7°С/m) and salinity (0.4 PSU/m) 

gradients were established in the same layer (Figure III.2-51, right). 

Total phosphorus. Analysis of results of total phosphorus content observations at the «ZPR» 

station (Figure III.2-77) in April-December 2016 and May-June 2017 has shown that total 

phosphorus concentrations changed practically simultaneously with phosphate (r=0.64 at 

p<0.0001) and varied for the surface layer from 25 (20.06.16) to 199 mkgР/l (10.07.16) and for 

the bottom layer from 22 (20.06.16) to 210 mkgР/l (30.06.16). 

Like with phosphate, seasonal variation was established for total phosphorus at the «ZPR» 

station in 2016 with maxima in summer (Figure III.2-76). In May-June 2017 total phosphorus 

concentrations were almost twice higher than in the same period of 2016. 

 

Figure III.2-77 – Total phosphorus concentrations in the surface and bottom layers at the 

«ZPR» station in 2016-2017 

Statistical analysis of the data from «ZPR» station has revealed significant correlation coefficient 

only for total phosphorus and total nitrogen - r=0.19 (p<0.038). 

On the results of monthly surveys in 2016-2017 (Figure III.2-78) in most cases total phosphorus 

concentrations in the surface layer were either 2-3 times higher than those in the bottom layer? 

Or the concentrations were equal.  

 

Figure III.2-78 – Total phosphorus concentrations in the Zmiinyi Island coastal waters on the 

results of monthly surveys in 2016-2017   



Scientific Report - 12-Months Monitoring Studies 

in Georgia, Russian Federation and Ukraine, 2016-2017 

 

181 

The only exception was distribution of total phosphorus with depth on 24.07.2016 when its 

maximal values, as well as maximal concentrations of phosphate, were found in the layer 11-20 

m. No connections were revealed between peak concentrations of total phosphorus in the 

surface layer with salinity or other marine water parameters in 2016-2017. Statistical analysis of 

the data from monthly surveys in the 500-m zone near the Zmiinyi Island in 2016-2017 revealed 

significant correlations for total phosphorus: positive – with ammonium nitrogen (r=0.49 at 

p<0.0001) and total phosphorus (r=0.28 at p<0.009); negative – with oxygen saturation (r=-0.25 

at p<0.018). Comparison between monthly concentrations of total phosphorus in the surface 

and bottom layers near the Zmiinyi Island in 2016-2017 with the data of 2012-2015 has shown 

the increase of concentrations 1.1 times for September and 2.4 for July. In conclusion, the 

seasonal changes of phosphate and total phosphorus concentrations in the Zmiinyi Island area 

in 2016-2017 had very similar character.   

III.2.6.8.2. Nitrogen compounds 

Nitrite. Analysis of the data collected in 2016-2017 about nitrite content in water at the «ZPR» 

station (Figure II.1.79) has shown that the concentration in the surface layer varied between < 1 

and 19 mkgN/l (01.11.2016) and in the bottom layer between < 1 and 28 mkgN/l (30.04.2017).  

 

Figure III.2-79 – Concentration of nitrite in the surface and bottom layers at the «ZPR» 

station in 2016-2017  

In the surface and bottom layers of marine water at the «ZPR» station during the period of 

studies in 2016-2017 maximal concentrations of nitrite were observed in April-May and 

October-December, minimal – in June-September. A connection has been noted between 

maximal concentrations of nitrite and the periods of freshened waters advection to the Zmiinyi 

Island; in those periods lower salinity values were registered (Figure III.2-56). 

Statistical analysis of data from the «ZPR» station has established significant correlations 

between nitrite and other parameters: positive – with oxygen concentration (r=0.38 at 

p<0.0001) and nitrate (r=0.43 at p<0.0001); negative – with water temperature (r=-0.47 at 

p<0.0001) and pH (r=-0.41 at p<0.0001). 

On the results of monthly surveys in 2016-2017 (Figure III.2-80) minimal concentrations of nitrite 



Scientific Report - 12-Months Monitoring Studies 

in Georgia, Russian Federation and Ukraine, 2016-2017 

 

182 

(≤ 10 mkgN/l) all over the water column were registered from July to September; maximal peak 

values in the surface (subsurface) water layer were registered in May, November 2016 and in 

the period April-June 2017; in the bottom layer – in April-May 2016. In the periods of maximal 

peak values of nitrite concentration maximal depth scatter of nitrite concentrations values was 

observed. 

Statistical analysis of the data from monthly surveys in the 500-m coastal water area of the 

Zmiinyi Island in 2016-2017 has established significant correlations for nitrite in water: positive 

– with oxygen saturation (r=0.22 at p<0.043), oxygen concentration (r=0.33 at p<0.001), 

ammonium nitrogen (r=0.28 at p<0.009) and nitric nitrogen (r=0.47 at p<0.0001); negative – 

with salinity (r=-0.31 at p<0.003).  

 

Figure III.2-80 – Concentration of nitrite in water near the Zmiinyi Island in 2016-2017 

on the results of monthly surveys 

 

Nitrate. Analysis of the data on nitrate content in water at the «ZPR» station in 2016-2017 

(Figure II.1.81) has shown that nitrate concentrations in the surface layer were between < 1 

(10.06.16, 20.06.16, 30.06.17) and 305 mkgN/l (10.04.16); in the bottom layer – between < 1 

(01.12.16) and 276 mkgN/l (10.04.16).  

 

Figure III.2-81 – Concentration of nitrate in the surface and bottom layers 

at the «ZPR» station in 2016-2017  
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Classical seasonal variation of concentrations can be followed, with its maxima in winter-spring 

when consumption of nitrate by phytocoenoses is minimal, and minimal values from June to 

October – in the period of active consumption by phytoplankton. Like with nitrite, coincidences 

of maximal nitrate concentrations with freshened waters advection to the Zmiinyi Island were 

noted. Peak concentrations of nitric nitrogen in 2016-2017 were approximately equal to the 

peak values registered in 2013-2014 both in the surface and bottom layers [24].  Average 

monthly concentrations of nitrate in 2016-2017 also did not exceed those from the same months 

in 2012-2014 except for October, November and December. For those months the 

concentrations grew respectively 1.5, 2.4 and 1.3 times.  

Statistical analysis of data from the «ZPR» station established significant correlations for nitrate 

in water: positive – with oxygen concentration (r=0.51 at p<0.0001) and total nitrogen (r=0.18 

at p<0.046); negative – with water temperature (r=-0.65 at p<00001) and pH (r=-0.69 at 

p<0.0001). 

In the results of monthly surveys in 2016-2017 (Figure III.2-82) maximal nitrate concentrations 

(> 100 mkgN/l) with maximal depth scatter of values were observed in the surface and 

subsurface layers in April-May. Together with this, maximal values of concentration in the 

bottom layer were revealed in June-August 2016. These facts also underline connection 

between nitrate concentration in water and the periods of freshened waters advection (surface 

layer) and waters from the open part of the sea advection (bottom layer) to the Zmiinyi Island 

area (Figure III.2-56). 

 

Figure III.2-82 – Concentration of nitrate in water near the Zmiinyi Island in 2016-2017 on the 

data from monthly surveys  

Statistical analysis of data from monthly surveys in the 500-m coastal water area of the Zmiinyi 

Island in 2016-2017 has established significant correlations for nitrate in water: positive – with 

oxygen saturation (r=0.34 at p<0.001) , oxygen concentration (r=0.57 at p<0.0001), ammonium 

nitrogen (r=0.58  p<0.0001) and total nitrogen (r=0.58 at p<0.0001); negative – with 

temperature (r=-0.31 at p<0.003) and salinity (r=-0.53 at p<0.0001). 

Ammonium nitrogen. Analysis of the data on ammonium nitrogen content collected in 2016-

2017  at the «ZPR» station (Figure II.1.83) has shown that ammonium nitrogen concentrations 

in the surface layer were from < 1 (20.07.16, 10.10.16, 22.12.16, 25.06.17) to 198 mkgN/l 

(20.05.16) and in the bottom layer - from < 1 (20.07.16, 22.12.16, 25.06.17) to 382 mkgN/l 

(30.05.16). 
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Figure III.2-83 – Concentrations of ammonium nitrogen in the surface and bottom layers at 

the «ZPR» station in 2016-2017  

At that maximal concentrations of ammonium nitrogen were observed in May-June 2016 and 

minimal – in July-October. Average monthly concentrations of ammonium nitrogen in the 

mentioned periods of 2016-2017 were lower than the concentrations for the respective months 

in the period 2012-2015 almost for all months (3 times lower for July, August and October), 

except for May and November when concentrations grew compared with the 2012-2015 period 

1.6 and 1.2 times respectively. Statistical analysis of the data from the «ZPR» station showed 

significant correlations for ammonium nitrogen: positive – with oxygen saturation (r=0.23 at 

p<0.014), oxygen concentration (r=0.19 at p<0.040), total phosphorus (r=0.22 at p<0.018) and 

phosphate (r=0.21 at p<0.022); negative – with transparency (r=-0.47 at p<0.002) and salinity 

(r=-0.29 at p<0.001). 

On the results of monthly surveys in 2016-2017 (Figure III.2-84) maximal ammonium nitrogen 

concentrations (> 100 mkgN/l) with maximal depth scatter were registered in the surface and 

subsurface layers on 21.06.2016 and 27.05.2017, as well as on 24.07.2016 – with peak value 

(192 mkgN/l) in the layer 11-20 m, where distinct thermocline and halocline were observed. 

Statistical analysis of data from monthly surveys in the 500-m coastal zone of the Zmiinyi Island 

in 2016-2017 has revealed significant correlations for ammonium nitrogen: positive – with 

oxygen saturation (r=0.28 at p<0.008), oxygen concentration (r=0.23 at p<0.030), phosphate 

(r=0.41 at p<0.0001), total phosphorus (r=0.49 at p<0.0001); negative – with water salinity (r=-

0.49 at p<0.0001). 

 

Figure III.2-84 – Seasonal variation of ammonium concentrations in water near the 

Zmiinyi Island in 2016-2017 at different depths 
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It should be noted that high negative correlation coefficient between ammonium nitrogen 

concentrations and salinity evidences increasing of ammonium nitrogen concentrations in the 

periods of decreased salinity of marine waters around the Zmiinyi Island, the main reason of 

which is inflow of freshened water from the Danube River to the island area  (Figure III.2-56, 

III.2-57). 

Total nitrogen. Analysis of the data received in 2016-2017 on the content of total nitrogen in 

water at the «ZPR» station (Figure III.2-85) has shown that total nitrogen concentrations in the 

surface layer were within the limits from 199 (22.12.16) to 1007 mkgN/l (30.09.16) and in the 

bottom layer from 216 (20.07.16) to 1097 mkgN/l (30.06.16). 

 

Figure III.2-85 – Concentrations of total nitrogen in the surface and bottom layers at the 

«ZPR» station in 2016-2017 

During 2016 maximal concentrations of total nitrogen in the surface layer were observed on 10 

July (754 mkgN/l), 30 September (1007 mkgN/l), 20 November (841 mkgN/l) 2016 and in the 

bottom layer on 30 May (780 mkgN/l), 30 June (1097 mkgN/l), 11 November (728 mkgN/l) 2016 

and 28 April (790 mkgN/l), 5 June (680 mkgN/l) 2017. Statistical analysis of all the data from the 

«ZPR» station has revealed significant positive correlation of total phosphorus concentration 

only with total phosphorus (r=0.19 at p<0.038). Closer negative correlation was observed 

between total nitrogen concentration in the bottom layer and transparency - r=-0.43 (p=0.050). 

On the results of monthly surveys in 2016-2017 (Figure III.2-.86) maximal concentrations of total 

nitrogen (> 700 mkgN/l) were registered in the surface and subsurface layers in April-June. For 

the bottom layer (21-30 m) the picture was reverse: in April-June maximal concentrations of 

total nitrogen were registered and in July-September the concentrations were equal to those in 

the surface and subsurface layers or exceeded them.  



Scientific Report - 12-Months Monitoring Studies 

in Georgia, Russian Federation and Ukraine, 2016-2017 

 

186 

 

Figure III.2-86 – Concentrations of total nitrogen in the Zmiinyi Island coastal waters in 2016-

2017 on the data of monthly surveys 

Statistical analysis of the data on 500-m coastal zone of the Zmiinyi Island in 2016-2017 has 

revealed significant correlations for total phosphorus concentrations: positive – with oxygen 

concentration (r=0.29 at p<0.007) and total phosphorus (r=0.28 at p<0.009); negative – with 

temperature (r=-0.32 at p<0.002). 

Absence of significant correlation between total nitrogen and salinity and at the same time high 

correlation coefficient with transparency (r=-0.43) evidences that the source of total nitrogen in 

the Zmiinyi Island marine waters are the natural processes of organic matter forming, first of all 

as the result of phytoplankton functioning, i.e. practically all the organic nitrogen is 

autochthonous. 

In conclusion, practically for all the nitrogen compounds in the Zmiinyi Island area waters in 

2016-2017 seasonal variation was observed and stratified distribution with depth, which was 

the result of water masses of different origin advection to the area of studies, first of all of 

freshened waters from the Danube estuary. 

III.2.7. Marine waters quality assessment based on physicochemical 
quality elements  

Different approaches and sets of marine environment parameters are used in various 

methodologies for marine waters quality assessment on physicochemical quality elements 

(PCQEs). In particular, in accordance with the National «Ecological Norms of Marine 

Environment Quality » 2009 [27] the following values of physicochemical parameters were used 

as critical levels: 

- Dissolved oxygen, mg/dm3 – less than 3; 

- pH – outside of the range 6.5-8.5;  

- Ammonium, mgN/dm3- more than 3; 

- Nitrite, mgN/dm3 – 0.1; 

- Nitrate, mgN/dm3 - 1; 

- Total nitrogen, mgN/dm3- 10; 
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- Phosphate, mg РО4/dm3- 0,5; 

- Total phosphorus, mg Р/dm3- 1,0 

Resolution of the Cabinet of Ministers of Ukraine of 1996 «On Approval of the Rule of Protection 

of Inland Marine Waters and Territorial Sea against pollution and litter» [28] contains LPCs for 

the following parameters: 

- Dissolved oxygen, mg/dm3 – not less than 4  

- Water salinity, g/dm3  - within the range 12 - 18  

- Sulphate, g/dm3 – 3.5  

- Chlorine-ion, g/dm3 – 11.9 

- Ammonium , g/dm3 – 0.5  

- Nitrate, g/dm3 - 40  

- Nitrite, g/dm3  - 0.08  

- pH, pH units – within the range 6.5 – 8.5  

 

The EU Water Framework Directive (WFD) [29] uses the notion of Ecological quality status (EQS) 

for coastal waters quality assessment. A state of an ecosystem is established using a set of 

parameters, out of which, inter alia, hydro-morphological and physicochemical marine 

environment quality elements have been studied in 2016-2017 in the ZMN and MHBS areas, 

such as: Depth variation; Structure and substrate of the coastal bed; Wave exposure. As well as 

physicochemical parameters of biological characteristics: Transparency; Thermal conditions; 

Oxygenation conditions; Salinity; Nutrient conditions (concentrations of total (TN) and inorganic 

(ammonium, nitrite nitrogen and nitric nitrogen) nitrogen (DIN); concentrations of total (TP) and 

inorganic phosphorus (DIP). 

There are the following requirements for the coastal water quality according to the WFD 

(Table III.2-2 and III.2-3): 

Table III.2-2 - Hydromorphological quality elements 

Element High status Good status Moderate status 

Hydrological 
regime 

The quantity and dynamics of flow, and the 
resultant connection to groundwaters, 
reflect totally, or nearly totally, undisturbed 
conditions. 

Conditions consistent with 
the achievement of the 
values specified above for 
the biological quality 
elements. 

Conditions consistent with 
the achievement of the 
values specified above for 
the biological quality 
elements. 

River continuity The continuity of the river is not 
disturbed by anthro pogenic activities and 
allows undisturbed migration of aquatic 
organisms and sediment transport. 

Conditions consistent with 
the achievement of the 
values specified above for 
the biological quality 
elements. 

Conditions consistent with 
the achievement of the 
values specified above for 
the biological quality 
elements. 

Morphological 
conditions 

Channel patterns, width and depth 
variations, flow ve- locities, substrate 
conditions and both the structure and 
condition of the riparian zones correspond 
totally or nearly totally to undisturbed 
conditions. 

Conditions consistent with 
the achievement of the 
values specified above for 
the biological quality 
elements. 

Conditions consistent with 
the achievement of the 
values specified above for 
the biological quality 
elements. 
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Table III.2-3 - Physicochemical quality elements 

Element High status Good status Moderate status 

General 
condi- tions 

The values of the physico-chemical 
elements correspond totally or nearly totally 
to undisturbed conditions. 

Nutrient concentrations remain within the 
range nor- mally associated with 
undisturbed conditions. 

Levels of salinity, pH, oxygen balance, acid 
neutralising capacity and temperature do 
not show signs of anthropogenic 
disturbance and remain within the range 
normally associated with undisturbed 
conditions. 

Temperature, oxygen balance, pH, acid 
neutralising ca- pacity and salinity do not 
reach levels outside the range 
established so as to ensure the 
functioning of the type specific 
ecosystem and  the achievement of the 
values specified above for the biological 
quality elements. 

Nutrient concentrations do not exceed 
the levels established so as to ensure 
the functioning of the ecosystem and the 
achievement of the values specified 
above for the biological quality elements. 

Conditions 
consistent with 
the achievement 
of the values 
specified above 
for the biological 
quality elements. 

 

According to Marine Strategy Framework Directive (MSFD) [1] assessment of marine 

environment quality for all marine areas is done using the indicators for each of the 11 

descriptors taking into account Good Environmental Status (GES) established on the basis of 

Initial Assessment. As no GES criteria have been established for the Ukrainian part of the Black 

Sea, no additional assessment of marine water quality in line with the MSFD was performed, 

though the data collected on hydrology and hydrochemistry of the two studied areas can be 

further used for Initial Assessment on Descriptor 5 - Human-induced eutrophication and 

Descriptor 6 – Sea-floor integrity.  

To assess Environmental Status of marine coastal waters in 2016-2017 in the MRS and MHBS 

areas the results of physicochemical and hydromorphological monitoring of the parameters 

enumerated in the MSFD (Table 1 of Annex III) [1, 30] were used: 

- Topography and bathymetry of the seabed; 

- Annual and seasonal temperature regime, turbidity (Secci Disk transparency); 

- Upwelling; 

- Wave exposure; 

- Temporal distribution of salinity; 

- Temporal distribution of nutrients (DIN, TN, DIP, TP), oxygen, pH; 

- The predominant seabed habitat type(s) with a description of the characteristic 

physical features, such as depth, structure and substrata composition of the 

seabed. 

- Physical loss - sealing (e.g. by permanent constructions). 

Assessment of results of the monitoring performed by the ONU in 2016-2017 in the MRS and 

MHBS areas the following marine waters quality assessment was received (Table III.2-4). 
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Table III.2-4 – Marine waters quality assessment in 2016-2017 in the MRS and MHBS areas 

using various Ukrainian and European methodologies 

№ Parameter 
Limits of parameters’ 

measurement: ZMN/MHBS 

Water Quality 
[27] : 

ZMN/MHBS 

Exceedance 
of LPCs[28]: 
ZMN/MHBS 

WFD EQS: ZMN/MHBS 

1 
Topography of the 

seabed (structure and 
substrate; sealing) 

Stones; shelly ground; sand; silt; 
pier; berth/Stones; shelly ground; 

sand; silt; breakwater, piers 
- - High/Good 

2 
Bathymetry of the 

seabed (depth 
variation) 

0-37 m/0-15 m - - High/High 

3 Upwelling Registered/Registered - - - 

4 Wave exposure 
Waves height: 0-5 m; wave 

currents up to 1.5 m/sec/Waves 
height: 0-3 m 

- - High /Good  

5 Transparency (m) 0.8-9.0/2.0-7.0 - - Moderate/Moderate 

6 
Water temperature 

(ºС) 
6.6-27.0/1.6-27.3 - - High/High 

7 
Dissolved oxygen 

(mg/dm³) 
3.18-13.82/2.19-13.89 Bad/ Bad 

Below 
norm/Below 

norm 
Moderate/Moderate 

8 
Oxygen saturation 

(%) 
31.1-160.3/21.5-153.7 - - Moderate/Moderate 

9 Salinity (g/dm³) 7.698-18.0417.818-17.636 - 

Above and 
below 

norm/Above 
and below 

norm 

High/High 

10 pH (рН units) 7.14-9.37/7.76-8.69 Bad /Good 
Exceedance of 

upper 
threshold 

- 

11 
Ammonium (mg 

N/dm³) 
<0.001-0.382/<0.001-0.151 Good/High 

Normal/ 
Normal 

Moderate/Moderate 

12 Nitrite (mg N/ dm³) <0.001-0.043/<0.001-0.018 
Moderate 
/Moderate  

Normal / 
Normal 

Moderate/Moderate 

13 Nitrate (mg N/ dm³) <0.001-0.362/<0.001-2.343 Moderate /Bad 
Normal / 
Normal 

Moderate/Moderate 

14 
Total nitrogen (mg N/ 

dm³) 
0.159-1.410/0.136-7.870 Moderate/Bad  - Moderate/Moderate 

15 
Phosphate (mg Р/ 

dm³) 
<0.003-0.099/<0.003-0.061 

Moderate 
/Moderate  

- Moderate/Moderate 

16 
Total phosphorus (mg 

P/ dm³) 
0.017-0.210/0.014-0.116 

Moderate / 
Moderate  

- Moderate/Moderate 

Integral assessment 
Moderate-
Bad/Moderate-
Bad 

Moderate-
Bad/Moderate-

Bad 
Moderate/Moderate 

Note: Yellow – Moderate status, Red 0 Bad Status, Green – Good status,  Blue – High Status 
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Thus, quality assessment using three regulatory documents has shown the following: 

1. Using the set of hydromorphological quality elements from the WFD marine water 

quality can be assessed as HIGH Status for the two studied areas. 

2. Using the whole set of physicochemical quality elements from the WFD marine water 

quality can be assessed as Moderate Status for those two areas.  

3. Using the set of physicochemical parameters from the National norms [27, 28] marine 

water quality of both areas is between Moderate and Bad, as in both first and second 

cases the permissible limits for some of the parameters are exceeded.  

 

III.2.8. Comparison of results from two investigated areas 

Comparison of mean values of physicochemical parameters for the MHBS and ZMN areas has 

shown significant synchronism of salinity, temperature and pH seasonal changes during the 

period of observations. At that the mean values of practically all the characteristics differed 

insignificantly both in 2016 and 2017 (Tables III.2-5, III.2-6), which evidences common nature of 

water masses in the Zmiinyi Island area and in Odessa Bay. Only the mean values of transparency 

for Odessa Bay were lower.  

Table III.2-5 – Mean values of the main physicochemical characteristics in the Zmiinyi Island 

coastal waters in 2016-2017 

Period 
Water 

transparency, 
m 

Waves 
height, m 

Water 
temperature 

(°С) 

Water 
salinity 
(PSU) 

Oxygen 
saturation 
(%) 

Dissolved 
oxygen (mg/l) 

pH (pH 
units) 

April 2016  5.1 0.6 10.0 14.614 98.9 10.16 7.73 

May 2016  1.6 0.5 13.8 14.700 101.9 9.55 8.32 

June 2016 2.4 0.6 19.6 14.267 99.9 8.31 8.65 

July 2016 5.0 0.5 23.4 14.280 94.9 7.36 8.44 

August 2016 4.2 0.7 24.3 15.397 99.8 7.61 8.35 

September 2016 7.9 0.6 21.9 16.433 93.5 7.49 8.32 

October 2016 6.8 1.1 16.9 16.497 94.1 8.28 8.31 

November 2016 7.0 0.9 11.8 16.896 100.8 9.94 8.09 

December 2016. 6.2 1.1 7.9 16.612 99.2 10.66 8.10 

2016  5.0 0.7 17.0 15.436 98.5 8.77 8.33 

April 2017 3.2 0.5 8.8 15.671 101.5 10.69 8.22 

May 2017 4.4 0.5 14.4 14.309 106.2 9.84 8.29 

June 2017 2.4 0.5 19.8 13.976 108.8 9.09 8.61 

2017  3.4 0.5 16.2 14.319 106.9 9.59 8.48 

For the entire 
period 2016-

2017  
4.8 0.7 16.8 15.138 100.7 8.99 8.38 
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Table III.2-6 – Average monthly values of the main physicochemical characteristics in the 

Odessa Bay coastal waters in 2016-2017 

Period 
Water 

transparency, 
m 

Waves 
height, m 

Water 
temperature 

(°С) 

Water 
salinity 
(PSU) 

Oxygen 
saturation 
(%) 

Dissolved 
oxygen 
(mg/l) 

pH (pH 
units) 

April 2016  3.6 0.4 11.4 13.739 102.9 10.08 8.40 

May 2016  2.4 0.2 14.8 14.207 113.6 10.38 8.45 

June 2016 3.5 0.3 17.3 14.795 106.2 9.18 8.44 

July 2016 4.1 0.4 18.5 15.546 96.1 8.13 8.39 

August 2016 3.9 0.1 22.9 15.847 93.2 7.23 8.50 

September 2016 4.0 0.2 19.2 15.864 90.2 7.54 8.35 

October 2016 2.2 0.6 14.4 16.038 97.7 9.15 8.36 

November 2016 4.2 0.7 11.0 16.249 98.4 9.80 8.46 

December 2016. 2.4 0.5 6.1 16.795 98.4 11.11 8.56 

2016  3.8 0.3 17.3 15.272 99.1 8.65 8.42 

February 2017 2.4 0.5 1.7 16.142 101.6 12.81 8.22 

March 2017 2.3 0.5 4.0 13.595 106.4 12.61 8.45 

April 2017 3.0 0.7 7.7 15.915 108.4 11.69 8.26 

May 2017 4.5 0.4 14.0 15.829 113.6 10.58 8.30 

June 2017 3.1 0.3 18.3 16.239 110.0 9.36 8.28 

2017 3.6 0.4 15.7 15.994 110.7 10.00 8.27 

For the entire period 2016-
2017  

3.8 0.4 16.9 15.458 102.1 9.00 8.38 

 

Analysis of boundary values of the physicochemical parameters  (Tables III.2-7 and III.2-8) has 

shown that the range of variation for such physicochemical characteristics as transparency, 

salinity, pH and dissolved oxygen in Odessa Bay was significantly narrower that in the Zmiinyi 

Island coastal waters, while the range of variation for such parameters as temperature and 

oxygen saturation in Odessa Bay was wider than for the Zmiinyi Island area. Such regularities 

evidence that Odessa Bay waters are less influenced by the river discharge than the Zmiinyi 

Island area, however temperature and oxygen regime in Odessa Bay is more variable as the 

result of shallowness and influence of groundwater runoff from Odessa city area.   

Comparison of the mean values of nitrogen and phosphorus nutrient compounds in the two 

studied areas (Tables III.2-9 and III.2-10) has shown that in 2016-2017 in Odessa Bay excision 

was observed only for nitrate and total phosphorus – 2.0 and 1.5 times respectively compared 

with the Zmiinyi Island area. The additional studies have found that stormy and ground waters 

from Odessa city were enriched in nitrate and organic nitrogen compounds.  

For the rest of nitrogen and phosphorus nutrient compounds, except for nitrite and ammonium-

ion, mean concentrations practically coincided. At that, mean concentrations of nitrite and 

ammonium-ion in the Zmiinyi Island area were 2 times higher than in Odessa Bay. The source of 

the exceeded concentrations could be the Danube River discharge.  
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Table III.2-7 – Minimum/maximum values of the main physico-chemical parameters in the 

Zmiinyi Island coastal waters in 2016-2017 

Period Water 
transparency, 

m 

Waves 
height, m 

Water 
temperature 

(°С) 

Water 
salinity 
(PSU) 

Oxygen 
saturation (%) 

Dissolved 
oxygen 
(mg/l) 

pH (pH 
units) 

April 2016 0.7/6.0 0.1/2.5 7.0/13.3 9.566/17.031 81.8/114.0 8.66/11.60 7.14/7.97 

May 2016 0.5/6.0 0.0/2.0 6.9/20.0 10.355/17.444 73.6/140.7 8.04/12.57 7.74/8.99 

June 2016 1.0/6.5 0.0/2.0 7.3/26.2 10.133/17.090 67.2/143.5 6.89/10.69 7.97/9.37 

July 2016 0.5/8.0 0.0/2.5 8.1/26.8 12.222/17.090 48.8/129.3 5.21/9.67 7.39/8.64 

August 2016 1.5/8.0 0.0/2.5 10.1/27.0 13.758/17.319 31.1/116.0 3.18/8.63 7.42/8.55 

September 2016 0.6/9.0 0.0/3.0 15.9/24.6 13.112/17.319 55.0/118.3 4.96/9.58 7.69/8.55 

October 2016 3.0/8.0 0.0/4.0 13.0/20.3 12.681/17.535 85.0/112.8 7.55/9.41 8.16/8.60 

November 2016 0.8/9.0 0.0/2.5 9.6/13.3 14.447/17.607 95.4/108.0 9.20/10.95 7.15/8.33 

December 2016. 4.0/8.0 0.1/2.5 6.6/9.5 15.237/17.463 92.9/103.3 9.73/11.31 8.02/8.23 

2016 0.5/9.0 0.0/4.0 6.6/27.0 9.566/17.607 31.1/143.5 3.18/12.57 7.14/9.37 

April 2017 1.0/4.0 0.0/1.0 7.0/10.5 14.203/17.208 91.4/116.0 9.52/11.76 7.93/8.39 

May 2017 0.8/8.0 0.0/2.0 7.0/19.8 7.482/17.267 74.1/160.3 8.15/13.82 7.96/8.77 

June 2017 1.0/4.5 0.0/1.5 6.9/24.9 9.867/17.267 63.3/143.5 6.98/11.62 7.98/8.92 

2017  0.8/8.0 0.0/2.0 6.9/24.9 7.482/17.267 63.3/160.3 6.98/13.82 7.93/8.92 

For the entire 
period 2016-

2017  
0.5/9.0 0.0/4.0 6.6/27.0 7.482/17.607 31.1/160.3 3.18/13.82 7.14/9.37 

 

Table III.2-8 – Minimal/maximal values of the main physicochemical parameters in the Odessa 

Bay coastal waters in 2016-2017 

Period Water 
transparency, 

m 

Waves 
height, m 

Water 
temperature 

(°С) 

Water 
salinity 
(PSU) 

Oxygen 
saturation (%) 

Dissolved 
oxygen 
(mg/l) 

pH (pH 
units) 

April 2016 1,2/6,0 0,3/0,8 7,7/13,1 10,791/16,736 93,6/112,3 9,46/10,53 8,22/8,62 

May 2016 2,3/2,4 0,1/0,3 11,3/19,0 11,473/16,498 107,4/124,0 10,13/10,65 8,25/8,64 

June 2016 1,5/4,0 0,1/0,5 8,7/26,5 10,352/16,914 76,4/153,7 7,22/12,23 7,84/8,67 

July 2016 1.6/5.6 0.2/0.6 10.8/27.3 12.742/17.210 59.0/134.2 5.87/10.86 8.08/8.69 

August 2016 1.6/6.0 0.0/0.5 16.5/25.3 15.134/16.676 40.8/112.6 3.64/8.60 8.12/8.61 

September 2016 1.3/5.3 0.0/0.3 18.5/21.8 15.608/16.439 84.1/97.3 7.07/7.95 8.30/8.40 

October 2016 2.0/2.4 0.1/1.0 11.3/17.6 15.371/16.736 93.0/102.5 8.08/10.23 8.35/8.37 

November 2016 1.3/6.4 0.4/1.5 6.6/12.0 13.057/16.676 93.0/105.2 9.02/11.71 8.39/8.57 

December 2016. 2.4/2.4 0.5/0.5 6.0/6.1 16.795/16.795 98.3/98.4 11.11/11.11 8.56/8.56 

2016 1.2/6.4 0.0/1.5 6.0/27.3 10.352/17.210 40.8/153.7 3.64/12.23 7.85/8.68 

February 2017 2.4/2.4 0.5/0.5 1.6/1.7 16.142/16.142 101.3/101.8 12.77/12.84 8.19/8.24 

March 2017 2.0/2.4 0.3/0.6 3.0/5.2 7.599/17.032 101.8/115.5 12.10/13.89 8.25/8.68 

April 2017 2.9/3.0 0.5/1.0 6.7/9.3 15.727/16.142 106.6/111.8 11.59/11.85 8.10/8.32 

May 2017 1.5/7.0 0.3/0.7 8.3/16.2 15.193/16.736 104.8/133.0 10.07/11.87 8.22/8.40 

June 2017 1.5/3.5 0.1/0.5 11.5/21.9 14.956/16.795 102.1/122.6 8.68/10.90 8.21/8.40 

2017 1.5/7.0 0.1/1.0 1.6/21.9 7.599/17.032 101.3/133.0 8.68/13.89 8.10/8.67 

For the entire 
period 2016-

2017  
1.2/7.0 0.0/1.5 1.6/27.3 7.599/17.210 40.8/153.7 3.64/13.89 7.85/8.68 
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Table III.2-9 – Average monthly concentrations of nutrients in the Zmiinyi Island coastal 

waters in 2016-2017 

Period Pmin, mkgР/l 
Ptotal, 

mkgР/l 
NNO2, mkgN/; NNO3, mkgN/l NNH4,, mkgN/l Ntotal, mkgN/l 

April 2016  9 39 10 189 34 533 

May 2016  9 45 7 41 77 504 

June 2016 14 52 3 15 43 491 

July 2016 24 85 4 17 47 435 

August 2016 16 50 3 16 8 341 

September 2016 12 50 4 10 18 563 

October 2016 11 43 6 23 9 532 

November 2016 13 51 6 37 27 481 

December 2016. 12 50 9 84 22 309 

2016  14 53 6 42 33 467 

April 2017 10 58 9 170 34 702 

May 2017 13 61 11 139 75 460 

June 2017 8 56 6 16 36 440 

2017  11 59 9 95 52 494 

For the entire period 2016-
2017  

13 55 7 59 39 476 

 

Table III.2-10 – Average monthly concentrations of nutrients in the Odessa Bay coastal waters 

in 2016-2017 

Period Pmin, mkgР/l Ptotal, mkgР/l NNO2, mkgN/; NNO3, mkgN/l NNH4,, mkgN/l Ntotal, mkgN/l 

April 2016  9 40 2 17 33 441 

May 2016  4 38 2 45 34 494 

June 2016 4 39 3 61 26 672 

July 2016 8 46 2 56 24 776 

August 2016 18 64 5 149 12 733 

September 2016 14 50 4 228 15 861 

October 2016 18 60 5 69 7 604 

November 2016 26 57 4 170 23 874 

December 2016. 3 25 7 23 7 318 

2016 13 49 3 105 22 731 

February 2017 10 33 4 216 2 852 

March 2017 21 42 4 139 5 674 

April 2017 7 37 3 114 6 943 

May 2017 11 34 2 245 10 712 

June 2017 12 51 5 134 15 464 

2017 12 42 4 180 11 630 

For the entire period 2016-2017  12 47 3 123 19 707 

 

Analysis of the ranges of nutrients concentrations variation (Tables III.2-11 and III.2-12) has 

shown that the limits of changes in phosphate, total phosphorus, nitrite and ammonium-ion 

concentrations in Odessa Bay, first of all towards maximal concentrations, were significantly 

narrower than in the Zmiinyi Island area. However, maximal concentrations of ammonium-ion, 
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nitrate and total nitrogen In Odessa Bay were significantly (2.5, 6.5 and 7.2 times respectively) 

higher, which clearly evidenced high anthropogenic impact of megalopolis on the coastal 

waters.  

Table III.2-11 - Minimal/maximal values of nutrients concentrations in the Zmiinyi Island 

coastal waters in 2016-2017 

Period Pmin, mkgР/l 
Ptotal, 

mkgР/l 
NNO2, mkgN/; NNO3, mkgN/l NNH4,, mkgN/l Ntotal, mkgN/l 

April 2016  3/75 25/94 7/20 58/326 2/62 228/837 

May 2016  3/51 28/94 2/24 1/96 1/382 361/780 

June 2016 3/77 22/210 1/4 1/89 1/133 292/1097 

July 2016 3/99 44/199 1/9 1/91 1/277 216/754 

August 2016 3/40 25/72 1/14 1/86 1/41 159/628 

September 2016 3/37 25/91 1/11 1/25 1/63 380/1007 

October 2016 5/16 28/75 1/11 10/37 1/21 324/781 

November 2016 3/40 17/91 1/19 1/190 1/70 292/841 

December 2016. 3/32 36/72 4/16 1/204 1/73 199/464 

2016 3/99 17/210 1/24 1/326 1/382 159/1097 

April 2017 5/29 33/113 1/28 59/219 1/116 528/1030 

May 2017 5/21 41/88 4/43 7/362 8/192 245/653 

June 2017 3/21 41/72 1/26 1/96 1/129 299/680 

2017  3/29 33/113 1/43 1/362 1/192 245/1030 

For the entire period 2016-
2017  

3/99 17/210 1/43 1/362 1/382 159/1097 

 

Table III.2-12 - Minimal/maximal values of nutrients concentrations in the Odessa Bay coastal 

waters in 2016-2017 

Period Pmin, mkgР/l Ptotal, mkgР/l NNO2, mkgN/; NNO3, mkgN/l NNH4,, mkgN/l Ntotal, mkgN/l 

April 2016  3/21 28/61 1/4 1/139 1/111 165/729 

May 2016  3/8 28/44 1/4 7/86 1/86 317/697 

June 2016 3/11 28/86 1/7 1/839 1/93 387/995 

July 2016 3/37 25/83 1/9 1/1000 1/151 217/7870 

August 2016 3/61 25/116 1/18 1/1293 1/32 217/2440 

September 2016 3/40 19/83 1/15 10/1194 5/25 152/5438 

October 2016 11/24 41/91 3/6 66/71 4/9 573/635 

November 2016 8/48 28/88 1/9 42/335 1/86 186/2789 

December 2016. 3/3 25/25 6/8 14/31 3/11 139/496 

2016 3/61 19/116 1/18 1/1293 1/151 139/7870 

February 2017 8/11 33/33 2/5 164/267 2/2 620/1084 

March 2017 3/48 14/72 2/8 6/378 1/14 279/1038 

April 2017 3/13 25/53 1/6 7/242 1/14 418/1503 

May 2017 3/29 22/64 1/6 1/2343 1/52 139/2370 

June 2017 5/21 30/72 1/13 2/950 1/47 136/991 

2017 3/48 14/72 1/13 1/2343 1/52 136/2370 

For the entire period 2016-
2017  

3/61 14/116 1/18 1/2343 1/151 136/7870 
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III.2.9. Conclusions and recommendations 

1. The results received have shown that hydrology and hydrochemistry of the two areas 

are regulated first of all by the natural processes of seasonal changes in circulation of 

the north-western Black Sea water masses with seasonal influence of river discharge, 

which superimposes on the circulation changes. 

2. Mean values of most of physicochemical water masses quality elements for Odessa Bay 

and the Zmiinyi Island area were similar in their values except for nitrate and total 

nitrogen content, which was much higher in Odessa Bay. This enables us to conclude 

that the natural properties of water masses in the two studied areas are similar and 

characteristic of the north-western Black Sea in general. Thus, both studied areas are 

representative for the control of abiotic component changes in the NWBS ecosystem. 

3. Daily observations of water masses physicochemical characteristics in the Zmiinyi Island 

area enabled us to identify all the cases of freshened water masses advection to the 

island and could be recommended as the mandatory indicator for all the monitoring 

programmes in order to register advection of water masses in the studied areas, which 

usually lasts from 1 to 3 days and cannot be practically identified by any other way.  

4. It has been shown as the result of the studies that 32% of the Zmiinyi Island coastal 

waters can be identified as transitional waters, 13 % - waters characteristic of the open 

part of the sea; 55% of samples were characteristic of the NWBS. Thus, implementation 

of the new sampling scheme depending on water mass type provides the possibility to 

monitor all the three types of water masses at the marine research station “Zmiinyi 

Island”. 

5. According to the results of 10-days’ observations in Odessa Bay only 17% of samples 

were identified as transitional waters, 3 % - waters characteristic of the open part of the 

sea, 80%  – waters characteristic of the NWBS. This shows that the MHBS monitoring 

station provides more representative data on the state of marine environment 

characteristic of the entire NWBS.  

6. The registered differences between inputs of different water masses enable us to 

conclude that the Danube River influence in the Zmiinyi Island area is significantly 

stronger that the influence from the Dnipro, Southern Bug and Dniester Rivers in Odessa 

Bay.  

7. Of special interest are the studies of the main physicochemical characteristics’ vertical 

distribution. The studies have shown that the most significant changes during a year 

take place in the upper photic 0-10 m layer, while below 10 m amplitude of seasonal 

changes decreases and practically disappears at the 20 m depth.  

8. In order to eliminate manual labour it is recommended to install automatic recorders of 

the main physicochemical parameters of the surface and bottom waters; the 

information from the recorders should be transmitted non-stop to the lab; it is also 

recommended to sample water masses of different origin for such parameters as 

pollutants, bacterial pollution, chlorophyll a, phytoplankton etc., which would help us 

to determine very representatively the influence and input of different types of water 

masses into forming of biocoenoses in the studied areas. 



Scientific Report - 12-Months Monitoring Studies 

in Georgia, Russian Federation and Ukraine, 2016-2017 

 

196 

 

REFERENCES 

1. Directive 2008/56/EC of the European Parlament and of the Council of 17 June 2008 establishing a 
framework for community action in the field of marine environmental policy (Marine Strategy Framework 
Directive). – 22 p.  http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2008:164:0019:0040:EN:PDF 

2. Directive 2000/60/EC of the European Parliament and of the Council establishing a framework for the 
Community action in the field of water policy. European Communities, 2000. – 133 р.  

3. COMMISSION DECISION of 1 September 2010 on criteria and methodological standards on good 
environmental status of marine waters (notified under document C(2010) 5956 //Official Journal of the 
European Union. L 232/14-24 

4. Monitoring for the Marine Strategy Framework Directive: Requirements and Options, 2012 – JRC. – 42 P. 

5. Руководство пользователя прибора спутниковой навигации «Garmin-12». 

6. Наставление гидрометерологическим станциям и постам.– Л: Гидрометиздат, 1984. - Вып.9, ч. I.–312 с. 

7. Руководство по гидрологическим работам в морях и океанах. - Л.: Гидрометеоиздат, 1977. – 725 с. 

8. Руководство пользователя портативного прибора HQ 40d (Hach) 

9. Наставление гидрометеорологическим станциям и постам. - Л.: Гидрометеоиздат, 1964. - Вып.9: 
Гидрометеорологические наблюдения на морских станциях. - Ч. II: Гидрометеорологические 
наблюдения на судовых станциях, производимые штатными наблюдателями.– 366 с. 

10. ДСТУ ISO 5814:2003. Визначання розчиненого кисню. Електрохімічний метод із застосуванням зонда 
(ISO 5814:1990, IDT). – Київ: Держспоживстандарт України, 2004. – 8 с. 

11. Руководство пользователя оксиметра «HI 9143». 

12. Руководство пользователя кондуктометром MettlerToledo MC226. 

13. ДСТУ 4077-2001. Визначання рН (ISO 10523:1994, MOD). – Київ: Держкомітет України з питань технічного 
регулювання та споживчої політики, 2003. – 12 с. 

14. Руководство пользователя рН-метром Hydrus 100. 

15. РД 52.10.243–92. «Руководство по химическом анализу морских вод». – СПб.: ГМИ, 1993. 

16. Руководство пользователя спектрофотометра JENWAY-6300. 

17. ДСТУ ISO 7890-3:1988. Визначання нітратів у морській воді із застосуванням сульфосаліцилової кислоти 
(ISO 7890-3:1988). – Київ: Держспоживстандарт України. 2004. – 8 с. 

18. Океанография Черного моря / В.А.Иванов, В.Н.Белокопытов; НАН Украины, Морской гидрофизический 
институт. – Севастополь, 2011 – С. 212, табл. 10, ил. 136, библ. 504. - ISBN 978-966-022-6165-5 

19. Звіт про науково-технічну роботу № 343 «Проведення комплексного обстеження та розробка системи 
інтегрованого екологічного моніторингу і довгострокових наукових досліджень острову Зміїний та 
прилеглого шельфу». Під ред. В.А. Сминтини. – Одеса, 2003. – 384 с. - Рукопис ОНУ ім. І.І. Мечникова. 

20. Сминтина В.А., Іваниця В.О., Медінець В.І. Огляд досліджень екосистем острову Зміїний та прилеглого 
шельфу Чорного моря у 2003-2006 рр. // Екологічні проблеми Чорного моря: з-б наук. ст. Міжнар. наук.-
практ. конф., 31 травня-1 червня 2007 р., Одеса. – Одеса: ІНВАЦ, 2007. - С.301-304. 

21. N. Kovalova Investigations of Interconnections of Physical-Chemical and Phytoplankton Characteristics in the 
North -Western Part of the Black Sea (Zminyi Island area) / N. Kovalova, V. Medinets, N. Derezyuk, S. Medinets, 
V. Morozov, Ye. Kovalova // Вісник ОНУ. Сер.: Географічні та геологічні науки, 2015. - Т. 20, вип. 4 (27). – С. 
35-46. - ISSN 2303-9914. 

22. Кондратьев С.И., Внуков Ю.Л. Структура вертикального распределения кислорода в водах приустьевого 
взморья Дуная в осенний период 1997 г.//Экологическая безопасность прибрежной и шельфовой зон и 
комплексное использование ресурсов шельфа. - Севастополь: МГИ НАН Украины, 1999. -С. 125 -137. 

23. Острів Зміїний: екосистема прибережних вод : монографія / В.А. Сминтина, В.І. Медінець. І.О. Сучков [та 
ін.] ; відп. ред.. В.І. Медінець ; Одес. Нац.. ун-т ім. І.І. Мечникова. – Одеса : Астропринт, 2008. – XII, 228 
c., [10] арк.. іл.. – (Наук. проект «Острів Зміїний» / керівник проекту В.А. Сминтина). ISBN 978-966-190-
149-9. 

24. Звіт про науково-технічну роботу № 478 «Створення системи інтегрованого екологічного моніторингу 
для оцінки якості морського середовища району Чорного моря біля острова Зміїний». Під ред. В.І. 



Scientific Report - 12-Months Monitoring Studies 

in Georgia, Russian Federation and Ukraine, 2016-2017 

 

197 

Медінця. – Одеса, 2013. – 478 с. - Рукопис ОНУ ім. І.І. Мечникова. 

25. Звіт про науково-технічну роботу № 506 «Оцінити довгострокові зміни та обґрунтувати заходи щодо 
стабілізації екологічного стану прибережних вод та берегової смуги острову Зміїний». Під ред. В.І. 
Медінця. – Одеса, 2015. – 497 с. -Рукопис ОНУ ім. І.І. Мечникова. 

26. Газетов, Е. И., Мединец, В. И. Исследование изменчивости основных физико-химических характеристик 
прибрежных морских вод у о.Змеиный в 2004-2014 гг. [Текст] / Е. И. Газетов, В. И. Мединец // Вестник 
ОНУ - 2016. – Вісник ОНУ . Сер.: Географические и геологические науки. - 2016. - Т. 21, Вып. 2(29). – С. 24-
45. – ISSN 2303-9914. 

27. Екологічні нормативи якості морського середовища. – Київ: Міністерство охорони навколишньго 
природного середовища, 2009. – 15 с. 

28. Про затвердження правил охорони внутрішніх морських вод і територіального моря від забруднення та 
засмічення. Постанова Кабинета Міністрів України № 269 від 29 лютого 1996 р. – Київ. – 1996. – 8 с. 

29. Водна рамкова директива ЄС 2000/60/ЕС: Київ, 2006. – 240 с. 

30. Technical guidance on monitoring for the Marine Strategy Framework Directive // N. Zampoukas, A. Palialexis, 
A. Duffek, J. Graveland, G. Giorgi, C. Hagebro, G. Hanke, S. Korpinen, M. Tasker, V. Tornero, V. Abaza, P. 
Battaglia, M. Caparis, R. Dekeling, M. Frias Vega, M. Haarich, S. Katsanevakis, H. Klein, W. Krzyminski, M. 
Laamanen, J.C. Le Gac, J.M. Leppanen, U. Lips, T. Maes, E. Magaletti, S. Malcolm, J.M. Marques, O. Mihail, R. 
Moxon, C. O'Brien, P. Panagiotidis, M. Penna, C. Piroddi, W.N. Probst, S. Raicevich, B. Trabucco, L. Tunesi, S. 
van der Graaf, A. Weiss, A.S. Wernersson, W. Zevenboom . JRC Report EUR 26499 EN, 2014 . Luxembourg: 
Publications Office of the European Union, 2014. doi: 10.2788/70344. 

 

III.3. Meteorological and atmospheric chemistry 

III.3.1. Meteorology of Zmiinyi Island (ZMN) area 

V. Medinets1 (Editor) Ye. Gazyetov1, , O. Abakumov1, V. Pitsyk1, S. Snigirov1, S. Medinets1, O. Konareva1, S. 

Svetlichniy1, P. Snigirov1, I. Soltys1 

 

1 Odesa National University (ONU), Odesa, Ukraine 

III.3.1.1. Introduction 

Observation of meteorological characteristics that determine the conditions of marine 

environment sampling and the behaviour of most sea water physicochemical characteristics is 

one of the main constituents in the integrated programme of monitoring of marine environment 

and chemical properties of atmospheric precipitation and deposition on the Zmiinyi Island [1, 2, 

3]. 

III.3.1.2. Methods and materials 

Wind speed was measured with manual (cup-type) anemometers MC-13 according to 

methodology [4] and with automatic device Weather-View WindScope 500. Precision of the 

measurements was 0.1 m/s. Wind direction was measured with modified Wild’s anemometer 

[4] and automatic device Weather-View WindScope 500. 

Atmospheric pressure was measured with aneroid barometer M67 according to the 

requirements [4].  
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Absolute and relative humidity was calculated using hygrometric tables [5] from the difference 

between readings of dry and wet thermometers of dry-and-wet-bulb aspiration hygrometer MV-

4M; through automatic method with Wagtech 5105 hygrometer. 

Air temperature was measured in accordance with [4] using hygrometers MV-4M and Wagtech 

5105. Precision of temperature determination was 0.1˚С.  

Registration of atmospheric precipitation depth was done using Tretyakov precipitation gauge 

according to the methodology [6]. 

The main set of meteorological observations (wind speed and direction, air temperature, 

atmospheric pressure and humidity) was performed daily from 10 April to 23 December 2016 

and from 28 April to 30 June 2017 on the site 1 – near the building of the «Zmiinyi Island» 

research station (MRS “Zmiinyi Island”) located in the north-eastern part of the island (Figure 

III.3-1) at the height of 12 m above sea level.  

 

Figure III.3-1 – Scheme of location of the stations for meteorological parameters observation 

on the Zmiinyi Island: 1 – main site for the complex of meteorological observations; 2 – site 

for wind and waves observation of the ZPR station; 3 – site of atmospheric precipitation and 

depositions sampling 

Wind speed and direction measurement and waves parameters registration were done daily 

during sampling at the ZPR station (Figure III.3-1), as well as during monthly surveys at all the 

stations in the 500-m coastal waters of the Zmiinyi Island.   

Atmospheric precipitation was sampled twice a day (every 12 hours) at the site 3 located in the 

north-western part of the island (Figure III.3-1) at the height of 25.7 m above sea level. 

As the heaving characteristics were analysed in the previous chapter, this chapter aims at 

analysis of meteorological parameters, such as wind speed, wind direction, atmospheric 

pressure, air temperature, relative humidity and daily precipitation amount, which were 

observed at the sites 1 and 3  (Table III.3-1). 
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Table III.3-1 – List and quantity of meteorological parameters’ measurements on the Zmiinyi 

Island in 2016-2017, performed in the framework of monitoring pilot programme 

Site number (Figure II.2.1) 
Wind speed, 

m/s 
Wind 

direction 

Atmospheric 
pressure, 

GPa 

Air 
temperature, 

°С 

Relative 
humidity, % 

Precipitation 
amount, mm 

1 318 310 318 318 318  

3      635 

Total: 2217 

 

III.3.1.3. Results and discussion 

III.3.1.3.1. Wind speed and direction 

Analysis of changes of daily wind speed values in 2016-2017 (Figure III.3-2) has shown that they 

varied from 0 to 17 m/s (20.08.2016) during the year with maxima in autumn-winter period. 

 

Figure III.3-2 – Results of daily wind speed observations on the Zmiinyi Island in 2016-2017 

 

Mean values and ranges of wind speed variations in April-December 2016 and May-June 2017 

are presented in Tables III.3-2 and III.3-3 respectively. Average wind speed for the period of 

observations 2016-2017 made 5.7±0.2 m/s; for the period April-December 2016 – 5.9±0.2 m/s. 

At that, minimal average monthly wind speed was observed in May and July 2016, maximal – in 

October and December 2016. 

Table III.3-2 – Average monthly values of the main meteorological parameters on the Zmiinyi 

Island in 2016-2017 

Month 
Wind 

speed, m/s 
Atmospheric 

pressure, GPa 

Air 
temperature, 

°С 

Relative 
humidity, % 

Precipitation 
amount, mm 

April 2016 5.0 1009.3 12.3 91.6 16 

May 2016  4.6 1010.1 16.1 86.0 12 

June 2016 5.3 1011.4 22.3 80.9 79 

July 2016 4.7 1013.0 24.6 75.8 0 

August 2016 6.7 1013.2 23.9 77.2 2 

September 2016 5.2 1015.3 20.4 79.3 68 

October 2016  7.3 1019.9 12.6 80.8 276 

November 2016  6.8 1018.5 7.8 83.2 25 
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Month 
Wind 

speed, m/s 
Atmospheric 

pressure, GPa 

Air 
temperature, 

°С 

Relative 
humidity, % 

Precipitation 
amount, mm 

December 2016 7.3 1022.8 2.5 80.7 4 

Average for 2016 5.9 1014.8 16.4 81.3 60.3 

May 2017 5.0 1013.3 15.0 84.5 9 

June 2017 5.0 1011.3 21.9 86.4 24 

Average for 2017 5.0 1012.3 18.4 85.4 16.5 

Average for the entire period 5.7 1014.3 16.8 82.1 51.5 

 

Table III.3-3 – Minimal / maximal values of the main meteorological parameters on the Zmiinyi 

Island in 2016-2017 

Month Wind speed, m/s 
Atmospheric pressure, 

GPa 

Air 
temperature, 

°С 
Relative humidity, % 

April 2016 1.0/11.0 995.5/1019.5 8.0/15.6 64.9/97.6 

May 2016  0.0/12.0 999.8/1019.7 11.6/21.2 60.3/97.6 

June 2016 0.0/9.0 998.7/1019.5 16.4/26.8 52.8/92.0 

July 2016 1.0/12.0 1006.7/1019.1 20.0/28.2 59.8/90.2 

August 2016 0.0/13.0 1009.1/1019.1 18.0/27.4 52.7/89.6 

September 2016 1.0/17.0 995.6/1025.1 14.0/24.6 61.8/96.1 

October 2016  0.0/14.0 1006.3/1031.7 8.0/19.6 62.4/98.8 

November 2016  0.0/12.0 1001.1/1029.2 -0.8/13.2 40.8/97.2 

December 2016 1.0/12.0 1001.7/1036.0 -1.5/8.8 72.1/92.7 

For 2016 0/17.0 995.5/1036.0 -1.5/28.2 40.8/98.8 

May 2017 0.0/9.0 1003.1/1021.3 12.0/20.4 63.4/96.5 

June 2017 0.0/9.0 1003.7/1016.4 18.6/25.4 71.6/94.5 

For 2017 0.0/9.0 1003.1/1021.3 12.0/25.4 63.4/96.5 

For the entire period 0.0/17.0 995.3/1036.0 -1.5/28.2 40.8/98.8 

 

Analysis of wind distribution in directions in 2016-2017 (Table III.3-4) has shown that maximal 

frequency was demonstrated by northern (27.8%) wind directions, minimal – by south-eastern 

(4.2%) and south-western (3.8%) directions.  

Table III.3-4 – Average frequency (%) of wind directions in the Zmiinyi Island area in 2016-2017 

Period N NE E SE S SW W NW Calm 

April– December 2016  27.2 12.4 14.0 4.0 10.8 4.8 14.8 10.8 1.2 

April– June 2016  30.2 9.5 17.5 4.8 17.5 0.0 4.8 12.7 3.2 

Whole period of 
observations 

27.8 11.8 14.7 4.2 12.1 3.8 12.8 11.2 1.6 

 

For other sectors wind frequency was from 11.2 to 14.7%. So, for the period 2016-2017 

dominance of the winds of northern direction was established. Besides, during the above period 

the frequency of the winds that intensified freshened water masses transfer from the Danube 

River estuary (S, SW, W, NW), was 18.6% lower than the frequency of those winds, which drive 

water from the open part of the sea and the NWBS. 
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III.3.1.3.2. Air temperature 

Air temperature on the Zmiinyi Island (Figure III.3-3) in April-December 2016 and in May-June 

2017 varied within the limits from -1.5ºС (16.12.2016) to +28.2ºС (17.07.2016); average value 

for the entire period of observations made 16.8±0.4ºС. 

 

Figure III.3-3 – Results of daily air temperature observations on the island in 2016-2017 

Analysis of average monthly temperature changes on the Zmiinyi Island in 2016-2017 (Tables 

III.3-1 and III.3-2) has shown that during that period air temperature had distinct seasonal 

variation, which  associated with sinusoidal cycle (Figure II.2.3) with maximum in July-August 

and minimum in winter.  

Comparison of the data collected by us with those from the literature [1] shows that maximal 

and minimal air temperatures in 2016-2017 stayed within the range measured in 2004-2013. 

III.3.1.3.3. Atmospheric pressure 

Atmospheric pressure at sea level on the Zmiinyi Island in April-December 2016 and May-June 

2017 (Figure III.3-4) varied from 995.5 GPa (25.04.2016) to 10360 GPa (17.12.2016) with average 

for the whole period of observations 1014.3±0.4 GPa. 

 

Figure III.3-4 – Results of daily observations of atmospheric pressure  

on the Zmiinyi Island in 2016-2017 
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Analysis of average monthly values and variation ranges of atmospheric pressure on the Zmiinyi 

Island in 2016-2017 (Tables III.3-1 and III.3-2) has shown that the pressure had distinct seasonal 

variation with minimum in December and minimum in April-May and associated with sinusoidal 

cycle (Figure III.3-4). Thus, the changes of atmospheric pressure on the Zmiinyi Island in 2016-

2017 were caused by general seasonal circulation of air masses over the Black Sea western part.  

The maximal and minimal values of atmospheric pressure in 2016-2017 stayed within the range 

of those measured in 2004-2007 [3]: from 988.1 (27.02.2005) to 1039.7 (24.01.2006) GPa.  

III.3.1.3.4. Humidity 

Relative humidity of air on the Zmiinyi Island in April-December 2016 and May-June 2017 (Figure 

III.3-5) changed from 40.8 % (06.11.2016) to 98.8 % (10.10.2016) with a characteristic sinusoidal 

cycle. Average monthly value of relative humidity during the said period was 82.1±0.5%. 

 

Figure III.3-5 – Results of daily observations of air humidity  

on the Zmiinyi Island in 2016-2017 

Analysis of average monthly values and ranges of their variation on the Zmiinyi Island in 2016-

2017 (Tables III.3-1 and III.3-2) has shown that, similarly to previous years [3], air humidity in 

2016-2017 demonstrated seasonal variation with minimum in July-September and maximum in 

April, which is connected with seasonal changes of water and air temperature. Absolute 

minimum of air relative humidity registered earlier by the ONU staff on the Zmiinyi Island (21 % 

03.04.2004 [3]) was not exceeded during 2016-2017. 

III.3.1.3.5. Precipitations 

Daily amounts of precipitation on the Zmiinyi Island in April-December 2016 and May-June 2017 

(Figure III.3-6) changed from zero to 179.5 mm (12.10.2016), which was an absolute maximum 

for the entire period of observations on the island (2004-2017). It needs to be noted that in 

October 2016 amount of precipitation totalled to 276 mm (Table III.3-1), which was maximal 

value for the entire period of observations on the island and made ca. 96% of average yearly 

amount of atmospheric precipitation (288 mm) registered by us in 2004-2008 [3]. Maximal 

amounts of precipitation within seasonal variation on the Zmiinyi Island in 2016-2017 fall on 

June and September-October, minimum – on July-August. 
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Annual rainfall on the Zmiinyi Island in 2016 was 482 mm and was the highest throughout the 

period of the ONU observations on the island.  

 

Figure III.3-6 – Results of atmospheric precipitation daily observations on the Zmiinyi Island 

in 2016-2017 

 

III.3.1.4. Comparison with other Black Sea areas and historical data 

Wind speed and direction. Average wind speed (5.7±0.2 m/s) in the Zmiinyi Island area in 2016-

2017 was somewhat higher compared to the average wind speed (5,5±0,1 м/с) for the period 

2004-2013 [1]. It should be pointed out that the line of observations on the Zmiinyi Island in 

2016-2017 is not complete as it contains no data for winter period. That is why the average wind 

speed of 5.7 m/s is the underestimated value compared with average annual values, which, 

according to the data of 1960–1998 [7], made 6.7 m/s, while according to the data of 1971-1980 

[8], average annual wind speed for the Zmiinyi Island areas was ca. 6 m/s. It should be 

emphasized however that average wind speed value in the Zmiinyi Island area in 2016-2017 was 

higher than at the «Ust-Dunaisk» hydro-meteorological station ((5.3 m/s) for the period 1983–

2005 [7], being the nearest coastal meteorological station.  

Average wind speed received by us using the present data of 2016-2017 exceeds the maximal 

value of the range of average wind speed in the NWBS – 4.0-5.5 m/s for a significant period of 

observations at all the coastal hydro-meteorological stations up to 2005 [7]. One should also 

remember that prevalence of the winds of northern and southern directions is typical for the 

island. This regularity had been confirmed by the ONU studies performed in the island area 

during previous years [3]. 

Air temperature. Annual variation of surface atmosphere layer temperature and humidity on 

the Zmiinyi Island is mostly similar to seasonal variation for Odessa city [9]. This means that for 

this marine area assessment of climate using Köppen climate classification updated by Peel [10] 

is valid: the climate is continental without dry periods and with warm summer. 
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Atmospheric pressure. Practically in all seasons the north-western and western areas were 

characterized by maximal atmospheric pressure out of all the Black Sea parts [9], which was 

shown by the results of this parameter observation on the island in 2016-2017 (Figure III.3-4). 

Humidity. Average value of relative humidity (82.1±0.5%) in 2016-2017 was higher than average 

annual value for 2004-2007 (74%) for the Zmiinyi Island; it was also higher than average annual 

value for 2001-2007 (76.5%) at the Ust-Dunaisk hydro-meteorological station (the nearest 

meteorological station) [3]. Seasonal variation of relative humidity on the Zmiinyi Island in 2016-

2017 was close to the values of seasonal variation for the period 1966-1985 [8] in this part of 

the sea.  

Precipitations. Anomalously high values of daily (12.10.2016) and monthly rainfall values  (179.5 

and 276.4 mm respectively) were registered for the first time since the beginning of the 

observations on the Zmiinyi Island (for the period from 2003 to 2017). Total rainfall for the 

period April-December 2016 (482 mm) on the island was higher than many years’ rainfall for the 

Black Sea north-western part (360–390 mm) calculated [11] for the period 1901-2010. It should 

be noted that the anomaly observed resulted from a single catastrophic rainfall in October 2016, 

while the Zmiinyi Island area is still one of the driest parts of the sea [11], though annual sum of 

precipitation in the south-eastern part of the Black sea can reach 1800-2600 mm. At that, the 

tendency towards increase of amount of precipitation at the Black Sea can be followed only for 

the eastern part [12]. 

III.3.1.5. Conclusions  

1. All the meteorological parameters analysed above for the Zmiinyi Island in 2016-2017 

had distinct seasonal variation. This fact enables us to suggest that there are common 

regularities of seasonal changes of atmospheric circulation processes over the NWBS, 

which influence the intensity of hydrological processes in marine ecosystems, first of 

all temperature regime and mixing of photic layer. 

2. Average wind speed in the island area in 2016-2017 was higher than in the similar 

periods in 2004-2013. At that in 2016-2017 prevalence of winds of northern and 

southern directions were observed, those winds intensified water masses exchange 

between the open part of sea and the NWBS. 

3. Changes of air temperature and humidity stayed within the range typical of the Zmiinyi 

Island area and did not exceed the values registered by us in 2003-2007.  

4. In October 2016 anomalously high for the entire period of observation values daily and 

monthly amounts of precipitation were registered (179.5 and 276.4 mm respectively). 

 

III.3.1.6. Recommendations on monitoring improvement 

In order to eliminate manual labour in meteorological observations and to increase their 

representativeness it is recommended to install an automatic meteorological station on the 

island to measure the main meteorological parameters the way, which is standard for all the 

meteorological stations in Ukraine and WMO. At that the data from these meteorological 
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observations will naturally be used to fulfil the tasks in monitoring of the state of marine 

ecosystem of this area in general. 

Measurement of the main meteorological characteristics of the atmosphere, first of all wind 

speed and direction, characteristics of heaving, pressure, air temperature etc., which influence 

the intensity of hydrological and hydrochemical processes within the active layer of the sea, shall 

be done regularly in all the field surveys taking samples for marine ecosystems state assessment, 

especially during sampling of atmospheric precipitation and depositions for subsequent 

analyses of their chemical composition. 
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III.3.2. Atmospheric chemistry in ZMN area 

S. Medinets1, V. Medinets1, A. Mileva1, I. Gruzova1, K. Svetlichna1, O. Abakumov1, V. Pitsik1, P. Snigirev1,  

O. Konareva1, I. Soltys1  

 

1 Odesa National University (ONU), Odesa, Ukraine 

III.3.2.1. Introduction 

As it is known, there are three main sources of the Black Sea ecosystem pollution: coastal run-

off, river discharge and atmospheric run-off [13]. Atmospheric fluxes influencing the sea surface 

are formed of both long-range transfer of pollutants from Western European area and local 

transfer from the Black Sea countries. Special concern is raised by increase in nutrients run-off, 

mainly of nitrogen of anthropogenic origin [14-16], to the coastal areas and open sea, which 

results at excess of nutrients in the ecosystem and causes horrible consequences, namely: 

acidification, eutrophication, excessive oxygen consumption and hypoxia [16-18].  

Previous estimations of nitrogen compounds settling from the atmosphere to the surface of the 

entire Black Sea showed that this input was very close to that of the Danube River [3,13,19,20]. 

It should be noted that the previous estimations [3,13,19-21] were based only on the data about 

water-soluble inorganic nitrogen deposition, i.e. they did not take into account deposition of 

aerosol of organic origin to the sea surface. It was established in recent years that quantity of 

organic nitrogen constituent that deposit from the atmosphere over the seas and oceans usually 

dominates over mineral compounds and is a n important factor of the understudies pollution 

with nutrients [22-32].  

The first preliminary results of the studies of this subject in the Black Sea region gave 

overwhelmingly significant Figure s. It was established that organic constituent of nitrogen 

depositing on marine surface was 1.7 times bigger than inorganic [30]. Recent studies [31] show 

that total phosphorus atmospheric run-off (including both organic and inorganic constituents) 

exceeds the total river discharge into the Black Sea 2 times and makes in average ca. 1159±136 

Gg N yr-1 if calculated for the entire sea surface area based on the data of 2011-2012. 

III.3.2.2. Materials and methods 

During 2016-2017, the following samples were regularly collected on the specialized site located 

in the south-western part of the Zmiinyi Island (Figure III.3-7) in accordance with the 

atmospheric block of the Zmiinyi Island ecosystem environmental monitoring integrated 

programme in the framework of the EMBLAS-II International Project: total atmospheric 

deposition (each sample taken during two weeks) and atmospheric precipitation (each rainfall). 

The site is located in the conventionally clean zone of the island on maximal distance from the 

local pollution sources.  
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Figure III.3-7 – Location of the test-site for observations in atmospheric chemistry and 

meteorology on the Zmiinyi Island 

 

For the periods April – December 2016 and April – June 2017, 22 samples of total atmospheric 

depositions and 38 samples of atmospheric precipitations were collected. All the samples were 

analysed for cations (Na+, K+, NH4
+, Mg2+, Ca2+, Li+, Sc2+, Ba2+) and anions (Cl-, NO3

-, NO2
-, PO4

3-, 

SO4
2-, F-,  Br-). At that, special attention was paid to analysis of nutrients – nitrogen and 

phosphorus compounds (including their organic constituent). Atmospheric precipitation 

sampling was performed in accordance with the methodology described in [19]. The equipment 

used for sampling was the following: i) Tretyakov precipitation sampler – to establish 

quantitative sum of precipitation for specific periods of time (Figure III.3-8а); ii) atmospheric 

precipitation sampler – for quantitative determination of ionic composition of atmospheric 

precipitation (Figure III.3-8b); iii) collector-type sampler for sampler of total atmospheric 

depositions (according to the EMEP recommendations) – for quantitative determination of total 

(dry and wet) atmospheric depositions (Figure III.3-8c). Sampling of total (dry and wet) 

depositions was done every 15 days. Al samples, after sampling and transfer to the laboratory 

of the Regional Centre for Integrated Monitoring and Ecological Studies (RCIMaES) of the ONU, 

were stored in refrigerator at the temperature below -20 °С. All the samples delivered from the 

island were analysed in the lab of the RCIMaES of the ONU.   
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Figure III.3-8 – Equipment of the test-site: Tretyakov precipitation sampler (а), sampler for 

liquid atmospheric precipitation (b) and sampler of total atmospheric depositions (c) 

Cations and anions in atmospheric precipitation samples were analysed using ionic 

chromatography method with Personal IC 790 chromatograph (METROHM AG, Switzerland). 

Analysis of samples for cations and anions was done in accordance with requirements of the ISO 

International Standards [33]. Nutrients analyses (total nitrogen, total water-soluble nitrogen, 

phosphate and total phosphorus) were performed in line with methodology [19,34]. 

Conductivity was measured using conductivity meter “Mettler Toledo MC226” in accordance 

with operation manual [35]. Precision of measurements was 0.001 mSm. Measurements of pH 

were done using electrometric method with Hydrus 400 portable рН-meter [36]. Precision of 

measurements was ± 0.01 pH units. 

 

III.3.2.3. Results and discussion  

III.3.2.3.1. Atmospheric depositions  

The results of ionic composition determination in different samples of atmospheric precipitation 

sampled in April-December 2016 and April-June 2017 are presented on Figures III.3-9 and III.3-

10. 

Cations. The highest intensity of deposition was observed for the ion of sodium (Na+); it varied 

from 606 to 67981 mkg m-2 day-1 at mean value of 15707±18112 mkg m-2 day-1 in 2016 (Figure 

II.2.9а). For the three months’ period of 2017 variations of sodium deposition intensity were 

much lower, from 698 mkg m-2 day-1 to 8002 mkg m-2 day-1 with mean value of 5027±18112 mkg 

m-2 day-1 (Figure III.3-9а). High values of deposition intensity practically coincided with the 

periods of intensive rainfalls (June, October, November and December 2016), i.e. due to wet 

deposition.  
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(а) 

 

(b) 

Figure III.3-9 – Intensity of two-weeks depositions of sodium and ammonium (а), potassium, 

calcium and magnesium (b) during the periods of studies in 2016-2017 

 

At the same time, one of the reasons for such high values could be insertion of marine aerosol 

as the result of stormy weather (for example, in late October and in November 2016). 

The second in deposition intensity was calcium cation (Ca2+) with mean deposition values 

4394±2675 mkg m-2 day-1  and 2439±646 mkg m-2 day-1 in 2016 and 2017 respectively (Figure 

III.3-9b).  
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(a) 

 
(b) 

 
(с) 

Figure III.3-10 – Intensity of chloride and sulphate deposition (а), nitrate ion and phosphate 

(b), total nitrogen, water-soluble total nitrogen and total phosphorus (с) during the period of 

studies in 2016-2017 
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Intensity of calcium ion deposition varied from 585-16171 mkg m-2 day-1 to 1585-3382 mkg m-2 

day-1 in 2016 and 2017 respectively. The highest values were observed in autumn during storms.  

Ammonium cation (NH4) was on the third place in intensity of deposition from the atmosphere. 

In the average, in 2016 and 2017 deposited respectively 3475±6147 mkg N m-2 day-1 and 

2449±1486 mkg N m-2 day-1. The highest values were connected with the periods of nitrogen 

fertilizers application in agriculture in the Black Sea coastal areas, as transport of air masses from 

those districts to the area of studies prevailed. Maximal values of ammonium deposition 

intensity were registered in May (18378 mkg N m-2 day-1) and early June (19620 mkg m-2 day-1), 

2016. High concentrations (but significantly lower than in 2016) were also observed in May and 

June 2017 - 2949 mkg N m-2 day-1. Minimal values were registered in winter 2016 and in July 

2017 (Figure III.3-9b). 

Potassium (K+), one of the most important microelements comprised by many nitrogen, 

phosphorus and complex mineral fertilizers, deposited on the adjacent surface at the level of 

2614±2813 mkg m-2 day-1 and 1264±989 mkg m-2 day-1 in 2016 and 2017 respectively (Figure 

III.3-9b). The periods of the highest concentration of К+ coincided with the periods registered 

for ammonium, which evidenced their possible common anthropogenic origin (Figure III.3-9b). 

Minimal values of 294 mkg m-2 day-1 and 406 mkg m-2 day-1 were registered in the end of May 

2016 and in July 2017 respectively.  

Cations of magnesium (Mg2+) deposited in somewhat lower concentrations than potassium 

(Figure III.3-9b) and the tendency of their deposition was similar to sodium (Figure III.3-9а), 

which evidenced their common marine origin. Mean values made 2389±2675 mkg m-2 day-1 and 

913±237 mkg m-2 day-1 for 2016 and 2017 respectively. Significant variations (280-10914 mkg m-

2 day-1) were observed in 2016; in 2017 the variations were much lower (630-1175 mkg m-2 day-

1) (Figure III.3-9b). 

Lithium ions (Li+) were registered only in 2017 within the range from below the detection limit 

to 30.95 mkg m-2 day-1 with mean value of 13.99±13.44 mkg m-2 day-1.  

Concentration of strontium (Sc2+) and barium (Ba2+) ions was below the detection limit during 

the entire period of studies. 

Analysis of atmospheric deposition intensity average annual values (Table III.3-5) had shown 

that maximum of sodium ions deposition intensity (1236 kg km-2 month-1) was observed in 

October 2016 and resulted from stormy weather (wind speed was from 12 to15 m s-1), while 

minimum happened in May 2016 р. (88 kg km-2 month-1) with mean value of 383±338 kg km-2 

month-1 (Table III.3-5). At that, it should be pointed out that mean values of Na+ deposition made 

454±366 and 169±58 kg km-2 month-1 in 2016 and 2017 respectively. 

Average monthly intensity of ammonium deposition was 99±107 kg N km-2 month-1 with 

maximum in May 2016 (300 kg N km-2 month-1) and minimum in December 2016 (0.47 kg N km-

2 month-1). Mean values of deposition made 111±120 і 65±43 kg km-2 month-1 in 2016 and 2017 

respectively.  

Maximum of potassium deposition intensity was observed in June 2016 (156 kg km-2 month-1) 

with mean value 65±49 kg km-2 month-1. Its average annual values made 76±52 and 34±24 kg 

km-2 month-1 in 2016 and 2017 respectively.  

Mean values of total deposition intensity for calcium and magnesium ions equalled to 116±93 
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and 60±52 kg km-2 month-1 respectively, minimums were observed in December and July 2016, 

while the highest values were registered in October 2016 during the period of heavy storms 

(Table III.3-5).  

Average annual quantity of Mg2+ deposited on the surface of the island made 70±58 and 30±6 

kg km-2 month-1, and of Са2+ - 129±106 and 76±4 kg km-2 month-1 in 2016 and 2017 respectively. 

No strontium and barium ions were registered in depositions during the period of studies in 

2016-2017. 

Anions.  

The highest intensity of deposition out of anions was observed for chloride ion (Cl-); it varied 

from 817 to 105509 mkg m-2 day-1 with mean value of 24186±28172 mkg m-2 day-1 in 2016 

(Figure III.3-10а). For the three months period in 2017 variation of sodium content in the 

depositions was much lower: from 706 mkg m-2 day-1 to 12598 mkg m-2 day-1 with mean value 

of  7352±4650 mkg m-2 day-1.   

Table III.3-5 – Intensity of cations’ and anions’ average monthly total deposition to the Zmiinyi 

Island surface in 2016 - 2017 

Month Е рН 
Total deposition value, kg km-2 month-1 

Li+ Na+ NH4+(N) K+ Ca2+ Mg2+ Sc2+ Ba2+ 

April 2016 32 6.06 0 200 44 16 71 36 0 0 

May 2016 49 6.52 0 88 300 73 80 29 0 0 

June 2016 44 6.58 0 349 294 156 155 66 0 0 

July 2016 20 6.17 0 111 9 29 48 16 0 0 

August 2016 53 6.23 0 279 13 34 53 31 0 0 

September 2016 51 6.28 0 591 63 115 125 76 0 0 

October 2016 77 6.51 0 1236 196 109 351 207 0 0 

November 2016 82 6.36 0 734 77 123 242 94 0 0 

December 2016 65 5.93 0 497 0 27 37 69 0 0 

May 2017 38 6.80 0.62 135 74 29 71 25 0 0 

June 2017 38 6.62 0.42 135 103 61 75 27 0 0 

July 2017 35 5.89 0 236 18 13 80 36 0 0 

Average 49±18 6.33±0.29 0.09±0.21 383±338 99±107 65±49 116±93 60±52 0 0 

Average for 
2016 

53±20 6.29±0.22 0 454±366 111±121 76±52 129±106 70±58 0 0 

Average for 
2017 

37±2 6.44±0.48 0.35±0.32 169±58 65±43 34±24 76±4 30±6 0 0 

Note: 0 – means that this ion’s concentration was below the detection limit 

The high values of chloride ion deposition intensity coincided with the periods of intensive rains 

and stormy weather (June, October, November and December of 2016) when wet deposition of 

aerosol from the surface atmosphere was the main pattern. The second in deposition intensity 

anion was sulphate ion (SO4
2-) with mean values of 8847±11172 mkg m-2 day-1 and 3117±1965 

mkg m-2 day-1 (Figure III.3-10a) and range of variations from 528 to 40537 mkg m-2 day-1 and 

from 584 to 6001 mkg m-2 day-1 in 2016 and 2017 respectively.  

Nitrate ion occupied the third place in deposition intensity. In the average for 2016 and 2017 

nitrate ion deposition intensity made 1158±1321 mkg N m-2 day-1 and 796±627 mkg N m-2 day-1 

respectively. According to experts opinion, those high values were connected with the periods 

of nitrogen fertilizers application in the agricultural sector of the Black Sea coastal areas. 
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Maximal values coincided with the periods of maximal chloride ion deposition values, i.e. 

periods of storms (October, November and June 2016). Maximum was registered in October and 

made 5321 mkg N m-2 day-1, while minimum of nitrate ion deposition (below the detection limit) 

– in September of 2016 (Figure III.3-10b). 

Intensity of total nitrogen (TN) deposition was from 1512 to 32604 and from 2730 to 10920 mkg 

m-2 day-1 in 2016 and 2017 respectively (Figure III.3-10с). Mean values made 10569±10954 mkg 

m-2 day-1 in 2016 and 7324±3260 mkg m-2 day-1 in 2017. Water-soluble fraction of total nitrogen 

(WSTN) made ca. 70 and 79% for 2016 and 2017 respectively.   

Phosphate ion deposition values were lower than nitrate ions (Figure III.3-10b). Mean values 

were 40±62 and 16±19 mkg m-2 day-1 in 2016 and 2017 respectively with variations from 14 to 

11651 mkg m-2 day-1 in 2016 and from 20 to 682 mkg m-2 day-1 in 2017 (Figure II.2.10b). Average 

intensity of TP deposition in 2016 was almost twice as high (1748±3590 mkg m-2 day-1) as in 2017 

(773±700 mkg m-2 day-1). TP fluxes onto the underlying surface varied from 44 to 14342 mkg m-

2 day-1 in 2016 and from 136 to 1924 mkg m-2 day-1 in 2017 (Figure III.3-10с) 

Fluoride ions were registered from time to time during the period of studies. Maximal value of 

fluoride ion content in depositions was registered in the first half of November 2016. Average 

monthly value of deposition intensity made 0.02±0.05 mkg m-2 day-1 in 2016 and 0.03±0.04 mkg 

m-2 day-1 in 2017. Nitrite ion (NO2) and bromide ion (Br-) content in the depositions was below 

detection limit during the entire period of studies. 

Analysis of average monthly values of deposition intensity (Table III.3-6) had shown that for 

chloride those values made 587±523 kg km-2 month-1 with maximum of deposition intensity in 

October 2016. The lowest concentration of chlorine in the depositions was registered in May 

2016. Average monthly Cl – deposition values made 701±562 and 245±77 kg km-2 month-1 in 

2016 and 2017 respectively. 

Mean intensity of total sulphate deposition in 2016-2017 was 218±217 kg km-2 month-1 with 

maximal value of 806 kg km-2 month-1 (October 2016) and minimal 38 kg km-2 month-1 (July 

2016). Average monthly values showed that SO4
2- deposition in 2016 (258±240 kg km-2 month-

1) was more intensive than during the period of studies in 2017 (98±12 kg km-2 month-1). 

Significant increase of nitrate deposition was observed during period of storms (October 2016) 

- 89 kg N km-2 month-1; in September 2016 minimal value of nitrate deposition was registered 

(ca. 11 kg N km-2 month-1), mean intensity in the period of studies made 32±22 kg N km-2 month-

1. Average monthly depositions were at the level of 34±25 and 25±4 kg N km-2 month-1 in 2016 

and 2017 respectively.  

Mean intensity of total and water-soluble nitrogen deposition made 281±233 and 197±192 kg 

N km-2 month-1 with several maximums in May, June and October 2016. In average, 311±258 

and 191±125 kg N km-2 month-1 of total nitrogen, including 214±215 and 146±107 kg N km-2 

month-1 in water-soluble form deposited in 2016 and 2017 respectively. 

Total phosphorus and phosphate were registered in the depositions during the entire period. 

Maximal values for total phosphorus and phosphate respectively made 241 and 190 kg Р km-2 

month-1 in October 2016, minimal values – 2.2 and 1.0 kg Р km-2 month-1 were registered in 

December 2016.  
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Table III.3-6 – Average monthly values of intensity of anions and total N and Р total 

depositions to the surface of the Zmiinyi Island in 2016 - 2017 

Month 
Total deposition value, kg km-2 month-1 

F- Cl- NO2-(N) Br- NO3-(N) SO42- Total N WSTN PO43-(P) Total Р 

April 2016 0.00 361 0 0 30 131 155 64 2.7 6.0 

May 2016 0.00 143 0 0 28 173 685 487 67.3 79.8 

June 2016 0.00 587 0 0 47 438 502 240 56.0 74.3 

July 2016 0.00 154 0 0 13 38 65 29 5.8 12.6 

August 2016 0.00 410 0 0 18 72 172 92 1.8 4.3 

September 2016 0.00 828 0 0 11 264 174 108 11.6 20.5 

October 2016 0.00 1926 0 0 89 806 729 650 190.4 240.6 

November 2016 0.16 1122 0 0 54 286 247 190 19.3 25.1 

December 2016 0.00 781 0 0 19 117 74 65 1.0 2.2 

May 2017 0.00 194 0 0 20 85 211 182 9.5 14.7 

June 2017 0.08 207 0 0 28 101 304 230 36.6 41.9 

July 2017 0.00 334 0 0 27 108 56 25 0.6 4.2 

Average 0.02±0.05 587±523 0 0 32±22 218±217 281±233 197±192 34±54 44±67 

Average for 2016 0.02±0.05 701±562 0 0 34±48 258±240 311±258 214±215 40±62 52±77 

Average for 2017 0.03±0.04 245±77 0 0 25±4 98±12 191±125 146±107 16±19 20±19 

Note: 0 – means that this ion’s concentration was below the detection limit 

Mean intensity for the entire period of observations (2016-2017) made 44±67 kg Р km-2 month-

1 for total phosphorus and 34±54 kg Р km-2 month-1 for phosphate; and separately for 2016 and 

2017 - 52±77 and 20±19 kg Р km-2 month-1 for total phosphorus and  40±62 and 16±19 kg Р km-

2 month-1 for phosphate respectively. The ratio of average annual values of phosphate and total 

phosphorus stayed at the same level (ca. 77%) all over the period of studies.  

Depositions pf fluoride were registered in insignificant quantities with absolute maximum of 

0.16 kg km-2 month-1 (November 2016). Mean intensity in 2016 and 2017 was 0.02±0.05 and 

0.03±0.04 kg Р km-2 month-1 respectively. The content of nitride and bromide ion was below the 

detection limit in 2016-2017.  

III.3.2.3.2. Atmospheric precipitation   

Analysis of ionic composition in atmospheric precipitation sampled in April-December 2016 and 

May-June 2017 has shown the following.  

Cations  

The highest concentration in the atmospheric precipitation was registered for Na+ ions, their 

values varied within broad limits from 1.7 to 1002 mg l-1 with mean value of 65±187 mg l-1 in 

2016 (Figure III.3-11а). For the three-month period of 2017 variations of sodium content in 

precipitation was much lower - from 1.7 mg l-1 to 24.1 mg l-1 with mean value of 9.4±7.6 mg l-1 

(Figure III.3-11а). High levels associated with periods of storms, which preceded to or were 

observed during rainfalls (e.g. in September-December 2016). 

Second highly distributed cation in 2016 was Mg2+, whose concentration made in average 

8.5±22.8 mg l-1 and 2.1±1.5 mg l-1 (Figure III.3-11а) and varied from 0.6 to 122.7 mg l-1 and from 

0.5 to 4.2 mg l-1 in 2016 and 2017 respectively. The highest values were registered in autumn 

and winter during stormy and rainy weather.  
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(а) 

 
(b) 

 
(c) 

Figure III.3-11 – Concentrations of sodium and magnesium (a), ammonium, potassium and 
calcium (b) in atmospheric precipitation and intensity of precipitation (с) in the period of 

studies in 2016-2017 

Concentration of ammonium in atmospheric precipitation in the Zmiinyi Island area made in 

average 6.0±12.7 mg N l-1 and 12.6±16.1 mg N l-1 in 2016 and 2017 respectively (Figure III.3-11b). 

High concentrations were connected with the periods of active application of nitrogen fertilizers 

in the agricultural sector of the Black Sea coastal areas. Maximal values were registered in the 

precipitation at the beginning of June 2016 (50.5 and 50.1 mg N l-1) and in May 2017 (54.4 mg N 

l-1), minimal – in winter of 2016 and the first half of May of 2017 (Figure III.3-11b). 

Mean concentrations of potassium and calcium in 2016 made 5.5±6.3 mg l-1 and 4.4±7.1 mg l-1 
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respectively; in 2017 – 4.4±2.7 mg l-1 and 5.64±7.3 mg l-1 respectively. Their values varied in 2016 

from 0.2 to 34.8 mg l-1 and in 2017 from 0.2 to 22.8 mg l-1 for potassium and from 1.2 to 32.6 

mg l-1 in 2016 and from 1.6 to 8.5 mg l-1 in 2017 for calcium. Temporal distribution of potassium 

and calcium concentrations in rainwater (Figure III.3-11b) was identical to that of sodium and 

magnesium (Figure III.3-11а) with high statistical correlation (0.8-0.9), which evidenced their 

similar (most probably) marine origin.    

Ions of lithium (70 mkg l-1) were registered in atmospheric precipitation sample only once during 

the rain on October 5, 2016. Cations of strontium were registered several times in June, August 

and October 2016. Their mean concentration in 2016 made 14±44 mkg l-1. Barium ions were 

never registered during the period of the study. 

Analysis of cations average monthly concentration in atmospheric precipitation showed that 

high levels of concentration of sodium (555.1±80.0 mg l-1), magnesium (68.0±17.7 mg l-1), 

calcium (19.3±14.5 mg l-1) and potassium (19.4±75.3 mg l-1) were registered in December 2016 

with mean values for the entire period 89.6±170.5 mg l-1, 11.6±20.7 mg l-1, 6.6±5.2 mg l-1 and 

5.8±5.3 mg l-1 respectively (Table II.2.7). Average annual concentrations in 2016 and 2017 were 

respectively 109.6±187.3 and 9.43±0.01 mg l-1 for Na+, 14.0±22.7 and 2.09±0.04 mg l-1 for Mg2+, 

7.1±5.7 and 5.9±2.8 mg l-1 for Са2+ and 5.8±5.9 and 5.9±2.8 mg l-1 for К+ (Table III.3-7).  

Table III.3-7 – Average monthly concentrations of cations and anions in atmospheric 

precipitation sampled on the Zmiinyi Island in 2016-2017 

Month 
Concentration of ions in precipitation, mg l-1 

Li± Na± NH4±(N) K± Ca2± Mg2± Sr2± Ba2± 

April 2016 0a 14.27±6.29 0.83±0.45 3.08±2.30 3.15±1.18 2.29±1.13 0 0 

May 2016 0 11.58±19.59 3.80±6.51 2.64±3.20 2.90±2.31 1.78±2.25 0 0 

June 2016 0 3.12±2.60 25.89±28.18 7.81±8.76 4.83±3.41 1.68±1.53 0.038±0.075 0 

July 2016 0 160.98b 0 6.45 11.57 20.45 0.18 0 

August 2016 0 70.44±106.59 1.41±0.91 2.78±3.86 6.75±7.80 9.25±13.34 0 0 

September 2016 0.009±0.025 16.38±13.71 2.82±3.03 1.42±1.38 3.59±2.98 2.25±1.32 0.009±0.025 0 

October 2016 0 44.99±33.93 5.73±2.60 2.99±2.39 4.94±1.34 6.14±4.40 0 0 

November 2016 0 555.08±632.54 0.38±0.42 19.44±21.74 19.29±18.86 68.00±77.40 0 0 

December 2016 0 9.43±5.26 17.94±24.43 7.86±10.14 4.68±2.87 2.12±1.11 0 0 

May 2017 0.001±0.002 9.44±9.72 8.31±4.62 3.87±4.55 4.19±2.88 2.06±1.87 0 0 

Average, 2016-

2017 
0.001±0.003 89.57±170.48 6.71±8.62 5.83±5.29 6.59±5.12 11.60±20.67 0.023±0.057 0 

Average for 2016 0.0011±0.0031 109.61±187.28 5.11±8.62 5.83±5.91 7.13±5.66 13.98±22.74 0.03±0.06 0 

Average for 2017с 0.0004±0.0006 9.43±0.01 13.12±6.81 5.86±2.82 4.43±0.35 2.09±0.04 0 0 

a No rain happened during this month or concentration of this ion in samples was below the detection limit  
b Error was not shown when only 1 measurement was taken during a month  
с Due to restricted number of measurements taken in 2017 these data are for information only and have not 

been used separately in further analysis. Mean concentration of ammonium was 6.7±8.62 mg l-1 for the 

entire period of studies with maximum in July 2016 (25.9±28.2 mg l-1). Average monthly concentrations 

made 5.1±8.6 and 13.1±6.8 mg N l-1 for 2016 and 2017 respectively. 
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Anions  

Chloride ion appeared to be the most common of all anions in rainwater. Its concentration 

varied within broad limits from 3.6 to 3038 mg l-1 with mean value 174±565 mg l-1 in 2016 (Figure 

III.3-12а). For the three months period of 2017the content of Cl- varied within narrower limits 

(2.4-32.8 mg l-1) and its mean value made 14±11 mg l-1 (Figure III.3-12а). High values were 

connected with periods of storms as the rains were preceded by or happened during the storms 

(e.g. in September-December 2016). 

Sulphate ion was second common anion in atmospheric precipitation, its mean concentrations 

made 21±46 and 9±8 mg l-1 in 2016 and 2017 respectively. Content of sulphate varied from 1.6 

to 235 mg l-1 in 2016 and from 1.5 to 24 mg l-1 in 2017 (Figure III.3-11b). The highest values, like 

with chloride, were observed in autumn and winter during storms and floods (Figure III.3-11с). 

Mean concentrations of nitrate in atmospheric precipitation in the island area in 2016 і 2017 

made 1.3±2.5 and 0.6±0.6 mg l-1 respectively (Figure III.3-11b). It was established that high 

nitrate concentrations in rainwater were not connected with the periods of active fertilizers 

application in agricultural complex of the Black Sea coastal areas. On the contrary, temporal 

distribution of nitrate ion concentrations was similar to that of marine anions and connected 

with periods of storms (Figure III.3-11b). Maximal values of concentration made 12.7 mg N l-1 in 

2016 (December 20) and 2.04 mg N l-1 in 2017 (June 17). Minimal values (<0.2 mg N l-1) were 

registered from time to time during the period of studies (Figure III.3-11b). 

Phosphate had absolutely different pattern of concentration temporal distribution, with 

maximums on October 5 (6.1 mg P l-1) in 2016 and April 20 (13.5 mg P l-1) in 2017 (Figure III.3-

11b), which could be connected with agriculture, i.e. application of the NPK fertilizers in autumn 

for winter crops and in spring. Mean PO4
3- content made 0.5±1.2 and 2.8±4.3 mg P l-1 in 2016 

and 2017 respectively.  
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 (b) 

(c) 

Figure III.3-12 – Concentration of wet depositions of chlorine and sulphate (а), nitrate and 
phosphate (b) and intensity of precipitation (с) in the period of studies in 2016-2017 

Minimal concentrations (<0.02 mg P l-1) were registered from time to time during the period of 

studies in 2016-2017. Fluoride ions were registered in trace concentrations, from the values 

below the detection limit to 0.37 mg l-1 in 2016 and 0.16 mg l-1 in 2017. Their mean 

concentrations in 2016 and 2017 made 0.04±0.08 and 0.05±0.06 mg l-1 respectively. Nitrite ion 

were registered in the concentrations below the detection limit only in April-June 2016, which 

probably was connected with agricultural activities in the coastal areas. Maximal value (19.5 mg 

N l-1) was registered on June 2, 2016. No bromide was registered in rainwater samples. 

Analysis of average monthly concentrations of anions in the samples of rainwater (Table III.3-8) 

from the Zmiinyi Island collected in 2016-2017 had shown that the highest average monthly 

concentrations of chloride, sulphate and nitrate were registered in December 2016 and made 

respectively 1673±1931 mg l-1, 133±145 mg l-1 and 7,2±7,7 mg N l-1 with mean values of 215±516 

mg l-1, 23.7±39.3 mg l1 and 1.5±2.1 mg N l-1 for the entire period of studies. Average annual 

content of those ions in precipitation in 2016 and 2017 made 266±1931 and 14.1±1.4 mg l-1 for 

chloride, 27.3±43.7 and 9.1±2.4 mg l-1 for sulphate and 1.7±2.3 and 0.6±0.2 mg N l-1 for nitrate 

respectively. 

The highest average monthly sulphate concentration in precipitation was registered in May 2017 

and equalled to 4.3±6.2 mg l-1 at mean value of 0.9±1.3 mg l-1 for the entire period of studies. 

Average annual content of phosphate ion in rainwater (3.0±1.8 mg P l-1) exceeded the value for 
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2016 significantly (0.4±0.4 mg P l-1). In September and December 2016 phosphate concentration 

in rainwater was below the detection limit. 

As mentioned above, nitrite ions were registered only in April and June 2016. Average annual 

concentration for 2016 was 0.9±2.1 mg N l-1. Mean concentration of fluoride made 70±110 mkg 

l-1 with maximum in August 2016 (370 mkg l-1).  

Table III.3-8 – Average monthly concentrations of anions in atmospheric precipitation sampled 

on the Zmiinyi Island in 2016-2017 

Month Concentration of ions in precipitation, mg l-1 

F- Cl- NO2-(N) Br- NO3-(N) PO43-(P) SO42- 

April 2016 0a 34.84±15.99 0 0 0.51±0.49 0.42±0.24 4.14±5.84 

May 2016 0.035±0.078 32.47±66.76 0.91±1.70 0 0.36±0.43 0.63±0.60 5.92±6.62 

June 2016 0.015±0.026 2.00±0.98 6.06±9.23 0 0.19±0.14 0.44±0.74 26.98±42.17 

August 2016 0.37b 8.66 0.00 0 1.12 0.25 2.70 

September 2016 0.028±0.049 210.09±330.73 0 0 1.37±1.89 0.003±0.006 22.85±32.29 

October 2016 0.020±0.036 39.60±34.69 0.0004±0.001 0 0.48±0.29 0.99±2.12 5.98±3.35 

November 2016 0.015±0.011 124.93±102.06 0 0 2.43±1.78 0.14±0.24 16.99±12.27 

December 2016 0.077±0.105 1672.83±1931.14 0 0 7.24±7.68 0 133.05±144.75 

May 2017 0.040±0.042 15.06±7.87 0 0 0.45±0.16 4.29±6.24 10.79±9.94 

June 2017 0.058±0.068 13.15±13.36 0 0 0.78±0.79 1.69±2.08 7.46±7.26 

Average, 2016-2017 0.066±0.110 215.36±516.24 0.70±1.91 0 1.49±2.13 0.89±1.30 23.69±39.30 

Average for 2016 0.07±0.12 265.68±572.88 0.87±2.12 0 1.71±2.35 0.36±0.34 27.33±43.69 

Average for 2017с 0.05±0.01 14.10±1.35 0 0 0.61±0.24 2.99±1.84 9.13±2.36 
a No rain happened during this month or concentration of this ion in samples was below the detection limit  
b Error was not shown when only 1 measurement was taken during a month  
с Due to restricted number of measurements taken in 2017 these data are for information only and have not 

been used separately in further analysis 

III.3.2.3.3. рН  of atmospheric precipitation 

During the entire period of studies in 2016 – 2017, pH of atmospheric precipitation had weak 

acid reaction and its mean value was 5.75±0.71. In 2016, the value varied from 4.52 to 7.44 

with mean value 5.67±0.79 (Figure III.3-13).  

 

Figure III.3-13 – Conductivity and pH of atmospheric precipitation in 2016-2017 

Mean pH value of precipitation was 5.46±0.79 in 2017, variation limits made 4.60±0.79. Mean 

value of conductivity in precipitation in 2016 equalled to 23.55±32.18 mkS/cm, which was 
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caused by significant input of marine aerosols during storms. For the period of studies in 2017 

conductivity value was 0.14±0.11 mkS/cm. 

III.3.2.3.4. Atmospheric fluxes of nutrients from continental – anthropogenic sources  

As is known [37,38,39], atmospheric transport from European continent can be one of the 

sources of pollutants to the Black Sea ecosystem and for the open parts of the sea atmospheric 

input can be even bigger pollution source than river discharge and terrigenous run-off. An 

important aim of atmospheric monitoring on the Zmiinyi Island is establishing of nature and 

origin of the atmospheric depositions and precipitation ionic composition, i.e. estimation of 

nitrogen and phosphorus compounds transported to the atmosphere over the water from 

continent. To reveal the nature of ionic composition of depositions samples the analysis of ratios 

between all the registered ions and sodium ion was performed (Tables III.3-9 and III.3-10), 

supposing that the main source of sodium ion in the atmosphere over the Zmiinyi Island is sea 

surface, which produces the aerosols of marine origin [37, 40]. At that, it was supposed that the 

ratios between ions found for sea water will be typical for aerosol of marine origin [40]. 

Table III.3-9 – Ratios of ions in atmospheric depositions in 2016 - 2017 

Month, year 
Ratios between concentrations of ions in total depositions 

NH4+/Na+ NO2-/Na+ NO3-/Na+ PO43-/Na+ SO42-/Na+ 

April 2016 0.28 0 0.67 0.04 0.65 

May 2016 4.40 0 1.42 2.35 1.97 

June 2016 1.08 0 0.60 0.49 1.26 

July 2016 0.10 0 0.54 0.16 0.34 

August 2016 0.06 0 0.28 0.02 0.26 

September 2016 0.14 0 0.08 0.06 0.45 

October 2016 0.20 0 0.32 0.47 0.65 

November 2016 0.14 0 0.32 0.08 0.39 

December 2016 0.00 0 0.17 0.01 0.23 

May 2017 0.71 0 0.65 0.22 0.63 

June 2017 0.98 0 0.90 0.83 0.75 

July 2017 0.10 0 0.51 0.01 0.46 

Average, 2016-2017 0.68 0 0.54 0.39 0.67 

Average for 2016 0.71 0 0.49 0.41 0.69 

Average for 2017a 0.60 0 0.69 0.35 0.61 

Sea water [40]  0.0005 0.00015 0.001 0.001 0.24 

ECb 1365 0 538 395 2.79 

EC 2016 1423 0 488 409 2.87 

EC 2017a 1190 0 688 351 2.55 
a Due to restricted number of measurements taken in 2017 these data are for information only and have not 

been used separately in further analysis 
b Enrichment coefficient 
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Table III.3-10 Ratio of ions in atmospheric precipitation in the Zmiinyi Island area in 2016-2017 

Month, year 
Ratios between concentrations of ions in atmospheric precipitation 

NH4+/Na+ NO2-/Na+ NO3-/Na+ PO43-/Na+ SO42-/Na+ 

April 2016 0.09 0 0.16 0.08 0.29 

May 2016 0.48 0.25 0.14 0.22 0.55 

June 2016 9.14 5.43 0.32 0.96 7.43 

August 2016 0.01 0 0.07 0 0.08 

September 2016 0.03 0 0.08 0.03 0.32 

October 2016 0.22 0 0.13 0.18 0.36 

November 2016 0.16 0 0.24 0.01 0.38 

December 2016 0 0 0.06 0 0.24 

May 2017 2.45 0 0.21 1.39 1.15 

June 2017 1.13 0 0.37 0.55 0.79 

Average, 2016-2017 1.37 0.57 0.18 0.34 1.16 

Average for 2016 1.27 0.71 0.15 0.19 1.21 

Average for 2017a 1.79 0 0.29 0.97 0.97 

Sea water [40]  0.0005 0.00015 0.001 0.001 0.24 

ECb 2742 3790 178 343 4.83 

ECb 2016 2533 4737 151 186 5.03 

ECb 2017a 3579 0 288 970 4.03 
a Due to restricted number of measurements taken in 2017 these data are for information only and have 
not been used separately in further analysis 
b Enrichment coefficient 

 

Real ratios of ions in the samples of total depositions (the sum of dry and wet depositions) and 

atmospheric precipitation compared with ions ratio in marine water had shown that for all the 

ions of nutrient compounds enrichment was observed in the samples of depositions. As the 

period of observations in 2016 lasted 9 months (April-December), while in 2017 – 3 months only 

(May-July) in the present comparative analysis only the data for 2016 were used in order to 

avoid errors in calculation of mean and total values. It should be pointed out that mean data for 

2016 fit in well with the data for entire period of observations in 2016-2017, while the data for 

the three months period of 2017 differed significantly reflecting the specific situation in that 

short period only.  

The highest enrichment coefficients in 2016 were observed for ammonium ion (1423), nitrate 

ion (488) and phosphate ion (409). Content of nitrite ions and bromide ions in the samples of 

total depositions during the period of studies was below the detection limit. In the atmospheric 

precipitation samples values of the ratios in 2016 were much higher for ammonium ion – 2533 

and nitrite ion – 4737; at the same time, they were significantly lower for nitrate ion - 151 and 

phosphate ion – 186. For other ions registered in the atmospheric precipitation and depositions 

samples the enrichment coefficient was much lower, which in principle evidenced their marine 

origin. The coefficient was somewhat higher only for potassium and calcium and made 7.7-11.2 

and 8.5-8.6 respectively.  

Thus, it can be concluded that the main ways of nutrients (nitrogen and phosphorus compounds) 

entrance is not the sea surface but long-range atmospheric transport to the Zmiinyi Island area 

from the continental sources [20,37,41,42]. 
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Calculations were made for ions (in total depositions) entering the surface layer of atmosphere 

over the Black Sea in the Zmiinyi Island area due to the transport of natural and anthropogenic 

continental sources. For that, the input of natural aerosol having marine origin was taken from 

the total mass.  

Analysis of the results of such continental input assessment had shown (Table III.3-11) that in 

average 99.6; 97.0; 95.2 and 46.4 % of ions of nitrate, phosphate, ammonium and sulphate 

respectively were transported in 2016 to the surface layer of atmosphere in the island area from 

natural and anthropogenic continental sources. 

Table III.3-11 – Relative input (%) of continental sources into the total deposition of ions to 

the Zmiinyi Island surface 

Month, year 
Continental input (%) in depositions 

NH4+ NO2- NO3- PO43- SO42- 

April 2016 99.82 0 99.85 97.56 63.28 

May 2016 99.99 0 99.93 99.96 87.83 

June 2016 99.95 0 99.83 99.80 80.88 

July 2016 99.49 0 99.81 99.38 30.28 

August 2016 99.15 0 99.64 95.02 7.51 

September 2016 99.64 0 98.78 98.33 46.21 

October 2016 99.76 0 99.69 99.79 63.17 

November 2016 99.63 0 99.69 98.76 38.46 

December 2016 59.19 0 99.41 84.05 0.00 

May 2017 99.93 0 99.85 99.54 61.74 

June 2017 99.95 0 99.89 99.88 67.89 

July 2017 99.50 0 99.80 87.66 47.71 

Average, 2016-2017 96.33 0 99.68 96.64 49.58 

Average for 2016 95.18 0 99.63 96.96 46.40 

Average for 2017a 99.79 0 99.85 95.69 59.11 

a Due to restricted number of measurements taken in 2017 these data are for information only and have 

not been used separately in further analysis 

As it was mentioned above, the content of nitrite ions in total depositions during the period of 

studies was below the detection limit. Average input of nitrate, ammonium, phosphate and 

sulphate ions from continental sources (Table III.3-12) made in 2016, respectively, 99.1; 91.7; 

82.0 and 33.3 %. 

Table III.3-12 Relative input (%) of continental sources into atmospheric precipitation samples   

Month, year 
Continental input (%) n atmospheric precipitation 

NH4+ NO2- NO3- PO43- SO42- 

April 2016 99.42 0 99.37 98.80 17.31 

May 2016 99.90 99.94 99.30 99.55 56.26 

June 2016 99.99 99.99 99.69 99.90 96.77 

August 2016 92.92 0 98.62 71.71 0 

September 2016 98.28 0 98.80 96.74 24.98 

October 2016 99.77 0 99.23 99.46 34.22 

November 2016 99.69 0 99.58 89.42 36.46 

December 2016 43.80 0 98.27 0 0 

May 2017 99.98 0 99.52 99.93 79.04 

June 2017 99.96 0 99.73 99.82 69.63 
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Month, year 
Continental input (%) n atmospheric precipitation 

NH4+ NO2- NO3- PO43- SO42- 

Average, 2016-2017 93.37 19.99 99.21 85.53 41.47 

Average for 2016 91.72 24.99 99.11 81.95 33.25 

Average for 2017a 99.97 0 99.63 99.87 74.33 

a Due to restricted number of measurements taken in 2017 these data are for information only and have 

not been used separately in further analysis 

The share of nitrite ions of continental origin in the atmospheric precipitation made in 2016 in 

the average 25.0 %. As to prevailing compounds of nitrogen-containing ions (nitrates and 

ammonium), it can be concluded that the continental input into their sum in the total deposition 

was always higher than 90%. The similar picture was also typical of phosphate and sulphate ions: 

continental input of sulphate was ca. 50% of the total and phosphate – more than 80% of the 

total.  

Based on the data collected on intensity of total depositions of ions (Table II.2.8) and estimation 

of continental sources input (Tables III.3-11 and III.3-12) the quantitative assessment of annual 

intensity of anthropogenic-continental constituent in the deposition of ions to the sea surface 

in the Zmiinyi Island area in 2016 was performed (Tables III.3-13 and III.3-14). 

Table III.3-13 - Average annual values of deposition intensity (kg km-2 year1) of nutrient 

compounds’ ions to the Zmiinyi Island surface 

Black Sea area, year NH4+(N) NO2-(N) NO3-(N) PO43-(P) 

Zmiinyi Island area, 2016 1329±1451 0a 412±302 403±577 

Zmiinyi Island area, 2016-2017 1192±1281 0 383±264 403±651 

Zmiinyi Island area, 2013-2014 [43] 409±459 1.42±3.60 394±250 244±300 

Zmiinyi Island area, 2003-2007 [3,19,20]  405±20 1.76±0.17 243±7 41.5±2.5 

a No rain happened during this month or concentration of this ion in samples was below the detection limit  

Table III.3-14 Average annual values of atmospheric precipitation intensity (kg km-2 year-1) of 

nutrient compounds’ ions in the Zmiinyi Island area from anthropogenic-continental sources  

Black Sea area, year NH4+(N) NO2-(N) NO3-(N) PO43-(P) 

Zmiinyi Island area, 2016 1265±1381 0 410±301 391±559 

Zmiinyi Island area, 2016-2017 1148±1234 0 382±263 389±629 

Zmiinyi Island area, 2013-2014 [43] 403±452 0.32±0.82 386±246 211±259 

Zmiinyi Island area, 2003-2007 [3,19,20] 354±18 0.45±0.04 241±7 38±2 

North-western Black Sea, 1990-1992 [44] 584 - 91 - 

Black Sea water area, 1990-1992 [44] 450 - 125 - 

 

So, it can be concluded that ca. 1741±1753 kg N km-2 in the form of ammonium ion and nitrate 

ion and 403±577 kg P km-2 in the form of phosphate ion deposited to the surface of the sea in 

the Zmiinyi Island area during 2016 (Table III.3-13). Depositions of ions of continental 

(anthropogenic) origin totalled to 1531±1497 kg N km-2 and 389±629 kg P km-2 respectively 

(Table II.2.14). It was established that 2.0 and 2.4 more mineral nitrogen compounds deposited 

to the surface of the island in 2016 than, respectively, during the periods of studies in 2013- 

2014 [43] and 2003 - 2007 [3,19,20]. Mineral phosphorus deposition grew 1.7 times in 2016 

compared with the data of 2013 – 2014 and 9.7 times (a record-setting value) compared with 

2003 - 2007. It should be underlined that ammonium input into the total sum of water-soluble 
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inorganic nitrogen made ca. 76% having increased 25 and 14% compared with the historical data 

of 2013-2014 and 2003 - 2007 respectively.  

A full-scale study of inorganic and organic nutrients (nitrogen and phosphorus compounds) 

deposition from the atmosphere was performed. According to the present data (Table III.3-15), 

the share of water-soluble inorganic nitrogen for the period of studies in 2016-2017 equalled in 

average to 46.6% from total nitrogen deposited, i.e. it grew ca. 21.1% compared to the data of 

2013-2014. At the same time the share of water-soluble inorganic phosphorus decreased 15.4% 

compared to the data for 2013-2014 and made 64.5% of total phosphorus deposited to the 

Zmiinyi Island surface in 2016. 

Table III.3-15 – Average annual intensity of total depositions of inorganic and organic nitrogen 

and phosphorus nutrient compounds to the Zmiinyi Island surface  

Black Sea area, year 

Deposition, 

kg N km-2 month-1 DIN/TN 
(%) 

Deposition, 

rg P km-2 month-1 DIP/TP 

(%) 
Inorganic N (DIN) 

Total N 

(TN) 
Inorganic Р (DIP) Total Р (TP) 

Zmiinyi Island area, 2016  1741 3737 46.59 403 621 64.90 

Zmiinyi Island area, 

2016-2017 
1575 3375 46.67 403 526 76.62 

Zmiinyi Island area, 

2013-2014 [43]  
804 3157 25.47 244 304 80.26 

The data received by us as to the share of organic nitrogen in atmospheric depositions agree 

well with the previous estimations [30,43,45], which show that approximately 60-75% of 

nitrogen compounds depositing is in organic form. At that, it should be pointed out that the 

origin of a part of the depositions is still unknown, which is proved by the data of the world 

scientific community [25,29,46] stating that 67-83% of nitrogen in depositions over the open 

sea/ocean can be represented by organic constituent of «unknown» («non-established») origin.  

The share of organic constituent in phosphorus reached 35% in 2016, i.e. increased compared 

with the data for 2013-2014 (20%) [43] and decreased compared with the data of 2011 – 2012 

(48%) [31,47]. During recent wears studies of organic pollutants in depositions have been one 

of the most important and no doubt promising; firstly, because their share is bigger or 

comparable with the share of mineral ions of nutrient pollutants; secondly, their origin is still 

unknown; and, thirdly, qualitative composition of compounds and their quantitative 

characteristics are not identified, and an immediate consequence is: it is not known how they 

influence the health of living marine organisms and humans. 

According to experts opinion, the growth of pollution level of the air transferred to the Black Sea 

atmosphere from Europe is caused by development of industry and power production in the 

Black Sea countries that entered the EU and experience accelerated growth. Of special concern 

is the growth of phosphorus compounds flow, which in fact is an indicator of current stage of 

increasing anthropogenic pressure on the Black Sea ecosystem. 

During past 5 years, a trend of growth in intensity of total nutrients deposition from continental 

sources is observed in the Zmiinyi Island area, which requires further study of causes for the 

situation and of current peculiarities of nitrogen biogeochemical cycle in marine ecosystem. 

Studies of nitrogen and phosphorus compounds content in atmospheric depositions (both wet 

and total) will help us identify the role of both ways of aerosols and gaseous compounds 
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withdrawal (wet and dry) from the atmosphere over the Black Sea and at the same time develop 

measures to bring down the impact of marine ecosystems pollution with nutrients from 

continental sources using the opportunities of interstate legal regulation of such objects’ 

activity. 

To perform further thorough assessment of atmospheric pollution (including identification of 

sources and sinks), state of the ecosystem in general (including anthropogenic load) and to 

upscale those data for the entire north-western Black Sea area it would be impossible to do 

without  long-term annual studies of aerosol and gaseous composition of the air extending the 

list of the compounds measured (e.g. carbon dioxide, nitrogen oxides, methane, ozone etc.) 

using modern automated high frequency methods. Besides, in order to identify the role of 

atmospheric transport of toxicants to the marine ecosystem. As it is impossible to assess the 

role of atmospheric transport of toxicants into marine ecosystem without identification of the 

toxicants content in atmospheric precipitation and depositions, such studies shall be 

implemented for the whole Black Sea and its separate areas. 

III.3.2.4. Comparison with historical data  

As there were very few comprehensive researches of atmospheric deposition on the Black Sea 

surface on the basis of mid-term and long-term experimental datasets for the past 15-20 

years, the analysis was based on comparison with the historical authors’ data on to the studied 

areas [3,19,20,30,41,42] and the data of other authors dedicated other Black Sea areas 

[48,49]. The results of comparative analysis between calculated average annual values of 

intensity of atmospheric deposition and concentration of the studies ions in precipitation 

(Figures III.3-14 - III.3-17) to the Zmiinyi Island surface in 2016, the data for 2003 - 2007 

[3,19,20,41,42] and the data of 2013-2014 [43] show the following. 

 

Figure III.3-14 – Mean intensity of total deposition of the studied cations to the Zmiinyi 

Island surface in 2003 – 2007 [3,19,20], 2013 - 2014 [43] and 2016 
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Figure III.3-15 – Mean intensity of total deposition of the studied anions to the Zmiinyi Island 

surface in 2003 - 2007 [3,19,20], 2013 - 2014 [43] and 2016 

 

Figure III.3-16 – Mean concentration of the studied cations in atmospheric precipitation in 

the Zmiinyi Island area in 2003 – 2007 [3,19,20], 2013 - 2014 [43] and 2016 – 2017 

 

Figure III.3-17 – Mean concentration of the studied anions in atmospheric precipitation in 

the Zmiinyi Island area in 2003 - 2007 [3,19,20], 2013 - 2014 [43] and 2016 – 2017  

 

In 2016 increase in intensity of total deposition of sodium ions 1.6 times, potassium – 4.3 times, 

calcium – 1.6 times, magnesium – 1.4 times (all having marine origin) was observed compared 

to the data of 2003-2007 [3,19,20,42]. Besides, 1.9 times increased sulphate deposition was 

observed. Quantity of fluorides deposited from the atmosphere decreased 16.3 times. Chloride 

ion concentration in depositions did not change significantly (Figure III.3-14 and III.3-15) 

compared with 2003 - 2007. Analysis of the data collected in comparison with the data for 2013 

- 2014 [43] revealed the following, with even higher increase of concentrations of some ions of 

marine origin in total depositions in 2016 compared with 2003-2007 3,19,20], namely: increase 
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of sodium deposition – 1.9 times, magnesium – 1.7; intensity of potassium ion increased 1.5 

times. For ions of calcium, sulphate and chloride decrease of concentration in average around 

1.2-1.6 times was registered compared with the data for 2013-2014. 

As to nitrogen nutrient compounds, 1.2 times decrease of nitrate level was registered compared 

with 2003 - 2007 and 1.2 times increase in comparison with 2013 - 2014. However, intensity of 

ammonium increased more significantly – 3.1 times compared with 2013 - 2014 [43] and even 

5.4 compared with 2003 - 2007 [3,19,20]. Increase of phosphate concentration was revealed, by 

3.2 and 1.7 times compared with 2003-2007 and 2013-2014 respectively (Figure III.3-15). 

Comparative analysis of nitrite was not performed as its concentration in 2016 was below the 

detection limit. 

In the samples of rainwater collected in 2016 the increased concentrations of the main ions of 

marine origin was found, such as chloride (11.8 times increase), sodium (8.6 times), magnesium 

(8.1 times), potassium (8.0 times) and calcium (2.7 times) compared with 2003 - 2007 (Figure 

III.3-16- III.3-17). In comparison with the data of 2013 - 2014 [43] mean concentrations of almost 

all marine ions were also increased 3.6-8.2 times except calcium, the concentration of which 

increased significantly less (1.8 times). The interesting point is that intensity of sulphate 

deposition (the parameter that changes slowly) grew significantly compared with 2003-2007 

[3,19,20] and 2013-2014 [43] – 3.8 and 3.2 times respectively. 

For the period of studies in 2016 nitrate content in rainwater stayed lower than in 2003-2007 

(ca. 1.9 times) [3,19,20], though its concentration was 2.3 times higher than in 2013-2014 [43]. 

At the same time quantity of deposited ammonium grew significantly – 6.3 and 3.2 times 

compared with 2003 – 2007 and 2013 – 2014 respectively. Concentration of phosphate 

increased 1.3 times compared with 2003 - 2007 [3,19,20] and was 2.6 times lower compared 

with 2013-2014 [43]. 

Recently Varenik et al. [48] reported that in 2004-2008 mean concentration of soluble inorganic 

nitrogen (in the form of NH4
+ + NO3

-) in wet depositions were at the level of ca. 2.51 mg N l-1 in 

the area of Sevastopol and 1.16 mg N l-1 at the coast near the town Katsiveli. Those values were 

2.7 and 5.9 times lower that the values (in average 6.8 mg N l-1), which were observed in 

rainwater during 2016 in the Zmiinyi Island area. It should be noted that significant increase of 

ammonium share (75%) was observed within the dissolved inorganic nitrogen in precipitation in 

2016 compared with historical data of 2004-2010 for the Zmiinyi Island area (53.9±15.3%; [30] 

and of 2004-2008 for Southern Crimea (44-45%; [48]). Besides, intensity of total (dry and wet) 

deposition of total quantity of water-soluble inorganic compounds of nitrogen (DIN) and 

phosphorus (DIP) from the atmosphere to the sea surface in the Zmiinyi Island area in 2016 was 

respectively 4.9 and 7.6 times higher than in Varna area (Bulgaria) in 2012-2013 [49] and much 

higher (17.3 and 23.3 times respectively) than near Sinop (Turkey) in 2009-2010 [49] . Kocak et 

al. [49] had established that about 65% of DIN was nitrate, while the present study showed that 

ammonium (75%) was the dominant constituent in 2016. This fact should be studied in more 

details. At present many researchers state that atmospheric deposition of nitrogen potentially 

can increase the level of primary production in the ocean in general [15,32,50-53] and in the 

Black Sea in particular, especially in the open parts of the sea [31,48], which is proved by 

correlation connection between deposition intensity and chlorophyll a concentration [48]. 

However, recently the group of researchers [54], who performed a comprehensive 18-months 
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study in the Bermuda Islands area, came to the conclusion that the upper layer of sea surface 

(5-10 m) was the zone of hyperactive production of water-soluble organic nitrogen compounds 

(WSON) and that presence of ammo nium ions (mainly as the result of biological production) 

was the key precursor in the process [55,56]. This means that the World Ocean is not only a 

passive recipient (environment) consuming excessive amount of nutrients and deteriorating its 

environmental state, but also the source, i.e. it responds actively to nutrient load producing 

significant quantity of organic compounds, ammonium, ammonium oxide and molecular 

nitrogen – mainly during warm season of the year [31,32,54,57]. Altieri et al. [54] pointed out 

than wet deposition played the prevailing role (ca. 70%) in WSON of marine origin withdrawal 

from the atmosphere over ocean. It should be mentioned that in 2016 the WSON input into the 

total nitrogen deposited to the sea surface was estimated at the level of 22%, which agreed well 

with the data of Altieri et al. [54]. In addition, the total share of organic nitrogen in 2016 made 

52.8% of general nitrogen quantity in total deposition, which was somewhat lower than the 

previous estimations for the studied area [30,31], but stayed within the limits of mean values 

(20-80%) for the World Ocean [52,58]. 

III.3.2.5. Conclusions and gaps 

1. In 2016, statistically significant decrease (р < 0.05) of nitrate concentration in total 

deposition was registered – 1.2 times compared with the data of recent years (2013-2014). 

At the same time, significant increase of ammonium concentration was observed – 3.1 and 

5.4 times compared with the data of 2013 – 2014 and 2003 - 2007 respectively. Significant 

growth of phosphate concentration – 3.2 times compared with the levels of 2013-2014 and 

1.7 times compared with 2003-2007 – gives rise to concern. This evidences the significant 

load of phosphorus nutrient compounds, which could be a result of gradual restoration of 

agriculture (increase in fertilizers and chemical crop protection products) and industry in 

the area.  

2. Analysis of intensity of nutrients wet deposition from the atmosphere in 2016 – 2017 had 

shown that nitrate content in rainwater continued to grow and already exceeded 2.3 times 

the values of 2013-2014, though were below (1.9 times) the mean level of 2003-2007. 

Concentration of ammonium nitrogen grew quickly during recent years (3.2-6.3 times), at 

that the speed of phosphate withdrawal became 2.6 times slower than in 2013-2014, 

though stayed 1.3 times higher than in 2003 - 2007. 

3. Our studies had shown that anthropogenic induced inorganic nitrogen and phosphorus 

from continental sources was depositing to the sea surface in the Zmiinyi Island area in the 

quantities of 1675±1682 kg N km-2 and 391±559 kg P km-2. Estimation of continental 

nutrients input in atmospheric precipitation demonstrated that within the total depositions 

2.0 and 2.4 times more mineral nitrogen compounds deposited on the surface of the island 

in 2016 than for the periods of studies in 2013-2014 and 2003 - 2007 respectively. Quantity 

of phosphorus in the depositions keeps growing gradually, 1.7 times compared with 2013-

2014 and 9.7 times compared with 2003-2007. 

2. 4. Studies of nitrogen and phosphorus compounds deposition including both organic and 

inorganic constituents had shown that the organic constituent in 2016 made in average 
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53.4% and 35.1% of total nitrogen and phosphorus depositions respectively. Thus, the 

present data had shown special significance of the organic constituent in the depositions of 

nitrogen compounds (53 to 75%), the reasons of which require careful studying. Organic 

constituent of phosphorus maces ca. 20-35% of total phosphorus; the consequences of its 

transformation in hydro- and biosphere are unpredictable and can be considered   

potentially dangerous and creating  negative impact on primary production of the Black Sea 

open parts. The organic compounds present in marine atmosphere in dominating quantity 

shall be mandatory taken into account making balances and budgets of nutrients in the 

Black Sea. As it was mentioned before [31,43], with due consideration of nutrients organic 

constituent deposited from the atmosphere, the atmospheric inflow of nutrients in the 

Black Sea balance exceeds the total inflow of nutrients with river water. While input of 

nutrients with river discharge is influencing mainly the areas adjacent to river deltas, the 

atmospheric input is the main source of nutrients entering the open areas of the sea. 

Observations in atmospheric chemistry in the Black Sea in general and especially on the 

Zmiinyi Island being the only most representative observation station in the western part 

of the sea are very important for investigation of biogeochemical nitrogen and phosphorus 

cycles within the system hydrosphere - atmosphere. 
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III.4. Hydrobiology (HB) 

III.4.1. Phytoplankton 

N. Derezyuk1, V. Medinets1, Ye. Gazyetov1,  O. Abakumov1, V. Pitsik1, P. Snigirev1, S. Medinets1, 
S. Snigirov1, I. Soltys1, O. Konareva1 

  
1 Odesa National University (ONU), Odesa, Ukraine 

III.4.1.1. Introduction 

Phytoplankton functioning in the Zmiinyi Island coastal waters and Odessa Bay is regulated by 

climatic and hydro chemical parameters and to a great extent by river discharge [1, 2]. Inflow of 

allochthonous flora creates conditions for local areas or the fronts of microalgal or 

cyanobacterial blooms, which brings down the water quality not only in the sea, but also in the 

estuaries of Odessa coast significantly. The research aim was to study phytoplankton 

quantitative characteristics’ seasonal changes including biodiversity and species composition of 

potentially harmful (toxic) species, as well as to reveal possible disorder in the structure of 

community developing during current (post-eutrophication) period using the succession 

analysis method. 

III.4.1.2. Materials and methods 

Implementing the Pilot Monitoring Programme (2016-2017) in the Zmiinyi Island coastal waters 

226 samples were collected and analysed: 136 samples – at the ZPR reference station from3 

standard horizons (0 m, 2 m and 7.5 m) and 90 – from the stations of monthly surveys (during 

11 surveys). In 2016, sampling was performed every 10 days, in 2017 – every 5 days; in the 

periods of increased Danube River flow additional sampling (every 2-5 days) was done to 

monitor the freshwater flora. In Odessa Bay at the MHBS-R reference station monitoring 

samples were collected every 5 days. 74 samples from 2 horizons (0 m and 2 m) were collected; 

94 more samples were collected from the stations of monthly sampling (9 surveys). Besides, the 

results of processing of the sample collected on 12.02.2016 at the MHBS-R station were used 

for the data analysis in the framework of intercomparison exercise. 
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Water for phytoplankton analysis was sampled using HydroBios bathometer (5 l). Water samples 

were kept in plastic bottles (1.5-2 l) rinsed with weak solution of hydrochloric acid (5 % solution). 

Samples were fixed with buffer solution of formalin (concentration 2 %). The samples were 

delivered to the laboratory and stored for 15-30 days for sedimentation. After that the 

phytoplankton samples were concentrated by pouring off the upper layer drop by drop using 

thin cyphon (Paster pipette) with the tip cocked 2 cm up [3]. The speed of level decreasing did 

not exceed 10 cm/hour; the final volume of sample was 50-150 ml. 

Microscopes HUND-H600 and OLIMPUS-BH2 were used with eyepiece reticle calibrated against 

standard micrometer (division value 2-6 µm). Single cells smaller than 1.5 µm (nannoplankton) 

were not identified; colonial cyanobacteria identification was developed to specific / generic 

names. To measure cells, a set of geometric shapes that were closest in their form to cells was 

used: sphere, cone, cylinder, truncated cone, triangular prism, ellipsoid, segment of sphere; in 

case of complicated form a sum of simple forms was used. Nageotte chamber 0.01 ml in volume 

was used to count the most abundant and small phytoplankton species. To count big algae (e.g., 

genus Coscinodiscus, Tripos) aliquots of bigger volume (1.34 ml) were used. 

«TRITON»© software was used to calculate cell volumes, their number and biomass [4]. 

Correlation analysis of phytoplankton development dependence on hydrological and 

hydrochemical parameters was performed using software for data statistical analysis 

STATISTICA [5]. Biodiversity index was calculated using the Shannon’s formula [6]. Microalgae 

and cyanobacteria taxonomy is given in accordance with the WoRMS international database [7]. 

Potentially toxic and harmful species were classified using publications of study results [8, 9, 10, 

11]. The succession analysis method was tested for the first time on phytoplankton material of 

Ukrainian Black Sea shelf in the end of the 20th Century [12]. It was established based on the 

results of the analysis that during 1.5 years 4 full seasonal successions take place on the shelf. 

The successions are started by Bacillariophyceae algae (stages 1 and 2), then come the 

Dinophyceae (stage 3), while the end of a succession wave (stage 4) is connected with 

photosynthesis of small cells Prymnesiophyceae, Chrysophyceae, Cryptophyceae, 

Dictyochophyceae, Ebriophyceae. As the result of further studies that followed in the beginning 

of the 21st Century, it was established that depending on climatic season all 4 stages of one 

succession in the north-western Black Sea were observed during 3-6 months [13, 14, 15, 16]. 

III.4.1.3. General Characteristics of Phytoplankton in 2016-2017 

III.4.1.3.1. Zmiinyi Island 

Phytoplankton sampling in the island coastal waters was done at the 80 m distance from the 

coastline (ZPR station, depth 8 m). During monthly surveys, phytoplankton was sampled on the 

stations located 25 to 500 m far from the island with depths from 4 to 25 m. The surveys were 

performed depending on wind conditions in the coastal water area (at the leeward side). The 

scheme of sampling stations location is presented on Figure III.4.1-1. 
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Figure III.4.1-1 - Location of phytoplankton sampling stations location in the Zmiinyi Island 

coastal waters in 2016-2017 

LEGEND    

 Isobaths, m   Stations sampled on 20.08.2016 

 Zmiinyi Island  
 

Stations sampled on 25.09.2016  

 
Reference station ZPR  

 
Stations sampled on 03.11.2016  

 
Stations sampled on 10.04.2016  

 
Stations sampled on 26.11.2016  

 
Stations sampled on 17.05.2016  

 
Stations sampled on 28.04.2017  

 
Stations sampled on 21.06.2016  

 
Stations sampled on 27.05.2017  

 
Stations sampled on 24.07.2016  

 
Stations sampled on 25.06.2017  

Seasonal changes of phytoplankton quantitative characteristics were mainly connected with 

variations of temperature and salinity, at that supply of cells with the main nutrients in the 

coastal waters near the island was usually quite high [1, 17]. The total values of phytoplankton 

number and biomass, as well as water temperature at the horizons 0 and 2 m at the ZPR station 

in 2016-2017 are presented on Figure III.4.1-2. Spring rising of water temperature resulted at 

stable increase of surface phytoplankton total number at the ZPR station up to 

175138 cells·103·L-1 (24 May 2016). Minimal number (228 cells·103·L-1) was registered on 

October 20, 2016 at temperature 15 °С. On the 2 m horizon (ZPR station) the values of 

phytoplankton number changed within the same interval: from 142 cells·103·L-1 (20.10.2016) to 

127454,8 cells·103·L-1 (15.06.2017), (Figure III.4.1-2, А). 
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Figure III.4.1-2 - Seasonal changes of total phytoplankton number (А), total phytoplankton 

biomass (В) and temperature at the horizons 0 and 2 m in the Zmiinyi Island coastal waters 

(ZPR station) in 2016-2017 

Maximal value of total phytoplankton biomass on the horizon 0 m was registered on June 5, 

2017 (234565.9 mg·m-3), minimal – 86,1 mg·m-3 - on 20.10.2016 (Figure III.4.1-2, В). Maximal 

phytoplankton biomass on the horizon 2 m was registered on 11.11.2016 (129960.1 mg·m-3). In 

the bottom layer of water total characteristics of phytoplankton changed simultaneously with 

the surface ones and made: number from 7.9 cells·103·L-1 to 52188.7 cells·103·L-1, biomass 96.3 

– 97456.6 mg·m-3. In 15 water samples (40 %) from the depth of 2 m the total number exceeded 

the values at the surface, which was connected with vertical distribution of the main 

phytoplankton taxa. Total phytoplankton biomass at 2 m depth also sometimes exceeded the 

surface values (in 14 samples). 

Intensity of the Danube discharge in spring (salinity up to 11-13 ‰) caused increase of total 

microalgae number (Figure III.4.1-3, А). Salinity values at 0 m and 2 m depths were the same; in 

the bottom layer salinity that exceeded (by 1-2 ‰) the value in the surface layers was registered 

only in 5 cases (Figure III.4.1-3, В). 
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In early June 2017 in 0 m layer at the ZPR station the highest for the entire period of observations 

phytoplankton biomass was registered, which coincided with decrease of salinity (down to 11-

12 ‰). The similar dependence of algoflora development on salinity was traced on the 2 m 

horizon: in November 2016 and June 2017 (Figure II.3.3, С). Abundance of phytoplankton in the 

bottom layer depended on (and did not exceed) the abundance of algae on the upper surface 

horizons. In 2016-2017 total number in the layer of 7.5 m varied from 7.9 cells·103·L-1 to 

52188.7 cells·103·L-1; the values of total biomass made 96.3 ‒ 97456.63 mg·m-3 (Figure III.4.1-3, 

D). 
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Figure III.4.1-3 - Seasonal changes of phytoplankton total number (А, В), phytoplankton total 

biomass (С, D) and salinity at the ZPR station in 2016-2017 

 

During the period 2016-2017, three seasonal maxima of phytoplankton development were 

registered in the island coastal waters: April-June 2016, November 2016 and May-June 2017, 

which corresponded to the hydrological and hydrochemical changes in the ecosystem. 

Correlation analysis of the monitoring data collected at the ZPR station had shown statistical 

connection between dissolved oxygen content in water and total phytoplankton number 

(+ 0.45); correlation between oxygen and total biomass was stronger (+ 0.67). Besides, 

phytoplankton biomass had positive effect for рН value (+ 0.33) and microalgae abundance 

induced content in water of ammonium nitrogen (+ 0.25) and total nitrogen (+ 0.19). Significant 

negative correlation was observed between water transparency and phytoplankton number 
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(‒ 0.7), transparency and algae biomass (‒ 0.36), phytoplankton number and salinity (‒ 0.7), 

biomass and salinity (‒ 0.33). Significant correlation was also found between phytoplankton 

number and mineral phosphorus content in water (‒ 0.28). No significant statistical connections 

were established between phytoplankton characteristics and water temperature. 

As the result of the collected data analysis it was established that only water warming up in 

spring resulted at increase in values of phytoplankton quantitative characteristics, while in 

summer and autumn temperature played no limiting role in algoflora development. The second 

factor that limited the phytoplankton development at the reference station during a year was 

water salinity and, correspondingly, the forming of density transition zone determined vertical 

distribution of microalgae. 

During seasonal surveys total phytoplankton number values in water column (0-25 m) varied in 

wide range from 4.9 cells·103·L-1 to 89539.3 cells·103·L-1 and biomass of microalgae was reaching 

the level of 54.8 ‒ 101568.8 mg·m-3. The results of analysis of phytoplankton biomass 

distribution on the stations located at a distance from the coastline are presented on Figure 

III.4.1-4- III.4.1-7. In early April 2016 the phytoplankton sampled from the transect located to 

the north from the island was developing at the temperature 10 oC and salinity 14 ‰ (Figure 

III.4.1-4, А). Algoflora vertical distribution near the coast was typical (station Z-1-2) ‒ maximum 

of plankton was concentrated in 0 m layer.  

At that, phytocoenosis was formed by marine and brackish-water species, whose level of 

development was significantly lower than that observed at the ZPR reference station at the same 

time. At the distance from the coast (Z-1-4 station) halving in number of phytoplankton biomass 

was observed. In the most distant from the coast area (Z-1-6 station) an increase of 

phytoplankton mass was registered, especially in bottom layer due to density transition 

(temperature 7 oC and salinity 17 ‰).  

In May 2016 the surface phytoplankton (marine species) on the south-eastern transect was 

developing under temperature of 16 oC and salinity of 14 ‰, also reaching the maximum of 

biomass (15764.5 mg·m-3) at the significant distance from the coast (Figure II.3.4, В). Vertical 

distribution of total phytoplankton biomass on a transect depended on pycnocline presence 

(below 10 m). At the same time, more intensive development of algae (51655.5 mg·m-3) was 

found in 0 m layer in the northern part of the island (ZPR station).  
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Figure III.4.1-4 - Vertical distribution of total phytoplankton biomass (B, mg·m-3) and salinity 

(S ‰) near the Zmiinyi Island in spring 2016 

 

According to the data collected, the time of the survey coincided with seasonal minimum of 

algae development. In June-August 2016 marine phytoplankton in 0 m layer near the island 

(western and southern transects) developed at the temperature 25 oC – 26 oC and salinity 13 ‰ 

– 14 ‰, reaching biomass values 491.8 – 11144.3 mg·m-3 at a significant distance from the coast 

(Figure II.3.5, А, С). Only in June on the deep-water station (Z-3-6 station) increase of total 

biomass of algae below halocline was registered (Figure III.4.1-5, В). 
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Figure III.4-5 - Vertical distribution of phytoplankton total biomass (B, mg·m-3) and salinity 

(S ‰) near the Zmiinyi Island in summer 2016 
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In September 2016, the beginning of autumn maximum of algae development was observed. 

Decrease of temperature to 21 oC and growth of salinity to 17 ‰ contributed to development 

of marine group of phytoplankton reaching total number of 1650.5 – 13228.1 cells·103·L-1 at 

total biomass values of 260.2 – 5410.8 mg·m-3 (Figure III.4.1-6, А). In November 2016, two 

surveys were performed in the south-eastern part of the island water area; their time coincided 

with seasonal maximum of phytoplankton development and was characterized by homogenous 

hydrological and hydrochemical values all over the water column (Figure III.4.1-6, В). The 

following values of total biomass were found in 0 m layer: at the beginning of the month - from 

187.3 to 970.9 mg·m-3, in the end of the month growth of biomass reaching 27.5 – 2151.9 mg·m-

3 was registered (Figure III.4.1-6, С). In absence of density transition layer vertical distribution of 

algae was typical, depended of speed of cells sedimentation and phytoplankton biomass 

maximum was formed in 0 m layer. 

А 

 
В 

 



Scientific Report - 12-Months Monitoring Studies 

in Georgia, Russian Federation and Ukraine, 2016-2017 

 

242 

С 

 

Figure III.4.1-6 - Vertical distribution of phytoplankton total biomass (B, mg·m-3) and salinity 

(S ‰) near the Zmiinyi Island in autumn 2016 

According to the data collected in April 2017, the time of the survey in the northern part of the 

island water area coincided with seasonal maximum of algae development (Figure III.4.1-7, А).  

In the 0 m layer phytoplankton biomass values of 5984.2 – 10702.0 mg·m-3 were registered, 

while on the deeper horizons the values were 980.2 – 5399.1 mg·m-3, at that water temperature 

at 0 m was 10 oC and salinity reached 15 ‰. At that time phytocoenosis was formed by fresh-

water and marine groups of species. 

Studies in the south-eastern part of the island water area in late May 2017 were also performed 

during the period of phytoplankton maximal development (Figure III.4.1-7, В). Surface layers of 

water were well warmed up (reaching 18 oC) and freshened (salinity dropped down to 8 ‰), 

while biomass of algae varied from 20867.2 mg·m-3 to 101568.8 mg·m-3 with dominance of 

marine species. In June 2017, in 0 m layer of the southern transect phytoplankton was 

developing at the temperature of 24oC (salinity 14 ‰) reaching biomass values 2751.5 – 

23253.5 mg·m-3 at the distance from the coast (Figure III.4.1-7, С). 

А 
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Figure III.4.1-7 - Vertical distribution of phytoplankton total biomass (B, mg·m-3) and salinity 

(S ‰) near the Zmiinyi Island in 2017 

 

Correlation analysis of the data collected from the stations of seasonal transects near the island 

had shown positive correlation between dissolved oxygen in water and total number of 

phytoplankton (+ 0.48); correlation between oxygen and total biomass was stronger (+ 0.58). 

Besides, phytoplankton biomass had positive effect for рН value (+ 0.36), as well as the content 

of dissolved nitrite (+ 0.38), nitrate (+ 0.46) and ammonium nitrogen (+ 0.57). Significant 

negative correlation was observed between phytoplankton number and salinity (‒ 0.55), 

correlation coefficient between biomass and salinity was higher (‒ 0.65). 

Non-homogeneous spatial and vertical phytoplankton distribution in the coastal water area 

near the island was caused by wind and hydrological conditions under which transformation of 

water masses of different genesis containing freshwater and marine species of microalgae was 

taking place. In 2016-2017 the total values of phytoplankton characteristics significantly 

exceeded the values registered in the areas in previous years [1, 18, 19, 20]. 

 



Scientific Report - 12-Months Monitoring Studies 

in Georgia, Russian Federation and Ukraine, 2016-2017 

 

244 

III.4.1.3.2. Odessa bay (Marine Hydro-Biological Station area) 

Phytoplankton sampling in Odessa Bay coastal waters was done every 5 days at the distance 100 

m from the coast (MHBS-R station, depth 3 m). During monthly surveys phytoplankton was 

sampled on the stations (depth - from 4 to 14 m) located 100 - 560 far from the coastline. 

Scheme of sampling stations location is presented on Figure III.4.1-8. 

 

 

 

Figure III.4.1-8 - Location of phytoplankton sampling stations in Odessa Bay coastal waters in 

2016-2017  
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Seasonal changes of microalgae quantitative characteristics depending on temperature are 

presented on Figure III.4.1-9. Development of phytoplankton was limited only by spring rising of 

water temperature and water cooling down in autumn. Maximal number of phytoplankton at 0 

m horizon (MHBS-R station) was registered on May 30, 2016 (86555 cells·103·L-), minimal – on 

November 1, 2016 (133.7 cells·103·L-1). In February total phytoplankton number in the surface 

horizons of the Bay reached 15350.8 cells·103·L-1 (2016) and 11680.6 cells·103·L-1 (2017) at water 

temperature of 2 oC. In the bottom layer (2 m) seasonal changes of temperature were identical 

to values at the surface; total phytoplankton number was within the interval 323.3 ‒ 

117483.74 cells·103·L-1. 

 

 

Figure III.4.1-9 - Seasonal changes of total phytoplankton number (N, cells·103·L-1) and 

temperature (T oC) in Odessa Bay (MHBS-R station) in 2016-2017 

 

The main factor that regulated phytoplankton development level in the bay was water salinity. 

Salinity variations resulted from wind-driven phenomena. Diagrams showing changes of 

phytoplankton quantitative characteristics depending on salinity are presented below (Figure 

III.4.1-10). Decrease of salinity in March, May, June and November 2016 (down to 7 ‰ - 14 ‰) 

stimulated short-term increasing of phytoplankton total number at 0 m horizon due to 

freshwater microalgae development (Figure III.4.1-10, А). Maximal values of total phytoplankton 

biomass at 0 m horizon (MHBS-R station) were registered during the period of studies on 

February 12, 2016 (49052.98 mg·m-3) and in June 2017 (37152.23 mg·m-3), minimal value was 

observed on 30.11.2016 (35.3 mg·m-3, Figure III.4.1-10, В). 

During the period 2016-2017, four seasonal maxima of phytoplankton development were 

registered in the coastal waters of the bay (MHBS-R station): February-March, May-June, August 

and November, which corresponded to hydrological and hydrochemical changes in the 
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ecosystem. Analysis of monitoring data collected at the MHBS-R station had shown positive 

statistical connection between water temperature and total phytoplankton biomass (+ 0.26); 

correlation between percentage of oxygen content in water and total biomass was also 

significant (+ 0.38). Besides, phytoplankton number had positive effect for рН value (+ 0.32) and 

ammonium nitrogen content in water (+ 0.43). Negative correlation was established between 

phytoplankton number and salinity (‒ 0.45). No significant statistical connections were 

established between phytoplankton characteristics and water transparency. 

A 

 

В 

 

Figure III.4.1-10 - Seasonal changes of total phytoplankton number (А), total phytoplankton 

biomass (B) and salinity (S ‰) in Odessa Bay (MHBS-R station) in 2016-2017 

 

During seasonal surveys in the bay total phytoplankton number values in water column (0-14 m) 

varied in wide range from 129 cells·103·L-1 to 103512 cells·103·L-1 and biomass of microalgae was 
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reaching the level of 32 ‒ 32091 mg·m-3. Vertical distribution of phytoplankton biomass on the 

stations of monthly monitoring is presented on Figure s III.4.1-11 - III.4.1-14. In April 2016 

phytoplankton was sampled on 2 stations of transect (22.04.2016) at temperature on 0 m 

horizon 11 oC and salinity 15 ‰; on 26.04 additional 4 more samples were taken from 0 m 

horizon under conditions of higher temperature (13 oC) and lower salinity (11 ‰). During that 

period, development of freshwater and marine phytoplankton was registered. The value of total 

algae biomass on 0 m horizon was 1219.1 ‒ 2576.5 mg·m-3 (22.04.2016), then it went down to 

966.5 ‒ 1439.8 mg·m-3 (26.04.2016), (Figure III.4.1-11). Vertical distribution of plankton near the 

coast was typical of spring time: maximum was concentrated on 0 m level. Only in the deep-

water part of the bay (MHBS-09 station) concentration of biomass (5136,41 mg·m-3) over 

halocline was registered at 4 m horizon due to sedimentation of freshwater microalgae. It was 

pointed out that phytoplankton biomass values along the transect located at a distance from 

the coastline were higher than those at the MHBS-R reference station. 

 

Figure III.4.1-11 - Vertical distribution of phytoplankton total biomass (B, mg·m-3) and salinity 

(S ‰) in Odessa Bay in spring 2016 

 

In early June 2016 phytoplankton biomass at 0 m was reaching 1815.4 – 5831.6 mg·m-3, while in 

the deeper layers biomass values were 2323.5 – 5672.2 mg·m-3 (Figure III.4.1-12, А) at water 

temperature 21 oC and salinity 14 ‰. Phytocoenosis composition was formed by freshwater and 

marine groups. At the depth below 4 m mainly marine species were found, which was connected 

with water temperature decrease to 13 oC and growth of salinity up to 17 ‰. The values of 

phytoplankton biomass along the transect located at the distance from the coast were much 

lower than those at the MHBS-R reference station at the same period of time. In early July 2016, 

under conditions of surface water temperature growth and low salinity (13 ‒ 14 ‰) further 

decrease of phytoplankton biomass was registered (down to 260.6 – 1739.5 mg·m-3), which 

corresponded to summer minimum of algae development (Figure III.4.1-12, В). In the end of 

July, the highest for the entire period of observations in that area biomass of algae (32091.3 
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mg·m-3) was registered at 0 m horizon on the MHBS-02 station (Figure III.4.1-12, С). Freshening 

of water in the surface horizons of the transect in July 2016 stimulated development of mainly 

freshwater flora, especially near the coast. Vertical distribution of phytoplankton in water 

column depended on density transition zone, at that marine species were found in the deeper 

layers. In August 2016, phytoplankton biomass was also insignificant: 62.0 – 389.6 mg·m-3 on 

the surface of the transect and 56.0 – 335.9 mg·m-3 in the lower water layers; marine flora 

dominated (Figure III.4.1-12, D). 

А В 

  

С D 

  

 

Figure III.4.1-12 - Vertical distribution of phytoplankton total biomass (B, mg·m-3) and salinity 

(S ‰) in Odessa Bay in summer 2016 

 

In September 2016, beginning of autumn maximum of algae development was observed. 

Decreasing of temperature to 19 oC and growth of salinity to 17 ‰ were accompanied by marine 

phytoplankton development to the level of total biomass of 236.2 – 7280.5 mg·m-3 at 0 m (Figure 

III.4.1-13, А). Accumulation of algal mass in the bottom horizons (MHBS-02 and MHBS-06 

stations) was connected with cells sedimentation from the upper layers of water. Phytoplankton 

biomass on the transect in September significantly exceeded the biomass at the MHBS-R 

reference station in the same period. In early November 2016, total phytoplankton biomass on 

the transect reached 724.8 – 15840.2 mg·m-3, which corresponded to seasonal maximum of 
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algae development (Figure III.4.1-13, В); marine group of species dominated. Biomass along the 

transect exceeded that at the MHBS-R reference station significantly. 

А 

 

В 

 

Figure III.4.1-13 - Vertical distribution of phytoplankton total biomass (B, mg·m-3) and salinity 

(S ‰) in Odessa Bay in autumn 2016 

 

In spring 2017, the following biomass values were registered on the transect (temperature 15 oC 

at 0 m): 400.1 – 1227.3 mg·m-3 at 0 m and 626.6 – 1144.9 mg·m-3 at 3-8 m (Figure III.4.1-14, А). 

In water column under non-homogeneous hydrological and hydrochemical conditions both 

marine and freshwater groups of phytoplankton were developing. 

In the end of June 2017, at water temperature was (0 m) 21 oC and salinity 16 ‰ phytoplankton 

biomass at the surface was reaching 1818.9 – 2906.4 mg·m-3, and in the deeper layers made 

1525.6 – 2591.3 mg·m-3 (Figure III.4.1-14, В). The phytoplankton was represented by mainly 

marine species. According to the data collected, the time of the survey coincided with the end 

of seasonal maximum of phytoplankton development. 
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Figure III.4.1-14 - Vertical distribution of phytoplankton total biomass (B, mg·m-3) in Odessa 

Bay in 2017 

 

Correlation analysis of the data collected from the stations of seasonal transects had shown 

significant positive connections between total phytoplankton number and water transparency 

(‒ 0.52); total phytoplankton number and salinity (‒ 0.57). Development of microalgae in the 

water area at a distance from the coast also influenced the content of dissolved nutrients in 

water: correlation coefficient of phytoplankton number with mineral phosphorus was =‒ 0.23, 

with total phosphorus =‒ 0.21, with nitrate =‒ 0,21. No significant statistical connections were 

established between phytoplankton characteristics and water temperature. 

During the period 2016-2017, four seasonal maxima of phytoplankton development were 

registered in Odessa Bay coastal waters: February-March, May-June, August and November. 

Total values of algae number and biomass exceeded those registered in previous years [2, 13, 

14]. 
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III.4.1.4. Species composition and biodiversity 

Altogether 310 phytoplankton species belonging to 12 classes were registered in the areas of 

pilot monitoring near the Zmiinyi Island and in Odessa Bay from February 2016 to June 2017: 

257 species in Odessa Bay (MHBS) and 230 species near the Zmiinyi Island (ZMN). Species 

composition was dominated by microalgae of Bacillariophyceae class (92 species in the bay and 

84 near the island) and Dinophyceae (68/76 species respectively). Significantly lower number of 

species was registered for the classes Chlorophyceae (35/27), Cyanophyceae (25/10), 

Prymnesiophyceae (15/11), Euglenoidea (6/6), Chrysophyceae (4/4), Cryptophyceae (4/5), 

Dictyochophyceae (2/3), Choanoflagellatea (2/2), Ebriophyceae (2/2), Conjugatophyceae (2/0) 

(Figure III.4.1-15). Monitoring data had shown that low variability in cell sizes was typical of the 

majority of species in both areas (Annex of this chapter). A special place within the 

phytocoenosis composition was occupied by potentially dangerous and toxic phytoplankton 

species. That group comprised 58 species of microalgae and cyanobacteria that could reach the 

level of blooming on the Black Sea shelf (Annex of this chapter) [21, 22]. During the period of 

monitoring development of 53 potentially dangerous species was registered in Odessa Bay and 

of 51 species in the Zmiinyi Island area. 

 

Figure III.4.1-15 - Phytoplankton taxonomic composition in the coastal waters of Odessa Bay 

(MHBS) and the Zmiinyi Island (ZMN) in 2016-2017 

 

Percentage content of Bacillariophyceae within the phytoplankton of both areas was 

approximately the same ‒ 37 % and 36 % of total species number (Figure III.4.1-15). However, 

near the island more marine species of Dinophyceae (33 %) were found than in Odessa Bay 

(26 %). There were more freshwater groups of Chlorophyceae and Cyanophyceae in the bay 

(14 % and 10 %) than near the island (12 % and 4 %), which corresponded to different 

hydrological conditions in the studied areas. Percentage of other taxa within the phytocoenoses 

was similar. 

At the reference station of the island (ZPR station) in water samples from 0 m horizon 10 to 33 

phytoplankton species were found; in samples from 2 m layer - 5-32 species; in samples from 
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bottom horizon - 5-29 species (Figure III.4.1-16, А). Maximal number of species at the ZPR station 

was registered in June and September.  

In 28 water samples (21 % of samples) more algae were found on the 2 m and 7 m horizons than 

in the 0 m layer. According to the data collected from the seasonal transects near the island, the 

number of phytoplankton species did not exceed that at the ZPR reference station. Number of 

species in water column on the transects typically was decreasing depending upon hydrological 

and hydrochemical parameters from 1 m to the bottom horizons, the difference made 9-29 

species. 

A 

 
B 

 
Figure III.4.1-16 - Quantity of phytoplankton species in the Zmiinyi Island coastal waters (A) 

and Odessa Bay (B) in 2016-2017 

 

In Odessa Bay (MHBS-R station) more species were observed than near the island: 11 to 42 

species at 0 m and 10-38 species at 2 m (Figure III.4.1-16, В). In 17 cases (23 % of total samples 

quantity) the number of species at 2 m exceeded that at 0 m (MHBS-R station). Maximal number 

of species in the bay was also registered in June.  
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The number of phytoplankton species developing at a distance from the coast along seasonal 

transects did not exceed the number of species found at the MHBS-R reference station and 

reached 10-33 species at the depth below 1 m. 

The results of phytoplankton species diversity calculated coming out of species number and 

abundance (Shannon index) in the studied areas are presented on Figure III.4.1-17. In the Zmiinyi 

Island (ZPR station) area at 0 m horizon Shannon index varied from 0.8 bit·cells-1 to 3.2 bit·cells-

1; in 2017 - from 0.6 bit·cells-1 to 2.9 bit·cells-1 (Figure III.4.1-17, А). Significant correlation 

coefficient was established for the horizon 0 m between Shannon index and total phosphorus 

content in water (‒0.44). Maximal values of communities’ diversity were formed by 

aggregations of Bacillariophyceae and Dinophyceae (correlation coefficients 0.38 and 0.51). In 

15 water samples (40 % of the total number of samples) collected from the horizon 2 m Shannon 

index was higher than at 0 m at the same time and reached 0.4-3.1 bit·cells-1. In the bottom 

layer (ZPR station) diversity varied within wide interval of 0.2-2.9 bit·cells-1, at that no significant 

statistical connections were established between Shannon index and hydrological & 

hydrochemical parameters.  

According to the data collected along seasonal transects near the island, Shannon index value 

corresponded to those from the ZPR reference station. Depending on season, phytoplankton 

diversity at 0 m changed within the interval 0.3-3.3 bit·cells-1. For 0 m horizon on the seasonal 

transects negative correlation was established between the index and water salinity (‒0.34) and 

positive correlation of the index with dissolved oxygen (0.38), nitrate (0.35) and ammonium 

nitrogen (0.48). The values of Shannon index decreased with depth simultaneously with changes 

of hydrological parameters and reached 0.1-3.0 bit·cells-1 at the depths exceeding 1 m. 

Correlation analysis of the data had shown significant correlation coefficients of phytoplankton 

diversity in water column with salinity (‒0.35), dissolved oxygen (0.32), nitrite (0.25), nitrate 

(0.28) and ammonium nitrogen (0.27). 

In Odessa Bay (the MHBS-R reference station) only in spring and in the end of year decrease in 

salinity (to 12.04 ‰) was accompanied by growth of diversity due to freshwater plankton inflow 

(Figure III.4.1-17, В). At 0 m Shannon index varied in 2016 from 0.9 bit·cells-1 to 3.6 bit·cells-1; in 

2017 - from 0.9 bit·cells-1 to 3.0 bit·cells-1. The coefficient of correlation between phytoplankton 

species diversity and water salinity at 0 m was ‒0.36. In the 2 m layer in 2016 the diversity varied 

from 0.2 bit·cells-1 to 3.7 bit·cells-1 and in 2017 ‒ from 1.4 bit·cells-1 to 3.1 bit·cells-1. In 14 water 

samples (38 % of the total number of samples) collected from the 2 m horizon Shannon index 

was higher than at 0 m. Significant coefficients of correlation between phytoplankton diversity 

and mineral phosphorus content (‒0.23) were observed on both studied horizons. 
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Figure III.4.1-17 - Seasonal changes of diversity index values (Shannon index) in the coastal 

waters of the Zmiinyi Island (A) and Odessa Bay (B) in 2016-2017 

 

Diatoms formed the maximal values of Shannon index in water column at the MHBS-R station 

almost all year round. Dependence of the community diversity on small Cyanophyceae 

(30.05.2016, 29.06.2016, 28.02.2017) was episodically observed all over the water column; their 

appearance extended seasonal maximum of plankton community development significantly. 

Only once maximum of Shannon index happened was due to Dinophyceae and Chlorophyceae 

(21.06.2016) (Figure III.4.1-17, В). In accordance with the data collected on the seasonal 

transects in Odessa Bay, Shannon index values corresponded to those at the reference station 

(MHBS-R). Depending on season, phytoplankton diversity at 0 m horizon varied within 0.8-3.1 

bit·cells-1. The changes of the index values in water column along the seasonal transects were in 

line with hydrological and hydrochemical parameters and depended on the presence of density 

transition zone (see Figure III.4.1-11- III.4.1-14). Shannon index values were reaching 0.5-3.4 

bit·cells-1 at the depth 1-14 m. Correlation analysis of data on the water column had shown 

significant correlation of phytoplankton diversity with mineral phosphorus (‒0.25) and total 

phosphorus (‒0.35). 



Scientific Report - 12-Months Monitoring Studies 

in Georgia, Russian Federation and Ukraine, 2016-2017 

 

255 

III.4.1.5. Phytoplankton community structure (abundance, biomass by 
taxonomic groups) 

Analysis of phytocoenosis structure in the studied areas was done on the parameters of 

abundance and biomass of taxonomic groups, which changed depending on season. Maximal 

values of phytoplankton abundance and biomass in the coastal waters were formed not only 

under the influence of the ecosystem’s main hydrological and hydrochemical parameters 

variation, but also by internal (succession) mechanism of the plankton that determined the 

regular changing of taxa during a year [12, 16, 19]. Seasonal successions of phytoplankton 

regulate both biodiversity of a community and quantitative values of its development [1, 6, 20, 

24]. The method of succession analysis used on the materials collected in 2016-2017 in the 

coastal areas helped us to establish the peculiarities of phytoplankton development in the 

current period. 

III.4.1.5.1. Zmiinyi Island 

Abundance. According to the results of analysis of phytoplankton samples collected in the 

period of observations at the reference station (ZPR), Bacillariophyceae species were the 

dominant taxon responsible for 60-100 % of total phytoplankton abundance. Bacillariophyceae 

abundance in the surface layer (0 m) varied from 22.9 cells·103·L-1 to 171268.2 cells·103·L-1, at 

that seasonal maximums of development (1st and 2nd stages of succession) in April-June 2016 

and June 2017 were well-pronounced (Figure III.4.1-18, А).  

Bacillariophyceae abundance values on the 2 m horizon were either equal to those at 0 m or 

exceeded them and varied from 1.8 cells·103·L-1 to 116533.3 cells·103·L-1. In the bottom horizon 

(7.5 m) Bacillariophyceae abundance varied from 2.7 cells·103·L-1 to 51651.3 cells·103·L-1. 

Correlation analysis of phytoplankton dependence on hydrological and hydrochemical 

parameters had shown significant statistical connections of Bacillariophyceae abundance and 

water transparency (‒0.68), salinity (‒0.67), dissolved oxygen (0.43), рН (0.24), mineral 

phosphorus (‒0.27), total phosphorus (0.21) and ammonium nitrogen (0.26). According to the 

results of monthly surveys in the coastal waters of the island, seasonal and successional changes 

were found in the temporal distribution of Bacillariophyceae, and their abundance level did not 

exceed those at the ZPR reference station. 
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Figure III.4.1-18 - Abundance (А) and biomass (В) of the prevailing phytoplankton taxa at 0 m 

horizon in the Zmiinyi Island coastal waters (ZPR station) in 2016-2017 

 

In the period of monitoring Bacillariophyceae abundance in the surface water layers changed 

within the interval from 11.1 to 53663.4 cells·103·L-1. For the 0 m horizon, negative correlation 

was established along seasonal transects between Bacillariophyceae abundance and water 

salinity (‒0/48) and positive correlation with dissolved oxygen (0.38), рН (0.47) and total 

phosphorus (0.38). Bacillariophyceae abundance in water column decreased with depth 

depending on hydrological characteristics (Figure III.4.1-4 - III.4.1-.7) and varied within 3.5 ‒ 

86303.6 cells·103·L-1 at the depths from 1 to 25 m. Correlation analysis of the data from monthly 

surveys revealed significant correlation coefficients of Bacillariophyceae abundance with water 

transparency (‒0.35), salinity (‒0.51), dissolved oxygen (0.41), рН (0.47) and total phosphorus 

(0.27). 
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The role of Dinophyceae abundance was less important, as the species of that taxon formed 20-

70 % of total phytoplankton number. Dinophyceae abundance at 0 m level at the reference 

station (ZPR station) varied within 1.0-7560.1 cells·103·L-1, at 2 m - within 1.3-5092.9 cells·103·L1, 

at 7.5 m – within 0.9 ‒ 3938.6 cells·103·L-1 (Figure III.4.1-18, А). The most intensive development 

of Dinophyceae was observed in May-June 2016 and June 2017 (stage 3 of spring succession). 

Significant coefficients of correlation were established between Dinophyceae number and water 

transparency (‒0.46), salinity (‒0.51), dissolved oxygen (0.19), рН (0.49), ammonium nitrogen 

(0.25). Gradual decrease of Bacillariophyceae number was observed in late June-early July 2016 

‒ down to complete absence (30.06.2016) at 0 m, with minimal number of species (benthic) at 2 

m and 7.5 m levels, at that Dinophyceae и Cyanophyceae dominated all over the water column. 

According to the data collected along transects near the island, Dinophyceae abundance at 0 m 

changed in accordance with seasonal and successional regularities; its level sometimes exceeded 

the abundance registered at the ZPR reference station.  

At the 0 m horizon along seasonal transects negative correlation was established between 

Dinophyceae abundance and water transparency (‒0.32), salinity (‒0.80) and positive 

correlation with dissolved oxygen (0.71), рН (0.39), nitrite (0.54), nitrate (0.64) and ammonium 

nitrogen (0.77). Dinophyceae abundance on the transects decreased with depth, however in May 

2017 maximal for the entire period of observations number was registered at the depth of 3 m 

in the south-eastern part of the water area on the Z-3-2 station (9306.4 cells·103·L-1). Correlation 

analysis of the data had shown significant correlation coefficients of Dinophyceae abundance in 

water column with water transparency (‒0.29), salinity (‒0.72), dissolved oxygen (0.52), рН 

(0.37), nitrite (0.34), nitrate (0.61) and ammonium nitrogen (0.53).  

The content of Cyanophyceae in the surface waters was unsteady and input of this taxon into 

total phytoplankton abundance made 4-30 %. Cyanophyceae abundance at 0 m layer at the ZPR 

reference station varied from 26.0 cells·103·L-1 to 48596.6 cells·103·L-1 (Figure II.3.1.18, А). Mass 

development of Cyanophyceae was registered on 18.05.2016, 10.07.2016, 21.09.2016 and 

15.05.2017 when their abundance exceeded significantly that of Bacillariophyceae. Correlation 

analysis revealed no significant statistical connections between Cyanophyceae development and 

hydrological & hydrochemical parameters of the environment at the ZPR reference station. 

Cyanophyceae were found only in 12 samples collected in water column along seasonal transects 

in the coastal water area of the island. Cyanophyceae abundance along transects was quite 

insignificant and reached maximal level only once on 21.06.2016 at 0 m (19165.5 cells·103·L-1, Z-

5-6 station). Coefficients of correlation for Cyanophyceae abundance were established only with 

water temperature (0.65) and total phosphorus (‒0.70). 

Biomass. Bacillariophyceae species formed 60-100 % of total phytoplankton biomass. In 0 m 

horizon (ZPR station) total biomass of Bacillariophyceae varied from 0.7 mg·m-3 to 227320.8 

mg·m-3, maximal values were registered in May 2016, November 2016 and June 2017 (Figure 

III.4.1-18, В). The following values of Bacillariophyceae were registered in lower horizons: 3.8 

mg·m-3 ‒ 129667.0 mg·m-3 (2 m) and 0.7 ‒ 45725.8 mg·m-3 (7.5 m). Significant correlation 

coefficients were established at the ZPR reference station between Bacillariophyceae biomass 

and water transparency (‒0.34), salinity (‒0.30), dissolved oxygen (0.34), рН (0.32), total 

phosphorus (0.21). Temporal departure was found in the time of initial stages of succession, 

which entailed dangerous coming together of two maximums in spring and extended the period 
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of diatoms blooming compared with the data from previous years [16, 18]. According to the data 

of phytoplankton monitoring along seasonal transects near the island, Bacillariophyceae 

biomass values at 0 m were within the range 21.1 ‒ 93115.5 mg·m-3, which did not exceed 

Bacillariophyceae biomass levels at the  ZPR reference station. For 0 m horizon on the seasonal 

transects negative correlation of Bacillariophyceae biomass was established with water salinity 

(‒0.62) and positive correlation with dissolved oxygen (0.55), рН (0.33), nitrite (0.37), nitrate 

(0.45), ammonium nitrogen (0.55). Bacillariophyceae biomass decreased with depth and varied 

within 84.4 ‒ 86506.9 5 mg·m-3 at the depths 1 m and 25 m. Correlation analysis of data in water 

column had shown significant coefficients of correlation of Bacillariophyceae biomass with 

water transparency (‒0.27), salinity (‒0.66), dissolved oxygen (0.48), рН (0.36), nitrite (0.25), 

nitrate (0.43) and ammonium nitrogen (0.40).  

Dinophyceae species formed 40-99 % of total phytoplankton biomass. Interval of Dinophyceae 

biomass changes at the ZPR reference station was also big: 8.1 ‒ 12717.9 mg·m-3 (0 m), 6.9 ‒ 

12726.6 mg·m-3(2 m), 11.1 ‒ 2679.5 mg·m-3 (7.5 m) (Figure III.4.1-18, В). In summer and in 

October 2016 Dinophyceae biomass was significantly bigger than Bacillariophyceae biomass. 

Significant correlation coefficients were established at 0 m at the ZPR reference station between 

Dinophyceae biomass and water transparency (‒0.36), salinity (‒0.52), рН (0.46), mineral 

phosphorus (‒0.18), total phosphorus (0.24). According to the data collected along transects near 

the island, Dinophyceae biomass varied regularly depending on season and its level did not 

exceed the biomass of this taxon at the ZPR reference station. Dinophyceae biomass along 

seasonal transects decreased with depth sharply and varied within the interval of 3.1 ‒ 8422.8 

mg·m-3. Correlation analysis of data had shown significant correlation coefficients in water 

column between Dinophyceae biomass and water transparency (‒0.23), salinity (‒0.48), 

dissolved oxygen (0.23), рН (0.24), nitrate (0.38), ammonium nitrogen (0.33). Cyanophyceae 

taxon formed 1-15 % of total phytoplankton biomass.  

Cyanophyceae biomass values at the ZPR reference station were insignificant (Figure III.4.1-18, 

В) ‒ from 0.01 mg·m-3 to 176.3 mg·m-3 at 0 m horizon. Very low content of Cyanophyceae was 

established at 2 m (0.2-124.0 mg·m-3) and 7.5 m (0.2-19.8 mg·m-3) horizons. Along the seasonal 

transects Cyanophyceae biomass was also insignificant (0.06-142.1 mg·m-3) and did not exceed 

the values at the ZPR reference station. 

Cryptophyceae species formed 1-15 % of total phytoplankton number, Prymnesiophyceae 

species - 1-30 %. On 0 m horizon at the ZPR reference station variations of Cryptophyceae and 

Prymnesiophyceae abundance were governed by the rhythm of seasonal successions (Figure 

III.4.1-19, А).  
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Figure III.4.1-19 - Abundance (А) and biomass (В) of Cryptophyceae, Chlorophyceae, 

Euglenoidea and Prymnesiophyceae at 0 m horizon in the Zmiinyi Island coastal waters (ZPR 
station) in 2016-2017 

 

In April 2016 end of summer succession was observed connected with ample development of 

Cryptophyceae (reaching 4443.2 cells·103·L-1 at 0 m), in June 2016 ‒ end of spring phytoplankton 

succession, at that abundance was lower than in spring (2000-3000 cells·103·L-1). Significant 

correlation coefficients were established (ZPR station) between Cryptophyceae number and 

salinity (‒0.22), total phosphorus (‒0.30). Prymnesiophyceae species preferred warmer water in 

summer and autumn. Maximum of Prymnesiophyceae abundance was registered at the ZPR 

station in June 2017 (13486.8 cells·103·L-1), which corresponded to the end of seasonal 

succession (Figure III.4.1-19, А). Significant correlation coefficients were established between 

Prymnesiophyceae abundance and water temperature (0.25), salinity (‒0.29), рН (0.34), total 

phosphorus (0.24). Maximal biomass of Cryptophyceae and Prymnesiophyceae was at the level 

of 446.1 mg·m-3 and 882.3 mg·m-3 respectively (Figure III.4.1-19, В). Significant correlation 

coefficients were revealed between Cryptophyceae biomass and salinity (‒0.22), total 

phosphorus (‒0.30); between Prymnesiophyceae biomass and water temperature (0.25), salinity 

(‒0.26), рН (0.32). On the stations along seasonal transects Cryptophyceae number reached 0.4 

‒ 3379.4 cells·103·L-1; biomass – 0.1 ‒ 64.6 mg·m-3, at that correlation was established between 

Cryptophyceae number in water column and temperature (0.43), salinity (‒0.27), dissolved 

oxygen (0.29), рН (0.33), nitrite (‒0.29), nitrate (‒0.30), total nitrogen (‒0.26). 
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Input of Chrysophyceae species into the structure of phytoplankton community of the coastal 

area (ZPR station) was insignificant (0.1-0.2 % of total phytoplankton abundance); time of their 

vegetation coincided with the periods of Cryptophyceae and Prymnesiophyceae development. 

Chrysophyceae number at 0 m at the ZPR reference station varied within 1.6 – 978.2 cells·103·L-

1 and increased reaching 12.2 – 1893.6 cells·103·L-1 at 2 m level. Chrysophyceae biomass at the 

ZPR station reached 0.02-17.2 mg·m-3 at 0 m and 0.1-30.7 mg·m-3 at 2 m. Significant correlation 

coefficients were established between Chrysophyceae abundance and water temperature (-

0.38), рН (-0.50), nitrate (0.68), as well as between Chrysophyceae biomass and ammonium 

nitrogen (0.47). In April and May 2016-2017 Chrysophyceae were found in 8 water samples 

collected along seasonal transects near the island. Abundance and biomass of these algae did 

not exceed the values registered at the ZPR reference station. The water layer of Chrysophyceae 

development on the stations along seasonal transects was restricted by 6 m depth. 

The content of Chlorophyceae in phytoplankton depended on river flow intensity and was not 

very significant (2-20 % of total phytoplankton number), however, their abundance on some 

stations along seasonal transects could make up to 70 % of the total. Maximal abundance of 

Chlorophyceae at 0 m (ZPR station reached 2375.2 cells·103·L-1; maximal biomass ‒ 66 mg·m-3 

(Figure III.4.1-19, А, В). Significant correlation coefficients were established at the ZPR station 

between Chlorophyceae abundance and mineral phosphorus (0.37); between Chlorophyceae 

biomass and water temperature (-0.41), dissolved oxygen (0.37), nitrate (0.39). Smaller 

quantities of Chlorophyceae were found on the stations along seasonal transects than at the ZPR 

reference station; Chlorophyceae were present in the entire water column from 0 m to 25 m. 

Euglenoidea species were found mainly in spring and late autumn, as well as during the periods 

of significant freshening of coastal waters (ZPR station). Maximal abundance registered made 

1391.1 cells·103·L-1, maximal biomass – 783.9 mg·m-3 (Figure III.4.1-19). At 0 m significant 

correlation was established between Euglenoidea abundance and salinity (-0.71), total 

phosphorus (-0.87), ammonium nitrogen (0.83). 

The species belonging to the taxa mentioned below were found episodically and their 

quantitative characteristics were very low: 

‒ Choanoflagellatea ‒ December-April; maximal abundance reached 602.0 cells·103·L-1 

(ZPR station). For the stations along seasonal transects correlation between 

Choanoflagellatea number and water temperature (0.81), salinity (-0.82) was revealed. 

‒ Ebriophyceae ‒ April-May, September, November; maximal abundance - 80 cells·103·L-1. 

‒ Dictyochophyceae ‒ April, October-November; maximal abundance 0.9 cells·103·L-1. 

III.4.1.5.2. Odessa Bay (MHBS area) 

The first taxon dominating in number (up to 99 % of total abundance) within the structure of 

phytoplankton in the bay was Bacillariophycea class. Bacillariophyceae abundance in the surface 

water layers at the reference station (MHBS-R) varied form 1.3 cells·103·L-1 to 27779.4 cells·103·L-

1 (Figure III.4.1-20, А), while at the 2 m horizon abundance made 0.4 – 28897.5 cells·103·L-1. 

Maximums of development were well-pronounced in April-June 2016, in February and June 2017 

(1st and 2nd stages of succession). Significant correlation at the reference station was found only 

between Bacillariophyceae abundance and dissolved oxygen (0.51). Monthly surveys in Odessa 
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Bay had shown that Bacillariophyceae abundance did not exceed that at the reference station 

(MHBS-R) and varied at 0 m from 0.7 to 13821.4 cells·103·L-1. For 0 m horizon negative 

correlation was revealed along seasonal transects between Bacillariophyceae abundance and 

salinity (‒0.37) and positive correlation of abundance with dissolved oxygen (0.57) and 

ammonium nitrogen (0.44).  
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Figure III.4.1-20 - Abundance (A) and biomass (В) of prevailing phytoplankton taxa at 0 m 

horizon in Odessa Bay (MHBS-R) in 2016-2017 

 

Bacillariophyceae abundance changed with depth depending on hydrological and hydrochemical 

parameters reaching 0.6 ‒ 19905.6 cells·103·L-1 at the depths from 1 m to 14 m. Correlation 

analysis of data had shown significant correlation coefficients in water column between 

Bacillariophyceae abundance and water transparency (‒0.40), temperature (-0.23), mineral 

phosphorus (-0.29), total phosphorus (-0.27). 



Scientific Report - 12-Months Monitoring Studies 

in Georgia, Russian Federation and Ukraine, 2016-2017 

 

262 

Dinophyceae class was second in number at the MHBS-R station; it was reaching up to 85 % from 

the total abundance in the phytocoenosis. Total abundance of Dinophyceae species at 0 m was 

0.4 – 5244.56 cells·103·L-1; the most intensive development was observed in May-June 2016 and 

June 2017. It was established that in June and August Dinophyceae abundance (3rd stage of 

succession) significantly exceeded that of Bacillariophyceae (Figure III.4.1-20, А). Significant 

correlation coefficients were established between Dinophyceae abundance at 0 m and salinity 

(‒0.55), dissolved oxygen (0.56), рН (0.42), ammonium nitrogen (0.52). At 2 m horizon 

Dinophyceae abundance varied within 0.2 – 7465.3 cells·103·L-1; correlation connections were 

established between Dinophyceae abundance and salinity (‒0.47), dissolved oxygen (0.53), рН 

(0.40), ammonium nitrogen (0.50). The level of Dinophyceae abundance along seasonal transects 

in Odessa Bay did not exceed that at the reference station (MHBS-R) and reached 1.8 ‒ 

1501.1 cells·103·L-1 at 0 m. At deeper horizons (1-14 m) Dinophyceae abundance varied within 

0.5 – 945.1 cells·103·L-1. Correlation analysis of the data had shown significant correlation 

coefficients in water column between Dinophyceae abundance and water transparency (‒0.29), 

dissolved oxygen (0.34), mineral phosphorus (-0.30). 

Cyanophyceae class was third in number, forming up to 10-98 % of total phytoplankton 

abundance. Cyanophyceae species content in the surface waters of the bay was from 4.4 

cells·103·L-1 to 55526.22 cells·103·L-1 (Figure III.4.1-20, А). Mass development of Cyanophyceae 

was registered on 30.05.2016, 21.11.2016 and 20.06.2017, when their abundance exceeded 

significantly that of Bacillariophyceae and Dinophyceae. Correlation was revealed between 

Cyanophyceae abundance and water salinity (-0.39), рН (0.43), dissolved oxygen (0.45), 

ammonium nitrogen (0.96). 

Bacillariophyceae species dominated in biomass creating up to 99 % of total biomass in the 

phytocenosis. At 0 m of the MHBS-R station total biomass of Bacillariophyceae varied from 2.3 

mg·m-3 to 33975.8 mg·m-3; maximal values were registered in February and June (Figure 

II.3.1.20, В). Significant correlation was established at the MHBS station between 

Bacillariophyceae biomass and dissolved oxygen (0.28), nitrite (0.29). On the stations along 

seasonal transects Bacillariophyceae biomass decreased with depth depending on hydrological 

characteristics reaching the level of 3.5 ‒ 86303.6 cells·103·L-1. Correlation analysis of the data 

collected during seasonal monitoring in water column had shown significant coefficient of 

correlation between Bacillariophyceae biomass and total phosphorus (‒0.21). The species 

belonging to Dinophyceae taxon could also create up to 99 % of total phytocoenosis biomass. 

The registered interval of changes of Dinophyceae biomass was within 1.0 – 28805.9 mg·m-3. In 

40 % of water samples Dinophyceae biomass exceeded that of Bacillariophyceae. Significant 

correlation coefficients were established between Dinophyceae biomass at 0 m of the MHBS-R 

station and salinity (‒0.80), dissolved oxygen (0.52), рН (0.54). The values of Dinophyceae 

biomass registered on the stations along seasonal transects did not exceed those at the reference 

station, reaching in water column 0.1 – 4732.8 mg·m-3. Correlation analysis of the data from 

seasonal transects had shown significant coefficients in water column between Dinophyceae 

biomass and dissolved oxygen (0.24), рН (-0.27), mineral phosphorus (-0.22). 

Cyanophyceae biomass values were insignificant and could form from 1 % to 50 % of the total 

phytocoenosis biomass and varied from 0.1 mg·m-3 to 300.7 mg·m-3 (Figure III.4.1-20, В). 

Correlation between Cyanophyceae biomass and salinity (‒0.51) was found for the MHBS-R 
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station. However, on some stations along seasonal transects (MHBS-02) Cyanophyceae biomass 

was high and reached 1445.3 mg·m-3 (80 % of total phytoplankton biomass). 

The changes in Cryptophyceae and Prymnesiophyceae abundance on the surface of Odessa Bay 

were in line with seasonal successions (Figure III.4.1-21, А).  
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Figure III.4.1-21 - Abundance (А) and biomass (В) of Chlorophyceae, Cryptophyceae and 

Prymnesiophyceae on 0 m horizon in Odessa Bay (MHBS-R) in 2016-2017 

Cryptophyceae species created from 1 % to 70 % of total phytoplankton abundance and 1-30 % 

of total biomass. In May 2016 end of succession was observed, which was connected with mass 

Cryptophyceae development (abundance reaching 3688.2 cells·103·L-1); in September 2016 end 

of summer phytoplankton succession was registered, at that abundance was lower than in spring 

(1046.98 cells·103·L-1). Species of Prymnesiophyceae class usually formed 1-40 % of total 

abundance and biomass in the phytocoenosis, however depending on a season and at a distance 

from coastline (transects) those species could increase their input (up to 95 % of abundance and 

87 % of biomass). Thermophylic species belonging to Prymnesiophyceae class developed 

simultaneously with Cryptophyceae (maximum of abundance – 5188.2 cells·103·L-1 in the end of 
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May 2016). Maximal biomass of Cryptophyceae and Prymnesiophyceae was registered at the 

levels of 120.5 mg·m-3 and 685.0 mg·m-3 respectively (Figure III.4.1-21, В). The data collected 

during seasonal monitoring had shown significant correlation in water column between 

Cryptophyceae biomass and dissolved oxygen (0.27), рН (-0.26); between Prymnesiophyceae 

biomass and water transparency (-0.29), water temperature (0.29), dissolved oxygen (0.30), 

ammonium nitrogen (0.22). 

Chlorophyceae characteristics were changing depending on river discharge intensity and were 

significant, forming from 1 % to 20 % of phytoplankton total abundance and 1-40 % of total 

biomass. Maximal Chlorophyceae abundance value at the MHBS reference station made 

10122.3 cells·103·L-1, maximal biomass value ‒ 177.6 mg·m-3 (Figure II.3.1.21). However, at a 

distance from coastline (along seasonal transects) significant increase in Chlorophyceae 

abundance was registered – up to 56 % of total abundance (36558.4 cells·103·L-1) and 70 % of 

total biomass (2665.4 mg·m-3) of phytocoenosis. The data  collected during seasonal monitoring 

had shown significant correlation coefficients between Chlorophyceae abundance in water 

column and water transparency (-0.38), salinity (-0.60), as well as between Chlorophyceae 

biomass and transparency (-0.32), mineral phosphorus (-0.29), total phosphorus (-0.32). 

The following taxa played insignificant role in the phytoplankton community of Odessa Bay and 

were found episodically: 

‒ Choanoflagellatea ‒ February-April, maximal abundance reached 12.7 cells·103·L-1; 

‒ Dictyochophyceae ‒ March of 2016 and 2017; 

‒ Chrysophyceae ‒ spring, maximal abundance reached 317.41 cells·103·L-1; 

‒ Conjugatophyceae ‒ April 2016, July 2016 and June 2017; 

‒ Ebriophyceae ‒ April, July-September, November; 

‒ Euglenoidea ‒ summer and autumn, maximal registered abundance was 434.8 

cells·103·L-1, biomass 684,6 mg·m-3. 

III.4.1.6. Functional phytoplankton groups as potential indicators (A/H ratio) 

The group of autotrophic phytoplankton comprises Bacillariophyceae, Chlorophyceae, 

Chrysophyceae, Choanoflagellatea, Conjugatophyceae, Cyanophyceae, Dictyochophyceae, 

Euglenoidea and Prymnesiophyceae species; heterotrophic are some species of Dinophyceae, 

Cryptophyceae and Ebriophyceae. Seasonal changes in ratio of those groups’ biomass as a 

potential indicator (A/H ratio) of the phytoplankton that developed at the reference stations in 

coastal waters of the Zmiinyi Island (ZPR) and Odessa Bay (MHBS-R) are presented on Figure 

III.4.1-22.  
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Figure III.4.1-22 - Autotrophs/heterotrophs (A/H) ratio based on biomass in the Zmiinyi Island 

coastal waters (А) and Odessa Bay (В) in 2016-2017 

 

During the period of monitoring mean value of A/H ratio at 0 m in the Zmiinyi Island coastal 

waters made 350; maximal value (17479) was registered during Bacillariophyceae domination 

(Figure II.3.1.22, А). Mean value of A/H ratio at 2 m horizon during the period of monitoring 

made 115, while maximal value (1327) was observed in the end of July 2016. In the bottom 

horizon (7.5 m) mean value of A/H ratio made 582 and maximal (17807) was registered in early 

August. In the end of June - beginning of July and in the end of October 2016 mainly 

heterotrophic species of Dinophyceae and Cryptophyceae were developing, which resulted at 

very low (or negative) A/H ratio values. Mean values of A/H ratio of the phytoplankton 

developing in water column along transects near the island (29) did not exceed those registered 

at the reference station and corresponded to succession changes taking place in phytoplankton 

community. 
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In Odessa Bay at 0 m horizon of the MHBS-R reference station mean value of A/H ratio in 2016-

2017 made 54, while maximal value (941) was registered in the end of April of 2016 during 

domination of Bacillariophyceae (Figure III.4.1-22, В). In the bottom horizon (2 m) the mean 

value reached 220, maximal value (4517) was registered at the beginning of November 2016. 

Mean values of A/H ratio of the phytoplankton developing in water column along the seasonal 

transects at a distance from the coast made 14; maximal ratio value (287) did not exceed the 

values received at the reference station. Domination of heterotrophic species was registered in 

August – early September 2016 at 0 m horizon, as well as in September-October 2016. 

III.4.1.7. Dominant species 

Within the phytoplankton species composition some algae stood out, notable for being found in 

both studied areas (Table III.4.1-1.) during most part of observation period, however not always 

dominating in abundance and biomass. 

Table III.4.1-1 - List of phytoplankton species often found in the Zmiinyi Island and Odessa 

Bay coastal waters in 2016-2017 

Nos. 
Species 

Vegetation time 

ZMN MHBS 

 Bacillariophyceae   

1 Cerataulina pelagica  (Cleve) Hendey 4-6, 8-10 5-7 

2 Chaetoceros affinis  Laud. 4-7 4-5 

3 Chaetoceros curvisetus  Cl. 4-6 5-6, 11 

4 Chaetoceros muelleri  Lemm. 4-7 5-6 

5 Chaetoceros socialis  Laud. 4-7, 12 5-7 

6 Chaetoceros wighamii  Brightw. 4-6 ‒ 

7 Coscinodiscus janischii  A.S. 4-6, 9-12 6-11 

8 Cyclotella caspia  Grun. 4-9 4, 6-7 

9 Cylindrotheca closterium  (Ehr.) Reim.et Lewin 7-9 3-9 

10 Dactyliosolen fragilissimus  (Berg.) Hasle 5-6 5-7 

11 Ditylum brightwellii  (West.) Grun. 4-5, 9-12 3-7, 11, 12 

12 Pseudo-nitzschia delicatissima  (Cl.) Heid. et Kolbe 4-12 4-11 

13 Skeletonema costatum  (Grev.) Cl. 4-6, 9-12 3-7, 11 

14 Synedra ulna  (Nitzsch.) Ehr.  4-7, 9 

15 Proboscia alata  (Bright.) Sunst. 8-10, 12 11 

16 Pseudosolenia calcar avis  (Schul.) Sunst. 5-9 6-9 

17 Thalassionema nitzschioides  Grun. 4-6, 9-12 7-11 

18 Thalassiosira parva  Pr.-Lavr. 4-6, 9-12 2-4 

 Chlorophyceae   

19 Dunaliella viridis  Teodor. 4-5 4-6 

20 Monoraphidium contortum  (Thur.) Kom.-Legn. 4-5, 7, 9 3-7, 11 

 Dinophyceae   

21 Ceratium fusus  (Ehr.) Dujard. 4-7, 9-11 6-10 

22 Diplopsalis lenticula  Bergh. 5-6, 8-11 6-9 

23 Gymnodinium wulffii  Sch. 4-9 4-8 

24 Gyrodinium lachryma  (Meunier) Kof.et Sw. 4-5, 11 2-7 

25 Heterocapsa triquetra  (Ehr.) Stein 4-7, 11-12 2-9 

26 Lessardia elongata  Saldar. et F.J.R.Taylor 5-11 5-8 



Scientific Report - 12-Months Monitoring Studies 

in Georgia, Russian Federation and Ukraine, 2016-2017 

 

267 

Nos. 
Species 

Vegetation time 

ZMN MHBS 

27 Lyngulodinium polyedrum  (Stein) Dodge 5-11 6-9 

28 Prorocentrum cordatum  (Osten.) Dodge 5-11 6-12 

29 Prorocentrum micans  Ehren. 5-12 5-7, 9-11 

30 Prorocentrum scutellum  Schr. 5-6, 10-12 6-11 

31 Protoperidinium pellucidum  (Bergh) Schutt 4-6, 8-10 3-9 

32 Tripos furca  (Ehrenberg) F.Gómez 4-12 5-9 

 Cyanophyceae   

33 Limnothrix planktonica  (Wolosz.) Meffert 4-6, 9, 11 4-7, 9-11 

 Prymnesiophyceae   

34 Emiliania huxleyi  (Lohm.) Hay et Mohler 4-11 6-11 

 Cryptophyceae   

35 Leucocryptos marina  (Braar.) Butcher 4-11 3-12 

 

Most of the enlisted Bacillariophyceae and Dinophyceae species formed seasonal groupings that 

changed each other in accordance with successions. During the period of monitoring 4 algal 

species developed permanently from spring till early winter: Pseudo-nitzschia delicatissima, 

Tripos furca, Emiliania huxleyi, Leucocryptos marina. They did not dominate all the time but 

contributed to abundance and biomass of the phytocoenosis. Appearance of Dunaliella viridis, 

Monoraphidium contortum, Limnothrix planktonica was connected with increase of river 

discharge. Vegetation period of most of the species coincided in both areas. 

III.4.1.8. Harmul Algal Blooms (HAB) and Potentially Toxic Species (PTS) 

Within the phytoplankton sampled and processed in 2016-2017, in the Zmiinyi Island and 

Odessa Bay coastal areas potentially toxic (PT) species and species reaching the level of harmful 

algal blooms (HABs) were found. As is known [25], for big algal cells (Vcells ≥ 1001 µm³) the 

biomass of phytoplankton exceeding 5000 mg·m-3 is considered to be the level of bloom, for 

small algae (Vcells ≤ 1000 µm³) - the abundance of 1 species exceeding 1000 cells·103·L-1. Analysis 

of the entire set of the data collected at the reference stations (ZPR and MHBS) and during 

monthly surveys had shown that the number of HABs and PTs in both areas totalled to 58 species 

of phytoplankton (see Annex of this chapter); 51 of them were registered in the Zmiinyi Island 

area and 53 – in Odessa Bay. 

There were 12 HAB and 4 PT species registered, belonging to Bacillariophyceae in the Zmiinyi 

Island coastal waters in 2016-2017 (see Annex of this chapter); 7 HAB and 17 PT species 

belonging to Dinophyceae; 4 PT species belonging to Cyanophyceae; Chlorophyceae, 

Chrysophyceae and Dictyochophyceae taxa contained 1 PT species each; Ebriophyceae taxon had 2 

HAB species; Euglenoidea and Prymnesiophyceae – 1 HAB species each. However, not all those 

algae were developing in mass quantities. Altogether 20 phytoplankton species reaching the 

level of intensive bloom were found near the Zmiinyi Island: 16 Bacillariophyceae species, 2 

Dinophyceae species, 1 Prymnesiophyceae species and 1 Cryptophyceae species (Table III.4.1-2). 

The table shows maximal values (Abundance, Biomass) registered during the periods of blooms. 

Those species are common of the area and used to cause algal blooms often in previous years 

[14, 18, 21]. 
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Table III.4.1-2 - HABs and PT species in the phytoplankton community of the Zmiinyi Island 

coastal waters in 2016-2017 

 Species Abundance, cells·103·L-1 Biomass, mg·m-3 

 Bacillariophyceae   

1 Cerataulina pelagica  (Cleve) Hendey 1134.7 11549.6 

2 Chaetoceros affinis  Laud. 2434.2 2865.6 

3 Chaetoceros curvisetus  Cl. 4130.7 8409.1 

4 Chaetoceros muelleri  Lemm. 3201.3 1833.0 

5 Chaetoceros socialis  Laud. 131764.7 12935.3 

6 Chaetoceros wighamii  Brightw. 7681.9 6033.4 

7 Cyclotella caspia  Grun. 34153.6 2682.4 

8 Cylindrotheca closterium  (Ehr.) Lewin 3818.2 60.0 

9 Dactyliosolen fragilissimus  (Berg.) Hasle 26106.5 207911.0 

10 Ditylum brightwellii  (West.) Grun. 630.3 61590.6 

11 Proboscia alata  (Bright.) Sunst. 1167.2 5704.2 

12 Pseudo-nitzschia delicatissima  (Cl.) Heid.  29018.2 4239.0 

13 Pseudo-nitzschia seriata  (Cl.) Perag. 3529.4 1064.4 

14 Pseudosolenia calcar avis  (Schul.) Sunst. 216.7 24940.5 

15 Skeletonema costatum  (Grev.) Cl. 78383.5 8688.0 

16 Thalassiosira parva  Pr.-Lavr. 848.9 6250.3 

 Dinophyceae   

17 Ceratium fusus  (Ehr.) Dujard. 382.5 13626.8 

18 Prorocentrum cordatum  (Osten.) Dodge 8816.3 10687.7 

 Prymnesiophyceae   

19 Emiliania huxleyi  (Lohm.) Hay et Mohler 13486.8 882.3 

 Cryptophyceae   

20 Leucocryptos marina  (Braar.) Butcher 4968.3 105.4 

 

In Odessa Bay coastal waters vegetation of 12 HABs and 3 PT species belonging to 

Bacillariophyceae was observed, as well as 8 HABs and 13 PT species of Dinophyceae, 2 HABs and 

7 PT species of Cyanophyceae. For Chlorophyceae, Chrysophyceae and Dictyochophyceae 1 PT 

species in each taxon was registered. For Ebriophyceae 2 HABs were found; for Prymnesiophyceae 

2 HABs; for Euglenoidea 1 HAB species. Altogether 13 phytoplankton species reaching the level 

of intensive blooming were found in Odessa Bay in 2016-2017 (Table III.4.1-3). 

Table III.4.1-3 - HABs and PT species in the phytoplankton community of Odessa Bay coastal 

waters in 2016-2017 

 Species Abundance, cells·103·L-1 Biomass, mg·m-3 

 Bacillariophyceae   

1 Cerataulina pelagica  (Cleve) Hendey 2177.3 14484.3 

2 Cyclotella caspia  Grun. 3905.4 441.7 

3 Cylindrotheca closterium  (Ehr.) Reim.et Lewin 10938.1 721.58 

4 Dactyliosolen fragilissimus  (Berg.) Hasle 5905.23 33671.62 

5 Pseudosolenia calcar avis  (Schul.) Sunst. 306.43 30805.78 

6 Chaetoceros socialis  Laud. 4339.29 122.67 

7 Pseudo-nitzschia delicatissima  (Cl.) Heid. Kolbe 32727.3 2467.6 

8 Skeletonema costatum  (Grev.) Cl. 25850.0 1553.1 
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 Species Abundance, cells·103·L-1 Biomass, mg·m-3 

 Chlorophyceae   

9 Dunaliella viridis  Teodor. 3818.18 217.60 

10 Monoraphidium contortum  (Thur.) Kom.-Legn. 36410.65 364.47 

 Dinophyceae   

11 Tripos furca  (Ehrenberg) F.Gómez 168.0 11639.3 

 Cyanophyceae   

12 Limnothrix planktonica  (Wolosz.) Meffert 80425.5 1263.5 

 Prymnesiophyceae   

13 Emiliania huxleyi  (Lohm.) Hay et Mohler 8109.5 530.5 

 

III.4.1.9. Phytoplankton indicator based ecological status assessment 

According to the WFD classification [26], good state of transitional and coastal marine waters is 

characterized by small changes in the composition and distribution of phytoplankton taxa and 

slight increase in frequency and intensity of type-specific blooming of plankton. During the 

period of monitoring in the Zmiinyi Island and Odessa Bay coastal waters in 2016-2017 no 

significant changes were found in the composition of microalgae taxa and no increase in the 

frequency of blooms were registered. This brings us to the conclusion that the state of the 

studied areas according to the biological quality element (phytoplankton) recommended by the 

WFD [26] is «Good». At that, it should be pointed out that no cases of water quality degradation 

down to «Satisfactory» (when stable blooms of microalgae or cyanobacteria could be observed 

in summer period) were registered during 2016-2017.  

III.4.1.10. Conclusions 

In the period from April 2016 to June 2017, 230 species of phytoplankton belonging to 11 classes 

were found in the Zmiinyi Island coastal waters: Bacillariophyceae (84), Dinophyceae (76), 

Chlorophyceae (27), Cyanophyceae (10), Prymnesiophyceae (11), Euglenoidea (6), 

Chrysophyceae (4), Cryptophyceae (5), Dictyochophyceae (3), Choanoflagellatea (2), 

Ebriophyceae (2).  

In the period from February 2016 to June 2017, development of 258 phytoplankton species 

belonging to 12 classes was observed in marine waters of Odessa Bay: Bacillariophyceae (92), 

Dinophyceae (68), Chlorophyceae (36), Cyanophyceae (25), Prymnesiophyceae (15), Euglenoidea 

(6), Chrysophyceae (4), Cryptophyceae (4), Dictyochophyceae (2), Choanoflagellatea (2), 

Ebriophyceae (2), Conjugatophyceae (2). In Odessa Bay the species of Cyanophyceae and 

Chlorophyceae classes were registered more often (in 63 % and 71 % samples) than near the 

island (in 28 % and 56% from the total number of samples respectively).  

In 2016-2017 in the Zmiinyi Island coastal waters (ZPR reference station) maximal values of 

phytoplankton abundance and biomass made 175139 cells·103·L-1 and 234565 mg·m-3 at 0 m 

horizon, 127454 cells·103·L-1 and 129960 mg·m-3 at 2 m horizon and 52188 cells·103·L-1 and 

97456 mg·m-3 at 7 m horizon. According to the data from monthly surveys (water column from 

0 m to 25 m), maximal values of abundance and biomass were lower and  made respectively 
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89539 cells·103·L-1 and 101569 mg·m-3. At that, in 2016-2017 mean values of the phytoplankton 

quantitative characteristics exceeded the results of 2010-2013 significantly [16, 20]. 

During the period of monitoring in 2016-2017, maximal values of phytoplankton abundance 

registered at the reference station in Odessa Bay (MHBS-R station) made 86555 cells·103·L- (0 

m) and 117484 cells·103·L-1 (2 m); during monthly surveys (water column from 0 m to 14 m) 

maximal values reaching 103512 cells·103·L-1 were registered. Maximal biomass of microalgae in 

the area was at the level of 49053 mg·m-3 (0 m), 43345 mg·m-3 (2 m), 32091 mg·m-3 (seasonal 

transects).  

Quantitative characteristics of the phytoplankton developing in the Zmiinyi Island coastal waters 

in 2016-2017 exceeded those of the phytoplankton in Odessa Bay significantly. 

The lists of microalgae species from both areas were almost identical, but significant increase of 

number of species belonging to Bacillariophyceae, Chlorophyceae, Cyanophyceae and 

Prymnesiophyceae was observed in Odessa Bay due to vegetation of the freshwater species 

arriving with river flow. 

Current species composition of phytoplankton in the coastal waters of the Zmiinyi Island and 

Odessa Bay had no significant differences from species composition in 2010-2013 [2, 13, 16, 20].  

According to the results of phytoplankton data analyses, in the Zmiinyi Island area (at the 

reference station and along seasonal transects) the species of Bacillariophyceae dominated from 

spring to early winter creating up to 60-100 % of phytoplankton total abundance and biomass. 

The role of Dinophyceae was less significant: species of this taxon formed 20-70 % of total 

phytoplankton abundance and biomass. Content of Cyanophyceae in the surface waters was 

variable, input of this taxon into phytoplankton quantitative characteristics reached 4-30 %. The 

share of Chlorophyceae in the phytoplankton depended on river flow intensity and was not very 

significant (2-20 %), however their abundance on some stations along seasonal transects could 

form up to 70 % of total phytocoenosis abundance. Small species Cryptophyceae and 

Prymnesiophyceae formed 1-30 % of phytoplankton total abundance; their biomass did not 

exceed 10 %. 

The structure of phytoplankton in Odessa Bay was not uniform compared to that of the island 

area: during a year dominated not only Bacillariophyceae, but also Dinophyceae together with 

Cyanophyceae. Characteristics of Chlorophyceae varied depending on river flow intensity and 

were significant, forming from 1 % to 20 % of total abundance and 1-40 % of total biomass. 

Cryptophyceae species created 1 % to 70 % of total abundance and 1 % to 30 % of total biomass. 

In the Zmiinyi Island area temporal departure was found in the time of initial stages of succession 

(Bacillariophyceae), which entailed dangerous coming together of two maximums in spring and 

extended the period of diatoms blooming compared with the data from previous years [16, 18].   

In Odessa Bay Cyanophyceae were found more often (in 63 % of all samples taken from 0 m 

horizon) than near the island (in 28 % of samples). Freshwater species of Chlorophyceae in 

Odessa Bay were also registered more often (in 71 % of all samples) than near the island (56 %); 

quantitative characteristics of Chlorophyceae in the bay were much higher. The number of 

Cryptophyceae, Euglenoidea and Prymnesiophyceae species registered in the bay was lower than 

in the Zmiinyi Island coastal waters. 
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In both studied areas Euglenoidea, Ebriophyceae, Dictyochophyceae and Choanoflagellatea 

species were found episodically and their quantitative characteristics were insignificant. 

Inhomogeneity of phytoplankton spatial and vertical distribution in both studied areas was 

caused by changes in hydrological and hydrochemical conditions (including density transition 

zone), which evidenced the advection of water masses of different genesis containing 

freshwater and marine species of microalgae. In the Zmiinyi Island coastal waters in 15 % of 

samples taken from 2 m horizon (ZPR station) total abundance of microalgae and, respectively, 

Shannon’s index exceeded abundance value at the surface, which was connected with 

inhomogeneity of vertical distribution of the main phytoplankton taxa. Total biomass of 

phytoplankton at 2 m depth also sometimes exceeded the values at the surface (in 5% of 

samples). 

Maximal value of phytoplankton species diversity (Shannon’s index) in the Zmiinyi Island coastal 

waters (including seasonal transects) reached 3.2 bit·cells-1, in Odessa Bay – 3.6 bit·cells-1. 

Phytocoenoses diversity depended mainly on seasonal and successional changes taking place in 

those phytocoenoses [15, 16, 18]. Analysis of data on biodiversity shows that phytoplankton 

community in Odessa Bay is better adapted to changes in hydrochemical parameters of the 

environment (as the result of regular terrigenous and anthropogenic impacts) than the 

community of microalgae near the island. The tendency towards growth of diversity indices in 

phytoplankton communities compared with 2010-2013 is observed in the Zmiinyi Island area 

[15, 16, 19, 22]. 

Quantities of autotrophic and heterotrophic plankton in both areas also depended on seasonal 

and successional changes. During the period of monitoring in the Zmiinyi Island area mean values 

of A/H ratio in water column made 115 – 582; maximal value (17479) was registered during 

Bacillariophyceae domination. Mean values of A/H ratio in Odessa Bay in 2016-2017 were 

reaching 14 - 220, while maximal value registered was 4517. In the periods of predominance of 

heterotrophic Dinophyceae and Cryptophyceae species, very low (or negative) A/H ratio values 

were registered. 

The group of potentially harmful algae (HABs and PT) comprised 58 species of phytoplankton 

that were found in both areas. In the Zmiinyi Island area 51 species were registered, in Odessa 

Bay – 53 species, however not all of them were reaching the level of blooming. Altogether 20 

phytoplankton species reaching the blooming level were found near the island: 16 

Bacillariophyceae species, 2 Dinophyceae species, 1 Prymnesiophyceae species and 1 

Cryptophyceae species. In Odessa Bay 13 species that reached the level of intensive blooming 

were found in 2016-2017: 8 Bacillariophyceae species, 2 Chlorophyceae species, 1 Dinophyceae 

species, 1 Cyanophyceae species and 1 Prymnesiophyceae species. 

During the period of monitoring near the Zmiinyi Island 3 seasonal maxima of phytoplankton 

development were registered: April-June 2016, November 2016 and May-June 2017. In Odessa 

Bay 4 seasonal maxima were established: February, April-June, September and November. 
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III.4.1.11. Gaps and recommendations  

The main problem for ecological status assessment based on phytoplankton indicators is the 

lack of quantitative scales for the studied Black Sea area. Therefore, the methodology of 

ecological status and water quality assessment using phytoplankton quantitative characteristics 

as indicator in the Black Sea, as well as in other European seas, requires improvement and 

harmonization – at least within the Black Sea boundaries. It should be noted that though such a 

consensus is not yet reached for the areas of the Baltic Sea and the Mediterranean, marine 

water quality indicators estimated using phytoplankton are already being used by the UK [27], 

Sweden [28] and other countries. 

Participation of research group in the inter-laboratory comparisons had shown that this process 

is far from perfect, as the real samples were used, not the standardized ones. That is why the 

next stage of the Project should pay more attention to this process and implement taking 

photographs of intercomparison results. This would help us to bring the process of inter-

laboratory comparisons to higher level and to check the quality of microscopy and species 

determination. It would be helpful to purchase at least one set of modern highly precise 

microscope with high-resolution digital camera and to implement into the process of inter-

laboratory comparisons mandatory determination of species composition and quantitative 

indicators of digital photographs (so that all the participants could work with the same images). 

This would significantly bring down the time of inter-laboratory comparisons.  

It was shown in the process of processing of individual samples that a sample could contain no 

more than 38 species, while total number of species in each area reached more than 300 species 

for one year. In view of this, a single determination of quantitative characteristics of species 

composition in the area does not provide sufficient feedback about biodiversity. For complete 

and objective description of phytoplankton biodiversity characteristics within a year frequency 

of sampling and determination of species composition shall be optimised to reveal also 

phytoplankton seasonal variation and successions. For this purpose, it is planned for the future 

a detailed statistical processing of the results received and substantiating of a theoretically 

minimal required sampling frequency in each area in order to reveal statistically important 

characteristics of biodiversity. 

Keeping in mind that different authors and researchers use different characteristics of blooms, 

comparison of the data on frequency and intensity of phytoplankton blooms is very difficult 

even within one region, to say nothing about different seas. In this respect, at least for the Black 

Sea the unified criteria of phytoplankton blooms quantitative estimation shall be developed.  

Based on the experience of phytocoenoses monitoring in Odessa Bay and in the Zmiinyi Island 

coastal waters, each Black Sea country shall have at least 2 basic integrated monitoring stations 

to cover high and minimal anthropogenic impact. Observations at such stations can form a real 

basis for objective assessment of the Black Sea water quality.   
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Annex: List, average cells volume and categories of phytoplankton species registered in 

marine water in Odessa Bay (MHBS) and near the Zmiinyi Island ZMN) in  2016-2017  

NN Species Category1 
Mean Vcells µm3 

MHBS ZMN 

 Bacillariophyceae   

1 Acanthoceras zachariasii  (Brun.) Sim.  0 98960,4 

2 Achnantes brevipes  Ag.  17892,0 14112,0 

3 Achnantes longipes  Ag.  30741,1 30105,4 

4 Amphipleura spp.  317,7 287,9 

5 Amphora hyalina  Kutz.  26483,0 24881,5 

6 Amphora inflexa  (Bred.) H.L.Sm.  2714,3 3562,6 

7 Amphora spp.  2262,0 0 

8 Attheya decora  T.West  2221,9 572,6 

9 Attheya septentrionalis  (Oestr.) Cr.  629,4 824,1 

10 Aulacoseira distans  (Ehr.) Sim.  175,9 766,5 

11 Aulacoseira granulata  (Ehr.) Sim.  1121,2 0 

12 Bacillaria paxillifera  (O.F.Müller) T.Marsson  1143,5 0 

13 Cerataulina pelagica  (Cleve) Hendey H 7813,2 7034,2 

14 Chaetoceros affinis  Laud. H 1258,6 1135,7 

15 Chaetoceros anastomosans  Grun.  0 49,9 

16 Chaetoceros borgei  Lemm.  464,6 1280,3 

17 Chaetoceros curvisetus  Cl. H 2586,1 2794,8 

18 Chaetoceros danicus  Cl.  923,6 0 

19 Chaetoceros densus  Cl.  1682,1 1247,8 

20 Chaetoceros holsaticus  Schutt.  490,1 1756,2 

21 Chaetoceros insignis  Pr.-Lavr.  1166,1 280,1 

22 Chaetoceros laciniosus  Schutt  0 3280,0 

23 Chaetoceros lauderi  Ralfs  0 202,6 

24 Chaetoceros lorenzianus  Grun.  8472,3 4772,2 

25 Chaetoceros muelleri  Lemm.  144,3 233,3 

26 Chaetoceros rigidus  Ostf.  21,2 0 

27 Chaetoceros simplex  Ostf.  263,1 129,9 

28 Chaetoceros socialis  Laud.  75,9 82,0 

29 Chaetoceros subtilis  Cl.  110,7 140,4 

30 Chaetoceros wighamii  Brightw.  0 479,2 

31 Cocconeis scutellum  (Grunow in Van Heurck) Cl.  2348,7 1877,4 

32 Coscinodiscus granii  Gough.  234930,7 171620,6 

33 Coscinodiscus janischii  Schmidt,  63984,2 64243,1 

34 Coscinodiscus jonesianus  (Grev.) Ostf. H 204541,5 326880,5 

35 Coscinodiscus lacustris  Grun.  12214,5 21342,3 

36 Coscinodiscus oculus iridis  Ehr.  687150,2 1530147,7 

37 Cyclotella chaetoceros  Lemm.  0 490,1 

38 Cyclotella choctawhatcheeana  Prasad, H 221,9 221,6 

39 Cyclotella melosiroides  (Kirchner) Lemm.  3053,6 2476,4 

40 Cyclotella spp.  0 2290,2 

41 Cylindrotheca closterium  (Ehr.) Reim.et Lewin H 57,7 49,7 

42 Cymatopleura solea  (Breb.) Sm.  4976,3 51723,3 

43 Cymbella spp.  17812,9 0 

44 Dactyliosolen fragilissimus  (Berg.) Hasle H 4411,8 4802,4 
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45 Detonula confervacea  (Cl.) Gran.  0 603,2 

46 Diatoma tenuis  Ag.  1036,0 625,4 

47 Diatoma vulgare  Bory  7208,0 0 

48 Ditylum brightwellii  (West.) Grun.  74345,6 92810,0 

49 Entomoneis alata  (Ehrenberg) Ehr.  17812,9 0 

50 Entomoneis paludosa  (W. Smith) Reimer  42371,0 8821,6 

51 Fragilaria capucina  Desm.  2716,7 0 

52 Fragilaria crotonensis  Kitton  3392,9 3166,7 

53 Fragilaria spp.  0 2658,6 

54 Fragilaria virescens  Ralfs.  2358,0 0 

55 Frustulia rhomboides  (Ehr.) De Toni  37728,5 0 

56 Gomphonema spp.  2671,9 0 

57 Grammatophora marina  (Lyngb.) Kutz.  57990,2 12612,0 

58 Gyrosigma acuminatum  (Kutz.) Rabenh.  60343,9 0 

59 Gyrosigma distortum  (W.Sm.) Cl.  0 13720,0 

60 Gyrosigma fasciola  (Ehr.) Griff.  2963,9 2296,4 

61 Leptocylindrus danicus  Cl.  1380,7 443,0 

62 Leptocylindrus minimus  Gran.  0 193,5 

63 Licmophora abbreviata  Ag.  2552,5 6284,0 

64 Licmophora ehrenbergii  (Kutz.) Grun.  4130,7 9345,6 

65 Melosira moniliformes  (O.Mull.) Ag.  11004,8 11008,2 

66 Melosira nummuloides  C.Agardh  2390,5 0 

67 Melosira varians  Ag.  1319,9 1357,2 

68 Navicula cancellata  Donk.  12666,9 113400,0 

69 Navicula obtusa  W.Sm.  189700,0 0 

70 Navicula pennata  A.S.  9941,5 9632,0 

71 Navicula radiosa  Kutz.  12327,6 0 

72 Navicula spp.  6654,6 1234,2 

73 Nitzschia acicularis  Smith  263,1 97,4 

74 Nitzschia holsatica  Hust.  0 234,6 

75 Nitzschia linearis  Sm.  0 1376,5 

76 Nitzschia longissima  (Bred.) Ralfs  804,9 564,8 

77 Nitzschia lorenziana  Grun.  2177,1 0 

78 Nitzschia sigma  (Kutz.) W.Sm.  5404,6 17812,9 

79 Nitzschia sigmoidea  (Ehr.) W.Sm.  23516,7 4975,5 

80 Nitzschia tenuirostris  Mer.  513,0 647,2 

81 Nitzschia vermicularis  (Kutz.) Grun.  113400,0 0 

82 Paralia sulcata  (Ehr.) Cl.  915,4 904,8 

83 Petroneis humerosa  (Bréb.ex Sm.) Stickle, Mann  16033,5 0 

84 Pinnularia spp.  13720,0 0 

85 Pleurosigma elongatum  Sm.  35050,7 51479,0 

86 Pleurosigma rigidum  Sm.  92468,6 35625,7 

87 Proboscia alata  (Bright.) Sunst. H 6075,1 10682,6 

88 Pseudo-nitzschia delicatissima  (Cl.) Heid. et Kolbe PT 105,2 107,9 

89 Pseudo-nitzschia pungens  (Grun. et Cl.) Hasle PT 0 327,7 

90 Pseudo-nitzschia seriata  (Cl.) Perag. PT 634,4 537,5 

91 Pseudosolenia calcar avis  (Schul.) Sunst. H 123011,1 121198,4 
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92 Rhoicosphenia abbreviata  (Agardh) Lange-Bertalot  1438,9 0 

93 Skeletonema costatum  (Grev.) Cl. H 101,2 125,9 

94 Skeletonema subsalsum  (Cl.) Bethge H 117,8 113,1 

95 Stephanodiscus hantzschii  Grun. H 89,2 78,5 

96 Striatella delicatula  (Kutz.) Grun.  334,6 0 

97 Striatella unipunctata  (Lyngb.) Ag.  1201,7 549,8 

98 Synedra acus  Kutz.  1621,1 879,7 

99 Synedra spp.  3915,9 3202,2 

100 Synedra ulna  (Nitzsch.) Ehr.  5568,6 6189,9 

101 Tabularia fasciculata  (C.Agardh) Williams & Round  11176,2 0 

102 Thalassionema nitzschioides  Grun. PT 541,3 532,7 

103 Thalassiosira anguste-lineata  (Schm.) Fr.et Has.  0 30167,9 

104 Thalassiosira baltica  (Grun.) Osten.  9677,6 10827,4 

105 Thalassiosira parva  Pr.-Lavr.  7828,9 2865,8 

106 Thalassiosira rotula  Mein.  15891,2 18569,1 

107 Trieres mobiliensis  (Bailey) Ashw.& Theriot  77585,0 0 

108 Ulnaria capitata (Ehrenberg) P.Compère,  0 7162,9 

 Conjugatophyceae   

109 Closterium lineatum  Ehr. et Ralfs  16090,2 0 

110 Staurastrum chaetoceros  (Schroed.) Sm.  201,1 0 

 Chlorophyceae   

111 Actinastrum aciculare  Playf.  94,3 75,4 

112 Actinastrum hantzschii  Lagerh.  0 75,4 

113 Acutodesmus acuminatus (Lagerheim) Tsarenko  17,1 69,4 

114 Acutodesmus obliquus  (Turpin) Heg. & Hanagata  28,3 0 

115 Amphikrikos hexacosta  (Thoms.) Hindak  1045,4 0 

116 Binuclearia lauterbornii  (Schmidle) Pr.-Lavr.  29,2 27,5 

117 Chlorococcum spp.  4,2 33,5 

118 Chlorogonium elongatum  (Dange) France  48,1 47,2 

119 Closteriopsis longissima  (Lemm.) Lemm.  344,4 254,5 

120 Coelastrum astroideum  De-Not.  381,5 0 

121 Crucigenia tetrapedia  (Kirc.) West  23,4 0 

122 Desmodesmus communis  (Hegew.) Hegew. PT 374,6 242,9 

123 Desmodesmus insignis  (West & G.S.West) E.Heg.  75,4 38,1 

124 Desmodesmus intermedius  (Chodat) E.Heg.  75,4 53,2 

125 Desmodesmus opoliensis  (P.G.Richter) E.Heg.  249,3 139,8 

126 Dictyosphaerium granulatum  Hind.  14,1 14,1 

127 Dunaliella tertiolecta  Butcher  276,5 0 

128 Dunaliella viridis  Teodor.  108,7 119,9 

129 Geminella planktonica  (Boloch.) Tiwary et Pandey  0 1547,3 

130 Golenkinia radiata  Chodat.  696,6 0 

131 Hegewaldia parvula  (Wor.) Prösch., Luo & L Krien.  0 70,7 

132 Hyaloraphidium contortum  Pasch.et Korsch.  52,4 36,5 

133 Kirchneriella lunaris  (Kirchn.) Moeb.  6,3 0 

134 Lacunastrun gracillimum  (West) McManus  294,5 141,4 

135 Lagerheimia longiseta  (Lemm.) Wille  0 132,0 

136 Monactinus simplex (Meyen) Corda,  254,5 25,1 

137 Monoraphidium contortum  (Thur.) Kom.-Legn.  14,4 14,8 
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138 Monoraphidium komarkovae  Nyg.  49,1 0 

139 Mucidosphaerium pulchellum (Wood) Bock, Pros.  4,2 27,0 

140 Mychonastes jurisii  (Hind.) Kr., Bock, Dadh.  14,1 14,1 

141 Oocystis borgei  Snow  60,5 0 

142 Oocystis lacustris  Chod.  74,8 0 

143 Pectinodesmus pectinatus  f. tortuosus  (Skuja) Heg.  61,2 0 

144 Pediastrum boryanum  (Turp.) Menegh.  342,8 0 

145 Poropila dubia  Sch.  20072,7 12786,8 

146 Pseudoschroederia robusta  (O.Korsh.) Heg., Schnepf  173,2 1908,5 

147 Pterosperma cristatum  Sch.  1012,8 381,5 

148 Scenedesmus ellipticus  Corda  0 258,0 

149 Schroederia setigera  (Schrod.) Lemm.  317,3 176,5 

150 Stauridium tetras  (Ehrenberg) E. Hegewald  21,2 0 

 Choanoflagellatea   

151 Bicosta minor  (Reyn.) Leadb.  28,1 17,5 

152 Bicosta spinifera (Throndsen) Leadbeater, 1978  43,9 20,2 

 Chrysophyceae   

153 Chrysamoeba radians  Klebs PT 326,0 495,9 

154 Dinobryon sociale  Ehr.  5,1 7,3 

155 Ochromonas minima  Thrond.  55,0 179,5 

156 Ochromonas oblonga  Cart.  48,4 117,1 

 Cryptophyceae   

157 Chroomonas vectensis  Carter  113,0 0 

158 Cryptomonas spp.  0 311,2 

159 Leucocryptos marina  (Braar.) Butcher  19,7 18,6 

160 Rhodomonas marina  (Dang.) Lemm.  0 141,4 

161 Rhodomonas minuta  Skuja  154,5 126,3 

162 Rhodomonas spp.  37,7 202,6 

 Cyanophyceae   

163 Anabaena ucrainica  (Schkorb.) Wat.  54,8 0 

164 Aphanizomenon flosaquae  (L.) Ralfs PT 15,7 14,1 

165 Chroococcus minimus  (Kissel.) Lemm.  0 0,5 

166 Cuspidothrix issatschenkoi  (Us.) Rajan., Hoff. & Siv.  21,2 0 

167 Diplocystis wesenbergii  Komárek H 14,1 0 

168 Dolichospermum affine  (Lemm.) Wack., Hoff.  31,2 0 

169 Dolichospermum flosaquae  (Bréb. ex Born.) Hoff. PT  55,8 0 

170 Dolichospermum lemmermannii  (Rict.) Hoff. H 9,4 0 

171 Dolichospermum mendotae  (Tr.) Hoff. & Kom.  254,5 0 

172 Dolichospermum planctonicum  (Brun.)  Hoff., Kom. PT 22,8 0 

173 Dolichospermum sigmoideum  (Nyg.) Hoff. & Kom.  98,2 0 

174 Dolichospermum smithii  (Komárek) Hoff. & Kom.  50,3 0 

175 Dolichospermum spiroides   Klebahn PT 60,5 65,4 

176 Glaucospira laxissima  (West) Simic, Kom.& Dor.  72,9 0 

177 Limnococcus limneticus  (Lemm.) Jezb., Zapom.  14,1 0 

178 Limnothrix planktonica  (Wolosz.) Meffert  10,1 7,9 

179 Merismopedia elegans  Al.Braun  65,4 0 

180 Merismopedia glauca  (Ehr.) Nag.  51,0 0 

181 Merismopedia minima  G.Beck.  0,8 0,4 
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182 Merismopedia punctata  Meyen.  0 33,5 

183 Merismopedia tenuissima  Lemm.  0,7 0 

184 Microcystis aeruginosa  Kutz. TX 0,1 0,1 

185 Microcystis viridis  (A.Br.) Lemm. PT 4,6 7,3 

186 Nodularia litorea  (Kutz.) Thur.  150,8 0 

187 Nodularia spumigena  Mertens et Born. PT 565,5 0 

188 Oscillatoria limosa  Agar.  191,0 268,6 

189 Planktolyngbya limnetica  (Lemm.) Kom.-Leg.  14,1 0 

190 Woronichinia naegeliana  (Ung.) Elenk.  0 4,2 

 Dictyochophyceae   

191 Dictyocha speculum  Ehr. PT 14130,0 16970,4 

192 Mesocena polymorpha  Lemm.  0 7234,6 

193 Pseudopedinella variabilis  Rouch.  428,8 33,5 

 Dinophyceae   

194 Akashiwo sanguinea  (Hiras.) Hans. et Mostr. PT 58236,5 25258,2 

195 Borghiella tenuissima  (Laut.) Moest.  23552,6 0 

196 Ceratium fusus  (Ehr.) Dujard. PT 32623,8 32836,9 

197 Ceratium hirundinella  (O.F.Muller) Dujardin  0 38722,0 

198 Ceratium tripos  (O.F.Muller) Nitzsch. PT 110500,3 109611,6 

199 Chimonodinium lomnickii  (Wol.) Hans. & Ø.Moes.  0 12718,8 

200 Cochlodinium citron  Kof.et Sw.  14130,0 12469,0 

201 Dinophysis acuminata  Clap.et Lach. TX 21795,1 30692,9 

202 Dinophysis caudata  Sav.-Kent. PT 0 76250,8 

203 Dinophysis fortii  Pavil. PT 0 33299,5 

204 Dinophysis hastata  Stein  51723,3 35919,0 

205 Dinophysis sacculus  Stein PT 25767,6 23741,4 

206 Diplopsalis lenticula  Bergh. PT 15121,5 19180,5 

207 Diplopsalis orbicularis  Meunier  0 10300,8 

208 Durinskia agilis  (Kof. & Sw.) Sab., Chom. & Hopp.  3047,4 3053,6 

209 Durinskia dybowskii (Woloszynska) S.Carty  11207,7 0 

210 Entzia acuta  (Apstein) Lebour PT 0 45578,3 

211 Glenodinium spp.  6653,9 0 

212 Glochidinium penardiforme  (Linden.) Bolt.  7234,6 5071,3 

213 Gonyaulax cochlea  Meunier  12209,3 7320,6 

214 Gonyaulax digitale  (Pouch.) Kof.  0 10857,4 

215 Gonyaulax grindleyi  Reinecke PT 27746,8 23916,9 

216 Gonyaulax minima  Kof. et Mich.  1362,0 4502,4 

217 Gonyaulax orientalis  Lind.  0 23627,5 

218 Gonyaulax scrippsae  Kof.  12825,4 10934,0 

219 Gonyaulax spinifera  (Cl.et Lach.) Diesing. PT 16711,0 18297,2 

220 Gymnodinium agiliforme   Sch.  7634,1 1658,6 

221 Gymnodinium cnecoides  Harris  14028,1 6098,8 

222 Gymnodinium lacustre  Sch.  20357,6 0 

223 Gymnodinium lantzschii  Utermohl  0 737,0 

224 Gymnodinium najadeum  Sch.  6593,7 6075,9 

225 Gymnodinium simplex  (Lohm.) Н 843,2 906,2 

226 Gymnodinium spp.  344042,9 3052,1 

227 Gymnodinium uberrimum  (Allman) Kof.u.Sw.  11848,8 10848,6 
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228 Gymnodinium wulffii  Sch.  798,2 712,3 

229 Gyrodinium fussiforme  Kof.et Sw. Н 19665,5 22536,5 

230 Gyrodinium lachryma  (Meunier) Kof.et Sw.  27714,8 21145,7 

231 Gyrodinium nasutum  (Wulff) Sch.  40408,8 118442,8 

232 Gyrodinium pingue  (Schutt) Kof.et Sw.  16286,1 0 

233 Gyrodinium spirale  (Bergh) Kof.et Sw.  36098,6 11188,2 

234 Hemidinium nasutum  Stein  0 38772,7 

235 Heterocapsa triquetra  (Ehr.) Stein H 2321,2 1523,2 

236 Katodinium glaucum  (Lebour.) Loeb.  0 14367,6 

237 Lessardia elongata  Saldar. et F.J.R.Taylor  286,7 298,7 

238 Lyngulodinium polyedrum  (Stein) Dodge Н 49526,0 53246,8 

239 Mesoporus perforatus  (Gran.) Lillick.  282,7 814,7 

240 Minuscula bipes  Pav.  2899,7 2536,8 

241 Oblea rotunda  (Lebour) Bal. ex Sournia  8432,8 7812,6 

242 Parvodinium goslaviense  (Woloszynska) S.Carty  0 23329,2 

243 Peridiniella danica  (Pauls.) Okolod. et Dodge  9949,9 10818,8 

244 Peridiniopsis penardii  (Lemm.) Bourr.  2035,8 14876,0 

245 Peridinium aciculiferum  Lemm.  10098,6 8449,8 

246 Peridinium spp.  0 5829,0 

247 Phalacroma rotundata  (Clap., Lachm.) Kof. , Mich. PT 30206,1 14642,5 

248 Polykrikos kofoidii  Chatton  239927,8 104439,9 

249 Polykrikos schwarzii  Butschli H 178585,8 259967,3 

250 Prorocentrum cordatum  (Osten.) Dodge H 568,8 648,6 

251 Prorocentrum micans  Ehren. PT 15806,6 15180,4 

252 Prorocentrum minimum  (Pav.) Schiller H 226,2 0 

253 Prorocentrum scutellum  Schr. PT 12959,3 13602,7 

254 Prosoaulax lacustris  (F.Stein) Calado , Moestrup  0 634,2 

255 Protoperidinium brevipes  Pauls.  0 38772,7 

256 Protoperidinium brochi   Kof.et Sw.  38554,9 41675,7 

257 Protoperidinium claudicans  Pauls.  100704,0 143290,7 

258 Protoperidinium crassipes  (Kof.) Balech PT 0 279381,1 

259 Protoperidinium divergens  Ehr.  104680,9 131104,3 

260 Protoperidinium knipowitschii  (Usachev) Bal.  0 20264,6 

261 Protoperidinium leonis  (Pavillard) Balech  49706,0 0 

262 Protoperidinium ovatum  Pouchet  0 17241,1 

263 Protoperidinium pallidum  Ost.  64878,5 86398,4 

264 Protoperidinium pellucidum  (Bergh) Schutt  21026,4 19269,0 

265 Protoperidinium pentagonum  (Gran.) Balech  0 101504,6 

266 Protoperidinium solidicorne  Mangin.  41166,1 86361,7 

267 Protoperidinium spiniferum  (Sch.) Balech  76327,8 24754,8 

268 Protoperidinium steinii  Jorgen.  22437,9 13992,9 

269 Protoperidinium subinerme  (Pauls.) Loeb.  38903,3 36184,1 

270 Pyrophacus horologicum  St.  0 44898,7 

271 Scrippsiella trochoidea  (St.) Loebl.III PT 2237,2 3311,7 

272 Spatulodinium pseudonoctiluca  (Pouchet) Cachon  557717,2 188215,4 

273 Torodinium robustum  Kof.et Sw.  35919,0 0 

274 Tovellia coronata  (Wolosz.) Moest.  20346,0 0 

275 Tripos furca  (Ehrenberg) F.Gómez PT 58339,3 49900,9 
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276 Tryblionella compressa (J.W.Bailey) M.Poulin Н 25099,3 15028,1 

277 Woloszynskia neglecta  (Schill.) Thompson  20401,3 24271,8 

278 Woloszynskia ordinata  (Skuja) Thomp.  3052,1 0 

279 Woloszynskia pascheri  (Suchl.) Stosch.  6878,0 9600,0 

280 Woloszynskia pseudopalustris  (Wol.) Kisel.  80222,2 0 

281 Woloszynskia spp.  16459,0 0 

 Ebriophyceae   

282 Ebria tripartita  (Schum.) Lemm. Н 10671,8 12195,9 

283 Hermesinum adriaticum  Zacharias Н 6244,2 6148,5 

 Euglenophyceae   

284 Astasia spp.  0 1131,0 

285 Cryptoglena pigra  Ehr.  0 468,8 

286 Cryptoglena spp.  153,9 0 

287 Euglena deses  Ehr.  395,8 577,7 

288 Euglena viridis  Ehr.  1620,2 698,2 

289 Eutreptia lanowii  Steuer Н 723,9 414,7 

290 Lepocinclis acus  (O.F.Müller) Marin & Melkonian  510,5 1242,3 

291 Phacus onyx  Pochm.  4523,9 0 

 Prymnesiophyceae   

292 Acanthoica ornata  Conrad  2693,0 2194,8 

293 Acanthoica quattrospina  Lohm.  321,2 0 

294 Anacanthoica acanthos  (Schiller) Deflandre  549,2 1846,4 

295 Anacanthoica lithostratos  (Schiller) Norris  2749,2 4097,7 

296 Calyptrosphaera dalmatica  Sch.  430,1 0 

297 Calyptrosphaera incisa  Sch.  0 3052,1 

298 Calyptrosphaera uvella  Sch.  428,8 395,6 

299 Chrysochromulina pontica  Rouch.  64,1 0 

300 Coccolithus pelagicus  (Wallich.)  0 2120,6 

301 Emiliania huxleyi  (Lohm.) Hay et Mohler H 88,8 80,6 

302 Lohmannosphaera adriatica  Sch.  3052,1 713,8 

303 Phaeocystis pouchetii  (Hariot) Lagerheim H 8,2 0 

304 Pontosphaera haeckelii  Lohm.  1766,3 0 

305 Pontosphaera inermis  Lohm.  268,0 0 

306 Pontosphaera nigra  Sch.  3052,1 4038,4 

307 Pontosphaera spp.  0 3052,1 

308 Rebecca salina  (Carter) Green  146,3 0 

309 Rhabdosphaera tubulosa  Sch.  65,4 0 

310 Syracosphaera spp.  0 1436,0 

Note 1. Categories of species are shown for: toxic species (ТХ), potentially toxic species (РТ) and species that 

can reach blooming level (Н) [8,9,10,11]. 
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III.4.2. Mesozooplankton 

V. Medinets1 (Editor), S. Snigirov1 , P. Lumkis1, Ye. Gazyetov1, I. Soltys1, O. Abakumov1, V. Pitsyk1, P. Snigirov1,        

S. Medinets1, I. Soltys1, O. Konareva1  

 

1 Odesa National University (ONU), Odesa, Ukraine 

III.4.2.1. Introduction 

Mesozooplankton are food organisms for the Black Sea marine animals either directly or via 

intermediate links of the food chains. The basis of the Black Sea mesozooplankton is formed by 

crustaceans, mainly copepods (Copepoda, Cladocera and Cirripedia) and cumaceans (Cumacea), 

as well as Mysida, Polychaeta and Decapoda larvae, numerous Rotatoria and Protozoa 

(Infusoria), Hydrozoa (Scyphozoa, Ctenophora), eggs and plankton larvae, molluscs (Mollusca), 

fish eggs and larvae and some other plankton organisms. Mesozooplankton consumes organic 

matter formed in or transported into water bodies, takes part in the processes of water filtering 

and forms food reserve for most of fish species. Most of mesozooplankton organisms are 

sensitive water quality indicators [1-4].  

As it was shown in the paper [3], the data on mesozooplankton distribution, quantity and 

secondary production reproduction rate form the basis of fish capacity of a sea and are of 

paramount importance for scientific justification of marine biological resources exploitation.  

The Black Sea mesozooplankton community, which forms the food basis for mass commercial 

fish species (anchovy (Engraulis encrasicolus), sprat (Sprattus sprattus), horse mackerel 

(Trachurus trachurus) etc.), as well as for fry of most bottom-dwelling and demersal fish (mullets 

(Mulidae), gobies (Gobiidae) and many other species), has suffered quite significant negative 

transformations during past decades [3, 5-7]. That was caused by introduction of the Atlantic 

https://www.wfduk.org/sites/default/files/Media/Characterisation%20of%20the%20water%20environment/Biological%20Method%20Statements/Phytoplankton%20Technical%20Report_0.pdf
https://www.wfduk.org/sites/default/files/Media/Characterisation%20of%20the%20water%20environment/Biological%20Method%20Statements/Phytoplankton%20Technical%20Report_0.pdf
https://www.wfduk.org/sites/default/files/Media/Characterisation%20of%20the%20water%20environment/Biological%20Method%20Statements/Phytoplankton%20Technical%20Report_0.pdf
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ctenophore Mnemiopsis leidyi with ballast waters in the end of the 80th of past century [3]. 

Mnemiopsis began to destroy the mesozooplankton intensively, as well as fish eggs and larvae, 

as the result of which quantitative characteristics of mesozooplankton community declined 

sharply. North-western Black Sea (NWBS) with inflow of big rivers Danube, Dniester and Dnepr 

has always been considered as the zone of maximal production of forage mesozooplankton. 

Even under conditions of intensive pollution and eutrophication of the sea that took place in the 

70th – 80th of past century, the NWBS stayed the main feeding area of plankton-eating fish. 

However, as the result of Mnemiopsis development the state of zooplankton community 

aggravated in that part of the sea. In the periods of development of another alien species from 

Atlantics, Beroe ovata comb jelly, which consumed Mnemiopsis, the conditions for 

mesozooplankton functioning were improving. That is why monitoring of those two jelly species 

together with traditional studies of mesozooplankton are the most important tasks of marine 

ecosystem state integrated monitoring. 

As it is known, the first researchers who began to study zooplankton pointed out its poorness 

compared with pelagic fauna of the Mediterranean [3]. The explanation of this fact is that many 

marine organisms of the Mediterranean cannot dwell in the freshened Black Sea water (and 

certainly in the NWBS) [3]. Altogether 247 species were registered in the NWBS including 

freshwater, brackish-water and marine organisms found not only on the north-western shelf, 

but also in the coastal water-bodies. Without taking into account the fresh water dwellers, the 

NWBS zooplankton community comprises 189 species [3]. At that, there are about 80 taxa of 

holoplanktonic organisms of Mediterranean origin in the Black Sea.  

Information on the Zmiinyi Island coastal mesozooplankton is scarce and fragmentary [1-3, 8-

12]. The first studies of mesozooplankton were performed in the Zmiinyi Island area in 1956 

[12]. The detailed information on mesozooplankton of that area are presented in publications 

[2, 3, 8-10], which contain the data about its qualitative composition, abundance and biomass 

of main taxonomic groups and separate species. Mesozooplankton of Odessa Bay is studied 

more thoroughly. Odessa Bay mesozooplankton studies originated in 1868 and were started by 

I.I. Mechikov. Out of the works of pre-revolution period, the papers by V. Lebedev (1916) are 

available. Later the mesozooplankton of Odessa Bay was described by N.A. Zagorovskiy (1925), 

D.A. Rubinshtein (1926), G.I. Konoplev (1937, 1938) [13]. The authors who studied Odessa Bay 

mesozooplankton underlined instability of its composition that depended on unstable hydrology 

of the NWBS, susceptible to sharp wind-driven changes of temperature and salinity and 

desalination due to snow melting in spring [13]. Later the faunistic studies of mesozooplankton 

predictably morphed into ecological and production & biological ones (Shmeleva A.A. 1956-58, 

Brayko V.D. 1960, Gromosova S.A, Pitsyk G.K. 1962, Petipa T.S., Sazhina L.I., Delalo E.P. 1960-

1963, Koval L.G. 1963, Polischuk L.N., Nastenko E.B., Garkavaya G.P., Zaitsev Yu.P., Aleksandrov 

B.G. and many other researchers [3]) having not only theoretical but also great practical value. 

Characteristics of zooplankton seasonal changes in the northern Black Sea were the most fully 

studied by the research group under the leadership of L.N. Gruzov in 1992-1993 [14]. It should 

be noted however that practically no regular studies of mesozooplankton were performed 

during the past decade in the Zmiinyi Island area. Studies in Odessa Bay were episodic. 

The objective of present research was to study the current state of mesozooplankton 

community in the Zmiinyi Island coastal waters (ZMN area) and Odessa Bay (MHBS area).    
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III.4.2.2. Materials and methods 

III.4.2.2.1. Description of sampling performed 

Coastal waters of the Zmiinyi Island (ZMN area) 

Sampling of mesozooplankton in the Zmiinyi Island coastal waters was performed from April to 

December 2016 and from April to June 2017. Altogether, 68 samples were collected, out of 

them:  34 samples were taken every 10 days at the ZPR reference station (depth 7.5-8.0 m) and 

other 34 – during the periods of monthly surveys in the Zmiinyi Island coastal waters, where the 

depth was 5.0-25.0 m (Figure III.4.2-1). 

Odessa Bay coastal waters (MHBS area) 

Sampling of mesozooplankton in Odessa Bay (MHBS area) was performed from March to 

December 2016 and from February to June 2017. Altogether, 96 mesozooplankton samples 

were collected, out of which 37 (vertical catching with Juday net) and 23 samples (from surface 

water layer by filtering method) were taken at the MHBS-R reference station (depth 2.4-2.5 m), 

as well as 36 samples (vertical catching with Juday net) - during monthly surveys in Odessa Bay, 

where the depth was 4.0-15.0 m (Figure III.4.2-2).  

 

Figure III.4.2-1 – Location of mesozooplankton sampling stations in the Zmiinyi Island coastal 

waters in 2016-2017 

LEGEND    

 Isobaths, m  Bottom substrate type 

 
Zmiinyi Island  

 Stones + shelly ground 

 
ZPR reference station  

 Sand + shelly ground  

 
Stations of monthly sampling  

 Sand + shelly ground +silt 

    Sand + silt 

    Silt 

    Sand 
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Figure III.4.2-2 – Location of mesozooplankton sampling stations  

in Odessa Bay coastal waters in 2016-2017 

Legend    

 Isobaths, m  Bottom substrate type 

 
MHBS-R reference station  

 Stones 

 
Stations of monthly surveys  

 
Stones + shelly ground 

    Stones + shelly ground + sand 

    Stones + shelly ground + silt 

    Silt + sand 

    Sand 

 

III.4.2.2.2. Methodology of mesozooplankton sampling and processing  

Mesozooplankton samples were collected from all the stations by vertical plankton Juday net, 

0.0113 m2 mouth opening area, 150 mm mesh size, from 0.8 meters above the bottom to the 

surface in triplicate in accordance with conventional methodology [15,16,17]. The length and 

angle of the wire were taken under consideration for calculation of the wire length. The 

mesozooplankton concentrated in the receiving glass was transferred to a plastic bottle and 

fixed with 4% formalin solution [4].  

In order to check the efficiency of the method recommended for shallow areas (dipping with 

subsequent filtration of surface layer through the filtering cone), parallel mesozooplankton 
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sampling was performed every 10 days at the MHBS-R reference station in 2016. Water was 

sampled on different sides of the pier with a 10-l plastic bucket and filtered through the filtering 

cone (small Apstein net) with mesh size of the sieve of 150 mkm. Total volume of the filtered 

water was 100 l per one sample. 

During mesozooplankton sampling at all the stations, both in Odessa Bay and in the Zmiinyi 

Island area, the following values were observed: conductivity (Е, mkS/cm), temperature (T, °С), 

pH (pH units), dissolved oxygen in water (О2 %, mg/dm3). All measurements were performed in 

accordance with the standard methodologies of sampling, samples processing and observation, 

which were described in details in the monograph [8]. Water temperature, conductivity, pH and 

dissolved oxygen were measured in the field with «HАCH» portable multi-meter. Coordinates of 

the stations of observation were measured with portable satellite navigation devices «Garmin» 

and «Magellan Explorist 300». Depth at observation point was determined using hand-lead. 

Water transparency was estimated using Sekki disc.  

In the laboratory, the samples were concentrated to 21-56 cm3 before being divided into sub-

samples. A Bogorov’s chamber was used for quantitative assessment (abundance and biomass 

calculation, using species individual weight) and qualitative (taxonomic structure) processing of 

sub- samples [4,17,18]. The sub-samples were examined by using Stereoscopic Zoom 

Microscope МБС-10 и «Prior». Species were identified according to Morduhay-Boltovskoy [19, 

20]. Species diversity was determined using Shannon’s index (Н). Comparison of 

mesozooplankton quantitative composition in both studied areas was done using Chekanovskiy-

Sørensen coefficient of community (or factor of similarity) (Ics). 

Determination of marine water quality coming out of mesozooplankton state in the Black Sea 

coastal zone was done in accordance with the instructions [17, 21].  

Four mesozooplankton indicators have been used. They were tested in similar studies within the 

MISIS project [21]. Good Environment Status (GEnS) thresholds based on long-term zooplankton 

data (1967-2006) available for c. Galata transect and reference period (1967-1973) were applied 

in Romania and Turkey waters. The proposed indicators were: 

Mesozooplankton biomass (mg·m-3) – biomass is calculated using abundance of species/taxa 

present in mesozooplankton community and their individual weights. Proposed thresholds in 

summer are as follows: coastal (550-280 mg·m-3), shelf (300-130 mg·m-3) and open sea (150-50 

mg·m-3).  

Biomass of copepods (%) – contribution of copepods biomass to total mesozooplankton 

biomass. Copepods are a key group contributes significantly to the diet of planktivorus fish (sprat 

and anchovy, partly horse mackerel), reflect composition of zooplankton community and food 

availability for zooplanktivorous fish. The GEnS boundary was estimated to be 42%. 

Noctiluca scintillans biomass (%) – contribution of N. scintillans biomass to total 

mesozooplankton biomass. Established threshold for good environmental status is % N.sci 

<30%. The threshold is relevant for three areas – coastal, shelf and open sea.  

Shannon-Weaver index (bit·ind-1) – reflects the number of species in a dataset, taking into 

account how evenly the basic entities (such as individuals) are distributed among species. So this 

index reflected total biodiversity of mesozooplankton. The boundary for good status was 

accepted 3 bit·ind-1 for coastal and shelf habitats, whereas 2.5 bit·ind-1 was for the open sea. 
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The index is strictly area- specific and differentiation was required to avoid the risk of not 

achieving good status due to higher defined threshold.  

The GEnS (Good Environmental Status) as defined by the MSFD includes two-point rating scale: 

1) GES - Good Environmental Status, 2) LES - Low Environmental Status. For these purposes, the 

thresholds were defined for the above cited indicators of mesozooplankton [21]. In recent years, 

the majority of biological indicators, which are used to assess the quality of the marine 

environment, provide for a five-point rating scale according to the WFD. For zooplankton 

thresholds such scale (Table III.4.2-1) have been developed for the coastal zone of the Black Sea 

[22]. This scale was also used for the preliminary analysis of the results  

Table III.4.2-1 - Metrics and classification system for the coastal marine waters on the basis of 

zooplankton characteristics (ecological status according to the WFD) 

Season High Good Moderate Poor Bad 

Mesozooplankton biomass, mg.m-3 

Spring 400-300 300-150 150-70 70-10 <10(>400) 

Summer 900-600 600-350 350-200 200-40 <40(>900) 

Autumn 350-250 250-150 150-70 70-10 <10(>350) 

Noctiluca  scintillans biomass, mg.m-3 

All the year <50 50-250 250-500 500-2500 >2500 

Shannon-Weaver index, ind.bit-1 

All the year >3.5 3.5-2.5 2.5-1.5 1.5-1 <1 

 

Transitional waters quality was assessed using the value of total mesozooplankton biomass in 

accordance with the method recommended by B.G. Aleksandrov (Institute of Marine Biology, 

NASU) on a scale from one to five (Table III.4.2-2).  

Table III.4.2-2 - Indicators of mesozooplankton total biomass used for transitional waters 

quality assessment 

Total biomass, mg·m-3 Water quality 

> 150 High 

150-137 Good 

136-112 Moderate 

111-87 Low 

< 87 Bad 

 

III.4.2.3. Species composition and biodiversity 

III.4.2.3.1. Zmiinyi Island coastal waters (ZMN area) 

In the periods from April to December 2016 and from April to June 2017, 32 taxa of zooplankton 

organisms were found (in IV-XII 2016 - 32, in IV-VI 2017 - 27) in the mesozooplankton samples 

collected in the Zmiinyi Island coastal waters, most of which belonged to Crustacea class (Table 

III.4.2-3). At that, in spring periods of 2016 and 2017, 15 and 23 taxa of zooplankton organisms 

respectively were found in the samples; in summer and autumn of 2016 – 25 taxa, in summer 

2017 – 23 taxa. 
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Table III.4.2-3 – Taxonomic composition of zooplankton in the Zmiinyi Island coastal waters 

(April-December 2016 and April-June 2017) 

№ 

Taxon 

Period of studies 

2016 2017 

IV-V VI-VIII IX-XI XII IV-V VI 

 Copepoda Calanoida        

1 Calanoida nauplii  + + + + + + 

2 Acartia clausi  + - + - + + 

3 Acartia tonsa  + + + + + + 

4 Centropages ponticus  - + + - - - 

5 Calanipeda gen.spp - - + - + - 

6 Pseudocalanus elongatus  - - + + + + 

7 Paracalanus parvus  + + - + + + 

 Copepoda Cyclopoida        

8 Oithona similis  + - - - + - 

9 Oithona davisae + + + + + + 

10 Cyclops gen.spp - + - - - - 

 Harpacticoida        

11 Harpacticoida gen.spp - + - - - + 

 Cladocera       

12 Penilia avirostris  - + + - + + 

13 Evadne tergestina (Pleopis tergestina) - + + - + - 

14 Evadne spinifera - + + - - - 

15 Pleopis polyphemoides (Podon polyphemoides) + + + + + + 

16 Podonevadne trigona  - + - - - - 

 Chaetognatha        

17 Parasagitta setosa  - + + + + + 

 Noctilucales        

18 Noctiluca scintillans  + + - + + + 

 Rotatoria        

19 Rotatoria gen.spp + - + + + - 

 Scyphozoa        

20 Aurelia aurita*  + + + + + + 

 Ctenophora        

21 Pleurobrachia pileus* - + + - + + 

22 Beroe ovata* - + + - - + 

23 Mnemiopsis leidyi*  + + + - + + 

 Appendicularia        

24 Oikopleura dioica  + - + + + + 

25 Pisces: ova  - + + - - + 

 MEROPLANKTON        

26 Balanus gen.spp nauplii + + + - - + 

27 Decapoda larvae - + + - + + 

28 Cirripedia larvae  - - + + + + 

29 Polychaeta larvae  + + + + + + 

30 Bivalvia larvae  + + + + + + 

31 Gastropoda larvae  - + + - + + 

32 Trochophora larvae - + - - - - 

 Altogether taxa: 15 25 25 14 23 23 

 New taxa  15 13 3 0 0 0 

Note: * - visual observations 
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The temporal distribution of quantity of taxa identified has been analysed and Shannon 

biodiversity index (H) was calculated separately for four groups of samples collected at different 

depths: 8 m – from the ZPR station (Figure III.4.2-3), as well as from the stations of monthly 

surveys with depths of 5, 15 and 25 m (Figure III.4.2-4- III.4.2-6). 

 

 

Figure III.4.2-3 – Results of observations of average temperature, water salinity, Shannon 

index and quantity of taxa registered at the ZPR station in 2016-2017 

(1 – average temperature in water layer; 2 – average temperature for the previous 10 days; 3 – 

average salinity in the layer; 4 – Shannon index; 5 – number of taxa) 

.  

 

Figure III.4.2-4 – Results of observations of average temperature, water salinity, Shannon 

index and quantity of taxa registered at the stations with depths ~5 m along transects 

around the Zmiinyi Island in 2016-2017  

(1 – average temperature in water layer; 2 – average temperature for the previous 10 days; 3 – 

average salinity in the layer; 4 – Shannon index; 5 – number of taxa) 
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Figure III.4.2-5 – Results of observations of average temperature, water salinity, Shannon 

index and quantity of taxa registered at the stations with depths ~15 m along transects 

around the Zmiinyi Island in 2016-2017/  

(1 – average temperature in water layer; 2 – average temperature for the previous 10 days; 3 – 

average salinity in the layer; 4 – Shannon index; 5 – number of taxa) 

 

Figure III.4.2-6 – Results of observations of average temperature, water salinity, Shannon 

index and quantity of taxa registered at the stations with depths ~25 m along transects 

around the Zmiinyi Island in 2016-2017.  

(1 – average temperature in water layer; 2 – average temperature for the previous 10 days; 3 – 

average salinity in the layer; 4 – Shannon index; 5 – number of taxa) 
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Analysis of results of the studies had shown that zooplankton taxonomic composition and 

quantitative indicators (number of taxa identified in the samples, H - Shannon index of 

biodiversity) varied in the Zmiinyi Island coastal waters in the period from April to December 

2016 and from April to June 2017 the following way, depending on hydrological and 

hydrochemical conditions: 

The number of zooplankton taxa in samples varied from 6 (20.05; 01.11.2016) to 17 (20.07.2016) 

with mean value 11 in IV-XII 2016, 9 – in IV-VI 2017. H value of zooplankton changed from 0.41 

(20.06.2016) to 3.29 (24.07.2016) with mean values 2.32 and 1.64 in 2016 and 2017 respectively.  

As the temperature was rising from the end of April to August, the number of zooplankton taxa 

grew due to thermophilic groups of zooplankton development. Further on, till November, as the 

water was coolin5 g down, the number of such species was decreasing gradually with 

consequent insignificant increase in December – as the result of cryophilic zooplankton 

organisms development and their transfer to the coastal zone. Biodiversity index was growing 

gradually from April to July. Maximal values of Shannon index (Н) in July 2016 were registered 

at all the monitoring stations near the Zmiinyi Island (Figure III.4.2-3- III.4.2-6). In August, the Н 

values were decreasing and in September-October varied within quite broad limits showing a 

tendency to gradual decreasing. In late autumn, the H index grew due to development and 

distribution of the cryophilic zooplankton species and decrease of the dominant species 

abundance, first of all of N. scintillans. By the end of December with decrease of water 

temperature (below 10 ºС) Shannon index propped again. The relatively low air and water 

temperature values during cold and long spring of 2017 most probably was the reason of 2-3 

weeks’ belated spring development of zooplankton in the Zmiinyi Island coastal waters 

compared with the previous year (Figure III.4.2-3). 

III.4.2.3.2. Odessa bay coastal waters (MHBS area) 

In the waters of Odessa Bay in the periods from March to December 2016 and from the end of 

February to July 2017 altogether 31 zooplankton taxa were registered (Table III.4.2-4), including 

31 taxa in III-XII 2016 and 22 taxa in II-VI 2017. The taxa of Protozoa, Rotatoria, Copepoda and 

Cladocera, Hydrozoa, Ctenophora were registered in the samples, as well as planktonic larvae 

of bivalves and gastropods, Polychaeta, acorn shells etc.  The planktonic forms of Caspian fauna 

(in spring and summer of 2016) were represented by 1 species Podonevadne (Evadne) trigona. 

The structure of community comprised the representatives of genetically heterogeneous 

groups: marine, brackish-water and fresh-water.  

Table III.4.2-4 – Taxonomic composition of zooplankton of Odessa Bay in the MHBS area in 

March-December 2016 and February-June 2017 

Taxon 

Period of studies 

2016 2017 

III -V VI-VIII IX-XI XII II-V VI 

Copepoda Calanoida        

Calanoida nauplii  + + + + + + 

Acartia clausi  + + + + + + 

Acartia tonsa  + + + - + + 

Centropages ponticus  - + + - - - 

Paracalanus parvus  + + + + + + 
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Taxon 

Period of studies 

2016 2017 

III -V VI-VIII IX-XI XII II-V VI 

Copepoda Cyclopoida        

Oithona similis  + - - - - - 

Oithona davisae + + + + + + 

Cyclops gen.spp - + - - - - 

Harpacticoida        

Harpacticoida gen.spp + + + - + + 

Cladocera       

Penilia avirostris  - + + - + + 

Evadne tergestina (Pleopis tergestina) - + - - - - 

Evadne spinifera - + + - - - 

Pleopis polyphemoides (Podon polyphemoides) + + + - + + 

Podonevadne trigona  + + - - - - 

Mysidacea       

Mysidacea gen.spp - + - - - - 

Chaetognatha        

Parasagitta setosa  - - + - - + 

Noctilucales        

Noctiluca scintillans  - + + + + + 

Rotatoria        

Rotatoria gen.spp + - + + + + 

Hydrozoa (medusa)        

Scyphozoa        

Aurelia aurita*  - + + - + + 

Ctenophora        

Pleurobrachia pileus* - + + - - + 

Beroe ovata* - + + - - + 

Mnemiopsis leidyi*  + + + - - + 

Appendicularia        

Oikopleura dioica  - + + - + - 

Pisces: ova  - + + - - + 

MEROPLANKTON        

Balanus gen.spp nauplii + + + - - - 

Decapoda larvae - + + - + + 

Cirripedia larvae  - - + + + + 

Polychaeta larvae  + + + + + + 

Bivalvia larvae  + + + + + + 

Gastropoda larvae  - + + + + - 

Trochophora larvae - + + - - - 

Altogether taxa: 14 27 26 10 17 20 

New taxa 14 15 2 0 0 0 

Note: * - visual observations 

 

Analysis of the number of taxa identified in different seasons (Table III.4.2-4) had shown that in 

spring periods of 2016 and 2017 in the samples were identified 14 and 17 zooplankton 

organisms, in summer - 27 and 20 zooplankton organisms, and in autumn and winter of 2016 – 

26 and 10 taxa respectively. The temporal distribution of quantity of taxa identified has been 

analysed and the Shannon biodiversity index (H) was calculated separately for four groups of 

samples collected at different depths: 2.4 m – from the MHBS station (Figure III.4.2-7), as well 
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as from the stations of monthly surveys MHBS-2, MHBS-6, MHBS-9, MHBS-12 with depths of 9, 

8, 14 and 4 m (Figure III.4.2-8- III.4.2-11). 

 

Figure III.4.2-7 – Results of observations of average temperature, water salinity, Shannon 

index and quantity of taxa registered at the MHBS-R station 2016-2017.  

(1 – average temperature in water layer; 2 – average temperature for the previous 10 days; 3 – 

average salinity in the layer; 4 – Shannon index; 5 – number of taxa) 

 

Figure III.4.2-8 – Results of observations of average temperature, water salinity, Shannon 

index and quantity of taxa registered at the MHBS-02 station 2016-2017.  

(1 – average temperature in water layer; 2 – average temperature for the previous 10 days; 3 – 

average salinity in the layer; 4 – Shannon index; 5 – number of taxa) 
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Figure III.4.2-9 – Results of observations of average temperature, water salinity, Shannon 

index and quantity of taxa registered at the MHBS-06 station 2016-2017.  

(1 – average temperature in water layer; 2 – average temperature for the previous 10 days; 3 – 

average salinity in the layer; 4 – Shannon index; 5 – number of taxa) 

 

 

Figure III.4.2-10 – Results of observations of average temperature, water salinity, Shannon 

index and quantity of taxa registered at the MHBS-09 station 2016-2017.  

(1 – average temperature in water layer; 2 – average temperature for the previous 10 days; 3 – 

average salinity in the layer; 4 – Shannon index; 5 – number of taxa) 
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Figure III.4.2-11 – Results of observations of average temperature, water salinity, Shannon 

index and quantity of taxa registered at the MHBS-12 station 2016-2017 

(1 – average temperature in water layer; 2 – average temperature for the previous 10 days; 3 – 

average salinity in the layer; 4 – Shannon index; 5 – number of taxa)  

 

Analysis of the number of taxa and biodiversity of zooplankton at the MHBS-R station assessed 

using Shannon index (H) showed that zooplankton taxa number in samples varied from 2 

(23.03.2016) to 16 (19.08.2016) with mean value 10 in III-XII 2016, 6 – in II-VI 2017, while Н value 

varied from 0.25 (28.02.2017) to 3.33 (19.08.16) with mean values 2.22 and 1.89 in 2016 and 

2017 respectively. 

Analysis of the data presented had shown that at the MHBS station in Odessa Bay, like in the 

Zmiinyi Island coastal waters, the number of taxa and biodiversity of zooplankton was growing 

gradually (from 3 to 11) from the end of March to June as water temperature was increasing. 

The sharp decrease of zooplankton taxa number and Shannon index value (Н) on 21.06.2016 in 

the MHBS area was caused by water temperature decrease (mean temperature in water layer) 

and observed at all the monitoring stations in the area (Figure III.4.2-7-III.4.2-11). It was 

especially visible at the deepest of the monitoring stations in the studied area – the MHBS-09 

(Figure III.4.2-10). During the next period, from 21.06.2016 to 1.08.2016, the taxonomic 

composition was presented by 7-9 taxa. As the temperature was going further up, the number 

of taxa reached 16 (19.08.2016), and by the end of the year decreased to 7-9 again. Zooplankton 

taxonomic composition in early 2017 was represented by 3-4 taxa and with the increase of 

temperature reached 12. The value of H index varied in the first half of 2017 within broad limits. 

Sharp decrease of this parameter on 30.03.2017 was probably connected with decrease of mean 

temperature of water layer (Figure III.4.2-7). Changes in H index during the period of studies at 

the shallow-water MHBS-12 station (sampling depth – ca. 4.0-5.0 m) were the most significant. 

The level of zooplankton biodiversity at that station during the period of studies was lower than 

at other (deep-water) monitoring stations (Figure III.4.2-11). That, most probably, was due to 

the location of the station near the breakwater. 
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During the monitoring pilot programme implementation in the MHBS area parallel sampling was 

performed using two samplers: Juday net and filtering cone (modified Apstein net). Comparison 

of the results of analyses of the zooplankton samples collected using Juday net (0.01 m2 mouth 

opening area; 150 mkm mesh size) and filtering cone with diameter 0.5 m and mesh size 150 

mkm (at the «MHBS-R» station, depth – 2.5 m) had shown (Figure III.4.2-12) that the value of 

zooplankton biodiversity index H according to the results of sampling with  filtering cone on 11 

July, 19 and 30 August, as well as 10 October and 1 November 2016 was higher than the same 

parameter calculated from the results of processing of the samples collected with Juday net.  

 

Figure III.4.2-12 – Distribution of zooplankton Shannon index in March-November 2016 at 

the «MHBS-R» station on the results of analyses of the samples collected with Juday net and 

filtering cone  (modified Apstein net) 

 

Some samplings, however, showed the contrary: biodiversity of the samples collected using 

filtering of surface water through the cone happened to be lower (30.05, 20.07, 01.08, 10.08 

and 10.11.2016). 

Average values of the number of taxa for the entire period of parallel sampling with cone and 

Juday net made 9.82 and 9.54 respectively; mean values of H biodiversity index – 2.29 and 2.13 

respectively, which evidenced certain similarity of the results from two sampling methods. 

However, during analysis of mean values of quantitative indicators of separate zooplankton 

groups significant differences between sampling with the net and the cone were revealed. Mean 

abundance and biomass values of Copepoda (Calanoida and Cyclopoida), Noctilucales and 

Rotatoria sampled with the cone were almost twice lower than after sampling with net; on the 

contrary, mean value of Harpacticoida abundance was almost 4 times higher. Obviously, vertical 

distribution of separate zooplankton groups is non-uniform even in shallow areas. Under certain 

hydrological conditions some zooplankton species can concentrate near the surface or at the 

bottom. It is also evident that catching efficiency of Juday net in respect of mobile Copepoda is 

higher. That is why, zooplankton sampling should be done using Juday net wherever possible, 

though standard methodologies justify and recommend using of filtering cone (modified Apstein 

net) in shallow marine areas. 
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III.4.2.4. Community structure (abundance, biomass by taxonomic groups) 

III.4.2.4.1. Zmiinyi Island coastal waters (ZMN area)  

During the period of studies in IV-XII 2016 – IV-VI 2017, mesozooplankton abundance in the 

Zmiinyi Island coastal waters varied from 645 (01.11.2016) to 55829 (30.05.2017) ind/m³, 

biomass – from 1.385 (30.04.2017) to 2597.248 (30.05.2017) mg/m3 (Figure III.4.2-13- III.4.2-16) 

with mean values 10129 ind/m³ and 154.82 mg/m³ in the period IV-XII 2016 and 21563 ind/m³ 

and 466.30 mg/m³ in the period IV-VI 2017. 

 

Figure III.4.2-13 – Results of observations of average temperature, water salinity, biomass 

and abundance of mesozooplankton at the ZPR station in 2016-2017 .  

(1 – average temperature in water layer; 2 – average temperature for the previous 10 days; 3 – 

average salinity in the layer; 4 – biomass; 5 – abundance) 

 

 

Figure III.4.2-14 – Results of observations of average temperature, water salinity, biomass 

and abundance of mesozooplankton at the stations with depth ~5 m along transects around 

the Zmiinyi Island in 2016-2017 . 

(1 – average temperature in water layer; 2 – average temperature for the previous 10 days; 3 – 

average salinity in the layer; 4 – biomass; 5 – abundance) 
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Figure III.4.2-15 – Results of observations of average temperature, water salinity, biomass 

and abundance of mesozooplankton at the stations with depth ~15 m along transects 

around the Zmiinyi Island in 2016-2017.  

(1 – average temperature in water layer; 2 – average temperature for the previous 10 days; 3 – 

average salinity in the layer; 4 – biomass; 5 – abundance) 

 

Figure III.4.2-16 – Results of observations of average temperature, water salinity, biomass 

and abundance of mesozooplankton at the stations with depth ~25 m along transects 

around the Zmiinyi Island in 2016-2017. 

(1 – average temperature in water layer; 2 – average temperature for the previous 10 days; 3 – 

average salinity in the layer; 4 – biomass; 5 – abundance) 

 

From first decade of April to first decade of June 2016 at water temperature from 10.1 to 19.8 

ºС mesozooplankton abundance and biomass in the Zmiinyi Island area was not high and did not 

exceed 9527 ind/m³ and 57.87 mg/m³ respectively. In mid-June 2016 at water temperature 21.4 

ºС peak of mesozooplankton development was observed with values reaching 53696 ind/m³ and 
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1294.19 mg/m³ (Figure III.4.2-13). The second and less significant peak was registered on 

20.07.16 (43706 ind/m³ and 709.02 mg/m³). At that time water temperature reached 23.7 ºС. 

When water temperature increased to 24-26 ºС, zooplankton abundance and biomass did not 

exceed 20141 ind/m³ and 443.41 mg/m³. Beginning from second decade of September, with 

decreasing of temperature the decrease of mesozooplankton quantitative characteristics was 

observed. In December 2016 at water temperature 6.6-7.7 ºС mesozooplankton abundance and 

biomass was at low level - from 1752 to 3464 ind/m³ and from 31.44 to 86.53 mg/m³ 

respectively. In April-June 2017 mesozooplankton quantitative characteristics in the average 

were somewhat higher than in 2016 - from 1291 to 55829 ind/m³ and from 1.39 to 2597.25 

mg/m³ respectively; they were practically comparable with the values of 2003 shown for spring-

summer period [9]. The highest values of abundance and biomass in 2017 (55829 ind/m³ and 

2597.25 mg/m³) were registered on 30.05.2017 at water temperature 18.2 ºС (Figure III.4.2-13).  

According to the results of sampling from coastal stations with different depths, the highest 

values of abundance (from 13258 to 18045 ind/m³) and biomass (from 398.54 to 1191.15 

mg/m³) were registered on 24.07.2016 (Figure III.4.2-14- III.4.2-16).  

III.4.2.4.2. Odessa Bay coastal waters (MHBS area)  

During the periods of studies in III-XII 2016 and II-VI 2017 in the MHBS area the abundance and 

biomass of mesozooplankton (Figure III.4.2-17- III.4.2-21) varied within broad limits from 600 

ind/m³ and 0.24 mg/m³ (10.03.2017) to 225920 (10.06.2017) ind/m³ and 5471.96 (29.06.2017) 

mg/m³. At that, in III-XII 2016 mean values of those parameters were 20313 ind/m³ and 116.32 

mg/m³ respectively and in II-VI 2017 – 12094 ind/m³ and 436.20 mg/m³ respectively. 

 

Figure III.4.2-17 – Results of observations of average temperature, water salinity, biomass 

and abundance of mesozooplankton at the MHBS-R station in 2016-2017 .  

(1 – average temperature in water layer; 2 – average temperature for the previous 10 days; 3 – 

average salinity in the layer; 4 – biomass; 5 – abundance)  
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Figure III.4.2-18 – Results of observations of average temperature, water salinity, biomass 

and abundance of mesozooplankton at the MHBS-02 station in 2016-2017. (1 – average 

temperature in water layer; 2 – average temperature for the previous 10 days; 3 – average 

salinity in the layer; 4 – biomass; 5 – abundance) 

 

Figure III.4.2-19 – Results of observations of average temperature, water salinity, biomass 

and abundance of mesozooplankton at the MHBS-06 station in 2016-2017.  

(1 – average temperature in water layer; 2 – average temperature for the previous 10 days; 3 – 

average salinity in the layer; 4 – biomass; 5 – abundance) 
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Figure III.4.2-20 – Results of observations of average temperature, water salinity, biomass 

and abundance of mesozooplankton at the MHBS-09 station in 2016-2017.  

(1 – average temperature in water layer; 2 – average temperature for the previous 10 days; 3 – 

average salinity in the layer; 4 – biomass; 5 – abundance) 

 

 

Figure III.4.2-21 – Results of observations of average temperature, water salinity, biomass 

and abundance of mesozooplankton at the MHBS-12 station in 2016-2017.  

(1 – average temperature in water layer; 2 – average temperature for the previous 10 days; 3 – 

average salinity in the layer; 4 – biomass; 5 – abundance) 

 

Maximum of mesozooplankton development in Odessa Bay in the MHBS area was observed on 

10.06.2016 at water temperature 16.4 ºС. Its abundance and biomass at that period made 

225920 ind/m³ and 247.76 mg/m³ respectively (Figure III.4.2-17). The second and more 

significant peak was registered on 19.08.2017 (57901 ind/m³ and 1064.37 mg/m³) at water 

temperature 23.4 ºС. Beginning with second decade of September in Odessa Bay, like in the 

Zmiinyi Island coastal waters, decrease of mesozooplankton quantitative characteristics was 

registered as the temperature of water went down. In December 2016 at water temperature 
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6.0 ºС abundance and biomass of mesozooplankton was 1111 ind/m³ and 19.79 mg/m³. In April-

June 2017 mesozooplankton quantitative characteristics varied from 647 to 41846 ind/m³ and 

from 3.53 to 1883.48 mg/m³. The highest values of abundance and biomass in 2017 (41846 

ind/m³ and 1883.48 mg/m³) were registered on 12.06.2017 at water temperature 20.2 ºС 

(Figure III.4.2-17).  

At the coastal stations of monthly surveys characterized by different depth, the quantitative 

characteristics of mesozooplankton varied within broad limits (Figure III.4.2-18- III.4.2-21). On 

01.06.2016, at the MHBS-09 station abundance (1356 ind/m³) and biomass (13.23 mg/m³) of 

mesozooplankton was higher than at the MHBS-02 station (1277 ind/m³; 4.78 mg/m ³), MHBS-

06 (861 ind/m³; 0.52 mg/m³) and MHBS-12 (682 ind/m³; 1.65 mg/m³); on 02.07.2016 – 

significantly lower: MHBS-09 (2106 ind/m³; 6.31 mg/m³), MHBS-02 (6657 ind/m³; 57.13 mg/m³), 

MHBS-06 (13467 ind/m³; 67.61 mg/m³) and MHBS-12 (8000 ind/m³; 38.58 mg/m³). On 

22.09.2016, at the MHBS-12 station abundance (91165 ind/m³) and biomass (1484.85 mg/m³) 

of mesozooplankton was much higher than at MHBS-02 (27885 ind/m³; 257.36 mg/m³), MHBS-

06 (33043 ind/m³; 232.49 mg/m³) and MHBS-09 (27494 ind/m³; 201.19 mg/m³) stations. On 

26.05.2017 at the MHBS-09 station the lowest quantitative characteristics of mesozooplankton 

were registered and on 29.06.2017 at the stations MHBS-02 (114639 ind/m³; 5471.96 mg/m³), 

MHBS-06 (100879 ind/m³; 4796.34 mg/m³) and MHBS-12 (197266 ind/m³; 317.12 mg/m³) 

abundance and biomass were higher than at the MHBS-09 station (44360 ind/m³; 135.70 

mg/m³) (Figure III.4.2-18- III.4.2-21).  

Comparison of the results of analyses of the zooplankton samples collected using Juday net (0.01 

m2 mouth opening area; 150 mkm mesh size) and filtering cone with diameter 0.5 m and mesh 

size 150 mkm (at the «MHBS-R» station, depth – 2.5 m) had shown (Figure III.4.2-22) that, as 

the rule, abundance and biomass of mesozooplankton sampled with Juday net were higher (in 

average 1.5-2.0 times for biomass and 2-3 time for abundance) than of mesozooplankton 

sampled with filtering cone. A that, such excision was observed for 78.3 % of all samples; only 

in 21.7 % of cases quantitative characteristics of the samples taken with filtering cone were 

higher.   

Therefore, mesozooplankton sampling with Juday net, even in shallow areas, is more efficient 

and representative than dipping and filtering. When filtering cone is used, zooplankton is 

sampled only from the upper water layer (0.5 m), while Juday net catches organisms from the 

surface to the bottom, i.e. different horizons are covered. Sampling of mesozooplankton with 

filtering cone depends very much on vertical distribution of organisms, wave activity and other 

conditions. 
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Figure III.4.2-22 – Mesozooplankton abundance (ind/m3) and biomass (mg/m3) on the results 

of analysis of the samples collected using Juday net (0.01 m2 mouth opening area) and 

filtering cone (modified Apstein net) at the «MHBS-R» station («Chkalovskiy pier», depth 2.5 

m) from March to November 2016 

III.4.2.5. Functional groups as potential indicators  

III.4.2.5.1. Zmiinyi Island coastal waters (ZMN area) 

During the period of studies representatives of 9 mesozooplankton groups were identified in 

the Zmiinyi Island coastal waters, including meroplankton: Copepoda (Calanoida and  

Cyclopoida), Harpacticoida, Cladocera, Mysidae, Chaetognatha, Noctilucales, Rotatoria, 

Appendicularia and meroplankton comprising Cirripedia larvae (including Balanus): nauplius, 

cypris; Polychaeta larvae: nectochaeta; Bivalvia larvae: veliger; Gastropoda larvae: veliger 

(Figure III.4.2-23- III.4.2-26) 

 

Figure III.4.2-23 – Distribution of abundance among the main groups of mesozooplankton in 

the Zmiinyi Island coastal waters (ZPR station) in April-December 2016 and April-June 2017 
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Figure III.4.2-24 Distribution of abundance among the main groups of mesozooplankton in 

the Zmiinyi Island coastal waters (coastal stations) in April-Dec. 2016 and April-June 2017 

 

Figure III.4.2-25 Distribution of biomass among the main groups of mesozooplankton in the 

Zmiinyi Island coastal waters (ZPR station) in April-December 2016 and April-June 2017 

 

Figure III.4.2-26 – Distribution of biomass among the main groups of mesozooplankton in the 

Zmiinyi Island coastal waters (coastal stations) in April-December 2016 and April-June 2017 
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Mean values of Copepoda (Calanoida and Cyclopoida) abundance and biomass for the entire 

period of studies (2016-2017) at the ZPR station and other stations around the island made 3981 

and 4036 ind/m³ and 33.38 and 34.40 mg/m³ respectively. The biggest quantitative 

characteristics of this mesozooplankton group were registered in July (11853 ind/m³ and 166.66 

mg/m³), August (13098 ind/m³ and 69.69 mg/m³) and September 2016 (11216 ind/m³ and 77.24 

mg/m³). Input of Copepoda into mesozooplankton abundance was significant and made from 

5.8 % (April 2017) to 62.4 % (August 2016) at the ZPR station (Figure III.4.2-23); from 8.4 % (May 

2017) to 86.9 % (August 2016) at the coastal monitoring stations (Figure III.4.2-24). The input of 

this group into mesozooplankton biomass was significant also: from 0.6 % (May 2017) to 83.7 % 

(September 2016) at the ZPR station (Figure III.4.2-25); from 5.1 % (June 2017) to 92.0 % (April 

2016) at the coastal monitoring stations (Figure III.4.2-26). 

Input of Cladocera into abundance is less significant – 1461-1965 ind/m³ (0.2-45.7% at the ZPR 

station and 0.2-61.8% at coastal stations); its input into biomass is 33.65-64.30 mg/m³ (0.02-

61.7% at the ZPR station and 0.05-87.0% at coastal stations). The peak of development of this 

group was observed in July 2016 – 11749-16780 ind/m³ and 243.01-640.90 mg/m³. Input of 

Harpacticoida was insignificant. During mass development of this group in July 2016 their input 

made only 0.48% of total mesozooplankton abundance and 0.36% of total biomass. Input of 

Mysidae was also insignificant – 0.14% of abundance and 0.14 % of biomass (October 2016). 

Chaetognatha contributed 0.03-1.3% of abundance and 0.03-6.7% of biomass.  

According to the results of studies, the representatives of Noctilucales (the most mass species – 

N. scintillans) were the dominant group. Their average abundance and biomass made 3958-6495 

ind/m³ and 52.34-161.04 mg/m³ with peaks of development in June 2016 (19255 ind/m³ and 

451.48 mg/m³), May (18433 ind/m³ and 870.54 mg/m³) and June 2017 (19114 ind/m³ and 

296.49 mg/m³). The share of the group in abundance was from 0.9 % (September 2016) to 81.1 

% (May 2017) at the ZPR station and from 0.9 % (September 2016) to 81.5 % (April 2017) at the 

coastal stations of monitoring. This species also contributed significantly into biomass: from 1.0 

% (September 2016) to 98.9 % (May 2017) at the ZPR station and from 0.5 % (September 2016) 

to 94.1 % (June 2017) at the coastal monitoring stations. 

The meroplankton, which comprises pelagic larvae of molluscs, Polychaeta and other organisms, 

contributes significantly into abundance – 2374-2429 ind/m³, totalling to 59.7 and 59.9% (May 

and September 2016), first of all due to pelagic larvae of mussels. Though abundance was high, 

its biomass was insignificant: 3.03-4.20 mg/m³. Maximal values of mean quantitative 

characteristics of this group were registered in May (5111 ind/m³ and 7.33 mg/m³), September 

(5147 ind/m³ and 13.49 mg/m³) and October 2016 (5217 ind/m³ and 11.27 mg/m³), as well as 

in May 2017 (5606 ind/m³ and 6.83 mg/m³). The share of meroplankton in total 

mesozooplankton biomass did not exceed 22.1% (May 2017) (Figure III.4.2-26). 

III.4.2.5.2. Odessa Bay coastal waters (MHBS area) 

During the period of studies in Odessa Bay in the MHBS area, the representatives of 9 

mesozooplankton groups were registered, including meroplankton: Copepoda (Calanoida and 

Cyclopoida), Harpacticoida, Cladocera, Mysidae, Chaetognatha, Noctilucales, Rotatoria, 

Appendicularia and meroplankton comprising Cirripedia larvae (including Balanus): nauplius, 
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cypris; Polychaeta larvae: nectochaeta; Bivalvia larvae: veliger; Gastropoda larvae: veliger 

(Figure III.4.2-27- III.4.2-30). 

 

Figure III.4.2-27 – Distribution of abundance among the main groups of mesozooplankton in 

Odessa Bay (MHBS station) in March-December 2016 and March-June 2017 

 

Figure III.4.2-28 – Distribution of abundance among the main groups of mesozooplankton in 

Odessa Bay (MHBS-02, MHBS-06 MHBS-09 MHBS-12) in April-Nov.2016 and May-June 2017 
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Figure III.4.2-29 – Distribution of biomass among the main groups of mesozooplankton in 

Odessa Bay (MHBS-R station) in March-December 2016 and March-June 2017 

 

Figure III.4.2-30 Distribution of biomass among the main groups of mesozooplankton in 

Odessa Bay (MHBS-02, MHBS-06, MHBS-09, MHBS-12) in April-Nov. 2016 and May-June 2017 

 

Average abundance and biomass of Copepoda (Calanoida and Cyclopoida) in the period of 

studies at the «MHBS-R» station and the coastal monitoring stations MHBS-02, MHBS-06, 

MHBS-09, MHBS-12 made 5820-8790 ind/m³ and 64.23-77.42 mg/m³. The highest quantitative 

characteristics of this group of mesozooplankton were registered in August (19495 ind/m³ and 

215.33 mg/m³) and September (42719 ind/m³ and 483.67 mg/m³) 2016. Input of Copepoda into 

the mesozooplankton community of Odessa Bay was much less significant than in the coastal 

waters of the island; their abundance was 802-923 ind/m³, biomass – 12.01-22.61 mg/m³. The 
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MHBS-R station (Figure III.4.2-27); from 1.2% (April 2017) to 79.4 % (September 2016) at the 

coastal monitoring stations (Figure III.4.2-28). 

The input of this group into biomass is also significant: from 15.1 % (June 2017) to 97.1 % (April 

2017) at the MHBS-R station (Figure III.4.2-29); from 0.1 % (June 2017) to 94.1 % (April 2017) at 

the coastal monitoring stations (Figure III.4.2-30). 

Cladocera input into abundance was not critical (0.3-15.5%), but in some cases significant for 

biomass – up to 55.3%. Peak of this group development was registered in August 2016 – 3662 

ind/m³ and 162.9 mg/m³.  

Harpacticoida input was not critical. Their biggest share into mesozooplankton biomass was 

registered in May 2017 (26.8%) and into biomass – in April 2016 (52.6% of total 

mesozooplankton biomass).   

Mysidae input was very small, both in number (0.23%) and in biomass (0.19%) (August 2016). 

The share of Chaetognatha during the period of studies did not exceed 0.5 % of abundance and 

0.97% of biomass (Figure III.4.2-27- III.4.2-30).  

According to the results of study, like in the Zmiinyi Island coastal waters, Noctilucales was the 

dominant group in the mesozooplankton community (with dominant species N. scintillans). 

Mean abundance and biomass of this group made 7429-12733 ind/m³ and 60.76-300.16 mg/m³ 

with peaks of development in June 2016 and 2017 (58667-111568 ind/m³ and 62.88-2674.43 

mg/m³). The share of this group in abundance made from 0.9 % (August 2016) to 75.5 % (June 

2016) at the MHBS-R station and from 0.6 % (August 2016) to 88.1 % (June 2017) at the coastal 

monitoring stations. This group’s input into biomass was also significant: from 0.75 % (August 

2016) to 81.6 % (June 2017) at the MHBS-R station and from 0.9 % (August 2016) to 99.3 % (June 

2017) at the coastal monitoring stations. 

Significant input into mesozooplankton community abundance was made by Rotatoria (up to 

78.2%, March 2016) and meroplankton – up to 4482 ind/m³ (76.6% in June 2016).  

This group, though abundant, had insignificant biomass. Maximal values of mean meroplankton 

quantitative characteristics were registered in 2016 and 2017 (12698 and 12404 ind/m³; 14.83 

and 12.53 mg/m³ respectively; Rotatoria - 4244 ind/m³ and 0.12 mg/m³ in April 2016. 

III.4.2.6. Dominant species 

Dominance of mesozooplankton groups was assessed using three characteristics: – Occurrence 

(О), Number (N) and Biomass (B), each was estimated on a scale from 0 to 9.  

III.4.2.6.1. Zmiinyi Island coastal waters (ZMN area) 

The results of assessment of nine mesozooplankton groups’ dominance in the Zmiinyi Island 

coastal waters during the period of studies are presented in Table III.4.2-5. 
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Table III.4.2-5 – Dominance of mesozooplankton groups in the Zmiinyi Island coastal waters in 

April-December 2016 and April-June 2017 

Y
ea

r 

M
o

n
th

 

Taxonomic group 

Copepoda  

(Calanoida 
and 

Cyclopoida) 

Harpacticoida Cladocera Mysidae Chaetognatha Noctilucales Rotatoria Appendicularia Meroplankton 

O N B O N B O N B O N B O N B O N B O N B O N B O N B 

20
16

 

IV 9 7 9 0 0 0 0 0 0 0 0 0 0 0 0 7 6 8 8 9 6 6 5 5 8 8 7 

V 8 7 7 0 0 0 7 6 5 0 0 0 0 0 0 8 8 9 0 0 0 6 5 6 9 9 8 

VI 9 8 8 0 0 0 9 6 6 0 0 0 0 0 0 9 9 9 0 0 0 8 5 5 9 7 7 

VII 9 9 8 8 4 5 9 8 9 0 0 0 0 3 6 9 6 7 8 5 3 0 0 0 9 7 4 

VIII 9 9 8 0 0 0 9 7 9 0 0 0 7 6 4 8 5 6 7 4 0 6 3 5 9 8 7 

IX 9 9 8 0 0 0 9 7 9 0 0 0 6 3 4 8 4 5 7 5 0 6 6 7 9 8 6 

X 9 9 9 0 0 0 9 7 8 5 2 3 6 4 6 8 6 5 7 5 2 7 3 4 9 8 7 

XI 9 8 9 0 0 0 0 0 0 0 0 0 5 4 5 6 5 6 8 7 4 7 6 7 9 9 8 

XII 9 9 9 0 0 0 6 4 5 0 0 0 6 3 3 5 7 8 8 5 4 7 6 7 9 8 6 

20
17

 IV 9 7 8 0 0 0 7 5 7 0 0 0 0 0 0 9 9 9 8 8 6 0 0 0 8 6 5 

V 9 8 8 0 0 0 7 4 5 0 0 0 0 0 0 9 9 9 8 6 4 7 5 7 9 7 6 

VI 9 7 8 7 4 4 9 6 7 0 0 0 6 3 5 9 9 9 8 5 3 0 0 0 9 8 6 

General 
dominance 
coefficient 

8.42 0.89 5.86 0.28 2.64 7.44 4.67 4.36 7.67 

Notes: О – occurrence, N – number, B – biomass 

 

Analysis of the results had shown that in the period of studies in 2016 and 2017 in the Zmiinyi 

Island coastal waters the basis of mesozooplankton was formed by Copepoda, Protozoa with 

dominant N. Scintillans and meroplankton (veligers of mussels, larvae of Balanus gen.spp) 

(Figure III.4.2-23- III.4.2-26, Table III.4.2-5). 

Among Copepoda, Acartia tonsa dominated in number and biomass and, to the lesser extent, 

Acartia clausi. The tendency of decrease of food mesozooplankton main groups’ role in forming 

of total number and biomass revealed itself significantly by the end of summer 2016. Protozoa, 

represented mainly by N. scintillans, were leading in number. The number and biomass of other 

representatives of mesozooplankton were relatively low. The role of Cladocera – the typical 

representatives of summer mesozooplankton, represented mainly by Pleopis polyphemoides, 

the species characteristic of eutrophic and polluted waters – increased a little. In summer and 

autumn, when the meroplankton organisms were developing, the total number of larvae of 

Balanus gen.spp, Polychaeta, veligers of bivalves (first of all mussels) and gastropods (Rapana) 

grew significantly. The significance of Oicopleura dioica also grew in that period.  
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III.4.2.6.2. Odessa Bay coastal waters (MHBS area)  

The results of assessment of nine mesozooplankton groups’ dominance in Odessa Bay in the 

MHBS area during the period of studies are presented in Table III.4.2-6. 

Table III.4.2-6 – Dominance of mesozooplankton groups in Odessa Bay in the MHBS area 

(April-December 2016 and April-June 2017) 

Y
ea

r 

M
o

n
th

 

Taxonomic group 

Copepoda  

(Calanoida 
and 

Cyclopoida) 

Harpacticoida Cladocera Mysidae Chaetognatha Noctilucales Rotatoria Appendicularia Meroplankton 

O N B O N B O N B O N B O N B O N B O N B O N B O N B 

20
16

 

III 9 8 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 9 8 0 0 0 9 7 7 

IV 9 8 8 8 6 9 0 0 0 0 0 0 0 0 0 0 0 0 9 9 6 0 0 0 7 9 7 

V 9 7 9 7 6 8 6 5 6 0 0 0 0 0 0 0 0 0 8 8 5 0 0 0 9 9 7 

VI 9 7 8 7 5 5 8 6 6 0 0 0 0 0 0 9 9 9 0 0 0 0 0 0 9 8 7 

VII 9 9 9 7 5 6 8 6 5 0 0 0 0 0 0 9 7 8 6 4 4 0 0 0 9 8 7 

VIII 9 9 9 7 7 7 7 6 8 4 2 2 0 0 0 7 5 5 6 4 3 5 3 4 8 8 6 

IX 9 9 8 5 4 4 8 7 9 0 0 0 3 2 3 7 5 5 4 3 2 6 6 6 9 8 7 

X 9 9 9 4 4 4 7 7 8 0 0 0 0 0 0 6 5 6 3 3 3 5 6 5 8 8 7 

XI 9 8 9 0 0 0 6 5 6 0 0 0 0 0 0 7 6 7 8 7 5 0 0 0 8 9 8 

XII 9 8 9 0 0 0 0 0 0 0 0 0 0 0 0 6 6 8 8 9 6 0 0 0 7 7 7 

20
17

 

III 9 8 8 6 5 5 7 6 9 0 0 0 0 0 0 0 0 0 9 9 6 0 0 0 8 7 7 

IV 9 8 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 7 7 0 0 0 9 9 8 

V 9 7 9 9 8 7 7 4 5 0 0 0 0 0 0 8 5 6 8 6 4 0 0 0 9 9 8 

VI 9 7 8 8 6 6 6 4 5 0 0 0 0 0 0 9 9 9 7 5 4 0 0 0 9 8 7 

General 
dominance 
coefficient 

8.55 4.40 4.60 0.19 0.19 4.48 5.71 1.10 7.90 

Notes: О – occurrence, N – number, B – biomass 

 

Analysis of the results had shown that in the period of studies in 2016 and 2017 in Odessa Bay 

dominated Copepoda, meroplankton, Rotatoria and, to lesser extent, Protozoa with dominant 

N. Scintillans, Cladocera and Harpacticoida (Fig. III.4.2-27- III.4.2-30, Table III.4.2-6). 

Like in the Zmiinyi Island area, the dominant position among Copepoda was occupied by Acartia 

tonsa. Like in other north-western Black Sea areas, in summer – autumn period during 

meroplankton organisms development in mesozooplankton community the share of Balanus 

gen.spp, Polychaeta, veligers of bivalves (first of all mussels) increased significantly. In the 

mesozooplankton community of Odessa Bay in 2016 and the first half of 2017 also dominated 

Protozoa with dominant species N. scintillans. 

III.4.2.7. Alien species 

III.4.2.7.1. Zmiinyi Island coastal waters 

Three alien species of mesozooplankton, registered before in the Black Sea, were found in the 

Zmiinyi Island coastal waters during the period of studies.  
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Those, first, were jellies Mnemiopsis leidyi and Beroe ovata. The invasion of M. leidyi is at present 

studied the best of all other alien species [3,5,6]. It is commonly believed that the result of this 

invasion was full degradation of coastal mesozooplankton and fish resources in the Black Sea. 

M. leidyi most probably arrived in the Black Sea with ballast waters in the end of the past 

century. In 1992, the species distributed almost all over the water area including the north-

western, less saline, part of the Black Sea [3,14]. It has been observed by us in the coastal waters 

of the island since the beginning of integrated studies [8, 9].  

B. Ovata, the other alien jelly-fish, is feeding mainly on Mnemiopsis. It was first registered in the 

Black Sea in 1997 [7]. Within one year it also, like the Mnemiopsis, distributed widely in the Black 

Sea water area. It has been observed by us in the coastal waters of the island since the beginning 

of integrated studies [8, 9]. No separate studies of ctenophores were performed in the island 

coastal waters, so there are no data available on those species’ number and biomass in the 

Zmiinyi Island coastal waters. 

In group of Copepoda, in the Zmiinyi Island coastal waters 2016-2017, the alien species Acartia 

tonsa were registered, which had been found for the first time in the Black sea in 1976 in 

Sevastopol Bay [23]. In the end of last century the share of A. tonsa in total number of Copeopda 

grew sharply. The species distributed widely in the Black Sea. During the period of studies in the 

Zmiinyi Island coastal waters the highest number (11279 ind/m3) and biomass (121.98 mg/m3) 

of this Copepoda species was registered in July 2016 (i.e. 17.2 % of mesozooplankton total 

biomass and 25.8 % of total abundance). 

III.4.2.7.2. Odessa Bay coastal waters  

During the period of studies in Odessa Bay, like in the Zmiinyi Island coastal waters, 3 alien 

mesozooplankton species were observed: jellies Mnemiopsis leidyi and Beroe ovata, Copepoda 

A. tonsa. In the period of studies the highest number (43858 ind/m3) and biomass (944.45 

mg/m3) of A. tonsa were registered in mid-August 2016. Its input in that period reached 75.7 % 

of mesozooplankton total abundance and 88.7 % of total biomass. 

III.4.2.8. Protected and rare species  

No protected and rare mesozooplankton species were found in the Zmiinyi Island coastal waters 

and Odessa Bay during the period of studies in 2016-2017. 

III.4.2.9. Assessment of current marine environment quality on the results of 
mesozooplankton study  

III.4.2.9.1. Zmiinyi Island coastal waters (ZMN area) 

The results of current marine environment quality assessment according to the results of 

mesozooplankton studies in the Zmiinyi Island coastal waters are presented in Table III.4.2-7. 

Only once the quality of water was assessed as bad on all the three indicators – at the station of 

continuous monitoring ZPR on 30.05.2017 under practically absolute dominance of N. scintillans 

(Table III.4.2-7).  
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Table III.4.2-7 – Characteristics of the marine water quality (WQ) expressed as ecological 

status in the Zmiinyi Island coastal waters on the basis of different mesozooplankton 

indicators  

Date Station 
B*,  

mg·m-3 
WQ 

Noc*, 
mg·m-3 

WQ 
Sh*,  

bit·ind-1 
WQ 

ZPR station 

10.04.16 16ZPR-2-0,5 9,774 Bad 1,275 High 1,55 Moderate 

22.04.16 16ZPR-17-0,5 29,649 Poor 11,078 High 2,55 Good 

20.05.16 16ZPR-48-0,5 4,210 Bad 1,115 High 1,07 Poor 

30.05.16 16ZPR-59-0,5 56,805 Poor 55,230 Good 1,31 Poor 

10.06.16 16ZPR-71-0,5 57,872 Poor 50,557 Good 1,82 Moderate 

20.06.16 16ZPR-82-0,5 1294,187 Bad 1289,023 Poor 0,41 Bad 

30.06.16 16ZPR-93-0,5 79,477 Poor 14,870 High 2,31 Moderate 

10.07.16 16ZPR-104-0,5 125,066 Poor 21,986 High 2,50 Moderate 

20.07.16 16ZPR-115-0,5 709,018 High 0,451 High 3,26 Good 

30.07.16 16ZPR-126-0,5 443,405 Good 1,275 High 1,97 Moderate 

10.08.16 16ZPR-138-0,5 162,608 Poor 1,115 High 2,84 Good 

20.08.16 16ZPR-149-0,5 121,323 Poor 1,487 High 2,42 Moderate 

30.08.16 16ZPR-160-0,5 19,720 Bad 4,426 High 2,08 Moderate 

10.09.16 16ZPR-172-0,5 84,644 Moderate 0,372 High 2,77 Good 

21.09.16 16ZPR-184-0,5 49,161 Poor 1,275 High 1,35 Poor 

30.09.16 16ZPR-194-0,5 65,303 Poor 3,525 High 1,47 Poor 

10.10.16 16ZPR-205-0,5 59,574 Poor 3,525 High 2,22 Moderate 

20.10.16 16ZPR-216-0,5 90,182 Moderate 1,983 High 2,68 Good 

01.11.16 16ZPR-229-0,5 20,078 Poor 0,000 High 2,11 Moderate 

11.11.16 16ZPR-240-0,5 36,536 Poor 0,952 High 2,91 Good 

20.11.16 16ZPR-250-0,5 29,875 Poor 0,000 High 2,60 Good 

01.12.16 16ZPR-262-0,5 49,231 Poor 2,266 High 2,91 Good 

10.12.16 16ZPR-272-0,5 86,533 Moderate 19,669 High 3,07 Good 

22.12.16 16ZPR-286-0,5 31,444 Poor 24,169 High 2,76 Good 

28.04.17 17ZPR-1-0,5 146,203 Moderate 140,462 Good 0,45 Bad 

30.04.17 17ZPR-4-0,5 1,385 Bad 0,000 High 0,61 Bad 

10.05.17 17ZPR-16-0,5 3,511 Bad 0,000 High 2,30 Moderate 

20.05.17 17ZPR-28-0,5 35,636 Poor 24,386 High 2,67 Good 

30.05.17 17ZPR-40-0,5 2597,248 Bad 2587,232 Bad 0,44 Bad 

10.06.17 17ZPR-53-0,5 543,917 Good 526,328 Poor 0,80 Bad 

20.06.17 17ZPR-65-0,5 309,009 Moderate 282,243 Moderate 2,00 Moderate 

30.06.17 17ZPR-77-0,5 93,481 Poor 80,910 Good 2,13 Moderate 

Stations around the Zmiinyi Island with depths ~5, ~15 and ~25 m 

10.04.16 Z-1-6 38,345 Poor 1,181 High 2,66 Good 

10.04.16 Z-1-4 28,591 Poor 0,516 High 1,82 Moderate 

10.04.16 Z-1-2 75,936 Moderate 1,536 High 2,01 Moderate 

17.05.16 Z-3-6 4,458 Bad 0,000 High 1,77 Moderate 

17.05.16 Z-3-4 4,632 Bad 0,258 High 2,17 Moderate 
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Date Station 
B*,  

mg·m-3 
WQ 

Noc*, 
mg·m-3 

WQ 
Sh*,  

bit·ind-1 
WQ 

17.05.16 Z-3-2 4,686 Bad 1,365 High 1,72 Moderate 

21.06.16 Z-5-6 7,086 Bad 1,381 High 2,27 Moderate 

21.06.16 Z-5-4 147,944 Poor 140,426 Good 1,00 Poor 

21.06.16 Z-5-2 33,790 Bad 17,322 High 2,61 Good 

21.06.16 Z-5-1 69,528 Poor 40,179 High 2,46 Moderate 

24.07.16 Z-3-6 398,540 Good 2,797 High 3,02 Good 

24.07.16 Z-3-4 602,588 High 8,366 High 3,04 Good 

24.07.16 Z-3-2 1191,145 Bad 4,779 High 3,29 Good 

20.08.16 Z-5-6 77,631 Poor 0,929 High 1,99 Moderate 

20.08.16 Z-5-4 66,001 Poor 0,697 High 2,31 Moderate 

20.08.16 Z-5-2 135,518 Poor 8,495 High 2,07 Moderate 

25.09.16 Z-3-6 239,232 Good 1,398 High 2,48 Moderate 

25.09.16 Z-3-4 193,840 Good 14,524 High 2,74 Good 

25.09.16 Z-3-2 79,533 Moderate 0,597 High 2,20 Moderate 

03.11.16 Z-3-6 5,221 Bad 0,119 High 2,05 Moderate 

03.11.16 Z-3-4 2,858 Bad 0,000 High 1,74 Moderate 

03.11.16 Z-3-2 7,203 Bad 0,164 High 2,06 Moderate 

26.11.16 Z-3-6 6,864 Bad 0,158 High 2,85 Good 

26.11.16 Z-3-4 41,389 Poor 0,000 High 3,18 Good 

26.11.16 Z-3-2 18,176 Poor 0,000 High 2,60 Good 

28.04.17 Z-1-6 86,999 Moderate 49,020 High 1,42 Poor 

28.04.17 Z-1-4 204,527 Good 155,210 Good 1,01 Poor 

28.04.17 Z-1-2 275,999 Good 209,709 Good 1,13 Poor 

27.05.17 Z-3-6 32,264 Poor 6,466 High 2,25 Moderate 

27.05.17 Z-3-4 17,071 Poor 15,463 High 2,17 Moderate 

27.05.17 Z-3-2 22,775 Poor 21,169 High 1,92 Moderate 

25.06.17 Z-3-6 142,267 Poor 99,171 Good 2,36 Moderate 

25.06.17 Z-3-4 800,377 High 793,147 Poor 0,58 Bad 

25.06.17 Z-3-2 199,146 , Poor 183,165 Good 1,95 Moderate 

Mesozooplankton WQ indicators: B- total biomass, Noc.- biomass of Noctiluca scintilans, Sh- Shannon-

Weaver index. 

 

Out of 32 and 34 samples collected, respectively, at the ZPR station and the stations of monthly 

surveys, the quality of the environment coming out of the total biomass indicator was assessed 

as Bad, respectively, in 5 and 10 cases, Poor – 17 and 14, Moderate – 5 and 3,  Good – 2 and 5,  

High – in 3 and 2 cases. Quantitative estimation of the average marine environment quality 

indicator (Bad=5…. High = 1) coming out of two series of observations had shown their good 

convergence (mean value of quality indicator for the ZPR station was 3.6±0.6 and for all the 

stations of monthly observations Z – 3.7±0.7). Therefore, it can be concluded that marine 

environment quality assessed coming out of zooplankton biomass was within the interval from 

Moderate to Poor.   
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Coming out of biomass of Noctiluca scintilans for the ZPR station and the stations along monthly 

transects Z the quality was most often assessed as High: in 24 and 28 cases out of 32 and 34 

samples respectively. Quantitative estimation of the average marine environment quality 

indicator (Bad=5…. High = 1) coming out of two series of observations had shown their good 

convergence (mean value of quality indicator for the ZPR station was 1.5±0.1 and for all the 

stations of monthly observations Z – 1.2±0.1). In general, marine environment quality assessed 

coming out of biomass of Noctiluca scintilans was within the interval from Good to High.   

Marine water quality assessment using Shannon-Weaver index of zooplankton at the ZPR station 

had shown that 5 samples out of 32 were assessed as Bad, 4 samples – as Poor, 12 samples - as 

Moderate and 11 samples – as Good. Out of the 34 samples collected during monthly surveys, 

the respective categories were assigned to 1, 4, 20 and 9 samples respectively. At that, «High» 

quality was not registered. Quantitative estimation of the average marine environment quality 

indicator (Bad=5…. High = 1) coming out of two series of observations had shown that mean 

value of quality indicator for the ZPR station was 3.1±0.3 and for all the stations of monthly 

observations Z the mean value was 2.9±0.4, which corresponded to the average quality 

«Moderate» during calendar year.  

III.4.2.9.2. Odessa Bay coastal waters (MHBS area) 

The results of current marine environment quality assessment according to the results of 

mesozooplankton studies in Odessa Bay are presented in Table III.4.2-8.  

Table III.4.2-8 – Characteristics of the marine water quality (WQ) expressed as ecological 

status for Odessa Bay (MHBS area) on the basis of different mesozooplankton indicators   

Date Station 
B*,  

mg·m-3 
WQ 

Noc*, 
mg·m-3 

WQ 
Sh*,  

bit·ind-1 
WQ 

MHBS-R station 

23.03.16 16MHBS-R-1t 0,845 Bad 0,000 High 0,95 Bad 

21.04.16 16MHBS-R-2t 38,866 Poor 0,000 High 1,90 Moderate 

28.04.16 16MHBS-R-3t 27,532 Poor 0,000 High 1,97 Moderate 

10.05.16 16MHBS-R-4t 10,913 Poor 0,000 High 1,58 Moderate 

20.05.16 16MHBS-R-5t 8,171 Bad 0,000 High 1,93 Moderate 

30.05.16 16MHBS-R-6t 31,599 Poor 0,000 High 2,30 Moderate 

10.06.16 16MHBS-R-7t 247,758 Moderate 240,100 Good 0,31 Bad 

21.06.16 16MHBS-R-8t 15,376 Bad 0,000 High 1,07 Poor 

29.06.16 16MHBS-R-9t 60,912 Poor 0,000 High 2,31 Moderate 

11.07.16 16MHBS-R-10t 7,398 Bad 3,185 High 2,52 Good 

20.07.16 16MHBS-R-11t 159,521 Poor 30,000 High 2,88 Good 

01.08.16 16MHBS-R-12t 158,228 Poor 1,667 High 2,65 Good 

10.08.16 16MHBS-R-13t 192,639 Poor 1,167 High 2,45 Moderate 

19.08.16 16MHBS-R-14t 1064,369 Bad 3,500 High 2,29 Moderate 

30.08.16 16MHBS-R-15t 48,594 Poor 0,583 High 1,43 Poor 

06.09.16 16MHBS-R-16t 323,458 High 2,701 High 2,72 Good 

21.09.16 16MHBS-R-17t 81,652 Moderate 8,167 High 3,01 Good 

30.09.16 16MHBS-R-18t 77,986 Moderate 0,500 High 2,46 Moderate 

10.10.16 16MHBS-R-19t 134,955 Moderate 10,802 High 2,36 Moderate 

20.10.16 16MHBS-R-20t 30,387 Poor 0,000 High 2,55 Good 
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Date Station 
B*,  

mg·m-3 
WQ 

Noc*, 
mg·m-3 

WQ 
Sh*,  

bit·ind-1 
WQ 

01.11.16 16MHBS-R-21t 15,367 Poor 2,315 High 1,76 Moderate 

10.11.16 16MHBS-R-22t 2,284 Bad 0,667 High 2,49 Moderate 

21.11.16 16MHBS-R-23t 21,998 Poor 1,667 High 2,51 Good 

30.11.16 16MHBS-R-24t 11,992 Poor 0,042 High 2,74 Good 

20.12.16 16MHBS-R-25t 19,791 Poor 5,787 High 2,93 Good 

28.02.17 17MHBS-R-26t 0,300 Bad 0,000 High 0,25 Bad 

10.03.17 17MHBS-R-27t 0,235 Bad 0,000 High 1,35 Poor 

20.03.17 17MHBS-R-28t 56,250 Poor 0,000 High 2,87 Good 

30.03.17 17MHBS-R-29t 8,213 Bad 0,000 High 0,55 Bad 

10.04.17 17MHBS-R-30t 20,803 Poor 0,000 High 2,86 Good 

10.05.17 17MHBS-R-33t 5,095 Bad 2,885 High 2,84 Good 

19.05.17 17MHBS-R-34t 3,525 Bad 0,886 High 2,64 Good 

31.05.17 17MHBS-R-35t 233,104 Good 0,000 High 2,23 Moderate 

12.06.17 17MHBS-R-36t 1883,476 Bad 1352,163 Poor 2,15 Moderate 

20.06.17 17MHBS-R-37t 1715,088 Bad 1682,692 Poor 1,18 Poor 

Stations MHBS-02, MHBS-06, MHBS-09, MHBS-12 

22.04.16 16MHBS-02-1 2,888 Bad 0,000 High 1,63 Moderate 

26.04.16 16MHBS-06-1 4,118 Bad 0,000 High 1,88 Moderate 

22.04.16 16MHBS-09-1 7,073 Bad 0,000 High 2,67 Moderate 

26.04.16 16MHBS-12-1 1,003 Bad 0,000 High 1,44 Poor 

01.06.16 16MHBS-02-2 4,777 Bad 0,000 High 2,11 Moderate 

01.06.16 16MHBS-06-2 0,251 Bad 0,000 High 1,95 Moderate 

01.06.16 16MHBS-09-2 13,233 Bad 0,000 High 1,86 Moderate 

01.06.16 16MHBS-12-2 1,650 Bad 0,000 High 1,43 Poor 

02.07.16 16MHBS-02-3 57,132 Poor 3,343 High 3,02 Good 

02.07.16 16MHBS-06-3 67,610 Poor 0,089 High 2,98 Good 

02.07.16 16MHBS-09-3 6,306 Bad 0,313 High 2,90 Good 

02.07.16 16MHBS-12-3 38,578 Bad 0,139 High 2,63 Good 

21.07.16 16MHBS-02-4 28,800 Bad 6,456 High 2,80 Good 

21.07.16 16MHBS-06-4 9,184 Bad 4,693 High 1,86 Moderate 

21.07.16 16MHBS-09-4 5,921 Bad 5,187 High 2,10 Moderate 

21.07.16 16MHBS-12-4 26,633 Bad 7,840 High 2,79 Moderate 

29.08.16 16MHBS-02-5 179,960 Poor 2,703 High 2,50 Moderate 

29.08.16 16MHBS-06-5 255,530 Moderate 3,057 High 2,62 Good 

29.08.16 16MHBS-09-5 515,008 Good 0,866 High 2,84 Good 

29.08.16 16MHBS-12-5 231,692 Moderate 5,036 High 2,43 Moderate 

22.09.16 16MHBS-02-6 257,345 Moderate 16,810 High 1,97 Moderate 

22.09.16 16MHBS-06-6 232,494 Moderate 6,635 High 1,86 Moderate 

22.09.16 16MHBS-09-6 201,190 Moderate 0,729 High 1,76 Moderate 

22.09.16 16MHBS-12-6 1484,847 Bad 41,339 High 2,14 Moderate 

03.11.16 16MHBS-02-7 7,659 Bad 0,000 High 2,11 Moderate 

03.11.16 16MHBS-06-7 16,861 Poor 0,068 High 2,34 Moderate 

03.11.16 16MHBS-09-7 11,074 Poor 0,044 High 2,36 Moderate 

03.11.16 16MHBS-12-7 4,848 Bad 0,919 High 2,71 Good 

26.05.17 17MHBS-02-8 15,058 Poor 0,275 High 2,52 Good 

26.05.17 17MHBS-06-8 19,289 Poor 0,299 High 2,44 Moderate 

26.05.17 17MHBS-09-8 6,437 Bad 0,929 High 2,00 Moderate 

26.05.17 17MHBS-12-8 35,873 Poor 0,511 High 2,39 Moderate 
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Date Station 
B*,  

mg·m-3 
WQ 

Noc*, 
mg·m-3 

WQ 
Sh*,  

bit·ind-1 
WQ 

29.06.17 17MHBS-02-9 5471,956 Bad 5463,147 Bad 0,56 Bad 

29.06.17 17MHBS-06-9 4796,341 Bad 4791,545 Bad 0,63 Bad 

29.06.17 17MHBS-09-9 135,697 Poor 133,249 Good 0,81 Bad 

29.06.17 17MHBS-12-9 317,120 Moderate 309,787 Moderate 0,76 Bad 

* Mesozooplankton WQ indicators: B- total biomass, Noc.- biomass of Noctiluca scintilans, Sh- Shannon-

Weaver index. 

 

Out of 35 and 36 samples collected, respectively, at the MHBS-R station and the stations of 

monthly surveys, the quality of the environment coming out of the  total biomass indicator was 

assessed as Bad, respectively, in 13 and 20 cases, Poor – 16 and 19, Moderate – 4 and 6,  Good 

– 1 and 1,  High – in 1 and 0 cases. Quantitative estimation of the average marine environment 

quality indicator (Bad=5…. High = 1) coming out of two series of observations had shown their 

good convergence (mean value of quality indicator for the MHBS-R station was 4.1±0.3 and for 

all the stations of monthly observations – 4.3±0.6). Therefore it can be concluded that marine 

environment quality assessed coming out of zooplankton biomass in the MHBS area was at 

«Poor» level.   

Coming out of biomass of Noctiluca scintilans for the MHBS-R station and the stations along 

monthly transects the quality was most often assessed as High: in 32 and 23 cases out of 35 and 

36 samples respectively. Quantitative estimation of the average marine environment quality 

indicator (Bad=5…. High = 1) coming out of two series of observations had shown their good 

convergence (mean value of quality indicator for the MHBS-R station was 1.2±0.1 and for all the 

stations of monthly surveys – 1.4±0.1). In general, marine environment quality assessed coming 

out of biomass of Noctiluca scintilans was within the interval from Good to High.   

Marine water quality assessment using Shannon-Weaver index of zooplankton at the ZPR station 

had shown that 5 samples out of 35 were assessed as Bad, 4 samples – as Poor, 14 samples - as 

Moderate and 13 samples – as Good. Out of the 36 samples collected during monthly surveys 4 

were assessed as Bad, 2 samples – as Poor, 21 samples - as Moderate and 9 samples – as Good.  

At that, «High» quality was not registered. Quantitative estimation of the average marine 

environment quality indicator (Bad=5…. High = 1) coming out of two series of observations had 

shown that mean value of quality indicator, both for the MHBS-R station and for the stations of 

monthly surveys, was 3.0±0.3, which corresponded to the average quality «Moderate» during 

calendar year.  

Hence, analysis of marine environment quality assessment using three different characteristics 

of zooplankton community has shown that the range of quality assessed using different methods 

is very different, which could mean that the proposed assessment of marine environment 

quality using only one of those methods will give no objective view of the real quality. At that, it 

should be noted that most strict assessments are received using the data on zooplankton 

biomass and this method can be recommended in the first place. Two other characteristics, 

(Noc.- biomass of Noctiluca scintilans and Sh- Shannon-Weaver index) in accordance with the 

recommendations [21] are used only in case when one of them gives mark «Bad». In such cases, 

quality of marine waters is always assessed as «Bad» irrespective of assessment using the 



Scientific Report - 12-Months Monitoring Studies 

in Georgia, Russian Federation and Ukraine, 2016-2017 

 

316 

indicator “total biomass”. It should be pointed out that in the Zmiinyi Island coastal area water 

quality was «Bad» in 18 cases out of 68 (26.4 % of cases) and in Odessa Bay – in 36 cases out of 

73 (49.3 % cases). Therefore, it can be concluded that in 2016-2017 in Odessa Bay marine 

environment quality assessed using zooplankton metrics was lower than in the Zmiinyi Island 

area. 

III.4.2.10. Comparative analysis  

III.4.2.10.1. Comparative analysis of mesozooplankton in Odessa Bay and the Zmiinyi Island 
area in 2016-2017  

Comparison of taxonomic composition of mesozooplankton in the Zmiinyi Island coastal waters 

and Odessa Bay shows substantial similarity between mesozooplankton communities of those 

areas both in 2016 (total number of taxa found near the Zmiinyi Island – 32, in Odessa Bay – 31; 

Species similarity coefficient (SSC) – 0.92) and in first half of 2017 (total number of taxa found 

near the Zmiinyi Island – 27, in Odessa Bay – 22; SSC – 0.90). However, some differences were 

revealed. Thus, only in the Zmiinyi Island coastal waters Copepoda were found: Pseudocalanus 

elongatus and one representative of Calanipeda genus, its lower-order taxonomic group was 

not identified.  

Both in Odessa Bay and near the Zmiinyi Island Crustacea class comprised the biggest number 

of taxa. Mesozooplankton biodiversity assessed on Shannon index in the Zmiinyi Island coastal 

waters was in general higher (0.41-3.26) than in Odessa Bay (0.25-3.02). Insignificant differences 

in biodiversity dynamics were registered both in 2016 and 2017 (Figure III.4.2-31). Mean values 

of biodiversity (Shannon index) in Odessa Bay in May (1.93) and September (2.73) 2016, as well 

as in April (2.86) and May (2.57) 2017 were higher than near the Zmiinyi Island in the same 

months (2016: V – 1.19; IX – 1.86, 2017: IV – 0.53; V – 1.80).  

 

 

Figure III.4.2-31 – Dynamics of mesozooplankton biodiversity (average value of Shannon 

index) in Odessa Bay and in the Zmiinyi Island coastal waters in 2016-2017 
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As the result of analysis of mesozooplankton quantitative characteristics (abundance and 

biomass) in two studied areas, it was established that mass development of mesozooplankton 

and growth of its biomass in 2016 (June-July) and 2017 (May) near the Zmiinyi Island was taking 

place one month earlier than in Odessa Bay (peaks of development – July-August 2016 and June 

2017) (Figure III.4.2-32.) Most likely, that was due to the characteristics of hydrological regime 

in the compared areas. The surface layers of water near the Zmiinyi Island are getting warm 

faster than in Odessa Bay, which entails earlier development of mesozooplankton. It is 

important to underline sharp increase of mesozooplankton biomass in Odessa Bay in 2017, 

which was caused by irruption of N. scintillans number and biomass. 

 

Figure III.4.2-32 – Average monthly values of mesozooplankton biomass in Odessa Bay 

and the Zmiinyi Island coastal waters in 2016-2017 
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The last full report on taxonomic composition of zooplankton in the NWBS was published in 

1998 and contained results of the studies performed in 1960-1990 [6]. According to those data, 

mesozooplankton biodiversity in Ukrainian part of the NWBS was formed by 133 taxa: Flagellata 
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(5.9 %) molluscs [3, 6]. Compared with the period before 1967, total number of taxa grew 
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increases [6,14]. Besides, the NWBS coastal areas are under the permanent influence of big 

European river’s discharge (Danube, Dniester and Dnepr) and constant water freshening, and 
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decrease of zooplankton taxonomic diversity is observed there compared with the open parts 

of the sea.  

According to the data from literature, coastal waters of the Zmiinyi Island [3, 8, 9] and Odessa 

Bay [3] were considered the NWBS areas with insignificant zooplankton diversity.  

Zmiinyi Island coastal waters. According to results of the survey performed by the Institute of 

Biology of Southern Seas, Odessa Branch (OB IBSS) on 28-30 June 1997, there were 31 taxa of 

zooplankton in the island coastal waters [3]. It was also pointed out that its characteristic feature 

was very high content of larvae of bottom invertebrates and fish (up to 89.5% of total 

mesozooplankton abundance). Their absolute number was comparable with maximal larvae 

concentrations in the Black Sea plankton, in particular in the areas of the Danube River, Cape 

Sarych and Karkinitskiy Bay [3]. The share of meroplankton in the NWBS plankton in summer 

was significantly smaller and varied from 0.01 % to 0.30 % [3]. During that period of studies the 

dominant representatives of meroplankton near the island were nauplii of Balanus improvisus 

(91%), larvae of bivalves Mya arenaria and Cardiidae sp. (6%), as well as Polychaeta Polydora 

ciliata (2%). Among the interesting findings, the larvae of crabs Rhitropanopeus harrisii 

tridentata and Carcinus mediterraneus [3] should be noted.  

Another characteristic feature of the plankton near the island is the presence of benthoplankton 

representatives, mainly Harpacticoida (in average 1.5% of total mesozooplankton abundance) 

and Ostracoda (0.4%) [3]. The main area of these groups concentration is dense growth of 

macrophytes. During identification of species diversity of hydrobionts in the dense growths of 

macrophytes, 10 big taxonomic groups were found: Turbellaria, Nematoda, Polychaeta, 

Harpacticoida, Ostracoda, Acarina, Tanaida, Mysidacea, Isopoda, Amphipoda. Tirbellaria were 

represented by acoelans, which was characteristic of dense growths of macrophytes; 

Harpacticioda – by 5 species: Ectinosoma melaniceps, Harpacticus littoralis, Tisbe dilatata, 

Mesochra pygmaea, Paradactylopodia latipes; Anisopoda – by 1 species, Tanais cavolini; mysids 

– by 1 species, Gastrosaccus sanctus; Isopoda – by 3 species: Naesa bidentata, Synisoma capito, 

Jaera nordmani; Amphipoda – by 7 species: Hyale pontica, Marinogammarus olivii, Jassa ocia, 

Amphthoe vaillanti, Stenothoe monoculoides, Microdeutopus damnoniensis and Corophium sp.; 

out of Polychaeta, the representatives of Syllidae prevailed in the samples [3].  

According to the results of surveys performed by Odessa National I.I. Mechnikov University [13, 

14] in 2003, the taxonomic composition of zooplankton in the island coastal waters comprised 

more than 66 taxa (species, varieties and bigger subdivisions). Protozoa and Rotatoria were 

represented by biggest number of taxa (16 of each), than followed Copepoda (14 taxa), 

Cladocera (10 taxa), Hydrozoa (5 taxa), Ctenophora (3 taxa), Сhordata (2 taxa) etc. Planktonic 

forms of Caspian fauna were represented by 1 species Podonevadne (Evadne) trigona. 

Community structure comprised the representatives of genetically different groups: marine, 

brackish-water and freshwater. Species with occurrence below 50 % formed the majority, some 

species were found only once. The nucleus of zooplankton was formed mainly by: Noctiluca 

scintillans, Acartia gen.spp, Pseudocalanus elongatus, Pleurobrachia rhodopis, Oicopleura 

dioica, Sagitta setosa, meroplankton forms (larvae Polychaeta, Bivalvia, Gastropoda, Balanus) 

[8, 9]. 
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The results of the studies performed in 2016-2017 show that at present zooplankton of the 

Zmiinyi Island coastal waters is not notable for species composition richness. The number of taxa 

in 2016-2017 was 1.5 times lower than the maximum of 2003 and practically coincided with the 

data of 1997 [3]. At that, analysis of historical data presented on Figure III.4.2-33 and in the 

paper [3] shows with high probability that there are a 20-22-years’ cycles of zooplankton 

community development in the Zmiinyi Island coastal waters, which prompts the suggestion 

that its state is improving and ichthyofauna forage base will restore in the near future.  

 

Figure III.4.2-33 – Dynamics of zooplankton taxonomic composition in the Zmiinyi Island 

coastal waters in 1999-2017 

 

Odessa Bay. Zooplankton development in the area is regulated by both the factors typical for 

the entire NWBS and by local sources of anthropogenic pressure including hydro-engineering 

facilities and drainage water discharge systems [3]. Attention of researchers to Odessa Bay 

coastal waters in the 1970th was connected with building of anti-landslide waterworks, as well 

as with the NWBS eutrophication. The first studies in the basins formed by Odessa anti-landslide 

waterworks were performed in 1973-1974 [3]. It had been established that meroplankton 

organisms dominated in the communities of planktonic invertebrates found there – Polychaeta 

larvae, Cirripedia larvae and Bivalvea larvae, as well as the species – indicators of high nutrients 

content: Tintinnoinea sp., Synchaeta sp., Pleopis polyphemoides and Cirripedia larvae [3]. 

Practically all the organisms mentioned were detritus feeders. As the result of eutrophication in 

1981-1983, total number of zooplankton grew significantly and the role of the organisms typical 

for eutrophic waters increased (noctiluca, Synchaeta sp., Brachionus calyciflorus, P. 

polyphemoides). At the same time, from the structure of community practically disappeared 

copepods: О. minuta, Paracalanus parvus, Centropages ponticus, as well as cladocera Penilia 

avirostris; hydrozoa jellies and crabs larvar became rare [3]. The studies of 1991 revealed the 

beginning of the tendency towards general environmental situation improvement. Average 

number of mollusc larvae grew almost by an order, which evidenced the successful breeding of 

parental part of the population – the typical representatives of macrozoobenthos [3]. The 

number of copepods tripled. Quantitative development of such typical dwellers of eutrophic 

waters as Noctiluca scintillans and Cladocera P. polyphemoides decreased [3]. It was established 

that total number and biomass of zooplankton near the drainage water outlet of was 

significantly higher (2 and 3 times respectively) than in the adjacent water areas [3].  
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According to the data [24], in the period 2005-2013 in the structure of zooplankton of Odessa 

marine region including Odessa Bay 79 species were found (without identification of some 

genera of Rotatoria, Cyсlopoida and Harpacticoida), which made 44.4 % of all the species 

registered in the ZWBS from 1966 to 2003 [3]. During the period of all-year-round study in 2013-

2014 at the fixed stations of observations (pier of the ONU hydrobiological station and pier of 

the «Chkalovskiy» public beach), as well as at the coastal stations in the MHBS area altogether 

14 different taxa were found (including meroplankton). Out of them, 11 were identified down 

to species level [24]. Acartia clausi, Oithona davisae, Synchaeta sp. and some representatives of 

meroplankton: Bivalvia, Cirripedia, Polychaeta were found all year round. Species diversity in 

2013 comprised 18 taxa (15 were identified down to species level), in 2014 –19 taxa (15 

identified down to specie level) [24]. The most numerous and common representatives of 

Rotatoria were: Synchaeta sp.; Сopepoda: Acartia clausi and Oithona davisae; Cladocera: Pleopis 

polyphemoides; Mastigophora: Noctiluca Noctiluca scintillans, though comparatively low 

number, was significantly ahead in biomass, which exceeded average biomass of such mass taxa 

as Copepoda and Cladocera [24]. The least numerous and the rarest in Odessa region were 

Penilia avirostris, Pleopis tergestina, Sagitta setosa, Centropages ponticus and Oithona similis 

species [24]. According to the results [24], the development of zooplankton in the NWBS in 

general and near Odessa coast in particular are still most influenced by such anthropogenic 

factors as eutrophication and development of predatory species – Aurelia aurita and 

Mnemiopsis leidyi jellies [24]. According to the results of the surveys, in the period from March 

to December 2016 and from the end of February to June 2017, in zooplankton samples collected 

in Odessa Bay in the MHBS area 31 and 22 taxa, respectively, were found, out of which the 

biggest number belonged to Crustacea class. In spring periods of 2016 and 2017 14 and 17 taxa 

of zooplankton organisms were found in samples respectively; in summer – 27 and 20 taxa 

respectively; in autumn and winter 2016 – 26 and 10 taxa respectively. Protozoa, Rotatoria, 

Copepoda and Cladocera were noticed in the samples, representatives of Hydrozoa, 

Ctenophora, as well as planktonic larvae of bivalves, Gastropoda, Polychaeta, Ciripedia etc. 

Planktonic forms of Caspian fauna were represented by only one species Podonevadne (Evadne) 

trigona. Community structure comprised the representatives of genetically different groups: 

marine, brackish-water and freshwater. According to the data collected in spring of 2016 and 

2017, the basis of feed zooplankton in the MHBS area of Odessa Bay was formed by Copepoda, 

the dominant position among which was occupied by Acartia tonsa. The basis of biomass was 

formed by Protozoa with dominant species N. scintillans. At the beginning of summer N. 

scintillans was absolute leader both in number and in biomass. Like in other NWBS areas, in 

summer-autumn period during meroplankton organisms development within zooplankton 

community, the share of Balanus gen.spp, Cirripedia larvae,Polychaeta larvae veligers f bivalves 

(first of all mussels) grows significantly. The results of studies evidence that at present 

zooplankton of Odessa Bay, like that of the Zmiinyi Island coastal waters, is not rich in species 

composition. Like in other Black Sea areas, depauperation of species composition and 

quantitative characteristics of zooplankton community are connected with broad distribution 

and development of predator Mnemiopsis leidyi, the negative influence of which on 

zooplankton communities is still significant.  
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III.4.2.11. Conclusions  

III.4.2.11.1. Zmiinyi Island coastal waters 

In the periods from April to December 2016 and from April to June 2017, 32 taxa of zooplankton 

organisms were found in the mesozooplankton samples collected in the Zmiinyi Island coastal 

waters, most of which belonged to Crustacea class. In spring periods of 2016 and 2017, 15 and 

23 taxa of zooplankton organisms respectively were found in the samples; in summer and 

autumn of 2016 – 25 taxa, in summer 2017 – 23 taxa. 

The number of zooplankton taxa in samples varied from 6 (20.05; 01.11.2016) to 17 (20.07.2016) 

with mean value 11 in IV-XII 2016, 9 – in IV-VI 2017. H value of zooplankton changed from 0.41 

(20.06.2016) to 3.29 (24.07.2016) with mean values 2.32 and 1.64 in 2016 and 2017 respectively.  

Analysis of the data presented had shown that as the temperature was rising from the end of 

April to August, the number of zooplankton taxa grew due to thermophilic groups of 

zooplankton development. Further on, toll November, as the water was cooling down, the 

number of such species was decreasing gradually with consequent insignificant increase in 

December – as the result of cryophilic zooplankton organisms development and their transfer 

to the coastal zone.  

During the period of studies in IV-XII 2016 – IV-VI 2017, mesozooplankton abundance in the 

Zmiinyi Island coastal waters varied from 645 (01.11.2016) to 55829 (30.05.2017) ind/m³, 

biomass – from 1.385 (30.04.2017) to 2597.248 (30.05.2017) mg/m3 with mean values 10129 

ind/m³ and 154.82 mg/m³ in the period IV-XII 2016 and 21563 ind/m³ and 466.30 mg/m³ in the 

period IV-VI 2017. 

In mid-June 2016 at water temperature 21.4 ºС peak of mesozooplankton development was 

observed. The second and less significant peak was registered in the second decade of July at 

water temperature 23.7 ºС. When water temperature grew up to 24-26 ºС zooplankton 

abundance and biomass decreased. Beginning from second decade of September, with 

decreasing of temperature, the decrease of mesozooplankton quantitative characteristics was 

observed till the end of year. 

During the period of studies representatives of 9 mesozooplankton groups were identified in 

the Zmiinyi Island coastal waters, including meroplankton: Copepoda (Calanoida and  

Cyclopoida), Harpacticoida, Cladocera, Mysidae, Chaetognatha, Noctilucales, Rotatoria, 

Appendicularia and meroplankton comprising Cirripedia larvae (including Balanus): nauplius, 

cypris; Polychaeta larvae: nectochaeta; Bivalvia larvae: veliger; Gastropoda larvae: veliger. 

Input of Copepoda into mesozooplankton abundance was significant and made from 5.8 % - 86.9 

% of abundance and 0.6 % - 92.0 % of biomass. 

Input of Noctilucales group (with the most mass species N. scintillans) made 0.9 % - 81.5 % of 

abundance and 1.0 % - 98.9 % of biomass. 

Significant input into mesozooplankton community abundance was made by pelagic larvae of 

molluscs, Polychaeta and other organisms – 59.7% (May 2016) and 59.9% (September 2016), 

first of all due to pelagic larvae of mussels. The share of meroplankton in total mesozooplankton 

biomass did not exceed 22.1%.  
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The share of other groups of mesozooplankton into total number and biomass was insignificant. 

Among Copepoda, Acartia tonsa dominated in number and biomass and, to the lesser extent, 

Acartia clausi. Protozoa, represented mainly by N. scintillans, were also leading in number. The 

number and biomass of other representatives of mesozooplankton were relatively low. The role 

of Cladocera – the typical representatives of summer mesozooplankton, represented mainly by 

Pleopis polyphemoides, the species characteristic of eutrophic and polluted waters – increased 

a little. In summer and autumn, when the meroplankton organisms were developing, the total 

number of larvae of Balanus gen.spp, Polychaeta, veligers of bivalves (first of all mussels) and 

gastropods (Rapana) grew. The significance of Oicopleura dioica also grew in that period.  

Three alien species of mesozooplankton, registered before in the Black Sea, were found in the 

Zmiinyi Island coastal waters: jellies Mnemiopsis leidyi and Beroe ovata, as well as copepod 

Acartia tonsa. The highest number (11279 ind/m3) and biomass (121.98 mg/m3) of this A. tonsa 

were registered in July 2016. 

No protected and rare mesozooplankton species were found in the Zmiinyi Island coastal waters 

during the period of studies in 2016-2017. 

Water quality in the Zmiinyi Island coastal area based on zooplankton state was «Bad» in 18 

cases out of 68 (26.4 % of cases) and in general was assessed as «Poor». Using the indicator 

“total biomass of mesozooplankton” it was mainly assessed as Poor and Bad (68.2 %). Good 

(10.6%) and High (9.1%) quality was registered in 19.7 % of cases, which showed unsatisfactory 

state of mesozooplankton, i.e. unsatisfactory state of feed basis for pelagic larvae and pelagic 

fish species feeding on zooplankton.  

III.4.2.11.2. Odessa Bay coastal waters 

In the waters of Odessa Bay in the periods from March to December 2016 and from the end of 

February to July 2017 altogether 31 zooplankton taxa were registered, including 31 taxa in III-XII 

2016 and 22 taxa in II-VI 2017. The taxa of Protozoa, Rotatoria, Copepoda and Cladocera, 

Hydrozoa, Ctenophora were registered in the samples, as well as planktonic larvae of bivalves 

and gastropods, Polychaeta, acorn shells etc. The planktonic forms of Caspian fauna (in spring 

and summer of 2016) were represented by 1 species Podonevadne (Evadne) trigona. The 

structure of community comprised the representatives of genetically heterogeneous groups: 

marine, brackish-water and fresh-water. In spring periods of 2016 and 2017, 14 and 17 taxa 

respectively were found in samples, in summer - 27 and 20 mesozooplankton organisms 

respectively, in autumn and winter of 2016 – 26 and 10 taxa respectively. 

Number of zooplankton taxa in samples varied from 2 (23.03.2016) to 16 (19.08.2016) with man 

value 10 in III-XII 2016, 6 – in II-VI 2017. The Н value varied from 0.25 (28.02.2017) to 3.33 

(19.08.16) with mean values 2.22 in 2016 and 1.89 in 2017. 

During the periods of studies in III-XII 2016 and II-VI 2017 in the MHBS area the abundance and 

biomass of mesozooplankton varied within broad limits from 600 ind/m³ and 0.24 mg/m³ 

(10.03.2017) to 225920 (10.06.2017) ind/m³ and 5471.96 (29.06.2017) mg/m³. At that, in III-XII 

2016 mean values of those parameters were 20313 ind/m³ and 116.32 mg/m³ respectively and 

in II-VI 2017 – 12094 ind/m³ and 436.20 mg/m³ respectively 
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Maximum of mesozooplankton development in Odessa Bay in the MHBS area (225920 ind/m³ 

and 247.76 mg/m³) was observed on 10.06.2016 at water temperature 16.4 ºС. The second and 

more significant peak was registered on 19.08.2017 (57901 ind/m³ and 1064.37 mg/m³) at water 

temperature 23.4 ºС. Beginning with second decade of September in Odessa Bay, like in the 

Zmiinyi Island coastal waters, decrease of mesozooplankton quantitative characteristics was 

registered as the temperature of water went down. 

During the period of studies in Odessa Bay in the MHBS area, the representatives of 9 

mesozooplankton groups were registered, including meroplankton: Copepoda (Calanoida and 

Cyclopoida), Harpacticoida, Cladocera, Mysidae, Chaetognatha, Noctilucales, Rotatoria, 

Appendicularia and meroplankton comprising Cirripedia larvae (including Balanus): nauplius, 

cypris; Polychaeta larvae: nectochaeta; Bivalvia larvae: veliger; Gastropoda larvae: veliger.  

Input of Copepoda into the mesozooplankton community of Odessa Bay made from 1.2 % to 

79.4 % of abundance and from 0.1 % to 97.1 % of biomass. 

The share of Noctilucales group (with dominant species N. scintillans) was from 0.6 % to 88.1 % 

of abundance and from 0.75 % to 99.3 % of biomass. 

Significant input into mesozooplankton community abundance was made by Rotatoria (up to 

78.2%) and meroplankton – up to 76.6%. Those groups, though abundant, had insignificant 

biomass.  

The share of other mesozooplankton species in total number and biomass was insignificant. 

Copepoda, meroplankton, Rotatoria and, to lesser extent, Protozoa dominated in Odessa Bay 

with dominant species N. Scintillans, Cladocera and Harpacticoida. 

The dominant position among Copepoda was occupied by Acartia tonsa. Like in other north-

western Black Sea areas, in summer – autumn period during meroplankton organisms 

development in mesozooplankton community the share of Balanus gen.spp, Polychaeta, veligers 

of bivalves (first of all mussels) increased significantly. In the mesozooplankton community of 

Odessa Bay in 2016 and the first half of 2017 also dominated Protozoa with dominant species 

N. scintillans. 

Three alien species were registered in Odessa Bay: jellies Mnemiopsis leidyi and Beroe ovata, 

Copepoda A. tonsa. The biggest number (43858 ind/m3) and biomass (944.45 mg/m3) of A. tonsa 

were registered in mid-August 2016. 

No protected and rare mesozooplankton species were found in Odessa Bay waters during the 

period of studies in 2016-2017. 

Water quality in Odessa Bay in the MHBS area corresponded to the category «Bad» in 36 cases 

out of 73 (49.3 % of cases), which was twice more than in the Zmiinyi Island area. The general 

assessment was «Poor». Using the indicator “total biomass of mesozooplankton” it was mainly 

assessed as Poor and Bad (73.2 %). Good (2.8%) and High (9.9%) quality was registered in 12.7 

% of cases. Like in the Zmiinyi Island area, mesozooplankton depauperation shows its 

unsatisfactory stat, which evidences the unsatisfactory state of the whole zooplankton 

community including plankton-eating fish and their larvae. 
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III.4.2.11.3. Comparison of two areas   

Comparison of taxonomic composition of mesozooplankton in the Zmiinyi Island coastal waters 

and Odessa Bay shows substantial similarity between mesozooplankton communities of those 

areas both in 2016 (total number of taxa found near the Zmiinyi Island – 32, in Odessa Bay – 31; 

Species similarity coefficient (SSC) – 0.92) and in first half of 2017 (total number of taxa found 

near the Zmiinyi Island – 27, in Odessa Bay – 22; SSC – 0.90). However, some differences were 

revealed. Thus, only in the Zmiinyi Island coastal waters Copepoda were found: Pseudocalanus 

elongatus and one representative of Calanipeda genus, its lower-order taxonomic group was 

not identified.  

The biggest number of taxa, both in Odessa Bay and in the Zmiinyi Island area, belonged to 

Crustacea class. Mesozooplankton biodiversity on Shannon index in the Zmiinyi Island coastal 

waters (0.41-3.26) and in Odessa Bay (0.25-3.02) was practically similar. Mean values of this 

index near the island and in the bay made, respectively, 2.08 and 2.10. It was established at the 

result of analysis of mesozooplankton quantitative characteristics (abundance and biomass) in 

Odessa Bay and in the Zmiinyi Island coastal waters that mass development in 2016 (June-July) 

and 2017 (May) near the island took place one month earlier than in the bay (peaks of 

development happened in July-August 2016 and June 2017). Most likely, that was due to the 

characteristics of hydrological regime in the compared areas. The surface layers of water near 

the Zmiinyi Island are getting warm faster (the island is located 170 km further south) than in 

Odessa Bay, which entails earlier development of mesozooplankton 

III.4.2.11.4.  Results of comparison between two zooplankton smplers in Odessa Bay 

The experiment on parallel sampling of zooplankton using two samplers (filtering cone (modified 

Apstein net) – small Juday net) had shown that mean values of taxa number for the entire period 

of parallel sampling with cone and Juday net made 9.82 and 9.54 respectively; mean values of 

H biodiversity index – 2.29 and 2.13 respectively, which evidenced high similarity of results from 

the two sampling methods. However, significant differences between sampling with the net and 

the cone were revealed. Mean abundance and biomass values of Copepoda (Calanoida and 

Cyclopoida), Noctilucales and Rotatoria sampled with the cone were almost twice lower than 

after sampling with net; on the contrary, mean value of Harpacticoida abundance was almost 4 

times higher. That could be explained by the fact that vertical distribution of separate 

zooplankton groups was non-uniform. Under certain hydrometeorological conditions, some 

zooplankton groups can concentrate either at the surface or at the bottom. It is also evident 

that catching efficiency of Juday net in respect of mobile Copepoda is higher.  

Comparison of the quantitative indicators of mesozooplankton sampled using two different 

methods – with small Juday net and filtering cone  at the MHBS-R station (depth 2.5 m) had 

shown that, as the rule, abundance and biomass of mesozooplankton sampled with Juday net 

were higher (in average 1.5-2.0 times for biomass and 2-3 time for abundance) than of 

mesozooplankton sampled with filtering cone. A that, such excision was observed for 78.3 % of 

all samples; only in 21.7 % of cases quantitative characteristics of the samples taken with filtering 

cone were higher.   
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Therefore, taking of separate mesozooplankton samples with Juday net, even in shallow areas, 

is more efficient and representative than dipping and filtering  

III.4.2.12. Gaps and recommendations  

Regular sampling of zooplankton every 10 days in two Black Se areas showed that in spring 

period (March-May) ca. 45-48% of total species number were registered, in autumn (September-

November) – ca. 6-9%. This means that for complete and representative determination of 

zooplankton biodiversity characteristics in Odessa Bay and the Zmiinyi Island coastal waters 

sampling and observation shall be performed during the period of zooplankton community 

development, in the period of phytoplankton vegetation development – from March to 

November. Comparison of results of 10-days’ and monthly zooplankton sampling show that, 

taking into account high variability of zooplankton number and biomass in the studied areas, the 

data from 10-days’ sampling are more representative and enable us to register the changes in 

number and biomass of zooplankton community with timescale of less than 10 days, which is 

representative for estimation of average seasonal values. The results of monthly sampling are 

representative only for  estimation of average yearly characteristics and result at high errors 

when used to determine average seasonal characteristics. Keeping in mind that the main 

hydrological factors regulating zooplankton community development are water temperature 

and salinity, which in some periods can vary within broad limits during several days, it is 

necessary to take daily measurements of temperature and salinity at the basic monitoring 

stations. When the changes of temperature and salinity happen (which characterizes the origin 

of water masses), additional sampling of zooplankton should be performed. 

Besides, taking in account the value of zooplankton for feeding of planktonic pelagic larvae and 

plankton-eating fish, the studies of zooplankton shall be carried out in combination with 

ichthyological studies, first of all those aimed at studying of density of concentration of pelagic 

fish species, eggs and larvae of pelagophilus ichthyofauna representatives.  

The comparison between two samplers, which was made in 2016, showed that more 

representative data could be received using Juday net for mesozooplankton sampling in the 

Zmiinyi Island and Odessa Bay coastal waters. 

It would also be worthwhile to include into pilot monitoring programmes determination of 

number and biomass of Mnemiopsis and other jellies using IKS-80 type nets (ИКС-80, standard 

fish-eggs net). 

Besides, it would be desirable to use Mechanical Flow Meters for more precise measurement 

of volume of the water filtered during zooplankton sampling (Figure III.4.2-34). 



Scientific Report - 12-Months Monitoring Studies 

in Georgia, Russian Federation and Ukraine, 2016-2017 

 

326 

 

Figure III.4.2-34 – Mechanical Flow Meter  

– the device measuring the volume of filtered water 
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III.4.3. Macrozoobenthos 

V. Medinets1 (Editor), S. Snigirov1, , A. Chernyavskiy1, A.Khalaim1, Е. Naum1, Ye. Gazyetov1,  

O. Konareva1, I. Soltys1, P. Snigirov1 

 

1 Odesa National University (ONU), Odesa, Ukraine 

III.4.3.1. Introduction 

Macrozoobenthos studies in the north-western Black Sea (NWBS) including Odessa Bay and the 

Zmiinyi Island area have a long history [1-5]. Consolidated list of the NWBS macrozoobenthos, 

according to current knowledge, comprises 419 taxa of different invertebrates including 146 

taxa of worms, 111 taxa of crustaceans, 84 taxa of molluscs and 78 taxa of other organisms [2, 

5]. Many years’ studies of the Black Sea macrozoobenthos helped the researchers to reveal a 

number of negative changes in the benthal ecosystem during past 50 years [2, 3, 5]. As it was 

http://base.dnsgb.com.ua/cgi-bin/irbis64r/cgiirbis_64.exe?LNG=&Z21ID=&I21DBN=DNSGB&P21DBN=DNSGB&S21STN=1&S21REF=3&S21FMT=fullwebr&C21COM=S&S21CNR=20&S21P01=0&S21P02=1&S21P03=A=&S21STR=Kovalova,%20N.
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pointed out by Zaitsev Yu.P., Aleksandrov B.G., Zaika V.E., Sinegub I.A., Shurova N.M. and many 

other hydrobiologists, especially quick and negative changes were registered in the 70th – 80th  

of past century and affected first of all the NWBS [3]. It is believed that the most visible faunistic 

and biocoenotic changes in the Black Sea benthos are caused by development of industries and 

community facilities in big cities adjacent to ports, general and local pollution of sea water, 

building of hydro-engineering structures, anthropogenic eutrophication, ecological 

consequences of mariculture and fishery and introduction of aggressive alien species [2-5]. At 

that, eutrophication happened to be the biggest issue, both on coverage and the scale of 

environmental consequences [2,3], as it contributed to appearance and expansion of hypoxia 

zones in the Black Sea. Depending on duration and intensity of hypoxia, annual kills of 

macrozoobenthos in the NWBS can total to 30.0 – 90.0% [2]. Short-term kills affect first of all 

different macro- and meyobenthos species, as well as other representatives of mobile epifauna. 

As hypoxia continues, bivalves die [2].  

The most significant damage was done by the kills to mussel population, the stock of which in 

the NWBS was estimated in the 60th as more that 9 million and by the end of 80th the possibility 

of mussels commercial extraction decreased 10 times [2]. According to Yu.P. Zaitsev, the kills in 

the NWBS entail catastrophic shrinking of mussels stock, which in its turn decreases the filtering 

capacity significantly, respectively amplifying eutrophication processes [2, 5]. Big damage to the 

NWBS biota was done by commercial fishery using bottom trawls, as the result of which siltation 

of significant shelf areas, previously sandy and shelly, happened [2, 5]. That, first of all, affected 

biocoenoses of mussels and other bivalves. Other technogenic impacts on the bottom 

biocoenoses (pumping of sand ashore, dredging, damping, building and maintenance of 

waterworks) are relatively local [2]. For example, industrial sand mining leads not only to 

changes in bottom relief, but also to secondary silting of adjacent areas of the shelf. Besides, 

such activities are accompanied by extraction of big benthic organisms, which entails decrease 

of species richness and quantitative characteristics of fauna. Intensive sand mining in the 

Dnestrovskaya sand shoal area had led to practically complete replacement of autochthonous 

ammofpilous benthic community. At that, significant areas of sea bottom lost their value as 

spawning and feeding grounds for many species of hydrobionts; their function as natural 

biofiltre also depreciated [2, 5]. Coast protection activities, dredging and building of hydro-

engineering structures in the coastal zone also lead to destruction of bottom communities not 

only in the area of the works performed, but also in the adjacent areas as the result of their 

silting with dumped soil. Impact of dumping can be followed in the radius from 300.0 to 700.0 

m from a dumpsite centre [2] and depends mainly on local currents. One of the most negative 

consequences of dumping is eutrophication – additional enrichment of marine environment 

with nutrients from the dumped materials. Depending of the volume of dumped soil, species 

diversity of benthos in the dumping area can decrease 2.0 – 5.0 times, density and biomass – 

2.0 – 12.0 times or more. As the result of intensive development of navigation, alien species 

were introduced into the Black Sea with ballast waters or hull fouling; intensive detection of the 

alien species began from 1960th. New species introduction into the Black Sea fauna is in the 

majority of cases influences benthic the ecosystem adversely. Such alien species as Polydora 

limicola, Mya arenaria, Anadara inaequivalvis, Rapana venosa and some other have become 

common species in the Black Sea now and, in particular in the NWBS [2-5]. 
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Keeping in mind that, compared with phyto- and zooplankton, macrozoobenthos is a more 

stable indicator of marine environment state for longer period of time, study of 

macrozoobenthos state is one of urgent tasks [2-5]. The purpose of this research was to study 

the state of macrozoobenthos in the Zmiinyi Island coastal zone (ZMN area) and in Odessa Bay 

(MHBS area).  

 

III.4.3.2. Materials and methods 

III.4.3-2.1 Description of sampling performed 

III.4.3-2.1A Zmiinyi Island coastal waters (ZMN area) 

Macrozoobenthos in the Zmiinyi Island coastal zone was sampled quarterly: in May, August, 

November 2016 and June 2017. Altogether 24 samples of macrozoobenthos were collected (18 

in 2016 and 6 in 2017 г) at 18 stations with depth from 0.5 to 32.5 m (Figure III.4.3-1). 

 

Figure III.4.3-1 – Location of macrozoobenthos sampling stations in the Zmiinyi Island coastal 

zone in 2016-2017 

 Isobaths, m;   Zmiinyi island; Dates of sampling:  17-18.05.2016; 

 - 20-21.08.2016;   - 27.11.2016;   -  24.06.2017. 

Bottom substrate type:  - Stones + shelly ground; - Sand + shelly ground; - 

Sand + shelly ground +silt; - Sand + silt; - Silt; - Sand 
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III.4.3-2.1B Odessa Bay coastal waters (MHBS area) 

Macrozoobenthos was sampled in Odessa Bay quarterly: in June, August, November 2016 and 

June 2017. Altogether 28 samples were collected (22 in 2016 and 6 in 2017 г) at the depths from 

1.7 to 13.5 m (Figure III.4.3-2) 

 

 

Figure III.4.3-2 – Location of macrozoobenthos sampling stations 

 in Odessa Bay (MHBS area) in 2016-2017 

Legend:  Isobaths, m; Dates of sampling:  08-09.06.2016;  29.08.2016; 

 03.11.2016;   29.06.2017 

Bottom substrate type: - Stones; - Stones + shelly ground; - Stones + shelly 

ground + sand; - Stones + shelly ground + silt;  - Silt + sand;  - Sand 
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III.4.3-2.2 Methodology of macrozoobenthos sampling and processing; related data  

Macrozoobenthos samples were collected using lightweight diving outfit and benthic frame 

sampler with mouth opening area 0.01 m2, mesh size 150 mkm and soil penetration up to 5 cm. 

Sampling was performed in triplicate in accordance with the methodology [6-9]. Samples were 

placed into polyethylene bags and fixed with 4% formalin solution [6-9].  

Rapa whelk and other big mobile crustaceans were registered visually. In different areas of sea 

bottom total number of individuals was counted on plots occupying 1 m2 and mean value of 

individuals number per 1 m2  was calculated [10, 11]. 

During macrozoobenthos sampling at all the stations, both in the Zmiinyi Island coastal zone and 

in Odessa Bay, structure and state of substrate were assessed visually and measurements of 

conductivity (Е, mkS/cm), temperature (T, °С), pH (pH units), dissolved oxygen (О2 %, mg/dm3) 

taken in accordance with the standard methods of observations, sampling and processing of 

samples described in details in the monograph [4]. Water temperature, conductivity, pH and 

dissolved oxygen were measured in field using portable multimeter «HАCH». Geographical 

position of stations was plotted using portable satellite positioning devices «Garmin» and 

«Magellan Explorist 300». Depth at sampling point was measured with hand-lead.  

In the laboratory the samples were washed using benthic sieves with mesh size 10, 4, 2, 1 and 

0.5 mm dividing them into subsamples. Big forms of macrozoobenthos were studied visually in 

Petrie dishes and plastic trays; small forms were studied using Stereoscopic Zoom Microscope 

MBS-10 and «Prior» in Petrie dishes and Bogorov counting chamber [6-9]. Species were 

identified using identification guides [12, 13]. Lists of species are presented in accordance with 

World Register of Marine Species: WoRMS http://www.marinespecies.org/. Individuals of 

each species were counted and weighed to establish their number and biomass.  

Species diversity was assessed using Shannon index (Н). Comparison of macrozoobenthos 

qualitative composition was done using Chekanovskiy-Sørensen coefficient of community (or 

factor of similarity) (Ics) [4, 8, 9].  

Dominance of macrozoobenthos groups was assessed using three characteristics: Occurrence 

(О), Number (N) and Biomass (B); each was estimated on a scale from 0 to 10 for the Zmiinyi 

Island coastal waters and from 0 to 9 for Odessa Bay. Total coefficient of dominance was 

calculated as mean value of those characteristics. 

Multi-metric indices assessing benthic community condition and functionality (Species richness, 

Shannon, AMBI and M-AMBI). As in the previously described habitats, using the above 

classification systems, the results for the diversity and biotic indices presented in Table III.4.3-1 

indicate Good Ecological Status (GES) for almost all benthic habitats investigated, hence they do 

meet the MSFD requirements for achieving good environmental status (GES) with respect to the 

macrozoobenthos.  

http://www.marinespecies.org/
http://www.marinespecies.org/
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Table III.4.3-1 – Ecological status classification system based on diversity and biotic indices of 

macrozoobenthos at Georgian part  

WFD High Good Moderate Poor Bad 

Habitat 
Diversity and biotic 

indices 
     

Infralitoral sand with Chamelea gallina 
S ≥ 50    < 15 

H’ ≥ 4 3.1-4 2.2-3.1 1.3-2.2 < 1.3 

Infralittoral muddy sand with burrowing 
thalassinidae species 

S ≥ 50    < 15 

H’ ≥ 4 3.1-4 2.2-3.1 1.3-2.2 < 1.3 

Infralittoral Mytilus galloprovincialis 
biogenic reefs 

S (expert judgment)  ≥ 55    < 12 

H’ (expert judgment) ≥ 4 3.1-4 2.2-3.1 1.3-2.2 < 1.3 

All  AMBI ≤1.2 1.2  - 3.3 3.3  - 4.3 4.3  - 5.5 5.5  - 6.0 

All M-AMBI ≥ 0.85 0.55-0.85 0.39-0.55 0.2-0.39 <0.20 

MSFD GES Non - GES 

Note: S-species richness (Reference conditions) [8], H’ – Shannon-Wiener community diversity index [8], AMBI – 

AZTI Marine Biotic Index, M-AMBI – multivariate AMBI [14, 15], proposed for the WFD and MSFD 

III.4.3.3. Description of benthic habitats  

Detailed descriptions and maps of the relief and bathymetry in the areas of observation MHBS 

and ZMN areas are presented in part II.1.3 of this report.  

The following distribution of substrate types was revealed for the above studied areas (see Table 

III.4.3-2). For the purpose of analysis the substrates ‘Stones, Stones + shelly ground’, ‘Stones + 

shelly ground + sand’ and ‘Stones + shelly ground + silt’ were combined into one type  - 'Stony 

substrate', as the samples in such cases were collected from stones with frame sampler; ‘Silt + 

sand’, ‘Sand’, ‘Sand + shelly ground’, ‘Sand + shelly ground +silt’ and ‘Silt’ were also combined 

into one category – Soft substrate (Table III.4.3-2). In such cases to take samples the frame 

sampler was pressed into the substrate penetrating down to 5 cm. 

Table III.4.3-2 - Distribution of substrate types on the sea bottom (%) within the 750 m coastal 

zone in the MHBS area and near the Zmiinyi Island 

 Bottom substrate type MHBS ZMN 

1 

Stony substrate 

Stones 2.0 0.0 

2 Stones + shelly ground 1.0 5.2 

3 Stones + shelly ground + sand 7.3 0.0 

4 Stones + shelly ground + silt 55.6 0.0 

5 

Soft substrate 

Silt + sand 16.7 28.5 

6 Sand 17.4 0.5 

7 Sand + shelly ground 0.0 11.8 

8 Sand + shelly ground +silt 0.0 23.5 

9 Silt 0.0 30.4 

 

Analysis of the above table showed that in the MHBS area Stones + shelly ground + silt substrate 

prevailed (55.6 %). In the ZMN area soft substrates dominated: silt (30.4 %), silt + sand (28.5 %) 

and sand + shelly ground + silt (23.5 %). Only 5.2% of the ZMN area was covered with stony 

substrate. 
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III.4.3.4. Species composition and biodiversity 

III.4.3.4.1. Zmiinyi Island 

During the period of studies from 2016 to 2017, altogether 132 taxa were found in the Zmiinyi 

island coastal zone (Table III.4.3-3). In 2016, the following number of macrozoobenthos taxa 

were registered in different seasons: spring – 65, summer – 72, autumn - 64. In spring 2017, 67 

taxa were registered. Analysis of taxonomic composition revealed 1 species of sponges Porifera 

(0.8%), 7 Cnidaria taxa (5.3%), 3 Platyhelminthes taxa (2.3%), 1 Nemertea taxon (0.8%), 3 Bryzoa 

taxa (2.3%), 52 Annelida taxa (39.4%), 25 Mollusca taxa (18.9%), 35 Arthropoda taxa (26.5%), 2 

Echinodermata taxa (1.4%) and 3 Chordata taxa (2.3%).  

Table III.4.3-3 – Occurrence of macrozoobenthos species in the Zmiinyi Island coastal zone in 

different seasons of 2016-2017  

No. Taxa Phylum 
Spring 
2016 

Summer 
2016 

Autumn 
2016 

Spring 
2017 

1. Porifera gen. sp. Porifera + + + + 

2. Actinia equina (Linnaeus, 1758) Cnidaria + + + + 

3. Aglaophenia pluma (Linnaeus, 1758) Cnidaria - - - + 

4. Diadumene lineata (Verrill, 1869) Cnidaria - + + - 

5. Gonothyraea loveni (Allman, 1859) Cnidaria - - + - 

6. Hydrodendron gracilis (Fraser, 1914) Cnidaria - + + + 

7. Obelia longissima (Pallas, 1766) Cnidaria + + + - 

8. Sagartia elegans (Dalyell, 1848) Cnidaria - + + - 

9. Platyhelminthes sp. Platyhelminthes - + - + 

10. Polycladida spp. Platyhelminthes - + + + 

11. Tricladida gen. sp. Platyhelminthes + + - - 

12. Nemertea gen. sp. Nemertea + + + + 

13. Bryozoa gen. spp. Bryozoa + - - - 

14. Conopeum seurati (Canu, 1928) Bryozoa - + + - 

15. Cryptosula pallasiana (Moll, 1803) Bryozoa - + + + 

16. Alitta succinea (Leuckart, 1847) Annelida - + + + 

17. Aonides paucibranchiata Southern, 1914 Annelida + - - - 

18. Aricidea (Aricidea) pseudoarticulata Hobson, 1972 Annelida - + - - 

19. Aricidea (Strelzovia) claudiae Laubier, 1967 Annelida - - + + 

20. Capitella capitata (Fabricius, 1780) Annelida - + + + 

21. Capitellidae, gen. sp. Annelida - - - + 

22. Eulalia viridis (Linnaeus, 1767) Annelida - + + + 

23. Eumida sanguinea (Örsted, 1843) Annelida - + - + 

24. Exogone naidina Örsted, 1845 Annelida - - + - 

25. Fabricia stellaris (Müller, 1774) Annelida - - - + 

26. Genetyllis tuberculata (Bobretzky, 1868) Annelida - - - + 

27. Glycera alba (O. F. Müller, 1776) Annelida + - + + 

28. Harmothoe imbricata (Linnaeus, 1767) Annelida + + - - 

29. Harmothoe reticulata (Claparède, 1870) Annelida + - + + 

30. Heteromastus filiformis (Claparède, 1864) Annelida - - + - 

31. Janua heterostropha (Montagu, 1803) Annelida - + - + 

32. Lagis neapolitana (Claparède, 1869) Annelida + - - - 

33. Lindrilus flavocapitatus (Uljanin, 1877) Annelida + + + + 
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No. Taxa Phylum 
Spring 
2016 

Summer 
2016 

Autumn 
2016 

Spring 
2017 

34. Malacoceros fuliginosus (Claparède, 1870) Annelida + - - - 

35. Melinna palmata Grube, 1870  Annelida + - - - 

36. Micronephthys stammeri (Augener, 1932) Annelida + - - - 

37. Microspio mecznikowianus (Claparède, 1869) Annelida + - - + 

38. Mysta picta (Quatrefages, 1865) Annelida + - - - 

39. Neanthes fucata (Savigny, 1822) Annelida - - + - 

40. Nephtys hombergii Savigny in Lamarck, 1818 Annelida + - - - 

41. Nereidae gen. sp. Annelida - + + + 

42. Nereis zonata Malmgren, 1867 Annelida - + + - 

43. Oligochaeta sp. Annelida + + - - 

44. Perinereis cultrifera (Grube, 1840) Annelida + + + + 

45. Pholoe inornata (Johnston, 1839) Annelida + - + + 

46. Phyllodoce (Anaitides) maculata (Linnaeus, 1767) Annelida + - + - 

47. Phyllodocidae gen. sp. Annelida + - + + 

48. Platynereis dumerilii (Audouin & Milne Edwards, 1834) Annelida + - + + 

49. Polychaeta, gen. sp. Annelida - - + + 

50. Polydora ciliata (Johnston, 1838) Annelida + + + + 

51. Prionospio cirrifera (Wirén, 1883) Annelida + + + + 

52. Pterocirrus macroceros (Grube, 1860) Annelida - - - + 

53. Pygospio elegans (Claparede, 1863) Annelida + - - - 

54. Salvatoria limbata (Claparède, 1868) Annelida - + + - 

55. Sphaerosyllis bulbosa (Southern, 1914) Annelida + + + + 

56. Spio filicornis (Müller, 1776) Annelida - + + + 

57. Spionidae gen. sp. Annelida - + + + 

58. Spirobranchus triqueter (Linnaeus, 1758) Annelida + - - - 

59. Syllidae gen.sp. Annelida - - - + 

60. Syllis gracilis Grube, 1840 Annelida - - - + 

61. Syllis hyalina Grube, 1863 Annelida + + - - 

62. Syllis prolifera Krohn, 1852 Annelida - - - + 

63. Syllis sp. Annelida - + + - 

64. Syllis variegata Grube, 1860 Annelida - - + + 

65. Terebellides stroemii Sars, 1835 Annelida + - - - 

66. Vermiliopsis infundibulum (Philippi, 1844) Annelida - + - - 

67. Xenosyllides violacea Perejaslavzeva in Jakubova, 1930 Annelida - - - + 

68. Abra segmentum (Récluz, 1843) Mollusca + - - - 

69. Anadara kagoshimensis (Tokunaga, 1906) Mollusca + + + - 

70. Bittium reticulatum (da Costa,1778) Mollusca - - - + 

71. Brachystomia eulimoides (Hanley, 1844) Mollusca - + + - 

72. Calyptraea chinensis (Linnaeus, 1758) Mollusca + - - - 

73. Cardiidae gen. sp. Mollusca + - - - 

74. Chamelea gallina (Linnaeus, 1758) Mollusca - + - - 

75. 
Flexopecten glaber ponticus (Bucquoy, Dautzenberg & 
Dollfus, 1889) Mollusca - + - - 

76. Gouldia minima (Montagu, 1803) Mollusca - + + - 

77. Kurtiella bidentata (Montagu, 1803) Mollusca + - - - 

78. Lentidium mediterraneum (O. G. Costa, 1830) Mollusca - + - - 

79. Lepidochitona cinerea (Linnaeus, 1767) Mollusca + + + + 

80. Modiolula phaseolina (Philippi, 1844) Mollusca + + + - 
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No. Taxa Phylum 
Spring 
2016 

Summer 
2016 

Autumn 
2016 

Spring 
2017 

81. Mya arenaria (Linnaeus, 1758) Mollusca - - - + 

82. Mytilaster lineatus (Gmelin, 1791) Mollusca + + + + 

83. Mytilus galloprovincialis (Lamarck, 1819) Mollusca + + + + 

84. Parvicardium exiguum (Gmelin, 1791) Mollusca - + - - 

85. Pitar rudis (Poli, 1795) Mollusca + - - - 

86. Pusillina lineolata (Michaud, 1830) Mollusca + - - - 

87. Rapana venosa (Valenciennes, 1846) Mollusca - + + + 

88. Retusidae gen. sp. Mollusca + - - - 

89. Setia valvatoides (Milaschewitsch, 1909) Mollusca - + - - 

90. Tergipes tergipes (Forsskål in Niebuhr, 1775) Mollusca - - + - 

91. Tritia pellucida (Risso, 1826) Mollusca - - - + 

92. Tritia reticulata (Linnaeus, 1758) Mollusca - - + - 

93. Ampelisca diadema (Costa, 1853) Arthropoda + - - - 

94. Amphibalanus improvisus (Darwin, 1854) Arthropoda + + + + 

95. Amphipoda gen. spp. Arthropoda - + - - 

96. Ampithoe ramondi (Audouin, 1826) Arthropoda - + + + 

97. Apseudopsis ostroumovi Bacescu & Carausu, 1947 Arthropoda + - - - 

98. Athanas nitescens (Leach, 1813 [in Leach, 1813-1814]) Arthropoda + + + + 

99. Caprella acanthifera (Leach, 1814) Arthropoda + + + + 

100. Chironomidae, sp. Arthropoda - - - + 

101. Clibanarius erythropus (Latreille, 1818) Arthropoda - + - - 

102. Crassicorophium bonellii (H. Milne Edwards, 1830) Arthropoda + + - + 

103. Cymadusa crassicornis (Costa, 1853) Arthropoda - + - - 

104. Dexamine spinosa (Montagu, 1813) Arthropoda - - - + 

105. Diogenes pugilator (Roux, 1829) Arthropoda - + + - 

106. Dynamene bidentata (Adams, 1800) Arthropoda + + + + 

107. Echinogammarus olivii (H. Milne Edwards, 1830) Arthropoda + + + + 

108. Ericthonius difformis (H. Milne Edwards, 1830) Arthropoda - + - + 

109. Gammarus insensibilis Stock, 1966 Arthropoda - + - - 

110. Halocladius vitripennis (Meigen, 1818) Arthropoda + - - - 

111. Hyale perieri (Lucas, 1849) Arthropoda + + + + 

112. Idotea balthica (Pallas, 1772) Arthropoda - - - + 

113. Iphinoe tenella Sars, 1878 Arthropoda + - - - 

114. Jaera (Jaera) nordmanni (Rathke, 1837) Arthropoda + + + + 

115. Jassa ocia (Bate, 1862) Arthropoda + + + + 

116. Liocarcinus holsatus (Fabricius, 1798) Arthropoda + - - + 

117. Liocarcinus navigator (Herbst, 1794) Arthropoda - - - + 

118. Melita palmata (Montagu, 1804) Arthropoda + + + + 

119. Microdeutopus anomalus (Rathke, 1843) Arthropoda + - - - 

120. Microdeutopus gryllotalpa (Costa, 1853) Arthropoda - + + + 

121. Pilumnus hirtellus (Linnaeus, 1761) Arthropoda - + + + 

122. Pisidia longimana (Risso, 1816) Arthropoda - + + + 

123. Rhithropanopeus harrisii (Gould, 1841) Arthropoda + - - - 

124. Sphaeroma serratum (Fabricius, 1787) Arthropoda + + - - 

125. Stenothoe monoculoides (Montagu, 1815) Arthropoda + + + + 

126. Tanais dulongii (Audouin, 1826) Arthropoda - + + - 

127. Xantho poressa (Olivi, 1792) Arthropoda + + + + 

128. Amphiura stepanovi Chernyavskii, 1861 Echinodermata + - - - 
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No. Taxa Phylum 
Spring 
2016 

Summer 
2016 

Autumn 
2016 

Spring 
2017 

129. Holoturia gen.sp. Echinodermata - + - - 

130. Ascidia gen.sp. Chordata - + - - 

131. Ascidiella aspersa (Muller, 1776)  Chordata + - - - 

132. Branchiostoma lanceolatum (Pallas, 1774) Chordata - + - - 

 Total number of taxa:  65 72 64 67 

 Number of new taxa:  65 42 9 16 

 

In the period of studies altogether 115 macrozoobenthos taxa were found, which made 87.1 % 

of all the taxa registered near the island (Table III.4.3-4). Macrozoobenthos is less diverse on 

stony substrate – 78 taxa (59.0 %). There are less taxa of Annelida, which are burrowing in silt 

or sand, and Bivalvia dwelling only on soft substrates.  

Table III.4.3-4 – Occurrence of macrozoobenthos taxa on different bottom substrates in the 

Zmiinyi Island coastal zone in 2016-2017 

No. 
Taxa 

Substrate 

Sand+Shells+Silt Stones 

1 Porifera gen. sp. + + 

2 Actinia equina (Linnaeus, 1758) + + 

3 Aglaophenia pluma (Linnaeus, 1758) - + 

4 Diadumene lineata (Verrill, 1869) + + 

5 Hydrodendron gracilis (Fraser, 1914) + + 

6 Gonothyraea loveni (Allman, 1859) - + 

7 Obelia longissima (Pallas, 1766)  + + 

8 Sagartia elegans (Dalyell, 1848) + + 

9 Platyhelminthes sp. + + 

10 Polycladida spp. + + 

11 Tricladida gen. sp. + + 

12 Nemertea gen. sp. + + 

13 Bryozoa gen. spp. + + 

14 Conopeum seurati (Canu, 1928) + + 

15 Cryptosula pallasiana (Moll, 1803) + + 

16 Alitta succinea (Leuckart, 1847) + + 

17 Aricidea (Strelzovia) claudiae Laubier, 1967 + - 

18 Aricidea (Aricidea) pseudoarticulata Hobson, 1972 + - 

19 Aonides paucibranchiata Southern, 1914 + - 

20 Capitellidae, gen. sp. - + 

21 Capitella capitata (Fabricius, 1780)  + - 

22 Eulalia viridis (Linnaeus, 1767) + + 

23 Eumida sanguinea (Örsted, 1843) + - 

24 Exogone naidina Örsted, 1845 - + 

25 Fabricia stellaris (Müller, 1774) - + 

26 Genetyllis tuberculata (Bobretzky, 1868) - + 

27 Glycera alba (O. F. Müller, 1776) + - 

28 Harmothoe imbricata (Linnaeus, 1767)  + + 

29 Harmothoe reticulata (Claparède, 1870) + + 
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No. 
Taxa 

Substrate 

Sand+Shells+Silt Stones 

30 Heteromastus filiformis (Claparède, 1864) + - 

31 Janua heterostropha (Montagu, 1803)  + + 

32 Lagis neapolitana (Claparède, 1869)  + - 

33 Lindrilus flavocapitatus (Uljanin, 1877) + - 

34 Malacoceros fuliginosus (Claparède, 1870)  + - 

35 Melinna palmata Grube, 1870  + - 

36 Micronephthys stammeri (Augener, 1932) + - 

37 Microspio mecznikowianus (Claparède, 1869) + - 

38 Mysta picta (Quatrefages, 1865) + - 

39 Neanthes fucata (Savigny, 1822)  + + 

40 Nephtys hombergii Savigny in Lamarck, 1818 + - 

41 Nereis zonata Malmgren, 1867 + + 

42 Nereidae gen. sp. + + 

43 Oligochaeta sp. + + 

44 Perinereis cultrifera (Grube, 1840) + + 

45 Pholoe inornata (Johnston, 1839)  + + 

46 Phyllodoce (Anaitides) maculata (Linnaeus, 1767) + - 

47 Phyllodocidae gen. sp. + + 

48 Platynereis dumerilii (Audouin & Milne Edwards, 1834) + + 

49 Polychaeta, gen. sp. + + 

50 Polydora ciliata (Johnston, 1838) + + 

51 Prionospio cirrifera (Wirén, 1883) + + 

52 Pterocirrus macroceros (Grube, 1860) - + 

53 Pygospio elegans (Claparede, 1863) + - 

54 Salvatoria limbata (Claparède, 1868) + + 

55 Spirobranchus triqueter (Linnaeus, 1758) + - 

56 Sphaerosyllis bulbosa (Southern, 1914) + + 

57 Spionidae gen. sp. + + 

58 Spio filicornis (Müller, 1776) + + 

59 Syllis gracilis (Grube, 1840) - + 

60 Syllis hyalina Grube, 1863 + - 

61 Syllis prolifera Krohn, 1852 + - 

62 Syllis variegata (Grube, 1860) + + 

63 Syllis sp. + + 

64 Syllidae, gen. sp. - + 

65 Terebellides stroemii Sars, 1835 + - 

66 Vermiliopsis infundibulum (Philippi, 1844) + - 

67 Xenosyllides violacea (Perejaslavzeva in Jakubova, 1930) + - 

68 Lepidochitona cinerea (Linnaeus, 1767) + + 

69 Bittium reticulatum (da Costa,1778)  + + 

70 Brachystomia eulimoides (Hanley, 1844) + + 

71 Calyptraea chinensis (Linnaeus, 1758) + - 

72 Pusillina lineolata (Michaud, 1830) + - 

73 Rapana venosa (Valenciennes, 1846) + + 

74 Retusidae gen. sp. + - 
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No. 
Taxa 

Substrate 

Sand+Shells+Silt Stones 

75 Setia valvatoides (Milaschewitsch, 1909) + + 

76 Tergipes tergipes (Forsskål in Niebuhr, 1775) - + 

77 Tritia pellucida (Risso, 1826) + - 

78 Tritia reticulata (Linnaeus, 1758) - + 

79 Abra segmentum (Récluz, 1843) + - 

80 Anadara kagoshimensis (Tokunaga, 1906)  + + 

81 Cardiidae gen. sp. + - 

82 Chamelea gallina (Linnaeus, 1758) + - 

83 Flexopecten glaber ponticus (Bucquoy, Dautzenberg & Dollfus, 1889) + - 

84 Gouldia minima (Montagu, 1803)  + - 

85 Kurtiella bidentata (Montagu, 1803) + - 

86 Lentidium mediterraneum (O. G. Costa, 1830) + - 

87 Modiolula phaseolina (Philippi, 1844) + + 

88 Mya arenaria (Linnaeus, 1758) + - 

89 Mytilaster lineatus (Gmelin, 1791)  + + 

90 Mytilus galloprovincialis (Lamarck, 1819) + + 

91 Parvicardium exiguum (Gmelin, 1791) + - 

92 Pitar rudis (Poli, 1795)  + - 

93 Amphibalanus improvisus (Darwin, 1854)  + + 

94 Idotea balthica (Pallas, 1772)  - + 

95 Jaera nordmanni (Rathke, 1837) + + 

96 Dynamene bidentata (Adams, 1800) + + 

97 Sphaeroma serratum (Fabricius, 1787)  - + 

98 Ampelisca diadema (Costa, 1853) + - 

99 Amphipoda gen. spp. + - 

100 Ampithoe ramondi (Audouin, 1826) + + 

101 Caprella acanthifera (Leach, 1814) + + 

102 Crassicorophium bonellii (H. Milne Edwards, 1830) + + 

103 Cymadusa crassicornis (Costa, 1853) + - 

104 Dexamine spinosa (Montagu, 1813) + - 

105 Echinogammarus olivii (H. Milne Edwards, 1830) + + 

106 Ericthonius difformis (H. Milne Edwards, 1830) + + 

107 Gammarus insensibilis Stock, 1966 - + 

108 Hyale perieri (Lucas, 1849) + + 

109 Jassa ocia (Bate, 1862) + + 

110 Melita palmata (Montagu, 1804) + + 

111 Microdeutopus anomalus (Rathke, 1843) + - 

112 Microdeutopus gryllotalpa (Costa, 1853)  + + 

113 Stenothoe monoculoides (Montagu, 1815) + + 

114 Iphinoe tenella Sars, 1878 + - 

115 Apseudopsis ostroumovi Bacescu & Carausu, 1947  + - 

116 Tanais dulongii (Audouin, 1826) - + 

117 Athanas nitescens (Leach, 1813 [in Leach, 1813-1814]) + + 

118 Clibanarius erythropus (Latreille, 1818) + - 

119 Diogenes pugilator (Roux, 1829) + + 



Scientific Report - 12-Months Monitoring Studies 

in Georgia, Russian Federation and Ukraine, 2016-2017 

 

339 

No. 
Taxa 

Substrate 

Sand+Shells+Silt Stones 

120 Liocarcinus holsatus (Fabricius, 1798)  + - 

121 Liocarcinus navigator (Herbst, 1794) + - 

122 Pilumnus hirtellus (Linnaeus, 1761) + + 

123 Pisidia longimana (Risso, 1816) + + 

124 Xantho poressa (Olivi, 1792) + - 

125 Rhithropanopeus harrisii (Gould, 1841)  + - 

126 Halocladius vitripennis (Meigen, 1818)  - + 

127 Chironomidae, sp. - + 

128 Amphiura stepanovi Chernyavskii, 1861 + - 

129 Holoturia gen. sp. + - 

130 Ascidiella aspersa (Müller, 1776) + - 

131 Ascidia gen. sp. + - 

132 Branchiostoma lanceolatum (Pallas, 1774)  + - 

 Total number of taxa:  115 78 

 

The temporal distribution of the quantities of taxa identified has been analysed separately and 

the Shannon index (Н) was calculated for two groups of samples collected from different depth 

and substrates (Figure III.4.3-3, III.4.3-4). 

 

Figure III.4.3-3 – Results of observation of temperature, salinity, Shannon index and number 

of taxa registered in 2016-2017 at the stations along transects around the Zmiinyi Island with 

soft substrates (silt, sand, shelly ground) 

(T – temperature, S – salinity of the near-bottom water layer; H – Shannon index; N – number 

of taxa registered) 
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Figure III.4.3-4 – Results of observation of temperature, salinity, Shannon index and number 

of taxa registered in 2016-2017 at the stations along transects around the Zmiinyi Island with 

stony substrates (stones, rocks) 

(T – temperature, S – salinity of the near-bottom water layer; H – Shannon index; N – number 

of taxa registered) 

 

Analysis of the results received had shown that dynamics of the number of taxa and quantitative 

indicators of macrozoobenthos in the Zmiinyi Island coastal zone had consistent seasonal 

variation with maximal development of benthos in summer period (Table III.4.3-5).  

At different depths as follows: 

- Spring 2016 - from 15 (depth 12 m) to 32 (depth 32.5 m) with mean value 22; the H 

value of macrozoobenthos in that period varied from 1.7 to 2.2 with mean value 1.9; 

- Summer 2016 - from 27 to 46 (depth 10-15 m), mean value 33, Н value - from 1.2 to 

1.7, mean value 1.4; 

- Autumn 2016 - from 18 to 20 (depth 10-15 m), mean value 19, Н value - from 2.2 to 

2.5, mean value 2.3; 

- Summer 2017 - from 19 (5 m) to 33 (10 m), mean value 27, Н value - from 2.0 to 2.9, 

mean value 2.6; 

- Similar dynamics of macrozoobenthos taxa seasonal variations and biodiversity was 

observed on stony substrate (Figure III.4.3-4): 

- Spring 2016 - from 14 to 16 (depth from water edge to 5 m), mean value 15, H value 

of macrozoobenthos in that period varied from 1.4 to 1.8, mean value 1.6; 

- Summer 2016 - 36 taxa, Н value – from 1.4 to 1.7, mean value 1.5; 
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- Autumn 2016 - from 19 to 39 (5 m), mean value 31, Н value – from 1.1 to 2.3, mean 

value 1.8; 

- Summer 2017 - from 26 to 34 (depth up to 10 m), mean value 31, Н value - from 1.7 

to 2.3, mean value 2.0; 

Analysis of the presented data (Table III.4.3-5) had shown that the number of macrozoobenthos 

taxa on different substrates in the coastal zone was increasing as water temperature grew due 

to development of all the thermophilus forms of benthic organisms and as water temperature 

was going down the number of taxa decreased as part of species were mowing to deeper areas 

and burrowing in the sediment deeper than 5-10 cm, which significantly complicated their 

sampling with  benthos frame.  

Table III.4.3-5 – Dynamics of macrozoobenthos quantitative parameters on different bottom 

substrate forms in the Zmiinyi Island coastal zone in 2016-2017 

Year / 
month / day 

Sample Code Depth Sediment samples 
type/area 

T, ºC S, ‰ H No. of 
taxa 

Total 
number, 

104.ind/m2 

Total 
biomass, 

kg/m2 

Soft substrate 

16.05.16 16Z-1-7-ZB-1 32,5 Silty sand and shells 6.9 18.030 2.2 32 1.793 0.147 

16.05.16 16Z-1-7-ZB-2 32,5 Silty sand and shells 6.9 18.030 2.0 21 1.640 0.067 

17.05.16 16Z-3-4-ZB-3 12,0 Sand+shells 11.5 16.730 1.7 15 2.047 0.422 

19.05.16 16Z-1-4-ZB-6 12,0 Sand+shells 11.5 16.730 1.7 18 1.577 0.017 

19.05.16 16Z-1-6-ZB-7 25,0 Sand+shells+silt 6.9 18.030 2.0 25 0.717 0.033 

20.08.16 16Z-5-3-ZB-10 10,0 Sand+shells 25.3 15.500 1.7 46 16.943 34.857 

19.08.16 16Z-5-4-ZB-9 15,0 Sand+shells 24.1 17.000 1.2 33 3.800 1.128 

19.08.16 16Z-5-3-ZB-8 10,0 Sand+shells 24.8 16.100 1.4 27 2.353 0.061 

27.11.16 16Z-1-4-ZB-13 15,0 Sand+shells 10.8 18.000 2.2 18 0.603 0.020 

27.11.16 16Z-1-3-ZB-17 10,0 Sand+shells 10.8 18.000 2.5 20 0.317 0.094 

24.06.17 17Z-3-4-ZB-1 15,0 Sand+shells 13.3 17.030 2.9 29 0.740 9.001 

24.06.17 17Z-3-3-ZB-2 10,0 Sand+shells 22.5 15.590 2.7 33 0.408 6.329 

24.06.17 17Z-3-2-ZB-4 5,0 Sand+shells 23.6 14.500 2.0 19 0.730 0.043 

Stony substrate 

17.05.16 16Z-3-2-ZB-4 6,0 Rocks 16.4 14.500 1.4 14 2.683 13.171 

18.05.16 16Z-1-2-ZB-5 0,5 Rocks 16.3 14.070 1.8 16 3.610 7.249 

20.08.16 16Z-5-2-ZB-11 5,0 Rocks 25.5 15.300 1.4 36 30.725 46.147 

20.08.16 16Z-5-1-ZB-12 0,5 Rocks 26.0 15.200 1.7 36 27.855 28.529 

27.11.16 16Z-1-3-ZB-14 10,0 Rocks 10.8 18.000 2.1 39 4.780 15.089 

27.11.16 16Z-1-2-ZB-15 5,0 Rocks 10.1 18.000 2.3 35 4.593 11.549 

27.11.16 16Z-1-1-ZB-16 0,5 Rocks 10.1 18.000 1.1 19 10.100 6.925 

24.06.17 17Z-3-3-ZB-3 10,0 Rocks 22.5 15.600 1.7 34 5.747 17.751 

24.06.17 17Z-3-2-ZB-5 5,0 Rocks 23.6 14.500 2.3 32 2.697 29.848 

24.06.17 17Z-3-1-ZB-6 1,0 Rocks 24.2 14.440 2.0 26 4.570 1.531 

 

Maximal values of Shannon index (Н – 2.7-2.9) in June 2017 were registered in the Zmiinyi Island 

coastal zone on soft substrates (Figure III.4.3-3). In the end of autumn this parameter’s value 

stayed quite high (2.5) due to development and distribution of cold-loving species in benthic 

communities. 
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III.4.3.4.2. Odessa Bay (MHBS area) 

During the period of studies from 2016 to 2017, altogether 121 taxa were found in the Odessa 

Bay in the MHBS area (Table III.4.3-6).  

In 2016, the following number of macrozoobenthos taxa were registered in different seasons: 

spring – 75, summer – 82, autumn - 60. In spring 2017, 62 taxa were registered. Analysis of 

taxonomic composition revealed 1 species of sponges Porifera (0.8%), 2 Cnidaria taxa (1.7%), 3 

Platyhelminthes taxa (2.5%), 1 Nemertea taxon (0.8%), 3 Bryzoa taxa (2.5%), 1 Phoronida taxon 

(0.8%), 45 Annelida taxa (37.2%), 24 Mollusca taxa (19.8%), 41 Arthropoda taxa (33.9%) (Table 

III.4.3-6).  

Table III.4.3-6 – Occurrence of macrozoobenthos species in the MHBS area in Odessa Bay in 

different seasons of 2016-2017 

No. 
Taxa Phylum 

Spring 
2016 

Summer 
2016 

Autumn 
2016 

Spring 
2017 

1 Porifera gen. sp. Porifera + - - - 

2 Obelia longissima (Pallas, 1766) Cnidaria + - - + 

3 Sagartia elegans (Dalyell, 1848) Cnidaria + - - - 

4 Platyhelminthes sp. Platyhelminthes - + + - 

5 Polycladida spp. Platyhelminthes + + + + 

6 Tricladida gen. sp. Platyhelminthes + + + - 

7 Nemertea gen. sp. Nemertea + + + + 

8 Bryozoa gen. spp. Bryozoa + - - - 

9 Conopeum seurati (Canu, 1928) Bryozoa - + - - 

10 Cryptosula pallasiana (Moll, 1803) Bryozoa - + + + 

11 Phoronis euxinicola Selys-Longchamps, 1907 Phoronida - + - - 

12 Alitta succinea (Leuckart, 1847) Annelida - + + - 

13 Aonides paucibranchiata Southern, 1914 Annelida - + + + 

14 Aricidea (Strelzovia) claudiae Laubier, 1967 Annelida - + + + 

15 Capitella capitata (Fabricius, 1780) Annelida + + + + 

16 Capitellidae, gen. sp. Annelida - - - + 

17 Eulalia viridis (Linnaeus, 1767) Annelida + + + - 

18 Eumida sanguinea (Örsted, 1843) Annelida - + - - 

19 Exogone naidina Örsted, 1845 Annelida + + - + 

20 Fabricia stellaris (Müller, 1774) Annelida - + - - 

21 Genetyllis nana (de Saint Joseph, 1908) Annelida - + - - 

22 Genetyllis tuberculata (Bobretzky, 1868) Annelida - - + - 

23 Glycera alba (O. F. Müller, 1776) Annelida + + + + 

24 Harmothoe imbricata (Linnaeus, 1767) Annelida + + + + 

25 Harmothoe reticulata (Claparède, 1870) Annelida - + + - 

26 Hediste diversicolor (O.F. Müller, 1776) Annelida + - - - 

27 Hesionides arenaria Friedrich, 1937 Annelida - - + - 

28 Heteromastus filiformis (Claparède, 1864) Annelida + + + + 

29 Lagis neapolitana (Claparède, 1869) Annelida + + + + 

30 Lindrilus flavocapitatus (Uljanin, 1877) Annelida + + - + 

31 Melinna palmata Grube, 1870  Annelida - - - + 

32 Micronephthys stammeri (Augener, 1932) Annelida + - - - 

33 Microspio mecznikowianus (Claparède, 1869) Annelida + - - - 

34 Mysta picta (Quatrefages, 1865) Annelida + + + + 
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Taxa Phylum 

Spring 
2016 

Summer 
2016 

Autumn 
2016 

Spring 
2017 

35 Neanthes fucata (Savigny, 1822) Annelida - - + - 

36 Nereidae gen. sp. Annelida + + + + 

37 Nereis zonata Malmgren, 1867 Annelida + + - + 

38 Oligochaeta sp. Annelida + + + + 

39 Perinereis cultrifera (Grube, 1840) Annelida + + + - 

40 Pholoe inornata (Johnston, 1839) Annelida + + + - 

41 Phyllodoce (Anaitides) maculata (Linnaeus, 1767) Annelida + + - + 

42 Phyllodocidae gen. sp. Annelida + + + + 

43 Platynereis dumerilii (Audouin & Milne Edwards, 1834) Annelida + + - + 

44 Polychaeta, gen. sp. Annelida - + - - 

45 Polycirrus jubatus Bobretzky, 1869 Annelida + + - - 

46 Polydora ciliata (Johnston, 1838) Annelida + + - + 

47 Polyophthalmus pictus (Dujardin, 1839) Annelida + - - - 

48 Prionospio cirrifera (Wirén, 1883) Annelida + + + + 

49 Pseudopolydora antennata (Claparède, 1869) Annelida + + + + 

50 Pterocirrus macroceros (Grube, 1860) Annelida - + + - 

51 Pygospio elegans (Claparede, 1863) Annelida - - - + 

52 Salvatoria limbata (Claparède, 1868) Annelida + + + - 

53 Sphaerosyllis bulbosa (Southern, 1914) Annelida + + + + 

54 Spio filicornis (Müller, 1776) Annelida + + + - 

55 Spionidae gen. sp. Annelida + + + + 

56 Syllides longocirratus (Örsted, 1845) Annelida - + - - 

57 Abra segmentum (Récluz, 1843) Mollusca - + + + 

58 Anadara kagoshimensis (Tokunaga, 1906) Mollusca + + + + 

59 Bittium reticulatum (da Costa,1778) Mollusca - + - - 

60 Brachystomia eulimoides (Hanley, 1844) Mollusca - + - + 

61 Brachystomia scalaris (MacGillivray, 1843) Mollusca - - + - 

62 Cardiidae gen. sp. Mollusca + - - - 

63 Cerastoderma glaucum (Bruguière, 1789) Mollusca + + - - 

64 Chamelea gallina (Linnaeus, 1758) Mollusca + + + + 

65 Hydrobia acuta (Draparnaud, 1805) Mollusca - + - - 

66 Kurtiella bidentata (Montagu, 1803) Mollusca + + - + 

67 Lentidium mediterraneum (O. G. Costa, 1830) Mollusca + + + - 

68 Macomangulus tenuis (da Costa, 1778) Mollusca + - - - 

69 Modiolula phaseolina (Philippi, 1844) Mollusca + - - - 

70 Mya arenaria (Linnaeus, 1758) Mollusca + + - + 

71 Mytilaster lineatus (Gmelin, 1791) Mollusca + + + + 

72 Mytilus galloprovincialis (Lamarck, 1819) Mollusca + + + + 

73 Parthenina terebellum (Philippi, 1844) Mollusca - - + - 

74 Parvicardium exiguum (Gmelin, 1791) Mollusca - + + + 

75 Pitar rudis (Poli, 1795) Mollusca + + + - 

76 Pusillina lineolata (Michaud, 1830) Mollusca - + - + 

77 Rapana venosa (Valenciennes, 1846) Mollusca + - + - 

78 Retusa truncatula (Bruguière, 1792) Mollusca + + - - 

79 Rissoa splendida (Eichwald,1830) Mollusca - + - - 

80 Setia valvatoides (Milaschewitsch, 1909) Mollusca + + - + 

81 Ampelisca diadema (Costa, 1853) Arthropoda + + + + 

82 Ampelisca sp. Arthropoda - - - + 
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No. 
Taxa Phylum 

Spring 
2016 

Summer 
2016 

Autumn 
2016 

Spring 
2017 

83 Amphibalanus improvisus (Darwin, 1854) Arthropoda + + + + 

84 Amphipoda gen. spp. Arthropoda - + + + 

85 Ampithoe ramondi (Audouin, 1826) Arthropoda + + + + 

86 Apherusa bispinosa (Spence Bate, 1857) Arthropoda - - + + 

87 Athanas nitescens (Leach, 1813 [in Leach, 1813-1814]) Arthropoda + + + + 

88 Bathyporeia guilliamsoniana (Spence Bate, 1857) Arthropoda + - - - 

89 Caprella acanthifera (Leach, 1814) Arthropoda + + - - 

90 Chironomidae, sp. Arthropoda - - - + 

91 Corophium sp. Arthropoda - + + - 

92 Crassicorophium bonellii (H. Milne Edwards, 1830) Arthropoda - - - + 

93 Cumacea gen. sp. Arthropoda + + - + 

94 Dexamine spinosa (Montagu, 1813) Arthropoda + + + + 

95 Diogenes pugilator (Roux, 1829) Arthropoda + + - - 

96 Echinogammarus olivii (H. Milne Edwards, 1830) Arthropoda - - + - 

97 Ericthonius difformis (H. Milne Edwards, 1830) Arthropoda - - + - 

98 Gammarellus carinatus (Rathke, 1843) Arthropoda - - - + 

99 Gammarus insensibilis Stock, 1966 Arthropoda - - + + 

100 Gammarus sp. Arthropoda + - - - 

101 Gastrosaccus sanctus (Van Beneden, 1861) Arthropoda + + - - 

102 Halocladius vitripennis (Meigen, 1818) Arthropoda + - - - 

103 Idotea balthica (Pallas, 1772) Arthropoda + + + + 

104 Iphinoe elisae Băcescu, 1950 Arthropoda - + - + 

105 Iphinoe maeotica Sowinskyi, 1893 Arthropoda + - - - 

106 Iphinoe tenella Sars, 1878 Arthropoda + + - - 

107 Jassa ocia (Bate, 1862) Arthropoda - - + + 

108 Lekanesphaera hookeri (Leach, 1814) Arthropoda + - - - 

109 Liocarcinus holsatus (Fabricius, 1798) Arthropoda + - - - 

110 Melita palmata (Montagu, 1804) Arthropoda + + + + 

111 Microdeutopus gryllotalpa (Costa, 1853) Arthropoda + + + + 

112 Microdeutopus sp. Arthropoda - + - - 

113 Nototropis guttatus Costa, 1853 Arthropoda + - - - 

114 Perioculodes longimanus (Bate & Westwood, 1868) Arthropoda + + - + 

115 Phtisica marina Slabber, 1769 Arthropoda - + - - 

116 Pilumnus hirtellus (Linnaeus, 1761) Arthropoda - + + + 

117 Pisidia longimana (Risso, 1816) Arthropoda - - + - 

118 Pseudocuma (Pseudocuma) longicorne (Bate, 1858) Arthropoda - - - + 

119 Pseudocuma sp. Arthropoda + - - + 

120 Stenosoma capito (Rathke, 1837) Arthropoda + + + - 

121 Stenothoe monoculoides (Montagu, 1815) Arthropoda + + - + 

 Total number of taxa:  75 82 60 62 

 Number of new taxa:  75 27 11 8 

 

The numbers of macrozoobenthos taxa registered on soft and stony substrates in the MHBS 

during the study were practically equal – 99 and 96 respectively (Table III.4.3-7). It should be 

pointed out that according to the results of visual observation the stony substrate in that area 

was more covered with silt and fine sand than in the Zmiinyi Island area. This fact made the 

stony substrate also attractive for the benthic organisms dwelling mainly on soft substrates.  
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Table III.4.3-7 – Occurrence of macrozoobenthos species on different bottom substrates in the 

MHBS area in Odessa Bay, 2016-2017 

No. Taxa Substrate 

Soft substrate Stony substrate 

1 Porifera gen. sp. - + 

2 Obelia longissima (Pallas, 1766)  + - 

3 Sagartia elegans (Dalyell, 1848) + - 

4 Polycladida spp. + + 

5 Tricladida gen. sp. + + 

6 Platyhelminthes sp. + + 

7 Nemertea gen. sp. + + 

8 Conopeum seurati (Canu, 1928) - + 

9 Cryptosula pallasiana (Moll, 1803) + + 

10 Bryozoa gen. spp. - + 

11 Phoronis euxinicola Selys-Longchamps, 1907 + - 

12 Alitta succinea (Leuckart, 1847) - + 

13 Aricidea (Strelzovia) claudiae Laubier, 1967 + + 

14 Aonides paucibranchiata Southern, 1914 + + 

15 Capitella capitata (Fabricius, 1780)  + + 

16 Capitellidae, gen. sp. + - 

17 Eulalia viridis (Linnaeus, 1767) + + 

18 Eumida sanguinea (Örsted, 1843) - + 

19 Exogone naidina Örsted, 1845 + + 

20 Fabricia stellaris (Müller, 1774) + - 

21 Genetyllis nana (de Saint Joseph, 1908) - + 

22 Genetyllis tuberculata (Bobretzky, 1868) - + 

23 Glycera alba (O. F. Müller, 1776) + + 

24 Harmothoe imbricata (Linnaeus, 1767)  + + 

25 Harmothoe reticulata (Claparède, 1870) + + 

26 Hediste diversicolor (O.F. Müller, 1776) + - 

27 Hesionides arenaria Friedrich, 1937 + - 

28 Heteromastus filiformis (Claparède, 1864) + + 

29 Lagis neapolitana (Claparède, 1869)  + + 

30 Lindrilus flavocapitatus (Uljanin, 1877) + + 

31 Micronephthys stammeri (Augener, 1932) + - 

32 Melinna palmata Grube, 1870 + - 

33 Microspio mecznikowianus (Claparède, 1869) + + 

34 Mysta picta (Quatrefages, 1865) + + 

35 Neanthes fucata (Savigny, 1822)  - + 

36 Nereis zonata Malmgren, 1867 + + 

37 Nereidae gen. sp. + + 

38 Perinereis cultrifera (Grube, 1840) - + 

39 Pholoe inornata (Johnston, 1839)  + + 

40 Phyllodoce (Anaitides) maculata (Linnaeus, 1767) + + 

41 Phyllodocidae gen. sp. + + 

42 Platynereis dumerilii (Audouin & Milne Edwards, 1834) + + 

43 Polycirrus jubatus Bobretzky, 1869 - + 
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No. Taxa Substrate 

Soft substrate Stony substrate 

44 Polydora ciliata (Johnston, 1838) + + 

45 Prionospio cirrifera (Wirén, 1883) + + 

46 Polyophthalmus pictus (Dujardin, 1839) - + 

47 Pseudopolydora antennata (Claparède, 1869) + + 

48 Pterocirrus macroceros (Grube, 1860) - + 

49 Pygospio elegans (Claparede, 1863) + - 

50 Salvatoria limbata  (Claparède, 1868) + + 

51 Sphaerosyllis bulbosa (Southern, 1914)  + + 

52 Spio filicornis (Müller, 1776) + + 

53 Spionidae gen. sp. + + 

54 Syllides longocirratus (Örsted, 1845) + - 

55 Polychaeta, gen. sp. + - 

56 Oligochaeta sp. + + 

57 Bittium reticulatum (da Costa,1778)  + + 

58 Brachystomia eulimoides (Hanley, 1844) + + 

59 Brachystomia scalaris (MacGillivray, 1843) - + 

60 Hydrobia acuta (Draparnaud, 1805) + + 

61 Parthenina terebellum (Philippi, 1844) - + 

62 Pusillina lineolata (Michaud, 1830) + + 

63 Rapana venosa (Valenciennes, 1846) + + 

64 Retusa truncatula (Bruguière, 1792) + + 

65 Rissoa splendida (Eichwald,1830) + + 

66 Setia valvatoides (Milaschewitsch, 1909) + + 

67 Abra segmentum (Récluz, 1843) + + 

68 Anadara kagoshimensis (Tokunaga, 1906)  + + 

69 Cardiidae gen. sp. - + 

70 Cerastoderma glaucum (Bruguière, 1789)  + + 

71 Chamelea gallina (Linnaeus, 1758) + + 

72 Kurtiella bidentata (Montagu, 1803) + + 

73 Lentidium mediterraneum (O. G. Costa, 1830) + + 

74 Macomangulus tenuis (da Costa, 1778) + - 

75 Modiolula phaseolina (Philippi, 1844) - + 

76 Mya arenaria (Linnaeus, 1758) + + 

77 Mytilaster lineatus (Gmelin, 1791)  + + 

78 Mytilus galloprovincialis (Lamarck, 1819) + + 

79 Parvicardium exiguum (Gmelin, 1791) + + 

80 Pitar rudis (Poli, 1795)  + + 

81 Amphibalanus improvisus (Darwin, 1854)  + + 

82 Idotea balthica (Pallas, 1772)  + + 

83 Sphaeroma serratum (Fabricius, 1787)  - + 

84 Stenosoma capito (Rathke, 1837) + + 

85 Ampelisca diadema (Costa, 1853) + + 

86 Ampelisca sp. + - 

87 Ampithoe ramondi (Audouin, 1826) + + 

88 Apherusa bispinosa (Spence Bate, 1857) + + 
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No. Taxa Substrate 

Soft substrate Stony substrate 

89 Bathyporeia guilliamsoniana (Spence Bate, 1857) + - 

90 Caprella acanthifera (Leach, 1814) + - 

91 Corophium sp. + + 

92 Crassicorophium bonellii (H. Milne Edwards, 1830) + - 

93 Dexamine spinosa (Montagu, 1813) + + 

94 Echinogammarus olivii (H. Milne Edwards, 1830) + - 

95 Ericthonius difformis (H. Milne Edwards, 1830) - + 

96 Gammarellus carinatus (Rathke, 1843) + - 

97 Gammarus insensibilis Stock, 1966 + + 

98 Gammarus sp. + + 

99 Jassa ocia (Bate, 1862) + + 

100 Melita palmata (Montagu, 1804) + + 

101 Microdeutopus gryllotalpa (Costa, 1853)  + + 

102 Microdeutopus sp. + - 

103 Nototropis guttatus Costa, 1853 + + 

104 Perioculodes longimanus (Spence Bate & Westwood, 1868) + + 

105 Phtisica marina Slabber, 1769 + - 

106 Stenothoe monoculoides (Montagu, 1815) + + 

107 Amphipoda gen. spp. + + 

108 Iphinoe elisae Băcescu, 1950 + + 

109 Iphinoe maeotica Sowinskyi, 1893 + - 

110 Iphinoe tenella Sars, 1878 - + 

111 Pseudocuma (Pseudocuma) longicorne (Bate, 1858) + - 

112 Pseudocuma sp. + - 

113 Cumacea sp. + + 

114 Gastrosaccus sanctus (Van Beneden, 1861) + + 

115 Athanas nitescens (Leach, 1813 [in Leach, 1813-1814]) + + 

116 Diogenes pugilator (Roux, 1829) + + 

117 Liocarcinus holsatus (Fabricius, 1798)  + - 

118 Pilumnus hirtellus (Linnaeus, 1761) - + 

119 Pisidia longimana (Risso, 1816) - + 

120 Cricotopus vitripennis var. halophilus Kieffer  + + 

121 Chironomidae sp. - + 

 Total number of taxa: 99 96 

 

Analysis of the quantities of taxa identified in different seasons showed that variations of taxa 

number in Odessa Bay coastal area were quite high and made from 5 to 48 organisms of 

macrozoobenthos (Table III.4.3-8, Figure III.4.3-5, III.4.3-6). Zoobenthos distribution at different 

depth and substrates was uneven. The least diverse was benthos of soft substrates at the depths 

from 2 to 3 m, where anthropogenic impact was the most perceivable.  
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Table III.4.3-8 – Dynamics of macrozoobenthos quantitative parameters on different bottom substrate forms 

in Odessa Bay coastal zone in 2016-2017 

Year/month/day Sample Code Depth Sediment samples type/area T, ºC S, ‰ H No. of taxa Total number, 104.ind/m2 Total biomass, kg/m2 

Soft substrate 

08.06.16 16MHBS-09-ZB-1 13,5 Sand+shells+silt 9.6 17.538 1.7 37 3.227 2.970 

08.06.16 16MHBS-12-ZB-3 5,5 Sand 18.6 15.059 1.9 11 0.117 0.281 

08.06.16 16MHBS-11-ZB-4 2,5 Sand 18.5 15.121 1.4 5 0.050 0.029 

09.06.16 16MHBS-01-ZB-7 5,2 Sand 17.7 15.617 2.7 22 0.373 1.455 

09.06.16 16MHBS-03-ZB-8 6,5 Sand 17.8 15.555 1.8 8 0.090 0.002 

09.06.16 16MHBS-04-ZB-9 5,2 Sand 17.9 15.555 2.1 9 0.070 0.336 

09.06.16 16MHBS-05-ZB-10 7,2 Sand+shells 10.1 17.476 2.7 30 1.317 5.361 

29.08.16 16MHBS-09-ZB-13 13,5 Sand+shells+silt 16.5 17.480 2.7 40 2.100 0.150 

29.08.16 16MHBS-13-ZB-17 3,0 Sand 23.0 16.670 1.9 34 2.717 0.079 

03.11.16 16MHBS-09-ZB-18 13,0 Sand+shells+silt 12.0 17.480 1.8 19 2.103 1.201 

03.11.16 16MHBS-13-ZB-22 3,0 Sand 11.7 17.350 1.7 8 0.220 0.004 

29.06.17 17MHBS-09-ZB-1 13,3 Sand+shells+silt 11.5 17.210 2.3 29 1.543 3.933 

29.06.17 17MHBS-07-ZB-3 5,0 Sand+shells+silt 17.5 16.730 2.9 38 1.387 3.710 

29.06.17 17MHBS-13-ZB-5 3,0 Sand+silt 18.5 16.610 2.0 18 0.343 0.025 

Stony substrate 

08.06.16 16MHBS-08-ZB-2 8,5 Sand+shells+rocks 18.4 15.307 2.0 26 1.270 3.035 

08.06.16 16MHBS-10-ZB-5 1,7 Sand+rocks 18.5 15.059 2.3 32 3.493 14.164 

09.06.16 16MHBS-02-ZB-6 9,2 Sand+shells+boulders 13.5 16.918 2.0 29 1.553 0.758 

09.06.16 16MHBS-06-ZB-11 8,2 Sand+shells+boulders 10.8 17.538 2.5 30 2.513 4.627 

29.08.16 16MHBS-08-ZB-14 8,5 Sand+shells+rocks 22.2 16.800 1.9 43 4.260 0.458 

29.08.16 16MHBS-06-ZB-15 8,0 Sand+shells+boulders 22.8 16.670 2.3 36 3.183 6.378 

29.08.16 16MHBS-07-ZB-16 4,5 Sand+shells+rocks 22.9 16.670 2.3 48 3.660 11.029 

03.11.16 16MHBS-08-ZB-19 8,5 Sand+shells+rocks 11.8 17.350 2.6 32 0.667 1.743 

03.11.16 16MHBS-07-ZB-20 5,0 Sand+shells+rocks 11.7 17.350 1.8 25 2.390 14.805 

03.11.16 16MHBS-06-ZB-21 8,5 Sand+shells+boulders 11.7 17.350 1.3 19 5.170 46.811 

29.06.17 17MHBS-08-ZB-2 8,0 Sand+shells+rocks 13.7 17.090 2.8 34 1.123 3.239 

29.06.17 17MHBS-06-ZB-4 8,0 Sand+shells+boulders 14.3 17.030 2.1 22 0.730 0.088 
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The temporal distribution of the quantities of the macrozoobenthos taxa identified has been 

analysed separately and the Shannon index (Н) for two substrate types was calculated: 

 – soft (sand, silt, shelly ground) and stony (sand, shelly ground, stones, rocks) (Figure III.4.3-5, 

III.4.3-6).  

 

Figure III.4.3-5 – Results of observation of temperature, salinity, Shannon index and number 

of taxa registered in 2016-2017 at the stations in Odessa Bay with soft substrates (silt, sand, 

shelly ground) 

(T – temperature, S – salinity of the near-bottom water layer; H – Shannon index; N – number 

of taxa registered) 

 

 

Figure III.4.3-6 – Results of observation of temperature, salinity, Shannon index and number 

of taxa registered in 2016-2017 at the stations in Odessa Bay (MHBS area) with stony 

substrates (silt, sand, shelly ground, stones, rocks) 

(T – temperature, S – salinity of the near-bottom water layer; H – Shannon index; N – number 

of taxa registered) 
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Analysis of the results received had shown that taxonomic composition and quantitative 

indicators of macrozoobenthos in Odessa Bay coastal zone in the MHBS area, like near the 

Zmiinyi Island, had consistent seasonal variation with maximal development of benthos in 

summer period (Table III.4.3-8).  

The number of macrozoobenthos taxa in the samples collected from soft substrate (Figure 

III.4.3-5) varied at different depths as follows: 

- First decade of June 2016 - from 5 (depth 2.5 m) to 37 (depth 13 m) with mean value 

17; the H value of macrozoobenthos in that period varied from 1.4 to 2.7 with mean 

value 2.0; 

- Summer 2016 - from 34 to 40 (depth 3-8 m) with mean value 37, the Н value - from 

1.9 to 2.7, mean value 2.3; 

- Autumn 2016 - from 8 to 19 (depth up to 8 m), mean value 14, the Н value - from 1.7 

to 1.8, mean value 1.7; 

- Summer 2017 - from 18 to 38 (depth up to 8 m), mean value 28, the Н value - from 2.0 

to 2.9, mean value 2.4. 

Similar dynamics of macrozoobenthos taxa seasonal variations and biodiversity was observed 

on stony substrate (Figure III.4.3-6): 

- First decade of June 2016 - from 26 to 32 (depth up to 13 m), mean value 29, the H 

value - from 2.0 to 2.5, mean value 2.1; 

- Summer 2016: 36-48 taxa, the H value – from 1.9 to 2.3, mean value 2.2; 

- Autumn 2016 - from 19 to 32 (depth up to 13 m), mean value 25, the Н value – from 

1.3 to 2.6, mean value 1.9; 

- Summer 2017 - from 22 to 34 (depth up to 13 m), mean value 28, the Н value – from 

2.1 to 2.8, mean value 2.4. 

Analysis of the data presented (Table III.4.3-8, Figure III.4.3-5, III.4.3-6) had shown that, like in 

the Zmiinyi Island coastal zone, the number of macrozoobenthos taxa on different substrates 

was decreasing as water temperature in Odessa Bay went down due to the fact that many 

benthic species decreased their activity and burrowed in the sediment deeper than 5-10 cm, 

which significantly complicated their sampling with  benthos frame. Biodiversity increases in 

summer (June-August). Maximal values of Shannon index (Н – 2.9) in June 2017 were registered 

both on soft and stony substrate (Figure III.4.3-5, III.4.3-6). In autumn 2016, the value of this 

parameter made 1.7-1.9 staying high at some of the stations (2.6). 

 

III.4.3.5. Community structure (number and biomass by taxonomic groups) 

III.4.3.5.1. Zmiinyi Island 

During the period of studies the total number of macrozoobenthos in the Zmiinyi Island coastal 

zone varied from 0.317х104 (27.11.2016) to 16.943х104 (19.08.2016) ind/m2 on soft substrate 



Scientific Report - 12-Months Monitoring Studies 

in Georgia, Russian Federation and Ukraine, 2016-2017 

 

351 

and from 2.683х104 (17.05.2016) to 30.725х104 (19.08.2016) ind/m2 on stony substrate; total 

biomass – from 0.017 (17.05.2017) to 34.857 (19.08.2016) kg/m2 on soft substrate and from 

1.531 (27.11.2016) to 46.147 (19.08.2016) kg/m2 on stony substrate (Table III.4.3-5, Figure 

III.4.3-7, III.4.3-8). 

 

Figure III.4.3-7 – Results of observation of temperature, salinity, number and biomass of 

macrozoobenthos in 2016-2017 at the stations along transects around the Zmiinyi Island 

with soft substrates (silt, sand, shelly ground) 

(T – temperature, S – salinity of the near-bottom water layer; H – Shannon index; N – number, 

B – biomass of macrozoobenthos) 

 

Figure III.4.3-8 – Results of observation of temperature, salinity, number and biomass of 

macrozoobenthos in 2016-2017 at the stations along transects around the Zmiinyi Island 

with stony substrates (stones, rocks) / (T – temperature, S – salinity of the near-bottom 

water layer; H – Shannon index; N – number, B – biomass of macrozoobenthos) 
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Analysis of the results received showed that quantitative characteristic of macrozoobenthos in 

the Zmiinyi Island coastal zone had visible seasonal variation with maximal development in 

summer period (August 2016). Macrozoobenthos number and biomass in the samples collected 

on soft soils (Table III.4.3-5, Figure III.4.3-7) at different depth varied the following way:  

- Spring 2016 - from 0.717х104 to 2.047х104 ind/m2 with mean value 1.555х104 

ind/m2 and from 0.017 to 0.422 kg/m2 with mean value 0.137 kg/m2 respectively; 

- Summer 2016 - from 2.353х104 to 16.943х104 ind/m2 with mean value 6.610х104 

ind/m2 and from 0.061 to 34.857 kg/m2 with mean value 9.066 kg/m2 respectively; 

- Autumn 2016 - from 0.317х104 to 0.603х104 ind/m2 with mean value 0.460х104 

ind/m2 and from 0.020 to 0.094 kg/m2 with mean value 0.057 kg/m2 respectively; 

- Summer 2017 - from 0.408х104 to 0.740х104 ind/m2 with mean value 0.626х104 

ind/m2 and from 0.043 to 9.001 kg/m2 with mean value 5.125 kg/m2 respectively; 

- Similar dynamics of variation of macrozoobenthos quantitative parameters was 

observed on stony substrate (Table III.4.3-5, Figure III.4.3-8): 

- Spring 2016 - from 2.683х104 to 3.610х104 ind/m2 with mean value 3.147х104 

ind/m2 and from 7.249 to 13.171 kg/m2 with mean value 10210 kg/m2 respectively; 

- Summer 2016 - from 27.855х104 to 30.725х104 ind/m2 with mean value 

29.290х104 ind/m2 and from 28.529 to 46.147 kg/m2 with mean value 37.338 

kg/m2 respectively; 

- Autumn 2016 - from 4.593х104 to 10.100х104 ind/m2 with mean value 6.491х104 

ind/m2 and from 6.925 to 15.089 kg/m2 with mean value 11.188 kg/m2 

respectively; 

- Summer 2017 - from 2.697х104 to 5.747х104 ind/m2 with mean value 4.338х104 

ind/m2 and from 1.531 to 29.848 kg/m2 with mean value 16.377 kg/m2 

respectively. 

According to the results of sampling at the coastal stations, the highest values of 

macrozoobenthos number and biomass on soft soils were observed at the depth of about 10 

m; on stony substrate – at the depth from 0.5 to 5.0 m, first of all due to molluscs (number), 

molluscs and decapodes (biomass). 

III.4.3.5.2. Odessa Bay (MHBS area) 

During the period of studies in the MHBS area, macrozoobenthos number and biomass (Table 

III.4.3-8, Figure III.4.3-9, III.4.3-10) varied within broad limits and made on soft substrate from 

0.070х104 to 3.227х104 ind/m2 and from 0.002 to 5.361 kg/m2 respectively; on stony substrate 

– from 0.667х104 to 170х104 ind/m2 and from 0.088 to 46.811 kg/m2. 
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Figure III.4.3-9 – Results of observation of temperature, salinity, number and biomass of 
macrozoobenthos in 2016-2017 at the stations in Odessa Bay in the MHBS area with soft 

substrates (silt, sand, shelly ground) / (T – temperature, S – salinity of the near-bottom water 
layer; H – Shannon index; N – number, B – biomass of macrozoobenthos) 

 

Figure III.4.3-10 – Results of observation of temperature, salinity, number and biomass of 
macrozoobenthos in 2016-2017 at the stations in Odessa Bay in the MHBS area with stony 

substrates (silt, sand, shelly ground, stones, rocks) / (T – temperature, S – salinity of the 
near-bottom water layer; H – Shannon index; N – number, B – biomass of macrozoobenthos) 

 

Quantitative parameters of macrozoobenthos (number and biomass respectively) on soft 

substrate (Table III.4.3-8, Figure III.4.3-9) varied at different depths as follows: 

- Spring 2016 - from 0.070х104 to 3.227х104 (depth 13 m) ind/m2 with mean value 

0.749х104 ind/m2 and from 0.002 to 5.361 kg/m2 with mean value 1.491 kg/m2 

respectively; 

- Summer 2016 - from 2.100х104 to 2.717х104 ind/m2 with mean value 2.408х104 

ind/m2 and from 0.079 to 0.150 kg/m2 with mean value 0115 kg/m2 respectively; 
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- Autumn 2016 - from 0.220х104 to 2.103х104 ind/m2 with mean value 1.162х104 

ind/m2 and from 0.004 to 1.201 kg/m2 with mean value 0.602 kg/m2 respectively; 

- Summer 2017 - from 343х104 to 1.543х104 ind/m2 with mean value 1.090х104 

ind/m2 and from 0.025 to 3.933 kg/m2 with mean value 2.552 kg/m2 respectively. 

- Quantitative parameters of macrozoobenthos (number and biomass respectively) 

on stony substrate (Table III.4.3-8, Figure III.4.3-10) varied the following way: 

- Spring 2016 - from 1.270х104 to 3.493х104 ind/m2 with mean value 2.208х104 

ind/m2 and from 0.758 to 14.164 kg/m2 with mean value 5.646 kg/m2 respectively; 

- Summer 2016 – from 3.183х104 to 4.260х104 ind/m2 with mean value 3.701х104 

ind/m2 and from 0.458 to 11.029 kg/m2 with mean value 5.955 kg/m2 respectively; 

- Autumn 2016 - from 0.667х104 to 5.170х104 ind/m2 with mean value 2.742х104 

ind/m2 and from 1.743 to 46.811 kg/m2 with mean value 21.120 kg/m2 

respectively; 

- Summer 2017 - from 0.730х104 to 1.123х104 ind/m2 with mean value 0.927х104 

ind/m2 and from 0.088 to 3.239 kg/m2 with mean value 1.664 kg/m2 respectively. 

The peak of macrozoobenthos development in Odessa Bay in the MHBS area was observed in 

summer period (June-August). Maximal values of biomass (November 2016) were achieved due 

to agglomerations of mussels on stony substrate.  

III.4.3.6. Functional groups as potential indicators  

III.4.3.6.1. Zmiinyi Island 

During the period of studies in the Zmiinyi Island coastal zone representatives of 10 big 

taxonomic groups of macrozoobenthos were identified: Porifera, Cnidaria, Platyhelminthes, 

Nemertea, Bryozoa, Annelida, Mollusca, Arthropoda, Echinodermata, Chordata (Table III.4.3-3, 

Figure III.4.3-11- III.4.3-14).  

 

Figure III.4.3-11 – Distribution of number among macrozoobenthos groups in 2016-2017 at 
the stations with soft substrates (silt, sand shelly ground) along transects around the 

Zmiinyi Island 
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Figure III.4.3-12 – Distribution of number among macrozoobenthos groups in 2016-2017 at 
the stations with stony bottom substrates (stones, rocks) along transects around the 

Zmiinyi Island 

 

Figure III.4.3-13 – Distribution of biomass among macrozoobenthos groups in 2016-2017 at 
the stations with soft substrates (silt, sand shelly ground) along transects around the 

Zmiinyi Island 
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Figure III.4.3-14 – Distribution of biomass among macrozoobenthos groups in 2016-2017 at 
the stations with stony substrates (stones, rocks) along transects around the Zmiinyi Island 

 

The biggest input into macrozoobenthos community both on soft and stony substrate in the 

Zmiinyi Island coastal zone was made by representatives of two taxonomic groups: Mollusca 

and Arthropoda (Figure III.4.3-11- III.4.3-14). 

Mean values of number and biomass of Mollusca for the entire period of studies (2016-2017) 

in the island coastal zone were from 83.3 to 36577.8 ind/m2 and from 24.81 to 11221.96 mg/m2 

on soft substrate; from 15133 to 77400 ind/m2 and from 10092.66 to 36898.66 mg/m2 on stone 

substrate (Figure III.4.3-12, III.4.3-14). 

Arthropoda input into macrozoobenthos community number in 2016-2017 was more 

substantial on stony substrate – up to 209750 ind/m2. On soft substrate, the number of this 

group of organisms did not exceed 33889 ind/m2. Biomass of Arthropoda on stony substrate 

made from 83.78 to 593.72 mg/m2, on soft substrate - from 15.26 to 777.53 mg/m2. Peak of 

Arthropoda development was observed in summer-autumn period (Figure III.4.3-11- III.4.3-14).  

Mean values of Porifera number and biomass for the entire period of studies in 2016-2017 at 

the monitoring stations around the island made 33.3 ind/m2 and 0.05 mg/m2 on soft soils and 

583.3 ind/m2 and 51.0 mg/m2 on stony substrate respectively. The highest quantitative 

indicators of this macrozoobenthos group were registered in summer period of 2016 (Figure 

III.4.3-12, III.4.3-14). 

Cnidaria input into macrozoobenthos community in 2016-2017 was more significant on stony 

substrates – from 575.0 to 12677.8 ind/m2 and from 1.10 to 19.94 mg/m2 respectively (Figure 

III.4.3-12, III.4.3-14). On sot substrate number and biomass of this group of organisms did not 

exceed 683.3 ind/m2 and  0.65 mg/m2 respectively. 

Input of Platyhelminthes into macrozoobenthos number is significant – 66.7-300 ind/m2 on soft 

soils and up to 950 ind/m2 on stony substrate, but its input into biomass is low – 0.08-3.71 

mg/m2 on soft substrate and 0.17-1.40 mg/m2 on stony substrate. Peak of this group 

development was registered in summer 2016.  
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Input of Nemertea into number and biomass is substantial. At mass development of 

representatives of this group in spring 2016, their contribution made 2766.7 ind/m2 and 2.49 

mg/m2. The highest quantitative parameters of Nemertea were registered on soft substrate. 

Bryozoa input made from 33.3 to 400 ind/m2 and from 0.67 to 12.43 mg/m2 on soft substrate 

and from 133.3 to 1433.3 ind/m2 and from 5.83 to 77.71 mg/m2 on stony substrate.  

Annelida were significant in number (up to 10340 ind/m2) and insignificant in biomass (up to 

50.59 mg/m2).  

Contribution of Echinodermata and Chordata into macrozoobenthos community according to 

the results of studies in the coastal zone was insignificant. The representatives of those groups 

o benthos were found only on soft substrate (Figure III.4.3-11, III.4.3-13). Number and biomass 

of Echinodermata were not higher than 333.3 ind/m2 and 0.11 mg/m2 respectively, number and 

biomass of Chordata made 100 ind/m2 and 123.3 mg/m2 respectively. 

III.4.3.6.2. Odessa Bay (the MHBS area) 

During the period of studies in Odessa Bay in the MHBS area representatives of 9 big taxonomic 

groups of macrozoobenthos were identified: Porifera, Cnidaria, Platyhelminthes, Nemertea, 

Bryozoa, Phoronida, Annelida, Mollusca, Arthropoda (Table. III.4.3-6, Figure III.4.3-15- III.4.3-

18). 

 

Figure III.4.3-15 – Distribution of macrozoobenthos number among groups in 2016-2017 at 

the stations with soft substrates (silt, sand shelly ground) in Odessa Bay (MHBS area) 
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Figure III.4.3-16 – Distribution of macrozoobenthos number among groups in 2016-2017 at 
the stations with stony substrates (silt, sand, shelly ground, stones, rocks) in Odessa Bay 

(MHBS area) 

 

 

Figure III.4.3-17 – Distribution of biomass among macrozoobenthos groups in 2016-2017 at 
the stations with soft substrates (silt, sand shelly ground) in Odessa Bay in the MHBS area 
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Figure III.4.3-18 – Distribution of biomass among macrozoobenthos groups in 2016-2017 at 
the stations with stony substrates (silt, sand, shelly ground, stones, rocks) in Odessa Bay 

(MHBS area) 

 

The biggest input into macrozoobenthos community of Odessa Bay was made by 

representatives of groups Mollusca, Arthropoda and Annelida (Figure III.4.3-15- III.4.3-18). 

Mean values of number and biomass of Mollusca for the entire period of studies in 2016-2017 

at monitoring stations made from 550 to 12466.7 ind/m2 and from 103.92 to 2456.56 mg/m2 

on soft soils and from 2316.67 to 17200 ind/m2 and from 1477.7 to 20720.98 mg/m2 on stony 

substrates respectively. The highest quantitative parameters of that macrozoobenthos group 

were registered in autumn 2016 on stony substrate. 

Arthropoda input into macrozoobenthos community number in 2016-2017 varied from 233.3 

to 2550.0 ind/m2 on soft substrate and from 1500 to 7633.3 ind/m2 on mixed substrate. 

Biomass of Arthropoda on stony substrate made from 78.3 to 320.8 mg/m2, on soft substrate - 

from 1.69 to 64.21 mg/m2. Peak of Arthropoda development was registered in summer-autumn 

period (Figure III.4.3-15- III.4.3-18).  

Biomass of Annelida at relative high number (up to 10033.3 ind/m2 on soft substrate and up to 

11300.0 ind/m2on stony substrate) was insignificant (up to 14.92 mg/m2 on soft substrate and 

up to 33.94 mg/m2 on mixed substrate).  

Mean values of Porifera number and biomass for the entire period of studies in 2016-2017 at 

the monitoring stations did not exceed 533.3 ind/m2 and 1.00 mg/m2. Porifera were registered 

on stony substrate only (Figure III.4.3-16, III.4.3-18). 

Cnidaria input into macrozoobenthos community in 2016-2017 was even less significant – up 

to 133.3 ind/m2 and 0.14 mg/m2. Cnidaria in Odessa Bay were registered on soft substrate only 

(Figure III.4.3-15, III.4.3-17).  

Input of Platyhelminthes, like in the Zmiinyi Island coastal zone, was significant in number – 

133.3-600 ind/m2 on soft soil and up to 211.1 ind/m2 on stone substrate, but insignificant in 

biomass – up to 3.56 mg/m2 on soft substrate and 1.08 mg/m2 on mixed substrate. The peaks 

of development of that group were registered in spring and autumn 2016.  
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Input of Nemertea was also substantial in number and insignificant in biomass. At most mass 

development of the representatives of that group in spring 2016, their contribution was 2650.0 

ind/m2 and 2.24 mg/m2 on stony substrate.  

Bryozoa contribution was 583.3 ind/m2 and 76.87 mg/m2 on soft substrate and from 33.3 to 

2083.3 ind/m2 and 1.67-104.6 mg/m2 on mixed substrate.  

Input of Phoronida according to the results of studies in Odessa Bay was very small. The 

representatives of those groups of benthos were registered on soft substrate only. Phoronida 

number and biomass were 33.3 ind/m2 and 0.02 mg/m2 respectively. It should be mentioned 

that this group of benthos was not registered in the Zmiinyi Island coastal zone in 2016-2017. 

At the same time, some species of macrozoobenthos belonging to Echinodermata and 

Chordata groups were registered near the island, but not in Odessa Bay. 

 

III.4.3.7. Dominant species 

III.4.3.7.1. Zmiinyi Island 

The results of assessment of dominance of ten macrozoobenthos groups in the Zmiinyi Island 

coastal zone in the period of studies are presented in Table III.4.3-9. Analysis of the results 

showed that in the period of studies in 2016 and 2017 the basis of macrozoobenthos was 

formed by Mollusca with dominant М. galloprovincialis and Arthropoda (Figure III.4.3-11- 

III.4.3-14, Table III.4.3-9). 

Also significant in the benthos (at practically similar coefficients of dominance 5.17-7.75) were 

representatives of groups Annelida, Bryozoa, Platyhelminthes, Nemertea, Porifera, Cnidaria. 

No significant changes of coefficient of general domination were revealed for separate groups 

of macrozoobenthos in different seasons except for Echinodermata and Chordata, the 

representatives of which were registered only in spring and summer 2016. 

III.4.3.7.2. Odessa Bay (MHBS area) 

Analysis of the results had shown that during the period of studies in 2016 and 2017, like in the 

Zmiinyi Island coastal zone, in Odessa Bay the species of Mollusca group dominated: 

(М. galloprovincialis), Arthropoda and Annelida (Figure III.4.3-15- III.4.3-18, Table III.4.3-10). 

The groups Bryozoa, Nemertea and Platyhelminthes were significantly represented in benthos. 

Input of Porifera, Cnidaria and Phoronida into the benthic community of Odessa Bay in the 

MHBS area was insignificant. No significant changes of coefficient of general domination were 

revealed for most of macrozoobenthos groups in different seasons. Representatives of Porifera 

were registered in samples only in spring 2016, Cnidaria – in spring period of 2016 and 2017,  

Phoronida – only in summer 2016. 
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Table III.4.3-9 – Dominance of 10 groups of macrozoobenthos in the Zmiinyi Island coastal 

zone in 2016-2017 

Period of studies 

Taxonomic group 
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O N B O N B O N B O N B O N B O N B O N B O N B O N B O N B 

Spring 2016 7 5 4 7 6 7 8 3 1 6 7 3 8 2 5 10 8 6 10 10 10 10 9 8 5 4 2 4 2 9 

Summer 2016 9 3 3 7 6 8 7 7 5 6 5 4 8 5 7 10 8 6 10 9 10 10 10 9 5 4 1 4 3 2 

Autumn 2016 7 3 7 7 8 4 8 5 5 8 4 3 6 6 8 9 7 6 10 9 10 10 10 9 0 0 0 0 0 0 

Spring 2017 8 4 5 7 7 8 8 5 4 7 6 3 6 3 7 9 8 6 10 9 10 10 10 9 0 0 0 0 0 0 

Total coefficient of 
dominance 

5.42 6.83 5.50 5.17 5.92 7.75 9.75 9.50 1.75 2.00 

Notes: О – occurrence, N – number, B – biomass of macrozoobenthos 

Table III.4.3-10 – Dominance of 9 groups of macrozoobenthos in the MHBS area in Odessa 

Bay in 2016-2017 

Period of studies 

Taxonomic group 
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O N B O N B O N B O N B O N B O N B O N B O N B O N B 

Spring 2016 4 5 3 5 3 2 6 4 6 7 6 5 7 2 4 0 0 0 8 8 7 9 9 9 9 7 8 

Summer 2016 0 0 0 0 0 0 4 4 4 5 5 5 6 6 7 3 3 3 7 8 6 9 9 9 8 7 8 

Autumn 2016 0 0 0 0 0 0 5 4 5 6 5 4 7 6 7 0 0 0 7 7 6 8 9 9 9 8 8 

Spring 2017 0 0 0 5 3 4 6 4 5 7 5 3 7 6 7 0 0 0 8 9 6 9 8 9 8 7 8 

Total coefficient of dominance 1.00 1.83 4.75 5.25 6.00 0.75 7.25 8.83 7.92 

Notes: О – occurrence, N – number, B – biomass of macrozoobenthos 

 

III.4.3.8.  Alien species  

New species of marine animals are entering continuously the Black Sea fauna [16, 17, 18]. 

According to the studies [17], at least 87 alien species of alien benthic organisms had 

naturalized in the Black Sea by now. Most of them enter the sea through the Bosporus from 

the Marmara Sea and the Mediterranean. The trend of Mediterranean benthic species increase 

is observed in the Bosporus area and the NWBS [17]. There are interesting founds of mollusc 

species that have arrived from the Pacific Ocean and first naturalized in the Mediterranean [17]. 

Some of them find favourable substrate in the near-Bosporus area and settle. When the density 

of those species is big enough, they form stable agglomerations under favourable conditions. 

When single individuals of bottom organisms larvae penetrate the near-Bosporus area, the 

number of grown and mature animals is so low that males and females do not meet, thus 

preventing from further distribution of a species in the Black Sea [19]. 
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III.4.3.8.1. Zmiinyi Island 

In 2016-2017, 4 alien species, which relatively recently (at the beginning of last century) arrived 

in the Black Sea, were registered in the Zmiinyi Island coastal zone: crab Rhithropanopeus 

harrisii (Gould, 1841), bivalvesа Anadara kagoshimensis (Tokunaga, 1906) and Mya arenaria 

(Linnaeus, 1758) and Rapa whelk Rapana venosa (Valenciennes, 1846).  

Crab Rhithropanopeus harrisii (Gould, 1841) is the species originating from America belonging 

to Panopeidae. The species is euryhaline, mainly connected with estuaries. The natural range 

of R. harrisii covers eastern coast of North America from St. Lawrence gulf to state Veracruz 

[20]. At present, this species is common for the North American coast, Panama and lakes in 

Texas [21]. It was found in the Old World for the first time in the Netherlands in 1874 and 

described as the new species Pilumnus tridentatus [22]. Since than it distributed broadly along 

the European Atlantic coast and in the North, Baltic, Mediterranean, Black, Azov and Caspian 

Seas [22]. The species was found in the NWBS in 1936 and in the Azov Sea – in 1949 [22]. In 

most part of its natural and invasion range, R. harrisii lives in stenotopic populations in estuaries 

and isolated gulfs. They form no mass associations in open parts of the Black Sea. Only separate 

individuals were registered in the Zmiinyi Island coastal zone. 

Bivalve mollusc Anadara kagoshimensis (Tokunaga, 1906) is widely distributed in the Indian 

and Pacific Oceans from India to Indonesia and from Japan to the northern coast of Australia. 

Its arrival at the black Sea is connected with navigation [16], he larvae were accidentally 

brought with ballast waters from the middle latitudes of the Northern Pacific. It was found for 

the first time near the Caucasus coast in 1968, outbreak near the western and eastern Black 

Sea coast was registered in the 1980th and near the Turkish coast in the 1990th. Near the coast 

of the Crimea A. kagoshimensis was found in the end of the 1990th – beginning of the 2000th. 

By 2013, it turned from a nearly invisible alien species into one of main forms of benthos in 

some shelf areas [23, 24]. This mollusc forms associations on silted soils in the Black Sea at the 

depths from 3 to 40-45 m and even 60 m. From the faunistic point of view, near the open coasts 

of the Crimea it should be considered as part of bottom complex of the benthic zone mussel 

belt [23, 24], where it tends towards to another dominant – bivalve mollusc Pitar rudis entering 

the communities formed by the latter [19] or forming with it mixed biocoenosis. A. 

kagoshimensis are not numerous in the Zmiinyi Island coastal zone, mainly registered at the 

depth of less than 12 m on silted sands near the western and northern parts of the island.  

Bivalve mollusc Mya arenaria (Linnaeus, 1758). Current range of this mollusc species covers 

moderate coastal waters of the Atlantic and Pacific Oceans, as well as the seas of the Arctic 

Ocean. It dwells along the eastern coast of Europe from the Kola Peninsula to Portugal. The 

range of Мya arenaria also covers the Adriatic, Aegean and Baltic (including the Gulf of Riga), 

Black, Celtic, North, Marmara, Mediterranean Seas and the Alaska Gulf. It was registered in the 

Black Sea in 1966 near Odessa coast and in the Berezan Island area, in 1967 – in the Bugaz area 

in Zhebriyanskaya Bay [25, 26]. The alien species distributed widely in the Black and Azov Seas 

and in the Kerch Strait [25-28]. In the Zmiinyi Island coastal zone Mya, like Anadara, are not 

numerous; single individuals are found on soft substrate. 

Gastropod Rapa whelk Rapana venosa (Valenciennes, 1846). Analysis of the data collected 

shows that distribution of Rapa whelk individuals at different depths in the island coastal zone 
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is uneven [4, 10, 11]. The highest number of individuals of different gender, age and size (from 

30 to 120 ind/m2) was registered on stony substrate at the depth from 3.0 to 12.0 m in the 

areas of mussels’ accumulation (more than 60.0% of substrate coverage). On such substrates 

as shelly ground, sand and sand+silt the number of this species did not exceed 3 ind/m2. Thus, 

in the Zmiinyi Island coastal zone like in other Black Sea areas certain dependence is observed 

between the concentration of food objects (mussels and other bivalves) and the density of Rapa 

whelk individuals. Studies of size and weight characteristics of Rapa whelk individuals of both 

genders had shown practically similar type of dependence with high level of reliability, which 

enabled us to join them together and present without considering gender. As the result of 

studies in the Zmiinyi Island coastal zone, 5 age groups of Rapa whelk were registered. Age 

groups 3 and 4 were represented by biggest number of individuals in samples (more than 75.0% 

of all the analysed molluscs). Average sizes of male and female individuals of the same age were 

practically similar during the period of studies. The previous studies [4, 10, 11] revealed 

significant impact of Rapa whelk on mussel biocoenoses in the coastal zone of the island. 

According to the data [4, 10, 11] in 2004-2005 the distribution boundary of mussel colonies lied 

along the 23 m isobath. According to the data from the underwater observations, at present 

on the substrate shelly ground (depth – 13-32 m), number and biomass of living mussels do not 

exceed 4-5 individuals per 1 m2 and 30-40 g per 1 m2. Some individuals were found in the 

samples taken from sand, shelly grounds (15 m). According to the data from visual 

observations, the boundary of current distribution boundary of mussel beds in the coastal zone 

of the island coincides with the boundary of stony substrate (boulders, rocks), which begins at 

water edge and stretches down to 12 m depth. 

It seems clear that decrease of mussels (filtering molluscs) number and biomass in the island 

coastal zone is first of all cause by impact of predatory species Rapa whelk and that this will 

further tell negatively upon the state of the ecosystem near the island [11]. Studies of Rapa 

whelk impact on biocoenoses of local mollusc species are still required. More attention should 

be paid to mussels and Rapa whelk stocks assessment in the Zmiinyi Island coastal zone during 

the third stage of EMBLAS Project.  

III.4.3.8.2. Odessa Bay (MHBS area) 

In 2016-2017, 3 alien species were registered in Odessa Bay in the MHBS area: bivalves Anadara 

kagoshimensis and Mya arenaria and gastropod Rapa whelk Rapana venosa. 

Anadara kagoshimensis (Tokunaga, 1906) Inter-annual and perennial changes  of Anadara 

quantitative development are explained by biotic interactions between allochthonic and 

autochthonous species, as well as changes of trophic status in some areas and the Black Sea in 

general [24]. Analysis of number and biomass dynamics enabled us to conclude that in the Black 

Sea conditions A. kagoshimensis realises its biotic potential in the western and eastern areas of 

the shelf [24]. In Odessa Bay, A. inaequivalvis forms non-attached colonies with small number 

of molluscs [29]. In 2016-2017, Anadara was found in the samples collected in the MHBS area 

from soft substrates. Its quantity was insignificant. 

Mya arenaria (Linnaeus, 1758). The dynamics of this species' number depends significantly on 

hypoxia zones distribution and duration of hypoxia influence on bottom biocoenoses. In 2016-
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2017, this species was registered in the MHBS area at the depths from 1.5 to 13.0 m on soft 

substrates. Associations of this bivalve in the MHBS area were insignificant. 

Rapa whelk Rapana venosa (Valenciennes, 1846) is widespread in Odessa Bay. According to 

visual observations, average number of Rapa whelk in the MHBS area in 2016-2017 did not 

exceed  7 ind/m2. Like in the Zmiinyi Island area, biggest associations of Rapa whelk were found 

in the places of mussel concentration. 

 

III.4.3.9. Protected species 

III.4.3.9.1. Zmiinyi Island 

Out of 132 taxa of benthic organisms registered during the studies in the Zmiinyi Island coastal 

zone, 6 are entered into the Red Book of Ukraine [30], 8 – into the Red Data Book of the Black 

Sea [31] (Table III.4.3-11).  

Table III.4.3-11 – Protected species of macrozoobenthos in the Zmiinyi Island coastal zone 

and Odessa Bay (MHBS area)  

No. Taxon Protection status 

MHBS area  ZMN area  

 Mollusca  

1 Ostrea edulis Linnaeus, 1758(**) - RBU, RDB 

 Crustacea  

2 Carcinus mediterraneus Czerniavsky, 1884(*)  RBU, RDB RBU, RDB 

3 Diogenes pugilator Roux, 1828 RDB RDB 

4 Eriphia verrucosa Forskal, 1775  - RBU, RDB 

5 Macropipus arcuatus (Leach, 1814) (*) RDB RDB 

6 Pachygrapsus marmoratus (Fabricius, 1793)(*)  - RBU, RDB 

7 Pilumnus hirtellus (Linnaeus, 1758) RBU, RDB RBU, RDB 

8 Upogebia pusilla Petanga, 1792 (**) RBU, RDB - 

9 Xanto poressa (Olivi, 1792)(*) RBU, RDB RBU, RDB  

Notes: RBU – Red Book of Ukraine [30], RDB – Red Data Book of the Black Sea [31]; (*) – species registered visually, 
(**) – visually registered shells/chitinous investment of individual 

 

Crabs Carcinus aestuarii Nordo 1847 and Eriphia verrucosa Forskall, 1755 are relatively few in 

the Zmiinyi Island coastal zone; Pilumnus hirtellus (Linnaeus, 1761) is a common species; 

Pachygrapsus marmoratus Fabricius, 1787, Xantho poressa (Olivi, 1792) and Macropipus 

arcuatus Leach, 1814 are mass species. Crabs are quite often caught by gillnets during fishing, 

that is why it is possible to assess relative number of these benthic organisms in different 

seasons. The results of studies showed that the biggest number of crabs was found in the nets 

in December, when crabs migrate to deeper areas and form significant concentrations in fishing 

areas. Calculated data on the number of crabs based on visual observations and fishing with 

nets are presented in Table III.4.3-12. Depending on depth and substrate type, number of 

different crab species varies significantly. Carcinus mediterraneus and Macropipus arcuatus are 

found on sand and shelly grounds; Eriphia verrucosa and Xanto poressa are common on stony 
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substrate, sometimes found on sand and shelly grounds; Pilumnus hirtellus and Pachygrapsus 

marmoratus are most often found on stony substrate. 

Table III.4.3-12 – Mean number of crabs (individuals per one 75m long net per day) and 

relative number based on visual observations in the Zmiinyi Island coastal zone in 2016  

Species 

Mean number, 

ind/1 net 75 m long/1 day 
Number  

ind/m2 

(based on data of visual 
observations) 

Month 

IV V VI VII VIII IX X XI XII 

X. poressa 12 11 23 2 2 5 12 9 23 7-23 

M. arcuatus 1 2 1 4 4 2 8 15 29 5-12 

E. verrucose 1 1 2 2 3 2 2 1 2 2-3 

C. aestuarii 0 1 0 0 1 1 1 1 1 1-2 

P. hirtellus 0 1 0 1 2 2 3 1 0 3-5 

P. mrmoratus 2 1 7 4 3 6 9 1 1 2-57 

Total: 16 17 33 13 15 17 17 28 54  

III.4.3.9.2. Odessa Bay (MHBS area)  

The results of macrozoobenthos study in Odessa Bay (MHBS area) had shown (Table III.4.3-11) 

that out of 121 macrozoobenthos taxa registered in 2016-2017, four were entered into the Red 

Book of Ukraine and six – into the Red Data Book of the Black Sea.  The «red-book species» D. 

pugilator and M. arcuatus are mass species, C. mediterraneus and X. poressa – common 

species; P. hirtellus is a species that is relatively few in number. It should be mentioned that 

chitinous investments of U. pusilla individuals were observed more than once (usually those 

organisms are burrowing deeply in sand and cannot be collected with the sampler) in the places 

of macrozoobenthos sampling in Odessa Bay. 

III.4.3.10. Assessment of ecological status and water quality in line with WFD 
and MSFD 

III.4.3.10.1. Zmiinyi Island 

The results of the marine environment current quality assessment of based on the findings of 

macrozoobenthos study in the Zmiinyi Island coastal zone are presented in Table III.4.3-13. 

Environmental quality on macrozoobenthos state on the AMBI and M-AMBI indices was 

assessed as Good in 21 cases out of 23 and as Moderate in 2 cases out of 23 (Figure III.4.3-19, 

Table III.4.3-13).  

In two cases the quality at the stations near water edge (depth 0.5-1.0 m) on the AMBI index 

was assessed as High. Based on Shannon index and abundance of species it was assessed in 

most of cases as Moderate and Poor (Table III.4.3-13).  
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Figure III.4.3-19 - Ecological status (ES) of benthic habitats in the ZMN area according to 

AMBI and M-AMBI 

In average for different seasons the values of AMBI and M-AMBI indices were, respectively, as 

follows: Spring 2016 – 2.56 and 0.59; summer 2016 – 1.86 and 0.69; autumn 2016 – 1.70 and 

0.71; summer 2017 – 1.87 and 0.75. 

Table III.4.3-13 – Ecological status (ES) of macrozoobenthos in the ZMN area of the Black 

Sea according to average diversity and biotic indices. 

Date Station 
N 

Stations Code Depth, 
m 

Type of 
substrate 

S H` AMBI M-AMBI Overall 
ES 

MSFD Ecological 
status 

16.05.16 1 16Z-1-7-ZB-1 32,5 Silty sand and 
shells 

32 2.2 3.5 0.66 Good GES 

16.05.16 2 16Z-1-7-ZB-2 32,5 Silty sand and 
shells 

21 2.0 4.0 0.52 Moderate Non - GES 

17.05.16 3 16Z-3-4-ZB-3 12,0 Rocks 15 1.7 1.3 0.60 Good GES 

17.05.16 4 16Z-3-2-ZB-4 6,0 Sand+shells 14 1.4 1.8 0.54 Moderate Non - GES 

18.05.16 5 16Z-1-2-ZB-5 0,5 Rocks 16 1.8 1.6 0.64 Good GES 

19.05.16 6 16Z-1-4-ZB-6 12,0 Sand+shells 18 1.7 2.2 0.56 Good GES 

19.05.16 7 16Z-1-6-ZB-7 25,0 Sand+shells+silt 25 2.0 3.5 0.58 Good GES 

19.08.16 8 16Z-5-3-ZB-8 10,0 Sand+shells 27 1.4 2.0 0.79 Good GES 

19.08.16 9 16Z-5-4-ZB-9 15,0 Sand+shells 33 1.2 1.9 0.63 Good GES 

20.08.16 10 16Z-5-3-ZB-10 10,0 Sand+shells 46 1.7 1.8 0.63 Good GES 

20.08.16 11 16Z-5-2-ZB-11 5,0 Rocks 36 1.4 2.0 0.69 Good GES 
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Date Station 
N 

Stations Code Depth, 
m 

Type of 
substrate 

S H` AMBI M-AMBI Overall 
ES 

MSFD Ecological 
status 

20.08.16 12 16Z-5-1-ZB-12 0,5 Rocks 36 1.7 1.6 0.73 Good GES 

27.11.16 13 16Z-1-4-ZB-13 15,0 Sand+shells 18 2.2 2.6 0.60 Good GES 

27.11.16 14 16Z-1-3-ZB-14 10,0 Rocks 39 2.1 1.7 0.83 Good GES 

27.11.16 15 16Z-1-2-ZB-15 5,0 Rocks 35 2.3 1.6 0.82 Good GES 

27.11.16 16 16Z-1-1-ZB-16 0,5 Rocks 19 1.1 1.0 0.59 Good GES 

27.11.16 17 16Z-1-3-ZB-17 10,0 Sand+shells 20 2.5 1.6 0.73 Good GES 

24.06.17 18 17Z-3-4-ZB-1 15,0 Sand+shells 29 2.9 2.1 0.82 Good GES 

24.06.17 19 17Z-3-3-ZB-2 10,0 Sand+shells 33 2.7 1.9 0.84 Good GES 

24.06.17 20 17Z-3-2-ZB-4 5,0 Rocks 19 2.0 1.4 0.76 Good GES 

24.06.17 21 17Z-3-3-ZB-3 10,0 Sand+shells 34 1.7 3.0 0.57 Good GES 

24.06.17 22 17Z-3-2-ZB-5 5,0 Rocks 32 2.3 1.9 0.78 Good GES 

24.06.17 23 17Z-3-1-ZB-6 1,0 Rocks 26 2.0 0.9 0.75 Good GES 

 

In general, the quality of environment was assessed as good (GES) in accordance with the MSFD 

criteria based on macrozoobenthos state. Only in 2 cases in May 2016 it was assessed as bad 

(Non – GES). No dependence of environmental quality indicator on sampling depth or substrate 

type was revealed. Diver was periodically registering local macrozoobenthos kills at different 

depths in the coastal zone. It was natural to take no samples from such areas, as the 

environmental quality based on macrozoobenthos state would have obviously been Non – GES 

status. 

III.4.3.10.2. Odessa Bay (MHBS area) 

The results of the marine environment current quality assessment of based on the findings of 

macrozoobenthos study in Odessa Bay (MHBS area) are presented in Table III.4.3-14. 

Environmental quality on macrozoobenthos state on the AMBI and M-AMBI indices was 

assessed as Good in 17 cases out of 26, as Moderate in 5 cases and as High in 4 cases out of 26 

(Figure III.4.3-20, Table III.4.3-14).  

 

 



Scientific Report - 12-Months Monitoring Studies 

in Georgia, Russian Federation and Ukraine, 2016-2017 

 

368 

 

Figure III.4.3-20 - Ecological status (ES) of benthic habitats in the MHBS area according to 

AMBI and M-AMBI 

Table III.4.3-14 – Ecological status (ES) of macrozoobenthos in the MHBS area in Odessa Bay 

according to average diversity and biotic indices. 

Date 
Station 

N 
Stations Code Substrate type 

Depth, 
m 

S H` AMBI M-AMBI 
Overall 

ES 

MSFD 
Ecological 

status 

08.06.16 1 16MHBS-09-ZB-1 Sand+shells+silt 13,5 37 1.7 2.0 0.72 Good GES 

08.06.16 2 16MHBS-08-ZB-2 Sand+shells+rocks 8,5 26 2.0 2.3 0.68 Good GES 

08.06.16 3 16MHBS-12-ZB-3 Sand 5,5 11 1.9 0.8 0.66 Good GES 

08.06.16 4 16MHBS-11-ZB-4 Sand 2,5 5 1.4 1.1 0.52 Moderate Non - GES 

08.06.16 5 16MHBS-10-ZB-5 Sand+rocks 1,7 32 2.3 1.6 0.81 Good GES 

08.06.16 6 16MHBS-02-ZB-6 Sand+shells+boulders 9,2 29 2.9 3.9 0.61 Good GES 

09.06.16 7 16MHBS-01-ZB-7 Sand 5,2 22 2.7 1.2 0.82 Good GES 

09.06.16 8 16MHBS-03-ZB-8 Sand 6,5 8 1.8 1.4 0.58 Good GES 

09.06.16 9 16MHBS-04-ZB-9 Sand 5,2 9 2.1 1.2 0.64 Good GES 

09.06.16 10 16MHBS-05-ZB-10 Sand+shells 7,2 30 2.7 2.4 0.81 Good GES 

09.06.16 11 16MHBS-06-ZB-11 Sand+shells+boulders 8,2 30 2.5 2.3 0.78 Good GES 

29.08.16 12 16MHBS-09-ZB-13 Sand+shells+silt 13,5 40 2.7 2.2 0.89 High GES 

29.08.16 13 16MHBS-08-ZB-14 Sand+shells+rocks 8,5 43 1.9 1.7 0.81 Good GES 

29.08.16 14 16MHBS-06-ZB-15 Sand+shells+boulders 8,0 36 2.3 1.9 0.81 Good GES 

29.08.16 15 16MHBS-07-ZB-16 Sand+shells+rocks 4,5 48 2.3 1.6 0.88 High GES 

29.08.16 16 16MHBS-13-ZB-17 Sand 3,0 34 1.9 0.9 0.80 Good GES 

03.11.16 17 16MHBS-09-ZB-18 Sand+shells+silt 13,0 19 1.8 4.6 0.46 Moderate Non - GES 

03.11.16 18 16MHBS-08-ZB-19 Sand+shells+rocks 8,5 32 2.6 3.2 0.75 Good GES 

03.11.16 19 16MHBS-07-ZB-20 Sand+shells+rocks 5,0 25 1.8 1.4 0.69 Good GES 

03.11.16 20 16MHBS-06-ZB-21 Sand+shells+boulders 8,5 19 1.3 2.1 0.54 Moderate Non - GES 

03.11.16 21 16MHBS-13-ZB-22 Sand 3,0 8 1.7 1.8 0.54 Moderate Non - GES 

29.06.17 22 17MHBS-09-ZB-1 Sand+shells+silt 13,3 29 2.3 1.3 0.80 Good GES 

29.06.17 23 17MHBS-08-ZB-2 Sand+shells+rocks 8,0 34 2.8 2.2 0.87 High GES 

29.06.17 24 17MHBS-07-ZB-3 Sand+shells+silt 5,0 38 2.9 2.1 0.90 High GES 

29.06.17 25 17MHBS-06-ZB-4 Sand+shells+boulders 8,0 22 2.1 4.1 0.56 Good GES 

29.06.17 26 17MHBS-13-ZB-5 Sand+silt 3,0 18 2.0 3.9 0.54 Moderate Non - GES 
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In three cases (June and August 2016) environmental quality at the coastal stations (depth 2.5-

5.5 m) based on AMBI was assessed as High. The quality on M-AMBI index at the coastal stations 

(depth 4.5-13.5 m) was assessed as High in four cases (August 2016 and June 2017). In most 

cases the state of macrozoobenthos based on Shannon index and species abundance was 

assessed as Poor, Moderate and Bad (Table III.4.3-14). 

In the average for different seasons, the values of AMBI and M-AMBI indices made, 

respectively: First decade of June 2016 – 1.84 and 0.69; August 2016 – 1.66 and 0.84; November 

2016 – 2.62 and 0.60; June 2017 – 2.72 and 0.73. 

In general, the quality of environment was assessed as good (GES) in accordance with the MSFD 

criteria based on macrozoobenthos state in 21 cases out of 26. In 5 cases in June and November 

2016 and June 2017 environmental quality was assessed as bad (Non – GES). At that, in 3 cases 

out of 5 the Non – GES status referred to the bottom areas with depth up to 3.0 m, which 

suffered substantial anthropogenic pressure. No dependence of environmental quality 

indicator on substrate type was revealed. 

III.4.3.11. Comparison between the studied areas, comparison of the studied 
areas with other areas and historical data  

Macrozoobenthos taxonomic composition comparison between the Zmiinyi Island and Odessa 

Bay coastal zone has shown insignificant similarity of those areas’ benthic communities in 2016 

and 2017 (species similarity index (SSI) – 0.67 and 0.59 respectively). Total number of taxa 

registered near the Zmiinyi Island in spring, summer and autumn was respectively 65, 72 and 

64; in Odessa Bay in spring and summer the values were somewhat higher – 75 and 82, while 

in autumn – a little lower (60 taxa). In spring 2017 total number of taxa registered near the 

island was 67 and in the bay – 62. The core of coastal macrozoobenthos in the Zmiinyi Island 

waters and in Odessa Bay comprised Annelida – 52 (39.4%) and 45 (37.2%) taxa respectively, 

Mollusca - 25 (18.9%) and 24 (19.8%), as well as Arthropoda – 35 (26.5%) and 41 taxa (33.9%) 

respectively. Two Echinodermata and three Chordata taxa were registered in the Zmiinyi Island 

area only; one Phoronida taxon – in Odessa Bay only (Figure III.4.3-21). 

 

  

Figure III.4.3-21 – Macrozoobenthos taxonomic composition in Odessa Bay (MHBS area) and 

the Zmiinyi Island coastal zone in 2016-2017 
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Phoronida 0,80%
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ZMN 2016-2017

Arthropoda 26,50%
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Cnidaria 5,30%
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According to the data collected in 2016-2017, there were more macrozoobenthos taxa found 

in the Zmiinyi Island coastal zone (132) than in Odessa Bay, comprising: 1 Porifera taxon (0.8%), 

7 Cnidaria taxa (5.3%), 3 Platyhelminthes taxa (2.3%), 1 Nemertea taxon (0.8%), 3 Bryzoa taxa 

(2.3%), 52 Annelida taxa (39.4%), 25 Mollusca taxa (18.9%), 35 Arthropoda taxa (26.5%), 2  

Echinodermata taxa (1.4%) and 3 Chordata taxa (2.3%) (Figure III.4.3-21).  

In Odessa Bay 121 taxa of benthic invertebrates were registered, comprising: 1 Porifera taxon 

(0.8%), 2 Cnidaria taxa (1.7%), 3 Platyhelminthes taxa (2.5%), 1 Nemertea taxon (0.8%), 3 Bryzoa 

taxa (2.5%), 1 Phoronida taxon (0.8%), 45 Annelida taxa (37.2%), 24 Mollusca taxa (19.8%) and 

41 Arthropoda taxa (33.9%) (Figure III.4.3-21).  

According to the data available in the literature [2, 3], 419 taxa of invertebrates are known for 

the north-western Black Sea including: worms – 146, crustaceans – 111, molluscs – 84, other – 

78. Since late 70th constant decrease of bottom hydrobiont species quantity was observed [2, 

3]. Changes in distribution of the main mass groups (Polychaeta, Mollusca) were also 

registered. The number of Polychaeta species decreased from 29 to 17 [2, 3]. In the coastal 

zone, especially in the areas of coastal reconstruction, qualitative depauperation of benthic 

fauna took place: its number decreased 1.5 times and biomass – 3.5 times [2, 3]. Stenobiontic 

species Phyllodoce tuberculata, Platynereis dumerilii, Terebellides stroёmi, Pomatoceros 

triqueter, Spirorbis pusilla and Melinna palmata disappeared or became rare [2, 3]. The species 

Calyptraea chinensis, Acanthocardia paucicostata, Abra nitida became very rare. At that, the 

range of Муа arenaria, small detrivorous polychaetes (Spio filicornis, Prionospio cirrifera, 

Polydora limicola, Heteromastus filiformis, Capitella capitatа) and some species of oligochaetes 

increased significantly [2, 3]. 

III.4.3.11.1. Zmiinyi Island 

From 2003 to 2015, 92 taxa of benthic invertebrates were registered in the Zmiinyi Island 

coastal zone [4]. Analysis of taxonometric composition revealed  1 sponge species (1.1%), 2 

actinia species (2.2%), 1 turbellaria species (1.1%), 1 nemertean species (1.1%), 16 Polychaeta 

species (17.8%), 1 Olygochaeta species (1.1%), 2 Bryozoa species (2.2%), 40 crustacean species 

(43.4%) comprising 1 Cirripedia species, 14 Decapoda species, 2 Anizopoda species, 6 Isopoda 

species, 15 Amphypoda species, as well as Mysidaceae and Cumaceae. Molluscs were 

represented by 1 loricate species (1.1% of taxonomic composition), 8 species of gastropods 

(8.9%) and 15 bivalves (15.6%). In the samples were also found: 1 brittlestar species (1.1%) and 

3 ascidian species (3.3%) [4]. According to the data collected in 2016-2017, more 

macrozoobenthos taxa were found near the island (123), comprising: 1 Porifera species (0.8%), 

7 Cnidaria taxa (5.3%), 3 Platyhelminthes taxa (2.3%), 1 Nemertea taxon (0.8%), 3 Bryzoa taxa 

(2.3%), 52 Annelida taxa (39.4%), 25 Mollusca taxa (18.9%), 35 Arthropoda taxa (26.5%), 2 

Echinodermata taxa (1.4%) and 3 Chordata taxa (2.3%) (Figure III.4.3-22).  
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Figure III.4.3-22 – Macrozoobenthos taxonomic composition in the Zmiinyi Island coastal 

zone in the period from 2003 to 2015 and in 2016-2017 

The biggest number of taxa (from 33 to 37) and maximal number of benthic organisms in 2003-

2015 were found on rocks and boulders. From 19 to 35 taxa were registered on shelly grounds 

and from 11 to 34 taxa – on mixed substrate. Benthos on soft substrate was less diverse (from 

9 to 16 taxa) and its biomass was insignificant. So, as it was pointed out earlier [2, 4], lateral 

concentration of organisms was observed in the island area – the most diverse benthic species 

composition and the highest values of number and biomass were registered in the coastal zone. 

According to the data of 2016-2017, taxonomic composition of macrozoobenthos on spft 

substrates (sand, shelly grounds, silt) was the most diverse – 116 taxa. On hard substrate 

(stones, boulders) less taxa of benthic organisms were found – 79. 

Practically on all types of substrate in the Zmiinyi Island coastal zone in 2016-2017, like in the 

previous period (2003-2015), the dominant benthic organisms of coastal biocoenoses were 

found: molluscs M. gallopronincialis and M. lineatus; nemerteans; polychaetes N. succinea; 

crustaceans B. improvisus, Xantho poressa, E.olivii, M. palmatа. Other macrozoobenthos 

organisms are found on specific substrates. For example, sponges, actinia, loricates and 

decapodes were registered on hard substrates – stones and boulders. Polychaeta М. filiformis, 

N. succinea, P.cultrifera, P. limicola and P. cirrifera and hermit crab D. pugilator were found on 

sand and shelly grounds. Most of isopode and amphypode species prefer hard substrates. The 

only brittlestar species A. stepanovi was found on sand and shelly grounds. Bryozoans were 

found on stony substrate only.  

III.4.3.11.2. Odessa Bay (MHBS area) 

According to the data [2, 3], altogether 98 macrozoobenthos taxa were registered in Odessa 

marine area in the period from 1994 to 2015: worms and molluscs – 27 taxa of each, 

crustaceans – 37, representatives of other groups – 7 [2, 3]. Compared with the period of 1994-

1999, in 2005-2015 macrozoobenthos biodiversity in the area increased 1.8 times – from 53 to 

93 taxa, mean number – 1.5 times, mean biomass decreased 2.1 times [3]. In comparison with 

the previous period, 5 taxa were not found, while 45 other taxa were registered. During 2005-

2015, 7 stenohaline species represented by young individuals were registered (bivalves 

Acanthocardia tuberculata, Pitar rudis, Polititapes aurea, Spisula subtruncata, Abra nitida 
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milachewitchi, Abra alba occitanica, water scud Corophium runcicorne) [3]. On soft substrate 

(sand) within the range of depths from 7.0 to 12.0 m, 47 macrozoobenthos taxa were 

registered: worms – 18, molluscs – 17, crustaceans – 11, representatives of other groups – 1 

[3]. The number of taxa at different stations varied from 8 to 20. On occurrence, the main (Р ≥ 

50.0 %) taxa comprised eight species belonging to different taxonomic groups (Neanthes 

succinea, Spio filicornis, Polydora cornuta, Prionospio cirrifera, Heteromastus filiformis, 

Chamelea gallina, Mya arenaria, Amphibalanus improvisus), which formed 47.3% of number 

and 36.3% of biomass. Molluscs prevailed among the main taxonomic groups in number 

(51.0%) and biomass (98.1 %)  [3]. The most common species on soft substrate were Ch. gallina 

and Ampelisca diadema [3]. On shelly grounds 85 macrozoobenthos taxa were registered: 

worms – 26, molluscs – 23, crustaceans – 30, representatives of other groups – 6 [3]. On 

occurrence, the main taxa (Р ≥ 50.0 %) comprised are eleven various taxonomic groups 

(Harmothoe imbricata, Harmothoe imbricata, Neanthes succinea, Spio filicornis, Polydora 

cornuta, Prionospio cirrifera, Heteromastus filiformis, Mohrensternia lineolata, Mytilaster 

lineatus, Mytilus galloprovincialis, Amphibalanus improvisus) forming 80.3% of number and 

93.3% of biomass [3]. 

III.4.3.12. Conclusions and the problems revealed 

III.4.3.12.1. Zmiinyi Island 

During the period of studies from 2016 to 2017, altogether 132 taxa of benthic invertebrates 

were identified in the Zmiinyi island coastal zone belonging to 10 big macrozoobenthos 

taxonomic groups: Porifera, Cnidaria, Platyhelminthes, Nemertea, Bryozoa, Annelida, Mollusca, 

Arthropoda, Echinodermata, Chordata. Analysis of taxonomic composition revealed 1 species 

of sponges Porifera (0.8%), 7 Cnidaria taxa (5.3%), 3 Platyhelminthes taxa (2.3%), 1 Nemertea 

taxon (0.8%), 3 Bryzoa taxa (2.3%), 52 Annelida taxa (39.4%), 25 Mollusca taxa (18.9%), 35 

Arthropoda taxa (26.5%), 2 Echinodermata taxa (1.4%) and 3 Chordata taxa (2.3%). 

Analysis of the results received had shown that macrozoobenthos taxonomic composition and 

quantitative indicators in the Zmiinyi Island coastal zone had consistent seasonal variation with 

maximal development of benthos in summer period. In spring 2016, 65 macrozoobenthos taxa 

were registered in the samples, in spring – 72 taxa, in autumn – 64 taxa, in spring of 2017 – 67 

taxa.  

On soft substrates 115 taxa of macrozoobenthos were found (87.1 % of all taxa registered near 

the island). Macrozoobenthos of stony substrate was less diverse – 78 taxa (59.0 %). There were 

less taxa of Annelida burrowing in silt or sand, and Bivalvia dwelling only on soft substrates.  

The representatives of two big taxonomic groups Mollusca and Arthropoda made the biggest 

input into macrozoobenthos community both on soft and stony substrates in the Zmiinyi Island 

area. 

The number of macrozoobenthos taxa in the samples collected from soft substrate at different 

depths varied from 15 to 46; the Н value of macrozoobenthos - from 1.2 to 2.9. The similar 

dynamics seasonal variation of macrozoobenthos taxa and biodiversity was registered on stony 

substrate: from 14 to 39; Н – from 1.1 to 2.3. Macrozoobenthos number varied from 0.317х104 



Scientific Report - 12-Months Monitoring Studies 

in Georgia, Russian Federation and Ukraine, 2016-2017 

 

373 

(27.11.2016) to 16.943х104 (19.08.2016) ind/m2 on soft substrate and from 2.683х104 

(17.05.2016) to 30.725х104 (19.08.2016) ind/m2 on stony substrate; its biomass – from 0.017 

(17.05.2017) to 34.857 (19.08.2016) kg/m2 on soft substrate and from 1.531 (27.11.2016) to 

46.147 (19.08.2016) kg/m2 on stony substrate. 

The basis of macrozoobenthos was formed by Mollusca with dominant М. galloprovincialis and 

Arthropoda. Also significant in the benthos (at practically similar coefficients of dominance) 

were the representatives of groups Annelida, Bryozoa, Platyhelminthes, Nemertea, Porifera, 

Cnidaria.  

In 2016-2017, 4 alien species, which relatively recently (at the beginning of last century) arrived 

in the Black Sea, were registered in the Zmiinyi Island coastal zone: crab Rhithropanopeus 

harrisii (Gould, 1841), bivalvesа Anadara kagoshimensis (Tokunaga, 1906) and Mya arenaria 

(Linnaeus, 1758) and Rapa whelk Rapana venosa (Valenciennes, 1846).  

Crab Rhithropanopeus harrisiiand bivalves Mya arenaria and Anadara kagoshimensis are not 

numerous, while Rapa whelk is broadly distributed and damages significantly the mussel 

biocoenoses.  

Out of 132 taxa of benthic organisms registered during the studies in the Zmiinyi Island coastal 

zone, 6 are entered into the Red Book of Ukraine and 8 – into the Red Data Book of the Black 

Sea. Crabs Carcinus aestuarii Nordo 1847 and Eriphia verrucosa Forskall, 1755 are relatively few 

in number in the Zmiinyi Island coastal zone; Pilumnus hirtellus (Linnaeus, 1761) is a common 

species; Pachygrapsus marmoratus Fabricius, 1787, Xantho poressa (Olivi, 1792) and 

Macropipus arcuatus Leach, 1814 are mass species. 

Environmental quality on macrozoobenthos state on the AMBI and M-AMBI indices was 

assessed as Good in 21 cases out of 23 and as Moderate in 2 cases out of 23. In average for 

different seasons the values of AMBI and M-AMBI indices were, respectively, as follows: spring 

2016 – 2.56 and 0.59; summer 2016 – 1.86 and 0.69; autumn 2016 – 1.70 and 0.71; summer 

2017 – 1.87 and 0.75.  

In general, the quality of environment was assessed as good (GES) in accordance with the MSFD 

criteria based on macrozoobenthos state. Only in 2 cases in May 2016 it was assessed as bad 

(Non – GES). No dependence of environmental quality indicator on sampling depth or substrate 

type was revealed. Diver was from time to time registering local macrozoobenthos kills at 

different depths in the coastal zone. It was natural to take no samples from such areas, as the 

environmental quality based on macrozoobenthos state would have obviously been Non – GES 

status. 

III.4.3.12.2. Odessa Bay (MHBS area) 

Altogether during the period of studies from 2016 to 2017, 121 taxa of benthic invertebrates 

representing 9 big taxonomic groups of macrozoobenthos were registered in Odessa Bay in the 

MHBS area: Porifera, Cnidaria, Platyhelminthes, Nemertea, Bryozoa, Phoronida, Annelida, 

Mollusca, Arthropoda. The biggest input into macrozoobenthos community of Odessa Bay was 

made by representatives of groups Mollusca, Arthropoda and Annelida. Analysis of taxonomic 

composition revealed 1 species of sponges Porifera (0.8%), 2 Cnidaria taxa (1.7%), 3 
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Platyhelminthes taxa (2.5%), 1 Nemertea taxon (0.8%), 3 Bryzoa taxa (2.5%), 1 Phoronida taxon 

(0.8%), 45 Annelida taxa (37.2%), 24 Mollusca taxa (19.8%), 41 Arthropoda taxa (33.9%).  

Analysis of the results received had shown that taxonomic composition and quantitative 

indicators of macrozoobenthos in the MHBS area, like near the Zmiinyi Island, had consistent 

seasonal variation with maximal development of benthos in summer period. In spring 2016, 75 

macrozoobenthos taxa were found in samples, in summer – 82, in autumn – 60, in spring 2017 

– 62 taxa.  

The numbers of macrozoobenthos taxa registered on soft and stony substrates in the MHBS 

during the study were practically equal – 99 and 96 respectively. It should be pointed out that 

according to the results of visual observation the stony substrate in that area was more covered 

with silt and fine sand than in the Zmiinyi Island area. This fact made the stony substrate also 

attractive for the benthic organisms dwelling mainly on soft substrates. 

The number of macrozoobenthos taxa in the samples from soft soil taken at different depths 

varied from 5 to 40; the Н value of macrozoobenthos in that period varied from 1.7 to 2.9. 

Similar dynamics of seasonal variation of macrozoobenthos taxa and macrozoobenthos 

biodiversity was observed on mixed substrate: from 19 to 48; the Н value of macrozoobenthos 

in that period varied from 1.3 to 2.8. Zoobenthos distribution at different depth and substrates 

was uneven. The least diverse was benthos of soft substrates at the depths from 2 to 3 m, 

where anthropogenic impact was the most perceivable. 

During the period of studies in the MHBS area, macrozoobenthos number and biomass varied 

within broad limits and made on soft substrate from 0.070х104 to 3.227х104 ind/m2 and from 

0.002 to 5.361 kg/m2 respectively; on stony substrate – from 0.667х104 to 170х104 ind/m2 and 

from 0.088 to 46.811 kg/m2. 

The basis of macrozoobenthos was formed by Mollusca with dominant М. galloprovincialis and 

Arthropoda. Also significant in the benthos were the representatives of groups Bryozoa, 

Nemertea and Platyhelminthes. Input of Porifera, Cnidaria and Phoronida into the benthic 

communities of Odessa Bay in the MHBS area was insignificant. In 2016-2017, 3 alien species 

were registered in Odessa Bay in the MHBS area: bivalves Anadara kagoshimensis and Mya 

arenaria and gastropod Rapa whelk Rapana venosa. Like in the Zmiinyi Island coastal zone, in 

the MHBS area Mia and Anadara were few in number, while Rapa whelk had distributed widely 

damaging mussel biocoenoses. 

Out of 121 macrozoobenthos taxa found during the period of studies in the MHBS area, 4 were 

entered into the Red Book of Ukraine and 6 – into the Red Data Book of the Black Sea. The «red-

book species» D. pugilator and M. arcuatus are mass species, C. mediterraneus and X. poressa 

– common species; P. hirtellus is a relatively few in number.  

Environmental quality on macrozoobenthos state on the AMBI and M-AMBI indices was 

assessed as Good in 17 cases out of 26, as Moderate in 5 cases and as High in 4 cases out of 26. 

In the average for different seasons, the values of AMBI and M-AMBI indices made, 

respectively: first decade of June 2016 – 1.84 and 0.69; August 2016 – 1.66 and 0.84; November 

2016 – 2.62 and 0.60; June 2017 – 2.72 and 0.73. In general, the quality of environment was 

assessed as good (GES) in accordance with the MSFD criteria based on macrozoobenthos state 

in 21 cases out of 26. In 5 cases in June and November 2016 and June 2017 environmental 
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quality was assessed as bad (Non – GES). At that, in 3 cases out of 5 the Non – GES status 

referred to the bottom areas with depth up to 3.0 m, which suffered substantial anthropogenic 

pressure. No dependence of environmental quality indicator on substrate type was revealed. 

III.4.3.13. Recommendations for monitoring improvement 

Regular every ten days’ sampling of macrozoobenthos in two Black Sea areas had shown that 

in spring period of 2016, 50% and 62% of new taxa from total number of species for the MHBS 

and ZMN areas respectively were registered, in summer period of 2016 32% and 22% of new 

taxa were added to them, in autumn - 7 % and 9%. In spring 2017 input of new taxa made 12% 

and 7% respectively. These results show that for complete representative determination of 

macrobenthos biodiversity characteristics in Odessa Bay and the Zmiinyi Island coastal area 

sampling and observations shall be performed for at least two calendar years, as only 90% of 

taxa were registered during one year.  

Our experience with benthic surveys shows that for studies of benthic community and 

assessment of its state preliminary preparatory work is required: mapping of bottom 

landscapes and singling out of typical districts in the studies area. To do this, sounding 

bathymetric survey shall be mandatory. Based on the sounding survey, bathymetric maps and 

bottom elevation maps shall be made. Using the maps, the representative zoobenthos 

sampling points shall be selected.  

For effective and objective mapping of the studied bottom areas, research group should be 

equipped with modern sounders and side-scan sonars with obligatory video recording of 

sampling process. Sampling and recording can be done either by divers at the depths up to 15 

m or with video camera dipped down from ship together with a bottom sampler. 

As there is no type of samples collecting to ensure representative sampling and the following 

quantitative samples analysis, a set of samplers is required to ensure sampling from different 

types of bottom soils (rocky, soft and silty). It is recommended to perform complex sampling 

using all the above-mentioned sampling methods: benthos frame for rocky and stony bottom 

areas, bottom sampler (grab) for soft and silty bottom areas. Sampling from the sea bottom 

surface and registration of such mobile species as crustaceans (crabs) and Rapa whelk shall be 

organized as they are to be sampled and/or registered in situ either visually by a diver or using 

underwater photo and video registration. 

Implementation of such a technology would require equipping of research group with a set of 

devices comprising benthos frame samplers, bottom grab, equipment for underwater filming 

and photography, diving outfit, sounders and side-scan sonars… 
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*Revieved before translation by Prof. G. Minicheva 

III.4.4.1. Introduction 

Macrophyte communities play an important role in the coastal ecosystems as they produce 

organic matter and oxygen. Staying in the contact zone «coast-sea» they react distinctly for 

changes of the environment. That is why macrophytes were proposed [1] as bioindicators 

taking into account their higher sensitivity (SAV) compared with physicochemical methods and 

bottom invertebrates: 0.64, 0.57 and 0.30 respectively [2]. 

Guidelines of the MSFD propose to use macrophytes to assess environmental status of the 

European coastal ecosystems.  

For example, the researchers from Greece and Slovenia proposed using structural indicators of 

macrophytes to assess environmental state of their coasts (floristic composition, coverage, 

biomass) dividing the macrophytes into two ecological groups: k – species (ESG 1 – late 

succession) and r – species (ESG 2 – opportunistic) [3]. Later on Greek and Norwegian 

researchers improved the scheme and proposed to include into it 5 more subclasses [4]. In this 

https://www.google.com.ua/intl/ru/earth/download/gep/agree.html
http://www.arcgis.com/home/item.html?id=10df2279f9684e4a9f6a7f08febac2a9
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study for evaluation of coastal waters environmental state under the EMBLAS-II Project the 

morphofunctional approach recommended by G.G.Minicheva [5-8] has been used. 

III.4.4.2. Materials and methods 

Sampling methodology. Sampling was performed in two Black Sea areas: Odessa Bay coastal 

zone in the area of Marine Hydrobiological Station of Odessa National I.I.Mechnikov University 

(Figure III.4.4-1) at the depths 0.5 -12 m and in the Zmiinyi Island coastal zone (Figure III.4.4-2) 

at the depths 0.5 - 15 m. Macrophytobenthos was sampled using diving outfit and benthos 

frame 10х10 cm. Three samples were collected at each station in accordance with the manual 

“Black Sea Monitoring Guideline: Macrophytobenthos”. The manual was prepared under the 

EMBLAS-I project and endorsed by the Black Sea Commission [6].   

 

Figure III.4.4-1 - Location of macrophytobenthos sampling stations in Odessa Bay coastal 
waters in 2016-2017 

LEGEND    

 Isobaths. M  Bottom substrate type 

 
Sampling stations, 08.06.2016  

 Stones 

 
Sampling stations, 29.08.2016  

 
Stones + shelly ground 

 
Sampling stations, 03.11.2016  

 
Stones + shelly ground + sand 

 
Sampling stations, 29.06.2017  

 
Stones + shelly ground + silt 

   
 

Silt + sand 

   
 Sand 
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Figure III.4.4-2 - Location of macrophytobenthos sampling stations in the Zmiinyi Island 

coastal waters in 2016-2017 

LEGEND    

 Isobaths, m  Bottom substrate type 

 
Zmiinyi island  

 Stones + shelly ground 

 
Sampling stations, 17-18.05.2016  

 Sand + shelly ground  

 
Sampling stations, 20-21.08.2016  

 Sand + shelly ground +silt 

 
Sampling stations, 27.11.2016  

 Sand + silt 

 
Sampling stations, 26.12.2016  

 Silt 

 
Sampling stations, 24.06.2017  

 Sand 

 

Samples processing methodology. Macrophytes were sampled seasonally from different 

substrata and from habitats at different depths in the coastal water of Odessa Bay (ONU Marine 

Hydrobiological Station area) and the Zmiinyi Island. Altogether 42 samples were collected and 

analysed: 24 samples from Odessa Bay and 18 from the Zmiinyi Island coastal waters (three 

replicas of each) (Table III.4.4-1). The samples were processed in accordance with the “Black 
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Sea monitoring guidelines. Macrophytobenthos” [6]. More information on the material 

collected is presented in Table III.4.4-1.  

Table III.4.4-1 The volume of macrophytobenthos materials (MHBS—coastal waters area 

adjacent to Marine Hydrobiological Station; ZMN – coastal waters adjacent to the Zmiinyi 

island) 

Site 
sampling 

Habitat Substrate Depth, 
m 

Data 

sampling (macrophyte 
season) 

Sampling 

tool 

Q. of 
samples/ 

ex 

MHBS Coastal Concrete 0.5-1.0 03.02.2016 

(Winter) 

Frame  
0.01m2 

1x3 

08.06.2016 

(Spring) 

Frame  
0.01m2 

1x3 

MHBS Coastal Sand and shelly ground. 
concrete 

1.7-13.5 8.06.2016 

(Spring) 

Frame  
0.01m2 

6x3 

MHBS Coastal Sand and shelly ground. 
concrete 

0.5-13.5 29.08.2016 

(Summer) 

Frame  
0.01m2 

7x3 

MHBS Coastal Sand and shelly ground. 
concrete 

0.5-13.0 3.11.2016 

(Autumn) 

Frame  
0.01m2 

6x3 

MHBS Coastal Sand and shelly ground. 
concrete 

3.0-13.3 29.06.2017 

(Summer) 

Frame  
0.01m2 

5x3 

ZMN Coastal Rocky. sand and shelly 
ground 

0.5-12.0 17.05.2016 

(Spring) 

Frame  
0.01m2 

4x3 

ZMN Coastal Rocky. sand and shelly 
ground 

0.5-15.0 19-21.08.2016 

(Summer) 

Frame  
0.01m2 

4x3 

ZMN Coastal Rocky. sand and shelly 
ground 

0.5-5.0 27.11.2016 

26.12.2016 

Frame  
0.01m2 

5x3 

ZMN Coastal Rocky. sand and shelly 
ground 

0.5-15.0 24.06.2017 Frame  
0.01m2 

5x3 

 

Samples of algae were rinsed with clean water to remove different substances (silt, sand, shelly 

ground). Than the algae were placed into cuvettes with small amount of water and sorted by 

species using pincers; different species were placed into different Petri cups. The details of the 

algae thalli were studied using microscopes BIOLAM-11 (LOMO, Russia) and Ergaval (Carl Ceis, 

Germany). To assess each algal species input into forming of biomass of the studied bottom 

phytocoenoses they were weighted separately. Before weighing, external water was removed 

from the thalli by squeezing and drying with blotting paper. Weighing of the algae was done 

using technical scales ТВЕ 03-005 (Ukraine, Lviv). 

To assess environmental state of the studied marine areas 9 indicators were used: species 

diversity of macrophytes community, projective coverage of the bottom, community biomass 

(total and average), biomass of dominant species, biomass of key species etc. (Table III.4.4-2, 

highlighted in grey).  
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Table III.4.4-2 List of macrophytobenthos indicators recommended for the Black Sea 

Monitoring [6]  and indicators used in this report (grey colour)  

No Indicator Index, Unit 

Qualitative  (Status Indicators) 

1. Community  diversity No. of species, No. of taxonomic groups  

2. 
Status of key species 

Systematic, saprobe status, Red Data Book status, 
long live cycle (perennial, ephemeral)   

3. Threatened species Number, status 

4. Disappear species  Number, status 

5. Invasive species  Abundance, Cover, Biomasses, Distribution map 

6. Recovered species Cover, Biomass, Distribution map 

7. Returning species Cover, Biomass, Distribution map 

Quantitative (Response Indicators) 

8. Changes of lower depth distribution limit of macrophytes  m (for last specimen with min. 10% coverage) 

9. Changes of coverage bottom by macrophytes Percent coverage of bottom 

10. Biomass of community (on meadow, average) kg.m-2 

11. Trends of Phytocoenoses Surface Index ( SIph) units 

12 Biomass and abundance of dominant  species kg.m-2 

13. Age and size structure of  dominant  species Distribution diagrams  of classes 

14. Trend of ecological activity (S/Wp) of replaces dominants m2.kg-1 

15. Biomass and abundance of key species kg.m-2 , n.m-2 

16. Production and stock of commercial macro algae and sea grasses kg.m-2.year-1, tone per investigate area  

17. Ratio of opportunistic and perennial macroalgae (biomass)  % 

18 Ratio of above-and belowground biomass of seagrasses  % 

Ecological Evaluation Index 

19. Three dominants activity ( S/W3Dp) 

 

m2.kg-1  , classification scheme for 5 Ecological 
Status Classes corresponding to the MSFD 

20. 
Community activity (S/Wxcom) 

m2.kg-1,  classification scheme for 5 Ecological 
Status Classes corresponding to the MSFD 

21. 
Phytocoenoses Surface Index ( SIph) 

Units, classification scheme for 5 Ecological Status 
Classes corresponding to the MSFD 

22.  Ecological Status Groups (ESG) 

ESG I, (k-selected species), (IC, IB, IA);  

ESG II, (r-selected species), (IIB, IIA). 

% - ratio between species of  ESGI and ESGII, 
classification scheme for 5 Ecological Status 
Classes  

 

Those data were used to calculate ecological activity of three dominants (S/W 3Dp), activity of 

community (S/W Com) and index of phytocoenosis surface (SI Ph). 

Based on the calculated indices classification scheme of macrophytes morphofunctional 

activity was used to assess Ecological Evaluation Indexes (EEI) and index Ecological Status Class 

(ESC) for the Black Sea coastal zone with salinity 12-17 ‰ [6]. Using those indices ecological 

status of the studied Black Sea areas was evaluated (high, good, moderate, poor, bad) (Table 

III.4.4-3). 
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Table III.4.4-3 - Classification scheme of macrophytes morphofunctional Ecological Evaluation 

Indexes (EEI) for assessment of the Ecological Status Class (ESC) for the Black Sea costal and 

shelf habitats with salinity 12-17‰. 

ESC  EEI range 

(S/W)
3Dp,  m2.kg-1 EQR (S/W)x ,m2.kg-1 EQR SIph  , units EQR 

High (S/W)
3Dp

 < 15 ≥ 0.82 (S/W)x  < 60 ≥0.98 SIph  < 25 ≥ 0.95 

Good 15 ≤ (S/W)
3Dp

 
  
≤ 30 0.54 60 ≤ (S/W)x  ≤ 80 0.79 25 ≤ SIph ≤ 40 0.84 

Moderate 31 ≤ (S/W)
3Dp

 
  
≤ 45 0.37 81 ≤ (S/W)x ≤ 120 0.58 41 ≤ SIph ≤ 55 0.68 

Poor 46 ≤ (S/W)
3Dp

 
  
≤60 0.25 121 ≤ (S/W)x ≤200 0.17 56 ≤ SIph ≤90 0.15 

Bad (S/W)
3Dp

 
  
> 60 ≥0 (S/W)x  > 200 ≥0 SIph > 90 ≥0 

III.4.4.3. Species composition and biodiversity 

Altogether 27 macrophyte species were found in the analysed samples from two studied areas 

in 2016-2017: Chlorophyta (Chl) (12), Rhodophyta (Rh) (11) and Ochrophyta (Och) 

(Phaeophyceae) (4).  

In spring period (May 2016) the number of species found was 15 (Chl – 7, Rh – 6, Och – 2), in 

summer period (August 2016 and July 2017) – 21 (Chl – 9, Rh – 9, Och – 3), in autumn-winter 

(November-December 2016) – 14 (Chl – 6, Rh – 6, Och – 2).  Practically in all seasons the basis 

of bottom phytocoenoses was composed of representatives of genera Ulva, Ceramium and 

Cladophora. In the cold period of year (spring and late autumn) activity of grey algae, e.g., 

Ectocarpus siliculosus, Desmarestia viridis and some green algae, e.g., Urospora penicilliformis, 

Bryopsis plumose increased. 

III.4.4.3.1. ZMN area  

Algae habitats near the Zmiinyi Island coast are located on the stone substrate along cliffy 

coastline and between boulders on the shelly and sand ground (on valves of molluscs). Natural 

conditions registered near the Zmiinyi Island cast were as follows. In May 2016 water 

temperature varied between 11.5 and 16.4˚, salinity - from 14.09 to 16.73 ‰, projective 

coverage of macrophytes was 10-50 %. In August water temperature was 24.1-26˚, salinity 

15.2-17 ‰, projective coverage 50-100 %. In November water temperature was 10.1-10.8˚, 

salinity 18 ‰, projective coverage 10-50 %. In June 2017 water temperature was 13.3-24.2˚, 

salinity 14.4-17 ‰, projective coverage 2-10 %. Samples were collected from the depth of 0.5 

- 15 m.  Altogether for the period of studies (2016-2017) 19 macrophyte species were found 

near the Zmiinyi Island coast (Сhl. 7, Rh 10, Ochr 2) (Table III.4.4-4). 

Table III.4.4-4 - Seasonal dynamics of macrophytobenthos species composition near the 

Zmiinyi Island coast (2016-2017) 

Nos. Species May 2016  Aug. 2016  Nov.-Dec. 2016  June 2017  

 Chlorophyta     

1. Bryopsis plumosa (Huds.) C. Agardh + – – – 

2. Cladophora albida (Nees) Kutz. – + + + 

3. C. hutchinsiae (Dillw.) Kutz. – + – + 

4. C. laetevirens (Dillwyn) Kutz. – – – + 
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Nos. Species May 2016  Aug. 2016  Nov.-Dec. 2016  June 2017  

5. Ulva compressa L. – – + + 

6. U. intestinalis (L.) Nees + + + + 

7. Urospora penicilliformis (Roth) Aresch – – + – 

 Rhodophyta     

8. Acrochaetium virgatulum (Harvey) Batters – + – – 

9. Antithamnion cruciatum (C. Agardh) Nageli – + – – 

10. Bangia atropurpurea (Mertens et Roth) C. Agardh + – – – 

11. Callithamnion corymbosum (Smith) Lyngb. – + – – 

12. Ceramium diaphanum var. elegans (Roth) G. Furnari – + + + 

13. C. virgatum Roth + + + + 

14. 
Hydrolithon farinosum (J.V. Lamour.) D. Penrose et Y.M. 
Chamberlian 

– + + + 

15. Lomentaria clavellosa (Lightf. Et Turn.) Gaillon + – + – 

16. Polysiphonia denudata (Dillwyn) Greville ex Harvey – – – + 

17. Pyropia leucostictа (Thur.) Neefus et J. Brodie – – + – 

 Ochrophyta (Phaeophyceae)     

18. Ectocarpus siliculosus (Dillwyn) Lynbye – – + – 

19. Scytosiphon lomentaria (Lyngb.) Link – – + – 

 Total 4 9 11 9 

 

This makes 38 % of their total number known for the water area [9,10]. Spring season is 

represented by minimal number of algae (4). In this period active vegetation of only two 

eurythermic species of green (Ulva intestinalis) and red (Ceramium virgatum) algae was 

observed (see Table III.4.4-1). In summer period 9 macrophyte species were found. In autumn 

season the number of algae grew reaching 11 due to such winter season species arrival as, for 

example, Scytosiphon lomentaria and Pyropia leucostictа. In June 2017 compared with August 

2016 the number of species stayed the same but the species composition was somewhat 

different. Cladophora laetevirens appeared among green algae and Polysiphonia denudatа 

among red algae. At the same time no brown algae such as Ectocarpus siliculosus or Scytosiphon 

lomentaria were found. 

III.4.4.3.2. MHBS area  

The natural conditions in Odessa Bay coastal area were as follows. In June 2016 water 

temperature varied from 9.6 to 18.6˚, salinity from 15.1 to 17.4 ‰, ground was mainly sand 

and shelly, projective coverage of macrophytes made 10-40 %. In august water temperature 

was 16.5-23˚, salinity 16.49-17.48 ‰, projective coverage 5-100 %. In November water 

temperature was 11.7-12˚, salinity 17.35-17.48 ‰, projective coverage 10-80 %. In June 2017 

water temperature was 11.5-18.5˚, salinity 17.21-16.61 ‰, projective coverage 10-30 %. 

Samples were collected from the depth of 0.5 – 13.5 m. Altogether 22 macrophyte species were 

found in Odessa Bay (ONU Marine Hydrobiological Station area) during the period of studies 

(2016-2017) (Table III.4.4-5).  
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Table III.4.4-5 - Seasonal dynamics of macrophytobenthos species composition in Odessa 

Bay (2016-2017) 

Nos. Species May 2016 Aug. 2016 Nov.-Dec. 2016 June 2017 

1. Bryopsis plumosa (Huds.) C. Agardh + – – – 

2. Cladophora albida (Nees) Kütz. + + + – 

3. Cladophora laetevirens (Dillwyn) Kütz. – – – + 

4. Cladophora vagabunda (L.) C. van den Hoek + + – – 

5. C. vadorum (Aresch.) Kütz. + + + + 

6. Rhizoclonium implexum (Dillw.) Kütz. – + – – 

7. Ulva compressa L. + + + + 

8. U. intestinalis (L.) Nees + + + + 

9. U. flexuosa Wulfen + + + – 

10. U. rigida L. – + – – 

 Rhodophyta     

11. Acrochaetium virgatulum (Harvey) Batters + + + – 

12. Antithamnion cruciatum (C. Agardh) Nageli – + – – 

13. Ceramium diaphanum var. elegans (Roth) G. Furnari + + + + 

14. C. virgatum Roth + + – – 

15. Hydrolithon farinosum (J.V. Lamour.) D. Penrose et 

Y.M. Chamberlian 

– + – + 

16. Lomentaria clavellosa (Lightf. Et Turn.) Gaillon  – + – – 

17. Polysiphonia denudata (Dillwyn) Greville ex Harvey  – + – – 

18. P. sanguinea (C. Agardh) Zanard. + + – + 

19. Pyropia leucostictа (Thur.) Neefus et J. Brodie – – + – 

 Ochrophyta (Phaeophyceae)     

20 Desmarestia viridis (Mull.) Lamour + – – + 

21. Ectocarpus siliculosus (Dillwyn) Lynbye  + – + + 

22. Pilayella littorals (L.) Kyellm. – – – + 

 Total 13 16 9 10 

 

This makes 41 % of their total number known for this Black Sea area [5,11-13]. The highest 

abundance of species was characteristic of Chlorophyta (10), somewhat lower of Rhodophyta 

(9) and the least represented were Ochrophyta (Phaeophyceae) (3). 

 Active vegetation of macrophytes algae was observed in sprig season of 2016 (13 species); 

maximal species number was found in spring season of (16). During that period green and read 

algae were actively developing (see Table III.4.4-2). In autumn season the number of vegetating 

species decreased to 9 first of all because vegetation of thermophilic species of red algae 

ceased. At the same time winter season algae appeared, such as for example Scytosiphon 

lomentaria and Pyropia leucostictа. In July 2017, compared to August 2016, 6 species less were 

found in the ONU hydrobiological station area. This probably happened due to alteration of red 

algae seasonal development. 
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III.4.4.4. Community structure (abundance, biomass by taxonomic groups) 

Biomass of macrophytes algae in the period of studies varied from 0.03 to 1.6 kg/m2. The 

biomass was mainly produced by green algae of genera Ulva and Cladophora, as well as red 

algae of genera Ceramium and Lomentaria. In spring period (May 2016) the roles played by 

green alga Bryopsis plumosа and brown alga Desmarestia viridis were quite significant. 

III.4.4.4.1. ZMN area 

Biomass of macrophytes phytocoenoses near the Zmiinyi Island varied from 0.02 to 1.6 kg/m2 

(Table III.4.4-6). Its main producers were red algae (Ceramium diaphanum var. elegans), C. 

virgatum and Lomentaria clavellosa) and green algae (Cladophora hutchinsie, Cl. laetevirens 

and Ulva  intestinalis). 

Table III.4.4-6 - Dynamics of macrophytes biomass (kg/m2) depending on depth and season 

near the Zmiinyi Island coast 

Depth, м Season 

Spring, 17-18.05.2016 Summer, 20-21.08.2016 Autumn, 27.11. and 
26.12.2016 

Summer, 24.06.2017  

0.5 0.761±0.1 1.018±0.456 0.212±0.06 – 

0.5 – 0.537±0.132 1.448±0.343  0.89±0.118 
.1.311±0.276 

– 

1.0 – – – 2.183±0.415 

5.0 – 0.657±0.114 0.023±0.001 0.305±0.048 

6.0 0.147±0.03 – – – 

10.0 – 0.859±0.213 – 0.322±0.052. 1.375±0.332 

12.0 0.028±0.002 – – – 

12.0 0.165±0.04 – – – 

15.0 – – – 0.449±0.135 

Average 0.275 0.769 1.216 0.927 

The biomass of macrophytes was low (0.275 kg/m2) in spring period (May 2016), growing in 

summer (0.848 kg/m2 in August 2016; 0.3-1.6 kg/m2 in June 2017) and autumn (1.216 kg/m2 in 

November 2016). In June 2017 the biomass of algal phytocoenoses was higher than in August 

2016. 

III.4.4.4.2. MHBS area 

Macrophytes biomass near Odessa coast (ONY Hydrobiological Station area) varied from 0.08 

to 1.4 kg/m2 (Table III.4.4-7). Its main producers were green (Ulva  intestinalis, U. compressa  

and Cladophora laetevirens), red (Ceramium diaphanum var. elegans, C. virgatum) and some 

brown algae (Desmarestia viridis). 

Table III.4.4-7 - Dynamics of macrophytes biomass (kg/m2) depending on depth and season 

near Odessa Bay coast  

Depth, м Season 

Spring, 17-18.05.2016 Summer, 8.06.2016 Autumn, 3.11.2016 Summer, 29.06.2017 

0.5 0.612±0.212 1.345±0.361 0.296±0.137 – 

1.7 – 1.113±0.245 – – 

1.8 1.595±0.271 1.345±0.178 0.084±0.001 – 
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Depth, м Season 

Spring, 17-18.05.2016 Summer, 8.06.2016 Autumn, 3.11.2016 Summer, 29.06.2017 

3.0 0.755±0.136 – – 0.438±0.127 

4.5 0.236±0.084 – – – 

4.7 – 0.291±0.063 – – 

5.0    0.342±0.098 

5.2 – 0.541±0.122 – – 

5.5 – 0.085±0.001 – – 

7.2 – 0.064±0.001 – – 

8.0 0.368±0.072 – – 0.882±0.287. 0.902±0.114 

8.2 – 0.502±0.205 – – 

8.5 0.881±0.123 0.063±0.001 – – 

9.2 – 0.541±0.179 – – 

13.5 0.365±0.097 0.14±0.019 – 0.323±0.086 

Average 0.667 0.548 0.19 0.577 

 

Biomass of macrophytes in Odessa Bay was quite high in spring (0.667 kg/m2) and summer 

(0.563 kg/m2) period, vividly decreasing by autumn (0.19 kg/m2). In June 2017 biomass of algal 

phytocoenoses near Odessa coast was a little higher than in June 2016. 

III.4.4.5. Functional groups as potential indicators 

In general, macrophytes with с S/Wp= 5-25 m2·kg-1 refer to k-species (group of ESG-1 species) 

[6]. Those are the so-called sensitive species. The stable species have S/W> 25 m2·kg-1. This is 

the group ESG-2 or r-species. 

Big number of small branching algae having big specific surface reflect intensive production 

process connected with high level of sea areas eutrophication and with low ESG category. In 

general the ratio of tolerant and sensitive species in the studied areas was 25 to 2. 

ZMN area. The ratio of tolerant and sensitive algae species in the Zmiinyi Island area was 17 to 

2. Only two species of red algae could be called tolerant – Ceramium virgatum and Lomentaria 

clavellosa. 

MHBS area. The ratio of tolerant and sensitive algae species in Odessa Bay was 20 to 2. Only 

two species, the same as for the abovementioned area, could be called tolerant. 

III.4.4.6. Dominant species 

 The basis of bottom phytocoenoses in the studied areas comprised green, red and some brown 

algae that played the main role in the processes of primary production in coastal areas. Those 

species were: Ulva intestinalis, U. compressa, Cladophora hutchinsie, Cl. laetevirens, C. 

vadorum (Chlorophyta), Ceramium diaphanum var. elegans, C. virgatum, Lomentaria clavellosa 

(Rhodophyta), Desmarestia viridis (Ochrophyta). 
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III.4.4.6.1. ZMN area 

Dominant species near the Zmiinyi Island coast were first of all the so-called sensitive red algae 

(Table III.4.4-8) Ceramium  virgatum and Lomentaria clavellosa (Figure III.4.4-3). The second 

place there was occupied by tolerant green. 

Table III.4.4-8 - Species dominating near the Zmiinyi Island coast depending on seasons and 

depths (species – Dp). 

Depth, 
м 

Season 

Spring, 17-18.05.2016 Summer, 20-21.08.2016 Autumn, 27.11.2016 
26.12.2016 

Summer, 24.06.2017  

0.5 Ceramium virgatum  - 
34.31 

C. diaphanum var. elegans 
– 37.51 

C. virgatum – 34.31 – 

0.5 – Cl. hutchinsie - 28.25 C. diaphanum var. 
elegans – 61.6 

– 

0.5 – – Hydrolithon farinosum – 
23.82 

– 

1.0 – – – Cl. hutchincie - 67.52 

5.0 – C. diaphanum var. elegans 
– 30.8 

– Cl. hutchincie - 23.24 

6.0 Lomentaria clavellosa – 
11.62 

– – – 

10.0 – C. diaphanum var. elegans 
– 30.8 

– C. diaphanum var. elegans 
– 30.8 

10.0 – – – C. virgatum – 25.4 

12.0 Bryopsis plumosa – 10.25 – – – 

12.0 Bryopsis plumosa – 20.49 – – – 

15.0 – – – C. virgatum – 35.62 

 

Figure  III.4.4-3 - Lomentaria clavellosa algae Cladophora hutchinsie and Ulva intestinalis 
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III.4.4.6.2. MHBS area 

Dominant species near Odessa Bay coast were tolerant green (Ulva intestinalis. U. compressa. 

Cl. laetevirens. C. vadorum), red (Ceramium diaphanum var. elegans) and some brown algae 

(Desmarestia viridis) (Table III.4.4-9). The role of Sensitive algal species (Ceramium  virgatum 

and Lomentaria clavellosa) were much less important. 

Table III.4.4-9 - Species dominating near Odessa Bay coast depending on seasons and 

depths (species – Dp) 

Depth, 
m 

Seasons 

Spring, 8-9.06 2016 Summer, 29.08.2016 Autumn, 3.11.2016 Summer, 29.06.2017  

0.5 – Сeramium diaphanum 
var. elegans – 31.16 

Ulva intestinalis – 
32.65 

– 

1.7 Cladophora laetevirens – 53.24 – – – 

1.8 U. intestinalis – 75.83 Cl. vagabunda – 78.7 С. diaphanum var. 
elegans – 10.7 

– 

3.0 – U. compressa – 33.99 – U. compressa – 46.98 

4.5 – Cl. vadorum – 24.13 – – 

4.7 Desmarestia viridis – 42.18 – – – 

5.0 – – – D. viridis – 51.67 

5.2 Cl. vagabunda – 60.9 – – – 

5.5 Ectocarpus siliculosus – 15.61 – – – 

7.2 Cl. vadorum – 10.78 – – – 

8.0 – U. rigida – 31.32 – – 

8.2 D. viridis – 36.74 – – Cl. laetevirens – 78.28 

8.5 Bryopsis plumosa – 13.0 Cl. vadorum – 24.13 – E. siliculosus – 24.63 

9.2 C. virgatum  - 8.36 – – – 

13.5 Cl. laetevirens – 25.87 Cl. vadorum – 72.79 – D. viridis – 45.27 

 

 The Black Sea invasive brown alga Desmarestia viridis (Figure III.4.4-4) was found in the area 

of the ONU Hydrobiological Station in 2016. According to [14], this arctic-boreal species was for 

the first time found near Odessa coast in 1992. It is pointed out that Desmarestia is becoming 

a widespread alga in the north-western Black Sea in cold period of year. 

 

Figure III.4.4-4 - Thallus of Desmarestia viridis 
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III.4.4.7. Assessment of current marine environment quality from the results 
of macrophytobenthos study in two Black Sea areas  

In general, based on the indicators of relative surface of three dominating species (S/W3Dp) in 

the studied Black Sea areas (Zmiinyi Island and Odessa Bay in 2016-2017), it can be concluded 

that ecological situation was quite favourable. 

Considering the received indices of surface of phytocoenoses (SIph) it needs to be pointed out 

that according to this criterion the ecological situation in the two mention areas was good 

enough.  

The joint results in the form of ESC coefficient for characterizing of monitoring stations using 

three morphofunctional indicators (EEI (S/W3Dp. S/Wx. SIph) and their average values EQR are 

presented in Table III.4.4-10. 

 

Table III.4.4-10 - Integral indicators in the form of ESC coefficient on the studied monitoring 

stations in Ukraine (2016) 

Sampling site ESC by value of m-f indicators ESC by average EQR of 

m-f indicators S/W3Dp. m2∙kg-1 EQR S/Wx. 

m2∙kg-1 

EQR SIph. 

units 

EQR 

Ukraine 

Odessa coast 

(Hydrobiological station) 
67.15 0 85.51 0.58 42.7 0.81 

047 

(Moderate) 

Zmiinyi Island 66.33 0 60.1 0.79 14.52 0.71 
0.50 

(Moderate) 

III.4.4.7.1. ZMN area 

Based on the indicator ‘index of surface of three dominants’ ecological status-class of the 

Zmiinyi Island area in 2016 corresponded to the level “high-moderate”. The state was the best 

in spring period. 

Based on the calculated indices of surface of phytocoenoses ecological status-class here can be 

characterized as “high” (Figure III.4.4-5). 

Compared with August 2016, in June 2017 the indicator S/W3Dp of macrophytes in the Zmiinyi 

Island area improved, while indicator SIph stayed at the same level. 
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Figure III.4.4-5 - Seasonal variability of macrophytes indicators reflecting ecological status-

class of the Zmiinyi Island coastal area: 1 – S/W3Dp; 2 – SIph . 

III.4.4.7.2. MHBS area 

Based on the index of surfaces of three dominants, ecological status-class of Odessa Bay in 2016 

was within the criteria “high-moderate”. According to the index of surface of phytocoenoses 

surface the ecological status-class can be characterised as “poor-high” (Figure III.4.4-6 ). 

 

Figure III.4.4-6 - Seasonal variability of macrophytes indicators reflecting ecological status-

class of the coast of Odessa Bay  

(the ONU Marine Hydrobiological Station area: 1 – S/W3Dp; 2 – SIph  .) 

 

In comparison with June 2016, in June 2017 the indicators of macrophytes S/W3Dp and SIph in 

the coastal zone of Odessa Bay went down.  
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III.4.4.8. Comparison with other areas and historical data 

Freshened and relatively polluted north-western part of the Black Sea is suitable for the 

development of the majority of green algae species and many red algae species, however 

limiting development of stenohaline brown algae. 

III.4.4.8.1. ZMN area       

The number of macrophytes species currently found in the Zmiinyi Island area (19) is 

significantly smaller than the number identified for its coastal algoflora (46) earlier [12]. This 

difference is probably connected with point sampling (now), which does not cover completely 

the coastal algal phytocoenoses. Besides, the previous list of algae comprised a number of rare 

species revealed in individual cases during several years’ studies. Cyclicism of emerging and 

development is also characteristic of come algal species. 

Comparison of current biomass of macrophytes with the one of previous period is quite 

problematic, as the literature does not contain detailed special information. Indirectly this 

indicator in 1997 near the Zmiinyi Island coast was in average equal to 0.171 kg/m2. According 

to the results of the present measurements 20 years later it was almost four times higher. 

III.4.4.8.2. MHBS area  

The selected area of studies (the ONU Marine Hydrobiological Station) is equi-distant from the 

main sources of pollution of this marine area. At the same time it does not cover the entire 

diversity of ecotopes and, respectively, habitats of macrophytes in the bay. In the 30th – 70th of 

past century (Pogrebnyak, 1965; Yeremenko, 1974, 1978) 53 macrophyte species were found 

in Odessa Bay. At the beginning of the 21st Century they were 50 [7,8,11]. However, quite sharp 

inter-annual variations of their number are possible. For example, in 2008 only 34 algae-

macrophytes were found [15,16]. It was pointed out that the composition of green, brown and 

red algae was decreasing proportionally, though decrease in red algae species was more 

significant. There was the supposition that it was connected with increase of eutrophication of 

coastal waters, as well as with abnormally high summer temperatures and shifting of 

hydrobiological seasons. 

In average the biomass of macrophytes near Odessa coast in 2008 was around 1.2 kg/m2. 

According to the results of the current survey this parameter was almost 2.4 times lower.  

III.4.4.9. Conclusions and Recommendations 

1. Altogether in the studied water areas 27 species of macrophytes algae were found. Those 

belonged to: Chlorophyta (12). Rhodophyta (11) and Ochrophyta (4). Among the found 

floristic diversity 2 species referred to the sensitive ones (k-species), the rest were tolerant. 

Near the Zmiinyi Island coast 19 macrophyte species were found (7 Сhl, 10 Rh, 2 Ochr); 

near Odessa coast – 22 species (10 Сhl, 9 Rh, 3 Ochr). 

2. Dominant algal species near the Zmiinyi Island coast were Ceramium virgatum, C. 

diaphanum var. elegans, Lomentaria clavellosa, Hydrolithon farinosum and Bryopsis 

plumosa. In all seasons red algae dominated there; green alga B. plumosa was found only 
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in spring. Near Odessa coast green algae prevailed among the dominant species: 

Cladophora laetevirens. Cl. Vadorum, Ulva compressa, U. intestinalis and Bryopsis plumosа. 

Out of red algae dominant species were Ceramium virgatum and C. diaphanum var. 

elegans; out of brown – Desmarestia viridis and Ectocarpus siliculosus. At big depths 

dominated D. viridis, E. siliculosus and Bryopsis plumosа, as well as species of Сladophora 

genus. In shallow places dominated the green algae mentioned above. 

3. Biomass of indicator species of algae varied within broad limits from 0.03 to 1.6 kg/m2. This 

is connected with seasonal peculiarities of algae development, depth and their ecological 

activity. Near Odessa coast maximal average biomass was revealed in spring 2016 (0.667 

kg/m2). This value was somewhat lower in summer (0.548) and minimal in autumn (0.19). 

Maximal biomass of macrophytes was found at the depths from 0.5 to 3 m, minimal - at 

13.5 m. Within the range of depth 4.7-9.2 m this indicator varied from 0.063 to 0.541 

kg/m2. Near the Zmiinyi Island coast average biomass of macrophytes was minimal in 

spring (0.275 kg/m2) of 2016; maximal (1.216) – in autumn. Distribution of biomass with 

depth was similar to the previous area of studies. 

4. Most informative morphofunctional indicator is the index of surface of three dominants in 

a phytocoenosis – S/W 3Dp. 

5. Out of invasive species, brown arctic-boreal alga Desmarestia viridis, which had distributed 

widely in Odessa Bay for the past years, was found in the area of the ONU Marine 

Hydrobiological Station. It is developing during cold period of year. 

Recommendations for monitoring improvement 

1. Automatic analysis of indicator values should be developed. 

2. Standards of sampling by depths and by substrata should be unified. 
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III.4.5. Bacterioplankton  
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1 Odesa National University (ONU), Odesa, Ukraine 

III.4.5.1. Introduction 

As it is known [1], bacterioplankton is an important component of marine biocoenoses 

responsible for organic matter (OM) destruction in the ecosystem. At the same time 

bacterioplankton abundance is used as a sensitive OM concentrations and aquatic systems 

trophic status indicator, applied in the methodology of surface waters ecological assessment 

adopted in Ukraine [2]. Studies of bacterioplankton quantitative distribution in the Black Sea 

have been performed since the 50th of last century [3-15] and enable us to follow 

bacterioplankton structural characteristics changes for the past 60 years. In accordance with 

the data available, the abundance of bacterioplankton was growing all over the Black Sea since 

the beginning of studies till 1990-1993 [8,9,14,15] when the processes of sea eutrophication 

reached their maximal intensity. During that period abundance of bacteria in the oxygen zone 

often exceeded the level typical of mesotrophic waters and reached the eutrophic waters level 

[14]. This, first of all, refers to the north-western Black Sea, where the density of bacteria in the 

vast area from the Danube mouth to the Dnipro Estuary during the entire vegetation period 

corresponded to the level of eutrophic waters [8]. Exceeded concentration of bacteria in the 

north-western Black Sea compared with its central areas was revealed by researchers during 

the whole period of studies [4-8]; this was explained as the influence of the Danube, Dniester 

and Dnipro rivers bringing much alive and dead organic matter and enriching the marine 

environment with nutrients. Observation of the dynamics of bacterioplankton abundance in 

the Danube River area were re-started in 2003 after the decade-long pause by the staff of 

Odessa National I.I. Mechnikov University and continue for the past 15 years in the framework 

of integrated environmental monitoring programme implemented on the basis of the «Zmiinyi 

Island» Marine Research Station [16-24]. In 2016-2017 for the first time simultaneous 

http://emblasproject.org/wp-%20%20%20%20%20content/uploads/2013/12/Manual_macrophytes_EMBLAS_ann.pdf
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observations of bacterioplankton dynamics were done in two areas of the north-western Black 

Sea: near the Zmiinyi Island and in Odessa Bay, where anthropogenic pressure and impact of 

natural factors cause significant temporal changes requiring permanent control of the 

ecosystem’s state [20, 25]. 

The objective of this research was to study the peculiarities of bacterioplankton development 

in 2016-2017 in the two Black Sea areas experiencing different level of anthropogenic pressure 

with consequent use of the data collected for marine environment quality assessment and 

formulation of recommendations to improve the national Black Sea monitoring system in order 

to ensure the EU Directives implementation: The Water Framework Directive [26] and the 

Marine Strategy Framework Directive [27].  

III.4.5.2. Materials and methods 

Bacterioplankton quantitative characteristics study was carried out in the framework sea 

waters monitoring pilot programme under the EMBLAS Project near the Zmiinyi Island (Marine 

Research Station «Zmiinyi Island») and in the coastal waters of Odessa Bay (Figure III.4.5-1, 

III.4.5- 2).  

 

 

Figure III.4.5-1 - Bacterioplankton sampling stations location in Odessa Bay coastal waters in 

2016-2017/ Sampling stations and dates: 

  station MHBS-R (2016-2017),    (22, 26) 04.2016,  (01.06.2016),  01-02.07.2016,  

21.07.2016,   29.08.2016,  22.09.2016,   03.11.2016,   26.05.2017,   29.06.2017 
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Figure III.4.5-2 - Bacterioplankton sampling stations location in the Zmiinyi Island coastal 

waters in 2016-2017 / Sampling stations and dates:  

.station ZPR,  10.04.2016,  17.05.2016,  21.06.2016,  24.07.2016,  20.08.2016,  

25.09.2016,  03.11.2016,  26.11.2016,  28.04.2017,  27.05.2017,  25.06.2017 

 

Water sampling and analyses were done from April 2016 to June 2017 every ten days on the 

reference stations ZPR-R (Zmiinyi Island) and MHBS-R (Odessa Bay), as well as monthly on the 

respective network of stations in each area. Determination of bacterioplankton was done on 

the reference stations in the surface and bottom layers; in the network of monthly stations the 

entire layer of thermocline was additionally covered. Altogether 166 water samples from 

Odessa Bay and 158 samples from the Zmiinyi Island coastal area were analysed. 

The total bacterial number was assessed by the direct count method in accordance with the 

methodological guidelines [28, 29]. Water sampling was done using 100 mm glass flasks; 

samples were fixed with formaldehyde to the final concentration of 4%. In the laboratory the 

samples were filtered through cellulose nitrate filter Sartorius with pore diameter 0.2 mkm. 

The filters with settled bacteria cells were stained with Erythrosin. The preparations were 

analysed using Olympus BH-2 microscope with magnification 1200. Linear dimensions of 

bacteria cells were measured taking into account the shape of the cell. Coefficient 1.6 was 

applied for cell biomass calculation in order to compensate the shrinking of the cells during 

fixation and staining [30]. To calculate biomass of the microorganisms the average volume of 

bacterial cell in the studied area of the sea was used [31] equal to 0.35 mkm3. In this respect, 

the changes in bacterioplankton number and biomass were identical and the detailed analysis 

of the results was performed only on bacterial number. The data on bacterioplankton number 

enable us to assess the marine environment quality using the recommendations given in [2] 

and to compare the present results with the results of other authors who studied the Black Sea.  
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Based on the results of bacterioplankton number (BN) determination in 2016-2017 in the 

Zmiinyi Island (ZMN area) and Odessa Bay (MHBS area) coastal waters the analysis of its 

quantitative changes presented below was done.  

III.4.5.3. General characteristics of bacterioplankton in the Zmiinyi Island 
coastal waters 

Bacterioplankton number (BN) and bacterioplankton biomass (BB) in the Zmiinyi Island coastal 

waters (Figure III.4.5-3 and  III.4.5-4) in April-December 2016 varied from 0.35·106 cells/ml and 

0.12 mg/l (10.04) to 3.04·106 cells/ml and 1.06 mg/l (17.05) with mean values (1.28±0.58)·106 

cells/ml and 0.45±0.20 mg/l respectively. In April-June 2017 the amplitude of bacterioplankton 

variation was 1.6 times higher than in the previous year, at that BN and BB varied from 0/97·106 

cells/ml and 0.34 mg/l (25.06) to 5.40·106 cells/ml and 1.89 mg/l (27.05) with mean values 

(2.03±1.13)·106 cells/ml and 0.80±0.39 mg/l.  

Changes of bacterioplankton number (BN) in the surface and bottom (depth 7.5 m) waters of 

the reference station ZPR in the period of studies were quite simultaneous, which can be 

proved by the high correlation coefficient (r = 0.67). At that, in the majority of observations (65 

%) the number of bacteria at the surface was higher than at the bottom (Figure III.4.5-3). The 

biggest difference between the surface and bottom layers was observed in spring period when 

floodwaters of the Danube River were entering the sea.  

Figure III.4.5-3 – Variation of bacterioplankton number in the Zmiinyi Island coastal waters 

on the reference station ZPR in 2016-2017 

Maximal values of bacteria number (5.20-5.40)·106 cells/ml were found in the surface layer 

(0.2-3 m) during survey on 27 May 2017 (Figure III.4.5-4) when abnormal inflow of the Danube 

River flood waters was observed. This was confirmed by the abnormally low water salinity value 

(7.56 PSU). In average, out of 11 surveys the highest number of bacteria (2.18±1.41)·106 

cells/ml was registered in the layer 3-8 . The BM in the surface layer (0.2 m) was just 1.2 lower 

than that in the underlying one, and made (1.74±1.04)·106 cells/ml. In the layer 10-20 m BN 

decreased compared with the layer of 3-8 m 1.6 times and was (1.36±0.70)·106 cells/ml. The 

most significant BN decrease (2 times) in comparison with surface layers took place at the depth 

of 21-30 m where the mean BN of 11 transects made (0.95±0.26)·106 cells/ml. 
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Figure III.4.5-4 - Changes of bacterioplankton number in the Zmiinyi Island coastal waters 

according to the data from monthly surveys of 2016-2017 

 

The study of bacterioplankton number temporal distribution in the surface waters around the 

Zmiinyi Island has shown that no change of bacterial number happens at the distance from the 

island (Table III.4.5-1). On some of the transects (24.07.2016, 26.11.2016, 27.05.2017) bacteria 

number on the stations differed 1.5-2 times, however on average bacteria number was the 

same on all the 11 transects both near the coast and at the distance from the island. Together 

with this it needs to be pointed out that the highest BN values (4.77-5.12)·106 cells/ml were 

found on the stations 4 and 6, located 240-400 m far from the island. The lowest BN (0.47-

0.48)·106 cells/ml was determined on the stations 1 and 2, which were closer to the island. 

Table III.4.5-1 – Bacterioplankton number (106 cells/ml) in the coastal waters of the sea on 

the transects from the Zmiinyi Island coast (St.1 – depth 2 m, St.2 - 5 m, St.4 - 15 m, St.6 - 25 

m) 

Date 

 

Transect 

 

Station 

1 2 4 6 Mean 

10.04.2016 Z-1 2.20 2.05 1.07 1.69 1,75 

17.05.2016 Z-3 1.97 1.96 3.04 1.37 2,08 

21.06.2016 Z-5 1.08 1.31 1.63 1.30 1,33 

24.07.2016 Z-3 2.38 1.45 0.97 1.37 1,54 

20.08.2016 Z-5 1.88 1.81 1.80 1.82 1,83 

25.09.2016 Z-3 0.73 0.59 0.97 0.99 0,82 

03.11.2016 Z-3 0.88 0.47 0.64 0.65 0,66 

26.11.2016 Z-3 0.48 0.55 0.67 1.01 0,68 

28.04.2017 Z-1 2.20 1.85 2.00 1.03 1,77 

27.05.2017 Z-3 2.92 3.86 5.19 4.77 4,19 

25.06.2017 Z-3 1.86 1.70 2.16 1.69 1,85 

Mean 1,69 1.60 1.83 1.61 1.68 
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Analysis of dependence between BN values and sampling depth (Figure III.4.5-5) has shown 

that the tendency of bacteria number decrease with depth is observed (Figure III.4.5-5). In 

average, for 11 transects the BN at the surface was 1.9 times higher than at the depth of 24-25 

m.  

Figure III.4.5-5 - Dependence between bacterioplankton number and the depth of sampling 

in the Zmiinyi Island coastal waters in 2016-2017 

 

Inhomogeneity of bacterioplankton distribution in water column near the Zmiinyi Island is to a 

great extent determined by different types of water masses in the studied area which are 

characterised by different salinity. During the period of studies from 2016 to 2017 salinity 

varied from 7.48 to 17.61 PSU and, as shown earlier [32], the water masses belonged to three 

types: 1 (7.5-14.0 PSU) – water masses formed under the influence of the Danube flow; 2 (14.1-

17.0 PSU) – waters of mixed type typical of the north-western part of the sea and 3 (>17 PSU) 

– water masses of the open part of the Black Sea. The number and biomass of bacterioplankton 

in the transformed river waters of the first type were 2.6times higher than in the waters of third 

type, which are typical of the central areas of the sea (Table III.4.5-2).   

Table III.4.5-2 - Mean values of bacterioplankton number and biomass in the Zmiinyi Island 

coastal waters for three types of water masses: 1 (10.0-14.0 PSU), 2 (14.1-17.0 PSU and 3 (>17 

PSU) 

Type of water Average salinity BN BB 

1 - 7.5-14.0 PSU 12.37 2.39±1.21 0.55±0.24 

2 - 14.1-17.0 PSU 15.61 1.37±0.58 0.53±0.36 

3 - >17 PSU 17.3 0.91±0.23 0.68±0.104 

 

Stratification of water masses depending on salinity (Figure III.4.5-7) and bacterioplankton 

abundance is the most distinct in spring period when floodwaters of the Danube River enter 

the sea. In May 2016 and 2017, bacteria number in the upper layer (0.2-3 m) and at the depth 

of 15-25 m differed 3-4 times (Figure III.4.5-6). At that, salinity gradient in May 2016 was 3.36 

PSU, while in May 2017 reached 9.61 PSU. 
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Figure III.4.5-6 - Vertical distribution of bacterioplankton number in the water area near 

the Zmiinyi Island on May 17, 2016 (А) and May 27, 2017 (В) 

Figure III.4.5-7 - Vertical distribution of temperature (1) and salinity (2) on the stations 

Z-3-7 on 17.05.2016 (left) and on 27.05.2017 (right) 

 

In May 2017, under the lowest salinity of the surface layer (7.48-7.97 PSU), the maximal 

bacterioplankton number was registered out of the entire period of observations (5.20-

5.40)·106 cells/ml. At the same time in the bottom layer under salinity of 17.09 PSU 

bacterioplankton number was 4 times lower and made 1.32·106 cells/ml. From August to 

December vertical differences in bacterioplankton number were minimal (Figure III.4.5-4).  

Analysis of seasonal variations of bacterioplankton number done based on the data 

collected at the reference station ZPR from monthly surveys has shown that the biggest 

differences were characteristic of the surface water layer (Figure III.4.5-8).  
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Figure III.4.5-8 - Average monthly values of bacterioplankton number in the surface and 

bottom waters near the Zmiinyi Island 

 

Average monthly BN values in the surface layer varied from the lowest (0.90±0.17) 106 cells/ml 

in October 2016 to the highest (2.50±1.82)·106 cells/ml in May 2017. In the bottom layer the 

BN variations mainly repeated those at the surface, which can be proved by high correlation 

coefficient (r=0.84). At that the lowest average monthly values in the bottom layer were 

registered in September 2016 (0.81±0.35) 106 cells/ml, and the highest (2.11±0.82) 106 cells/ml 

in June 2017. This meant that the peak of BN, which in the surface layer was registered in May 

2017, for the bottom layer happened to move to June. Within the BN seasonal dynamics spring 

period had the highest values in both years of studies. At that, average BN value in April-June 

2016 (1.46±0.33)·106 cells/ml was 1.4 times lower than in the same period of 2017 

(2.02±0.30)·106 cells/ml. The BN seasonal variation in the surface water layer was characterized 

by 1.6 times’ decrease of bacteria number from May 2016 (2.05±0.12)·106 cells/ml to June-July 

(1.28±0.51)·106 cells/ml. However, some increase of BN was observed in August 

(1.53±0.35)·106 cells/ml compared with two previous months. It should be pointed out that 

summer maximum of BN was typical of the north-western Black Sea bacterioplankton seasonal 

dynamics during many years of studies [10, 12, 13, 15]. Unlike the previous years, the BN 

seasonal variation in 2016-2017 was characterized by maximum in spring period.  

III.4.5.4. General characteristics of bacterioplankton in Odessa Bay waters 

Bacterioplankton number (BN) (Figure III.4.5-9) and bacterioplankton biomass (BB) in Odessa 

Bay in April-December 2016 varied from 0.24·106 cells/ml and 0.08 mg/l (23.03) to 4.07·106 

cells/ml and 1.42 mg/l (29.06) at average values (1.68±0.78)·106 cells/ml and 0.59±0.27 mg/l 

respectively. In February – June 2017 the range of variations was somewhat narrower than the 

previous year and BN and BB varied from 0.49·106 cells/ml and 0.17 mg/l (28.02) to 3.40·106 

cells/ml and 1.19 mg/l (29.06), and average values made (2.04±0.62)·106 cells/ml and 0.72±0.22 

mg/l.  

Changes of the BN values in the surface and bottom (depth 2.2 m) layers of water at the 

reference station MHBS-R in the period of studies took place simultaneously, which can be 

proved by high positive correlation coefficient (r = 0.93). At that, mean bacterioplankton 

number in the surface (1.70±0.83·106 cells/ml) and bottom (1.68±0.77·106 cells/ml) layers was 
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practically the same. Noteworthy is that maximal BN value (4.07·106 cells/ml) was registered in 

the bottom layer (29.06.2016).  

 

Figure III.4.5-9 - Bacterioplankton number in the surface and bottom layers of Odessa 

Bay  in 2016-2017 at the MHBS-R reference station 

 

The BN distribution in water column on the stations in Odessa Bay was also relatively equal 

(Figure III.4.5-10). The highest BN was registered in the layer 3-5 m (2.02±0.70)·106 cells/ml), at 

that it was only 1.1 times higher than in the layer above - 0-2 m (1.87±0.62)·106 cells/ml) and 

in the underlying layer 6-10 m (1.79±0.75)·106 cells/ml). In the bottom waters at the depth 11-

15 m BN was (1.65±0.51)·106 cells/ml and in the average for 9 station it was only 1.2 times 

lower than in the layers above.  

Figure III.4.5-10 - Bacterioplankton number values  

on the stations in Odessa Bay, in 2016-2017 

 

It should be pointed out that maximal BN values (3.21-3.40)·106 cells/ml were registered in July 

2016 and June 2017 at the depths of 4-9 m. (Figure III.4.5-11). During that period temperature 
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stratification of water masses was very distinct: the temperature at the surface was 21.0-

22.0оС, while at the bottom it did not exceed 11.5оС, which created conditions for organisms 

accumulation in the thermocline zone.  

  

Figure III.4.5-11 - Vertical distribution of bacterioplankton number on the stations in Odessa 

Bay on July 21, 2016 (А) and June 29, 2017 (В) 

 

Analysis of BN distribution in the surface water layer of Odessa Bay has shown that the average 

number of bacteria on different stations was practically similar (Table III.4.5-3). The different in 

3 times was observed only in April 2016 on the stations 2 and 9. Together with this in average 

for 9 surveys bacterial number on the station 2 was 1.1 times higher than on the stations 9 and 

12.  

Table III.4.5-3 - Bacterioplankton number (106 cells/ml) in the surface waters on different 

stations in Odessa Bay 

Date 

 

Station Mean 

 2 6 9 12 

22.04.2016 0.43 0.67 1.34 1.05 0.87 

01.06.2016 2.47 2.16 1.75 1.91 2.07 

02.07.2016 2.82 2.63 2.30 2.31 2.51 

21.07.2016 2.64 2.29 2.63 2.36 2.48 

29.08.2016 1.64 1.34 1.52 1.37 1.47 

22.09.2016 1.50 1.12 1.31 1.29 1.31 

03.11.2016 1.33 1.49 1.26 1.19 1.32 

26.05.2017 2.16 2.52 1.65 2.22 2.14 

29.06.2017 2.76 2.64 2.27 2.14 2.45 

Mean 1.97 1.87 1.78 1.76 1.85 

 

Analysis of the BN seasonal changes performed based on the data collected at the MHBS-R 

reference station during monthly surveys has shown that in the surface and bottom layers of 

water seasonal changes of BN took place quite simultaneously, which can be proved by high 

correlation coefficient (r=0.89). Average monthly BN values at surface and near the bottom also 

had minimal differences (Figure III.4.5-12).In the surface layer the BN varied from its highest 

values (2.81±0.90)·106 cells/ml in June 2016 to the lowest values in December (0.53·106 
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cells/ml) and February (0.50·106 cells/ml). In the bottom layer, like at the surface, the highest 

BN value (2.75±0.90)·106 cells/ml was registered in June 2016, and the lowest were registered 

in April 2016 (0.63±0.30)·106 cells/ml and December (0.70±0.27)·106 cells/ml. It should be 

pointed out that in winter months BN in the bottom layer was 1.3-2.2 times higher than at the 

surface, while in summer period the values for the surface layer were higher. June was 

characterized by the highest values within the BN seasonal dynamics in both years of studies. 

After the peak of BN in June 2016 (2.81±0.12)·106 cells/ml the number of bacteria was 

decreasing slowly till September (1.34±0.51)·106 cells/ml. In October and November slight 

increase of BN was registered compared with September, while in December the number 

decreased to average monthly minimum. In spring period of 2017 gradual increase of BN took 

place reaching the highest values in June (2.38±0.74)·106 cells/ml, however in 2017 maximum 

was 1.2 times lower than in June 2016. 

Figure III.4.5-12 - Average monthly values of bacterioplankton number in the surface and 

bottom waters of Odessa Bay in 2016-2017 

III.4.5.5. Statistical interrelations between bacterioplankton number changes 
and parameters of marine environment 

Statistical analysis of data was based on the results collected at the reference stations in two 

areas of the north-western Black sea during monthly surveys in 2016-2017. In order to analyse 

the correlation interrelations between BN and parameters of marine environment the 

hydrological, hydrochemical and hydrobiological data were used, which are presented in the 

respective chapters of the report. To calculate pair correlations 166 data on BN from Odessa 

Bay and 158 data collected at the Zmiinyi Island coast were used. 

Analysis of correlation connections between bacterioplankton in two areas of the north-

western Black Sea has shown that BN at the Zmiinyi Island coast was statistically closely 

connected with 9 of the 14 controlled parameters of the environment (Table III.4.5-4). The 

highest coefficients of pair correlation were received with salinity (r=−0.81), chlorophyll a 
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concentration (r=0.68) and trophic index (r=0.52). At the same time in Odessa Bay 

bacterioplankton had close correlation only with two parameters: temperature (r=0.39) and 

water transparency (r=−0.38). However less close correlation was found with salinity (r=−0.28) 

and trophic index (r=0.27). 

Table III.4.5-4. Coefficients of correlation between bacterioplankton number and marine 

environment parameters near the Zmiinyi Island coast and in Odessa Bay 

 Parameter Zmiinyi Island area Odessa Bay 

Water temperature 0.15 0.39* 

Transparency -0.41* -0.38* 

рН 0.42* 0.11 

Salinity -0.81* -0.28** 

Oxygen content 0.43* -0.12 

Total phosphorus -0.04 0.14 

Mineral phosphorus -0.16 -0.09 

Total nitrogen 0.12 -0.06 

Nitrate nitrogen (NO3) 0.47* -0.18 

Nitric nitrogen (NO2) 0.20 -0.05 

Ammonium nitrogen (NH4) 0.37* 0.16 

Chlorophyll a 0.68* 0.22 

Pheophytin 0.64* 0.19 

Trophic index (TRIX) 0.52* 0.27** 

Notes: * - level of significance 0.001, ** - level of significance 0.01. 

 

The closest correlation in the Zmiinyi Island area was established between bacterioplankton 

and salinity (r=−0.81), which is the indicator of the transformed river waters distribution in the 

sea. Coefficient of correlation between these parameters is negative, which shows that the 

number of bacteria grows with decrease of salinity. Regression analysis of dependence 

between bacterioplankton number and salinity has shown that the ratio of these parameters 

fits well to linear function (Figure III.4.5-13). In accordance with the analysis, bacteria number 

grows reaching 4.2·106 cells/ml when salinity increases to 7.5 PSU, while under conditions of 

the highest salinity (17.5 PSU) bacteria number drops in average 6 times. 

Figure III.4.5-13 - Dependence of bacterioplankton total number on salinity of sea water 
in the Zmiinyi Island area in 2016-2017 
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The second most connected with bacterioplankton parameter of marine environment in the 

Zmiinyi Island area is chlorophyll а (r=0.68). This correlation can be considered functionally 

grounded, as chlorophyll is an indicator of phytoplankton biomass and the phytoplankton is 

one of the main sources of organic matter easily consumed by bacteria. The regression analysis 

performed has shown that interconnections between bacterioplankton and chlorophyll fit well 

to linear function (Figure III.4.5-14). In accordance with the received regression equation, 

maximal values of bacterioplankton number, (5.05-5.40)·106 cells/ml, are found at highest 

concentration of chlorophyll а (8.8-10.2 mkg/l). The connection received points at the fact that 

the autochthonous organic matter produced by phytoplankton is the main source of organic 

matter for bacterioplankton development in the Zmiinyi Island area.  

Figure III.4.5-14 - Interconnections between bacterioplankton number and chlorophyll a 

concentration in the Zmiinyi Island area in 2016-2017 

 

Positive correlation between BN and nitrate nitrogen (r=0.47), as well as between BN and 

ammonium nitrogen (r=0.37), which form in the marine environment as the result of bacteria 

of nitrogen cycle activity, can be caused by bacterioplankton functioning.  

In Odessa Bay correlation between BN and parameters of the environment was less 

pronounced than in the Zmiinyi Island area. One can suppose that the natural processes in 

Odessa Bay are additionally influenced by anthropogenic factors. Together with that, one of 

the main factors influencing bacterioplankton dynamics in two studied areas of the north-

western Black Sea is the river inflow carrying much organic matter contributing to bacteria 

development.  

III.4.5.6. Marine Environment Quality assessment using bacterioplankton 

Microorganisms are the most reactive components of aquatic biocoenoses. They are quick to 

react at new ecological factors, both natural and anthropogenic. That is why bacterioplankton 

number is used as one of the most important indicators in water quality ecological assessment 

methodology adopted in Ukraine. This methodology is used as the basis for development of 

observation programmes, for analysis of data, for characterizing of waters from the 

environmental viewpoint and for receiving of information on the state of water bodies [2]. 
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In the present studies of sea waters near the Zmiinyi Island and in Odessa Bay bacterioplankton 

number varied within almost similar range (Table III.4.5-5), which in accordance with the 

methodology [2] covered three classes of water trophicity: oligotrophic (<0.5·106 cells/ml), 

mesotrophic (0.5-2.5·106 cells/ml) and eutrophic (2.6-7.0·106 cells/ml). At that, in Odessa Bay 

mean values of bacterioplankton number and biomass for the period of observations were 

higher than near the Zmiinyi Island, while the range of variation was wider in the Zmiinyi Island 

area.  

Table III.4.5-5 - Mean and boundary values of bacterioplankton number and biomass in the 

Zmiinyi Island (ZMN) and Odessa Bay (MHBS) waters in 2016-1017 

Area Water layer 

Total bacteria number, 

106 cells/ml 

Wet bacteria biomass, 

mg/l 

Mean Min. Max. Mean Min. Max 

 ZMN 
Surface 1.62 0.48 5.20 0.57 0.17 1.82 

Water column 1.35 0.35 5.40 0.54 0.12 1.89 

 MHBS 
Surface 1.77 0.28 3.70 0.62 0.10 1.30 

Water column 1.78 0.24 4.07 0.62 0.08 1.42 

 

The results of water trophisity assessment using bacterioplankton have shown that only 6% of 

the studied water samples from the Zmiinyi Island area and 4% of water samples from Odessa 

Bay corresponded to oligotrophic status (Table III.4.5-6). Vast majority of the water samples 

analysed corresponded to mesotrophic and meso-eutrophic status totalling to 86 % of all 

observations in the Zmiinyi Island area and 80 % of observations in Odessa Bay. The most 

significant difference between two studied areas was the degree of eutrophic status incidence, 

which in Odessa Bay was observed twice more frequent than in the Zmiinyi island area.  

Ukrainian methodology of water environmental assessment gives us the possibility to estimate 

water quality from the level of its cleanliness (Table III.4.5-6) [2]. In parallel with Ukrainian 

names of quality categories, it is proposed to use the international gradations of marine water 

quality assessment using bacterioplankton (Table III.4.5-6). In accordance with the above 

gradations it was established that for the Zmiinyi Island area the most typical were the waters 

belonging to the category «чисті» (Ukr.: ‘clean’) or «Good» (46%), while for Odessa Bay area 

the most typical was the category «досить чисті» (Ukr.: ‘quit clean’) or «Moderate» (43%). 

Category «дуже добрі» (Ukr.: ‘very good’) or «High» was found in 6 % and 4 % observations 

near the Zmiinyi Island coast ND IN Odessa Bay respectively. However, such categories of water 

as «слабо забруднені» (Ukr.: ‘slightly polluted’) or «Bad» and «помірно забруднені» (Ukr.: 

‘moderately polluted’) or «Poor» were found in Odessa Bay twice as often as near the Zmiinyi 

Island coast. 

Water quality assessment using average monthly BN values has shown that in the Zmiinyi Island 

area the waters corresponded to the category «clean» or «Good» for the most part of the 

studies (June-December 2016), and only I the periods April-May 2016 and April-June 2017 

water quality went down reaching the category «quite clean» or «Moderate». It should be 

pointed out that on May 27, 2016 short-time drop in water quality was observed (the water 

corresponded to the category «moderately polluted» or «Poor», however the average BN in 

May corresponded to the category «quite clean» or «Moderate».  
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In Odessa Bay in April-May 2016 the water quality assessed using BN corresponded to the 

category «clean» or «Good», however in June a sharp decrease of quality was observed 

corresponding to the category «weakly polluted» or «Bad». It should be underlined that the 

last category was not found in the Zmiinyi Island area coming out from the average monthly 

values. In July-August water quality in Odessa Bay was better than in previous month and 

corresponded to the category «quite clean» or «Moderate». The same quality was observed in 

October. During the rest of the year (September, November, December) average monthly BN 

values corresponded to the category «clean» or «Good». The same category was characteristic 

of February 2017. From March to June 2017 the BN in Odessa Bay corresponded to the category 

«quite clean» or «Moderate». 

Table III.4.5-6 - Quantity of observations (%) of bacterioplankton number (BN) in marine 

waters near the Zmiinyi Island (ZMN) and in Odessa Bay (MHBS) having respective quality, 

2016-2017 [2]. 

Water trophicity Quality category 
Water quality 

gradation proposed 
by us 

BN, 106 
cells/ml 

ZMN MHBS 

Oligotrophic Very good High <0.5 6 4 

Mesotrophic Clean Good 0.5-1.5 46 37 

Meso-eutrophic Quite clean Moderate 1.6-2.5 40 43 

Eutrophic Weakly polluted Bad 2.6-5.0 6 16 

Moderately polluted Poor  5.1-7.0 2 0 

An important evidence of bacterioplankton indicator value is its positive correlation with the 

trophic index (TRIX). The highest correlation coefficient between the BN and the TRIX was 

received in the Zmiinyi Island area (r=0.52). Comparison of water quality assessment results on 

two indicators gives good coincidence of results in the category «Moderate», which was 

determined as 40% and 46% of all the samples studied coming out of BN and TRIX respectively. 

However, the category «Good» coming out of BN was found 1.7 times more often than coming 

out of the TRIX index. At the same time, those two categories of water prevailed coming out of 

both the BN (86 %) and the TRIX index (73 %). 

 Correlation between BN and TRIX index in Odessa Bay was much weaker than in the Zmiinyi 

Island area, though also had positive correlation coefficient (r=0.27), which is reliable under 

significance level of 0.01. 

The BN indicator properties is also confirmed by its close connection with water transparency, 

which is an integral part of hydrological studies as an indicator of presence in water of non-

solved and colloid inorganic and organic substances influencing marine environment pollution. 

Coefficient of correlation between BN and transparency was negative, which evidenced that 

decrease in water transparency was connected with increase of bacterioplankton number. This 

connection was most distinct near the Zmiinyi Island coast, where correlation coefficient 

between BN and transparency was r = –0.41. In Odessa Bay this connection was less distinct 

(r = −0.38), which could be caused by additional anthropogenic factors influencing water 

transparency.  
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III.4.5.7. Comparative analysis of ZMN and MHBS areas  

The studies in two areas of the north-western Black Sea enabled us to compare quantitative 

content and dynamics of bacterioplankton in the ecosystems experiencing different 

anthropogenic load levels. On one hand the marine area near the Zmiinyi Island is impacted by 

the transformed river waters; on the other hand most part of year it is influenced by the water 

masses from the open part of sea. In its turn, Odessa Bay, together with such regional factors 

of impact as river discharge is influenced by additional anthropogenic factors. Among them are: 

big sea port, summer recreational load and discharge of municipal wastewater from the city 

with population of one million people. In this respect Odessa Bay is considered as impact area 

of the sea influenced by intensive anthropogenic pressure.  

Comparative analysis of BN in the two studied areas has shown that most time of year bacteria 

abundance in Odessa is higher than in the Zmiinyi Island area (Figure III.4.5-15 and III.4.5-16). 

Mean BN in Odessa Bay in 2016 was 1.3 times higher than near the Zmiinyi Island coast. 

Together with this it should be noted that in April-May of the studied years in the surface layer 

near the island the BN was in the average 1.4 times higher than in Odessa Bay (Figure III.4.5-

15), which was due to the influence of the Danube River floodwaters. This can be confirmed by 

the fact that in the bottom layer the numerical superiority of BN near the Zmiinyi Island was 

much less distinct and found only in April 2016 (Figure III.4.5-16).   

Figure III.4.5-15 - Average monthly bacterioplankton number in the surface layer near the 

Zmiinyi Island coast and in Odessa Bay. 

 

Figure III.4.5-16 - Average monthly bacterioplankton number in the bottom layer near the 

Zmiinyi Island coast and in Odessa Bay 
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In the surface and bottom water layers of Odessa Bay BN was in average 1.7 times higher than 

in the Zmiinyi Island area all the time from June to November 2016. Maximal numerical 

superiority of BN in Odessa Bay in the surface (2.2 times) and bottom (2.1 layer) compared to 

the Zmiinyi Island area was found in June 2016. It is to be supposed that the highest values of 

BN in Odessa Bay in June are caused by both natural regional factors and anthropogenic ones. 

It needs to be pointed out that in December, under no recreational load, the BN in Odessa Bay 

was lower than near the island. 

Historical data on bacterioplankton abundance in the north-western Black Sea show that in the 

early 90th maximally high density of bacteria out of the 50-years’ period of observations, making 

(3.0-5.5)·106 cells/ml, was found all over the vast water area from the Danube mouth to the 

Dniester Estuary during the entire vegetation period [8, 14]. In the present studies of 2016-

2017 the above values were found very rarely both in Odessa Bay and in the Zmiinyi Island area; 

the values found by us were in average 2-4 times lower than in 1992 [8]. Retrospective data on 

BN in the north-western Black Sea show that the content of bacterioplankton was going down 

gradually from 1993 [14,15,22] to the beginning of this Century.  

According to the monitoring data from the «Zmiinyi Island» Marine Research station [11, 12, 

16, 20] the BN stays on the same level from 2003 till present (Table III.4.5-7). This means that 

the results received in 2016-2017 stay within the range of values registered in the Zmiinyi Island 

area since 2003. In Odessa Bay the BN established in 2016-2017 is comparable with the data 

collected in the bay in the 80th of last Century [6, 14, 23] before the peak of eutrophication that 

happened in early 90th.  

Table III.4.5-7 – Retrospective data of mean and boundary bacterioplankton number values 

in the surface waters near the Zmiinyi Island coast 

Date Bacterioplankton number, 106 cells/ml Source 

Minimum Maximum Mean 

IX   1997 1.02 1.78 1.48 32 

V-IX   2003 0.20 4.67 1.28 33 

VI-XI  2004 0.55 2.08 1.28 33 

IV-XI  2005 0.25 3.65 1.20 33 

IV-XI  2006 0.32 3.01 1.26 33 

IV-XI  2007 0.24 3.27 1.23 33 

IV-XI  2009 0.30 3.41 1.66 21 

IV-XI  2010 0.33 3.12 1.24 21 

IV-XI  2013 0.66 3.79 1.71 23 

IV-XI  2014 0.77 4.27 1.42 23 

IV-XII  2016 0.35 3.04 1.28 Authors’ data 

IV-VI  2017 0.97 5.20 2.03 Authors’ data 
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III.4.5.8. Conclusions 

The results of bacterioplankton studies performed in two Black Sea areas experiencing different 

level of anthropogenic pressure revealed the distinct seasonal variation of abundance and 

biomass with maximums in spring and summer months of 2016 and 2017. The highest values 

were registered in the surface layers of water.  

The studies of bacterioplankton quantitative characteristics in two areas of the north-western 

Black Sea with different anthropogenic load had shown that most part of year the content of 

bacteria in Odessa Bay was in the average 1.7 times higher than near the Zmiinyi Island coasts, 

which definitely was connected with the impact of the megalopolis with million inhabitants. 

Comparative analysis of water trophicity in two those areas had shown that BN in Odessa Bay 

corresponded to eutrophic status twice as frequently as near the Zmiinyi Island. In the 

assessment of water quality in Odessa Bay category «Moderately clean» or «Moderate» 

prevailed (43% of observations), while in the Zmiinyi Island the category «Clean» or «Good» 

prevailed (46 % of observations). Based on collected data and comparison of bacterioplankton 

quantitative characteristics with other indicators of marine environment, the gradation of 

bacterioplankton number and biomass were proposed, that correspond to different levels of 

water trophicity and could be used as one of simple indicators of marine environment quality 

in the Black Sea.  

It was shown that hydrological characteristics of water masses produced the determining 

influence on the BN changing in the Zmiinyi Island area. Short-term excision of BN in the island 

area compared with Odessa Bay was caused by the impact of the transformed Danube waters 

in the period of flood. Close correlation connections of BN with biotic and abiotic factors of the 

environment were established, which characterized the capability of the microbial component 

to reflect slightest changes in the environment and were the important criterion for their use 

in the system of marine environmental state control. At that, statistical connections for those 

two areas were significantly different. In the Zmiinyi Island coastal area high coefficients of pair 

correlation were established between the BN and salinity (r=−0.81), chlorophyll a 

concentration (r=0.68), trophic index (r=0.52), which was typical of natural processes. At the 

same time in Odessa Bay close correlation connections of bacterioplankton were found only 

with two parameters: temperature (r=0.39) and water transparency (r=−0.38). Statistical 

correlations with salinity (r=−0.28) and trophic index (r=0.27) were weak. 

Indicator properties of BN for marine water quality assessment have been confirmed: BN is an 

indicator of non-solved colloid substances of organic and inorganic origin, influencing other 

processes in marine environment, presence in water. It needs to be specially underlined that 

there is a significant statistical connection between the BN and water transparency, which has 

negative sign: this evidences the fact that decrease of transparency is connected with growth 

of bacterioplankton number, while this process in its turn is closely connected with suspended 

organic matter presence. This connection was the most apparent near the Zmiinyi Island coast, 

where correlation coefficient between BN and transparency made r = –0.41. In Odessa Bay this 

connection was weaker (r = −0.38), which could be caused by additional factors of 

anthropogenic origin influencing water transparency in the area.  
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III.4.5.9. Gaps and Recommendations 

The main problem connected with wide using of bacterioplankton characteristics for 

assessment and comparison of different Black Sea areas’ quality is the fact that not all the 

participants of pilot monitoring programmes are performing observations of those 

characteristics, while the present studies had shown that bacterioplankton is a sensitive 

indicator of marine environment quality. That is why it is recommended to include this type of 

observations into the programmes of monitoring and assessment of the Black Sea ecosystems 

state. 

For marine water quality estimation by BN it si recommended to use the gradations based on 

Ukrainian Methodology of water quality ecological assessment applying the international 

terminology.  

Keeping in mind the importance of monitoring of plastic microparticles in water, which became 

a problem for the World Ocean in general, it is proposed that microscopy of bacterioplankton 

and phytoplankton samples should be accompanied by mandatory registration of plastic 

microparticles.  

Organising the network of monitoring stations for marine environment quality assessment 

should take into account high variability of bacterioplankton and plan long-term observations, 

both in the reference Black Sea areas and in the areas suffering intensive anthropogenic 

pressure.   
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III.4.6. Chlorophyll a  
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Snigirov1, I. Soltys1 

 
1 Odesa National University (ONU), Odesa, Ukraine 

III.4.6.1. Introduction 

As is known [1, 2, 3], photosynthetic phytoplankton pigments (PSPs), such as chlorophylls a, b, 

c, are specific markers characterizing the processes taking place in marine phytoplankton and 

enabling us to assess its structure and biomass [4, 5, 6]. Under the Association Agreement with 

the EU [7], Ukraine took up to implement a number of the EU Directives, in particular Water 

Framework Directive (WFD) [8] and Marine Strategy Framework Directive (MSFD) [9].  

The most relevant EU policy target, with regard to chlorophyll concentrations, is from the WFD, 

which aims to reach good ecological status of all EU surface waters by 2015. Target chlorophyll 

concentrations/ranges that support the WFD biological quality elements at a good status (i.e. 

high-good boundary and good-moderate boundary) have been defined in the Commission 

Decision (2008/915/EC) [8]. Under the MSFD assessment framework, chlorophyll-a 

concentration in the water is specifically mentioned as an indicator under the Eutrophication 

Descriptor (D5), although it may also be potentially used to support other indicators under 

other descriptors, such as phytoplankton biodiversity (D1, D5), Harmful Algal Blooms 

(HABs) (D5), for food webs (D4), or even as tracer for hydrographical features (D7) such as 

eddies, upwellings or currents. However, relationship with those descriptors is less 

straightforward. In the recently approved Commission Decision 2017/848 [10], chlorophyll a is 

considered as a primary criterion (D5C2) that should be used to ensure consistency across the 

European Union. The recommendations [11] additionally specify that chlorophyll а is in the list 

of mandatory parameters to be measured by all countries in marine water. That is why 

chlorophyll a concentration was included into the list of marine environment state indicators 

for the monitoring pilot programmes in the coastal waters of the Zmiinyi Island (ZMN area) and 

in Odessa Bay (MHBS area).  

As the studies of phytoplankton community state using assessment of its PSPs are more 

objective and less time-consuming compared with classic microscopy methods, PSP is the most 
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efficient in marine areas where eutrophication happens. In particular, one of such areas is the 

Black Sea [12], where eutrophication not only brings down marine environment quality causing 

blooms of phytoplankton, but also gives rise to hypoxia and mass mortalities of marine 

organisms. In the recent years, potentially dangerous and toxic microalgae are emerging of in 

the Black Sea coastal areas more often [13, 14]; their control is efficiently carried out using 

chemotaxonomic markers, which are the PSPs [15]. 

Observations of photosynthetic pigments content in the Black Sea waters began in the 60th 

[16] and were performed in different parts of the Black Sea till the end of the 90th [17-19]. 

After demise of the USSR those observations in marine economic zones of Ukraine, Russia and 

Georgia practically stopped. However, they went on in marine economic zones of Bulgaria, 

Romania and Turkey, where PSPs, in particular Chl a content in marine water became widely 

used to determine the unwanted disruptions in the Black Sea marine ecosystem [12, 20-27]. 

Of special interest are the regular studies of phytoplankton community state and PSPs in the 

deltaic and open parts of the sea, also influenced by river flow. Unique location of the “Zmiinyi 

Island” Marine Research Station (MRS) of Odessa National I. I. Mechnikov University (ONU), 

where regular observations of phytoplankton community state and the PSPs have been 

performed from 2004 till 2017 in the framework of the Programme for Integrated Monitoring 

of the Zmiinyi Island Coastal Waters [28-40] enables us to control the state of open marine 

waters ecosystem influenced periodically by brackish river waters. Sets of regular experimental 

data about oxygen, total nitrogen, total phosphorus and Chi a content have been used to assess 

water quality with the triple exponential moving average (TRIX) index [30]. 

The aim of the present work has been to study the inter-annual and seasonal changes and 

trends of Chl a, Chl b, Chl c and Pheophytin a in the Zmiinyi Island coastal waters and in Odessa 

Bay in 2016-2017. 

III.4.6.2. Materials and methods 

Marine water sampling and chlorophyll a concentration determination was performed in the 

Zmiinyi Island area (ZMN area) and Odessa Bay (MHBS area) in April-December 2016 and 

March-June 2017 every 10 days on the reference stations ZPR-R (Zmiinyi Island) and MHBS-R 

(Odessa Bay), as well as monthly on the respective networks of sampling stations in each area 

(Figure III.4.6-1, III.4.6-2). Altogether 168 water samples from Odessa Bay and 158 from the 

Zmiinyi Island coastal area were analysed. 

Concentration of pigments was determined using spectrophotometry method [1, 41, 42]. 

Samples of sea water (2-4 l) were filtered through cellulose nitrate filters Sartorius with pore 

diameter 0.8 mkm. To prevent from chlorophyll decomposition MgCO3 suspension was added 

to the samples. Dried and packed filters were stored in frig not longer than one month.  
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Figure III.4.6-1 - Location of photosynthetic pigments sampling stations in Odessa Bay 

coastal waters in 2016-2017 / Sampling places and dates: 

  station MHBS-R (2016-2017),  (22, 26) 04.2016,  (01.06.2016),   01-02.07.2016,  

21.07.2016,   29.08.2016,  22.09.2016,   03.11.2016,  26.05.2017,  29.06.2017 

 

Figure III.4.6-2 - Location of phosynthetic pigments sampling stations in the Zmiinyi Island 

coastal waters in 2016-2017  / Sampling places and dates: 

 station ZPR,  10.04.2016,  17.05.2016  21.06.2016,  24.07.2016,  20.08.2016,  

25.09.2016,  03.11.2016,  26.11.2016,  28.04.2017,  27.05.2017,  25.06.2017 
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The pigments were extracted using 90% solution of acetone during 30 minutes with further 

centrifuging during 10 minutes at 6000 rev/min. Concentration of pigments was calculated 

using the formulas: 

Сhl-а = (11.64Е664-2.16Е645+0.1Е630) Ve/Vs, mkg/l; 

Сhl-b = (-3.94E664+20.97E645-3.66E630) Ve/Vs, mkg/l; 

Сhl-c = (-5.53Е664-14.81Е645+54.22Е630)Ve/Vs, mkg/l; 

Pheo = (26.7(1.7664k-665о))Ve/Vs, mkg/l. 

Where: 664о – extract extinction at wave length 665 nm with correction for non-specific 

absorption of light measured before acidifying; 

664k – extract extinction at wave length 664 nm with correction for non-specific absorption of 

light measured after acidifying; 

Ve – volume of extract, ml; Vs – volume of sample (l), Е – optical density of extract with  

correction for turbidity and cuvette length. 

Pigment index [43] was determined by the ratio of values at 430 and 665 nm.  

Optical density of extraction was measured using photometer JENWAY-6300. 

 

III.4.6-3 Results and discussions 

Based on the results of chlorophylls a, b, c and pheophytin determination in the Zmiinyi Island 

(ZMN area) and Odessa Bay (MHBS area) coastal waters in 2016-2017 the spatial and temporal 

changes of their values were analysed, as presented below.  

III.4.6.3. General characteristics of chlorophyll a and other photosynthetic 
pigments distribution 

III.4.6.3.1.  Zmiinyi Island coastal waters 

The results of determination of chlorophylls a, b, c, pheophytin concentration and pigment 

index value in the surface layer and water column near the Zmiinyi Island in 2016-2017 are 

presented in Table III.4.6-1 and on Figures III.4.6-3- III.4.6-7.  

Table III.4.6-1 - Range of Changes, Average Values and Standard Deviations of PSPs 

Concentrations in the Surface / Waters Column of Marine Waters near the Zmiinyi Island in 

2016-2017 

Parameter Quantity of Observations Minimal Maximal Average STD 

Chl a, µg L-1 158 0.10/0.08 7.29/10.19 1.71/1.67 1.64/1.75 

Chl b, µg L-1 158 0.03/0.06 2.39/3.50 0.68/0.66 0.60/0.60 

Chl c, µg L-1 158 0.07/0.02 3.05/3.60 0.90/0.93 0.75/0.85 

Pheophytin, µg L-1 158 0.06/0.07 4.43/6.31 1.04/0.90 0.93/0.99 

Pheophytin, % 158 13.5/11.3 74.0/71.4 38.4/34.8 15.1/15.3 

Pigment index 158 1.9/2.0 4.0/3.9 2.9/2.8 0.5/0.5 
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Chlorophyll a (Chl а). Content of Сhl a in April-December 2016 varied from 0.08 mkg/l (20.07) 

to 5.81 mkg/l (20.11) and in April-June 2017 from 0.29 mkg/l (25.06) to 10.19 mkg/l (27.05) at 

mean values 1.43±1.32 mkg/l and 2.35±2.27 mkg/l respectively. Changes of Сhl a concentration 

in surface and bottom (depth 7.5 m) waters at the ZPR-R reference station in the period of 

studies took place simultaneously, which can be proved by the high positive correlation 

coefficient (r = 0.94). At that in most of observations (60 %) the Сhl a  concentration at the 

surface were higher than near the bottom (Figure III.4.6-3).  

 

Figure III.4.6-3 -  Changes of concentrations of chlorophylls a, b and c at the ZPR-R reference 

station in the Zmiinyi Island coastal waters in 2016-2017 

 

Small dominance of Сhl a concentrations in the surface layer compared with the bottom one 

was observed on May 20 (1.5 times) and November 20, 2016 (1.6 times), which corresponded 

to spring and autumn peaks of phytoplankton development. In the average the concentration 

of Сhl a at the ZPR-R reference station in the surface 0.5 m layer made 1.31±1.40 mkg/l and  

was 1.2 times higher than near the bottom (1.08±1.06 mkg/l). 
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The highest concentrations of Сhl a (7.29-10.19 mkg/l) were found in the surface layer (0.2-3 

m) on the transect Z3 on 27 of May 2017 (Figure III.4.6-4) during abnormal inflow of the Danube 

River floodwaters, which was confirmed by abnormally low salinity value 7.56 PSU.  

Analysis of Сhl a vertical distribution in the period of monthly surveys has shown that in general 

for 11 transects its concentration was the highest (2.92±2.59 mkg/l) in the layer 3-10 m. Near 

the surface (layer 0.2-2 m) Сhl a concentration was 1.5 times lower than in the underlying layer 

and made in average 2.00±1.75 mkg/l. In the layer 10-20 m concentration of Сhl a was 1.7 times 

lower than in the layer above (3-10 m) and equalled to 1.68±0.99 mkg/l. The biggest drop in 

Сhl a concentration (2.7 times) compared to the layer of maximum was observed at the depth 

21-30 m, where average for 11 transects concentration of Сhl a was 1.07±0.86 mkg/l (Figure 

III.4.6-4). 

 

 

Figure III.4.6-4 - Changes of concentrations of chlorophylls а, b, and с in the Zmiinyi Island 

coastal waters according to the results of surveys in 2016-2017. 
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Chlorophyll b (Chl b). The content of Chl b in plankton near the Zmiinyi Island was in average 

2.5 times lower than that of Сhl a. Chl b concentration in April-December 2016 changed from 

0.03 mkg/l (20.07) to 2.22 mkg/l (20.11); in April-June 2017 - from 0.08 mkg/l (10.05) to 3.50 

mkg/l (27.05) with mean values 0.60±0.51 mkg/l and 0.85±0.74 mkg/l respectively. At that, 

changes of Chl b concentrations took place practically simultaneously with those of Сhl a, which 

can be proved by high positive correlation coefficient (r = 0.95) between these two pigments. 

In this respect all the regularities of temporal and spatial changes found for Сhl a were also true 

for Chl b.  

Changes of Chl b concentrations in the surface and bottom layers at the ZPR reference station 

took place simultaneously (Figure III.4.6-3), which can be proved by high positive correlation 

coefficient (r = 0.84). At that average Сhl b concentration at the surface equalled to 0.54±0.51 

mkg/l and was 1.2 times higher than at the bottom (0.46±0.43 mkg/l). Vertical distribution of 

Chl b in the period of monthly surveys showed that in average for 11 transects the highest Сhl 

b concentration (1.10±0.80 mkg/l) was registered in the layer 3-10 m; the lowest (0.48±0.28 

mkg/l)  in the bottom layer (21-30 m). 

Chlorophyll c (Chl с). The Chl с concentration in April-December 2016 varied from 0.02 mkg/l 

(21.06) to 3.10 mkg/l (20.08); in April-June 2017 – from 0.06 mkg/l (28.04) to 4.39 mkg/l (10.06) 

with mean values 0.78±0.66 mkg/l and 1.25±1.01 mkg/l respectively. At that the Chl c 

concentration was 2 times lower than that of Сhl a and 1.4 times higher than Сhl b 

concentration. Variations of all the pigments concentrations took place simultaneously (Figure 

III.4.6-3), which was proved by high positive correlation coefficients (r=0.76 for Chl с and Chl а; 

r=0.79 for Chl с and Chl b). Changes in Сhl с concentrations in the surface and bottom (7.5 m) 

water layers at the ZPR-R reference station took place simultaneously, which is proved by high 

positive correlation coefficient (r = 0.86). Average Сhl с content in the surface layer was 

0.75±0.75 mkg/l and in the bottom layer of 0.71±0.80 mkg/l, which shows that the difference 

was minimal. Distribution of Chl с in water column in the period of monthly surveys was similar 

to the distribution of other pigments. In the average for 11 transects, the highest Сhl с 

concentration (1.46±0.94 mkg/l) was registered in the layer 3-10 m; the lowest (0.56±0.34 

mkg/l) – in the bottom (21-30 m) layer.  

Pheophytin. The content of pheophytin in April-December changed from 0.06 mkg/l (10.06) to 

4.23 mkg/lл (3.11); in April-June 2017 - from 0.10 mkg/l (25.06) to 6.31 mkg/l (27.05) with mean 

values 0.85±0.66 mg/l and 1.22±1.33 mkg/l respectively. The regularities of pheophytin 

absolute values were similar to those observed for the chlorophylls. At that, the closest 

correlation (r=0.86) was found between pheophytin and Chl а. Correlation coefficients of 

pheophytin with Chl b and Chl с were respectively 0.83 and 0.58. Pheophytin concentrations in 

the surface and bottom water layers at the ZPR-R reference station were in average 0.73±0.62 

mkg/l and 0.57±0.46 mkg/l respectively, and changed simultaneously, which is proved by high 

positive correlation coefficient (r=0.79). Pheophytin vertical distribution in the period of 

monthly surveys had shown that in the average for 11 transects the highest concentration 

(1.65±1.55 mkg/l) was registered in the layer 3-10 m, which had also been typical of 

chlorophylls. The lowest pheophytin concentration was registered in the bottom layer 21-30 m 

like it was typical of chlorophylls; its mean concentration there was 0.66±0.48 mkg/l. 

Relative pheophytin content in April-December 2016 varied from 15.7 % (22.12) to 93.1 % 
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(30.04); in April-June 2017 - from 11.3 % (28.04) to 74.0 % (20.05) at mean values 38.8±14.5 % 

and 30.6±15.6 % respectively. Mean values of pheophytin content in the surface and bottom 

water layers at the ZPR-R reference station (Figure III.4.6-5) were practically similar and 

equalled to 38.6±16.5 % and 37.0±17.4 % respectively. In the period of monthly surveys (Figure 

III.4.6-6) the highest relative pheophytin content was registered in the surface (0-2 m) water 

layer (38.9 %), while in the underlying layer (3-10 m) its content went down to 33.6 %. In the 

bottom layer (21-30 m) relative content of pheophytin was close to the mean value for the 

entire water column and made 33.0 %. 

Figure III.4.6-5 - Changes of absolute and relative pheophytin concentrations at the ZPR 

reference station in the Zmiinyi Island coastal waters in 2016-2017 

Figure III.4.6-6 - Changes of pheophytin concentrations in the Zmiinyi Island coastal 

waters according to results of the surveys in 2016-2017 
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Pigment index. In April-December 2016 pigment index varied from 1.9 (20.11) to 4.3 (30.06 

and 10.09); in April-June 2017 - from 2.0 (28.04) to 3.9 (5.06) with mean values 2.9±0.5 and 

2.8±0.5 respectively (Figure III.4.6-7). In the surface and bottom waters at the ZPR reference 

station, mean values of pigment index were absolutely similar and equalled to 3.0±0.6. 

Determination of pigment index mean values in the water column during monthly surveys had 

shown that in general for 11 transects in the surface (0-2 m) and bottom (21-30 m) layers the 

values were the same – 2.8±0.5. At the same time in the intermediate water layer (3-20 m) 

pigment index was somewhat lower and made 2.7±0.4.  

 

Figure III.4.6-7 - Changes of pigment index values at the ZPR-R reference station (А) and 

based on the results of surveys (В) in the Zmiinyi Island coastal waters in 2016-2017 

 

Keeping in mind the fact that the changes with all the photosynthetic pigments were quite 

consistent and that there was close correlation between them, seasonal variations were 

analysed based on the data about Chl а only.  

Average monthly Chl а values in the surface layer changed from the minimal (0.61±0.50 mkg/l) 

in August 2016 to maximal (2.78±2.50 mkg/l) in November 2016. In the bottom layer seasonal 

changes were less pronounced than at the surface, at that minimal values (0.55±0.24 mkg/l) 

were registered in October 2016 and the highest (1.94±1.65 mkg/l) in November 2016 like in 

the surface layer. Analysis of seasonal variation has shown two distinct peaks of Chl а 

concentration in May and November (Figure III.4.6-8).  
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Figure III.4.6-8 - Average monthly concentrations of Chl а in the surface and bottom 

layers near the Zmiinyi Island based on the data from the ZPR-R reference station and 

monthly transects 

 

In May 2016 in the surface layer the concentration of Chl а increased 2.3 times compared to 

April and reached 2.53±1.82 mkg/l. Then the concentration was gradually decreasing reaching 

its lowest values (0.61±0.50 mkg/l) in August. In September and October the concentration 

grew a little in comparison with the summer minimum, however the highest values 

(2.78±2.62 mkg/l) were registered only in November. In the bottom layer, the seasonal peaks 

of concentration registered in May and November were 1.5 times lower than at the surface – 

1.64±0.44 mkg/l and 1.93±1.71 mkg/l respectively. Comparison between Chl а concentrations 

measured in the same seasons of two years of studies has shown that in April-June 2016 its 

content in the surface layer of water (1.71±1.35 mkg/l) was 1.2 times lower than in the same 

period of 2017 (2.00±2.00 mkg/l). 

Two peaks in the seasonal dynamics of Chl а concentrations was typical of the studied water 

area in the previous years [44]; the same was also observed in other Black Sea areas (19). 

Seasonal changes of Chl а concentration at the Zmiinyi Island coast during the period of studies 

had the features characteristic of meso-eutrophic marine waters. In summer months and in 

winter Chl а concentrations were <0.1 mkg/l, which according to Vedernikov’s classification 

[45] corresponds to mesotrophic type of marine waters, however in spring and autumn (the 

periods of intensive inflow of transformed river waters into the sea) its concentration were 

growing and reaching the values (>1.0 mkg/l) typical of eutrophic waters. 

Analysis of Chl а spatial distribution in the surface waters near the Zmiinyi Island done based 

on 11 surveys had shown that on the majority of stations located 240-400 m far from the island 

the concentration of chlorophyll а was higher than near the coast (Table III.4.6-2). In average 

for 11 transects, on the station 6 located 400 m far from the island the concentration of Chl а 

was 1.7 times higher than on the stations 1 and 2 situated near the coast. The biggest 

differences were registered on November 3, 2016 and May 27, 2017, when the concentration 

of Chl а on the station 6 was 3-6 times higher than on the coastal stations.  
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Table III.4.6-2 - Concentration of Chl a (mkg/l) in the surface waters on the transects from the 

Zmiinyi Island coast (station 1 – depth 2 m, station 2 - 5 m, station 4 - 15 m, station 6 – 25 m). 

Date 

 

Transect 

 

Station Mean 

 1 2 4 6 

10.04.2016 Z-1 0.87 1.07 0.84 0.71 0,87 

10.05.2016 Z-3 3.20 3.69 5.09 5.47 4,36 

21.06.2016 Z-5 1.00 1.98 1.02 0.91 1,23 

24.07.2016 Z-3 4.66 0.99 1.78 3.91 2,84 

20.08.2016 Z-5 0.89 1.04 1.11 1.17 1,05 

25.09.2016 Z-3 1.37 1.11 2.85 2.43 1,94 

03.11.2016 Z-3 0.82 0.56 1.17 3.51 1,52 

26.11.2016 Z-3 0.23 0.30 0.78 0.82 0,53 

28.04.2017 Z-1 2.48 2.32 2.85 2.79 2,61 

27.05.2017 Z-3 2.29 2.49 7.04 7.29 4,78 

25.06.2017 Z-3 0.56 0.67 0.61 0.71 0,64 

Mean 1,67 1.47 2.29 2.70 2.26 

 

Analysis of Chl а vertical distribution based on monthly surveys down to the depth 30 m shows 

the tendency towards decrease of concentration with depth (Figure III.4.6-9). In average for 11 

surveys, the content of Chl а at the surface was 1.8 times higher than at the depth 24-26 m. 

However, in May 2016 and May 2017 the concentration of Chl а in the surface layer was 6 and 

3 times higher than at the depth 15-25 m (Figure III.4.6-10). At that, the absolute maximum of 

Chl а concentration (10.19 mkg/l) in the present studies was registered in May 2017 at the 

depth 3 m, where distinct halocline was observed, i.e. salinity on the horizon 3 m was 7.71-7.97 

PSU and reached  13.85-14.91 PSU at the depth of 4-5 m. 

Figure III.4.6-9 - Vertical distribution of chlorophyll a concentration in the Zmiinyi Island 

coastal waters in 2016-2017 
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Figure III.4.6-10 -  Vertical distribution of chlorophyll a concentration in the Zmiinyi Island 

coastal waters on May 27, 2016 (А) and May 27, 2017 (В) 

 

III.4.6.3.2. Odessa Bay 

The results of analyses of concentrations of chlorophylls a, b and c, pheophytin and pigment 

index in the waters of Odessa Bay in 2016-2017 are presented in Table III.4.6-3 and on Figures 

III.4.6-11- III.4.6-16.  

Table III.4.6-3. Range of Changes, Average Values and Standard Deviations of PSPs 

Concentrations in the Surface / Waters Column of Odessa Bay in 2016-2017 

Parameter Quantity of 

Observations 

Minimal Maximal Average STD 

Chl a, µg L-1 168 0.43/0.36 4.72/6.17 1.51/1.44 0.79/0.89 

Chl b, µg L-1 168 0.03/0.03 2.01/2.45 0.61/0.61 0.36/0.37 

Chl c, µg L-1 168 0.08/0.11 2.87/3.04 0.94/0.85 0.64/0.55 

Pheophytin, µg L-1 168 0.24/0.25 2.67/5.17 1.07/1.15 0.55/0.82 

Pheophytin, % 168 13.8/13.3 91.6/89.4 42.5/45.9 14.77/14.3 

Pigment index 168 2.0/2.1 4.3/4.9 3.1/3.1 0.4/0.4 
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Figure III.4.6-11 - Changes of chlorophylls a, b and c concentration at the MHBS-R 

reference station in Odessa Bay in 2016-2017 

 

Chlorophyll a (Chl а). Content of Сhl a in April-December 2016 varied from 0.36 mkg/l (21.07) 

to 6.17 mkg/l (30.05); in April-June 2017 - from 0.38 mkg/l (29.06) to 2.45 mkg/l (10.03) with 

mean values 1.61±0.89 mkg/l and 1.04±0.51 mkg/l respectively. Variations of Chl а 

concentrations in the surface and bottom water layers at the MHBS-R reference station were 

taking place simultaneously, which is proved by high positive correlation coefficient 0.94 

(Figure III.4.6-11). At that mean content of Chl а in the surface (1.40±0.85 mkg/l) and bottom 

(1.43±1.01 mkg/l) layers was practically the same. The reason for that was small depth (2.5 m) 

at the reference station. It should be noted that maximal Chl а concentration (6.17 mkg/l) was 

registered in May in the bottom layer, while the value at the surface in that period was 1.3 

times lower.  
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Distribution of Сhl a in the period of monthly studies of water column down to 25 m depth had 

shown that in average for 9 surveys the highest concentration of Сhl a (1.69±0.6 mkg/l) 

localized in the surface 0-2 m layer (Figure III.4.6-12). The content of Сhl a in water column 

including the bottom layer was 1.2 times lower than at the surface, at that mean values for all 

the layers were the same (1.42±0.90 mkg/l). It should, however, be pointed out that the highest 

concentration of Сhl а (3.86 mkg/l) according to the results of 9 surveys was registered at the 

depth of 9 m in the layer of thermocline, which was distinct in early July 2016 (Figure III.4.6-

13). High Сhl а concentrations (3.12-3.17 mkg/l) were also found in the bottom layer at the 

depth of 9.5 m (02.07.2016) and 12.5 m (29.08.2016), which was probably connected with 

settling of phytoplankton cells. 

Chlorophyll b (Chl b). Content of Chl b in the plankton of Odessa Bay was in average 2.4 times 

lower than the content of Сhl a. Its concentration in April-December 2016 varied from 0.11 

mkg/l (21.07) to 2.45 mkg/l (30.05); in April-June 2017 - from 0.03 mkg/l (20.03) to 1.52 mkg/l 

(10.03 and 10.04) with mean values 0.67±0.36 mkg/l and 0.43±0.44 mkg/l respectively. At that 

changes of Chl b concentration took place practically simultaneously with those of Сhl a, which 

can be proved by high positive correlation coefficient (r = 0.83) between those pigments. In this 

respect, all the regularities of temporal and spatial changes characteristic of Сhl a were also 

true for Chl b.  

On the MHBS-R reference station the changes of Chl b in the surface and bottom layers were 

comparatively similar (Figure III.4.6-10), which is proved by high positive correlation coefficient 

(r = 0.65). At that mean Сhl b concentration at the surface (0.54±0.40 mkg/l) was just a little 

below that at the bottom (0.61±0.47 mkg/l). Chl b distribution in water column during the 

periods of monthly surveys showed that the mean Сhl b concentration for 9 surveys and all the 

layers was practically the same and varied from 0.69±0.30 mkg/l at the surface to 0.60±0.31 

mkg/l in the bottom layer. The highest Chl b concentration (1.47 mkg/l) was, like with Сhl a, 

registered during monthly survey on 02.07.16 at the depth of 9 m (Figure III.4.6-11).  
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Figure III.4.6-12 - Changes of concentrations of chlorophylls a, b and c in Odessa Bay 

according to the results of surveys in 2016-2017 
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Figure III.4.6-13 - Vertical distribution of chlorophyll a concentrations in Odessa Bay 

during the survey on July 2, 2016 

 

Chlorophyll c (Chl с). In April-December 2016 Chl с concentration changed from 0.11 mkg/l 

(21.07) to 3.04 mkg/l (30.05); in April-June 2017 - from 0.08 mkg/l (20.03 and 20.06) to 2.95 

mkg/l (10.04) with mean values 0.83±0.54 mkg/l and 1.02±0.70 mkg/l respectively. At that its 

content was 1.7 times lower than that of Сhl a but 1.4 times higher compared with Сhl b. 

Despite of quantitative differences, variations of all the pigments took place quite similarly 

(Figure III.4.6-11), which s proved by high positive correlation coefficients (r=0.50 for Chl с : Chl 

а and r=0.38 for Chl с : Chl b). The changes of Сhl с concentrations in the surface and bottom 

(depth 7.5 m) waters at the MHBS-R reference station took place simultaneously, which is 

confirmed by high positive correlation coefficient (r = 0.62). At that, mean content of Сhl с in 

the surface layer was 0.97±0.77 mkg/l and in the bottom layer 0.87±0.69 mkg/l, i.e. the 

difference was insignificant. 

Distribution of Chl с in water column in the period of monthly surveys had shown that average 

for 9 surveys concentration of Сhl с in all layers was practically the same changing from 

0.89±0.49 mkg/l at the surface to 0.86±0.57 mkg/l in the bottom layer. The highest 

concentrations of Chl с (1.90 mkg/l) were registered during the period of surveys both at the 

surface (22.04.16 and 3.11.16) and in the bottom layer (29.08.16) (Figure III.4.6-12).  

Regularities of pheophytin absolute values changes were similar to those observed with 

chlorophylls. At that the strongest correlation (r=0.80) was found between pheophytin and Chl 

а. Correlation coefficients of pheophytin with Chl b and Chl с  were, respectively, 0.67 and 0.38. 

Pheophytin content in the surface and bottom layers at the MHBS-R reference station was 

changing simultaneously (correlation coefficient r=0.78) and made in average 1.01±0.56 mkg/l 

and 1.15±1.04 mkg/l respectively. Distribution of pheophytin in water column of Odessa Bay in 

the periods of monthly surveys coincided with the results received at reference station. In the 

surface (0-5 m) layer pheophytin content equalled to 1.09±0.53 mkg/l and was a little less than 

in the layer 6-15 m, where pheophytin mean concentration reached 1.22±0.70 mkg/l. 
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Relative content of pheophytin in April-December 2016 varied from 13.3 % (21.07) to 87.5 % 

(03.11); in April-June 2017 - from 13.8 % (26.05) to 916 % (19.05) with mean values 42.4±14.5 

% and 50.5±19.9 % respectively. Mean value of pheophytin content in the surface layer at the 

MHDS-R reference station (Figure III.4.6-14) was 2.6 % higher than in the bottom layer: 

46.2±15.3 % and 43.6±15.3 % respectively. During the periods of monthly surveys relative 

content of pheophytin in the surface layer 0-5 m was 11 % lower than in the layer 6-15 m, 

where its content reached 50,4 %. 

Pigment index. In April-December 2016 pigment index changed from 2.0 (03.11) to 3.9 (10.08); 

in April-June 2017 - from 2.1 (28.04) to 4.9 (29.06) with average values 3.0±0.4 and 3.3±0.6 

respectively. Mean values of pigment index in the surface and bottom waters at the MHDS-R 

reference station (Figure III.4.6-16) were very close: 3.1±0.5 and 3.0±0.4 respectively. 

Determination of pigment index mean values in water column during monthly surveys had 

shown that in average for 9 surveys the values of pigment index in the surface (0-2 m) and 

bottom (11-15 m) layers were the same: 3.1±0.5. At the same time in the intermediate layer 3-

5 m pigment index was higher and made 3.3±0.5. 

Pheophytin. Pheophytin content in April-December 2016 varied from 0.25 mkg/l (23.03) to 5.17 

mkg/l (30.05); in April-June 2017 - from 0. 24 mkg/l (26.05) to 3.42 mkg/l (20.06) with mean 

values 1.17±0.73 mkg/l and 0.93±0.66 mkg/l respectively (Figure III.4.6-14 and III.4.6-15).  

Figure III.4.6-14 - Changes of pheophytin absolute and relative concentrations at the MHBS-

R reference station in Odessa Bay in 2016-2017 

 

0

1

2

3

4

5

6

2
3
.0

3
.1

6

2
8
.0

4
.1

6

2
0
.0

5
.1

6

1
0
.0

6
.1

6

2
9
.0

6
.1

6

2
0
.0

7
.1

6

1
0
.0

8
.1

6

3
0
.0

8
.1

6

2
1
.0

9
.1

6

1
0
.1

0
.1

6

0
1
.1

1
.1

6

2
1
.1

1
.1

6

2
0
.1

2
.1

6

1
0
.0

3
.1

7

3
0
.0

3
.1

7

1
9
.0

4
.1

7

1
0
.0

5
.1

7

3
1
.0

5
.1

7

2
0
.0

6
.1

7

P
h

eo
p

h
y

ti
n

, 
m

k
g

/l

Surface layer

Bottom layer

0
10
20
30
40
50
60
70
80
90

100

2
3
.0

3
.1

6

2
8
.0

4
.1

6

2
0
.0

5
.1

6

1
0
.0

6
.1

6

2
9
.0

6
.1

6

2
0
.0

7
.1

6

1
0
.0

8
.1

6

3
0
.0

8
.1

6

2
1
.0

9
.1

6

1
0
.1

0
.1

6

0
1
.1

1
.1

6

2
1
.1

1
.1

6

2
0
.1

2
.1

6

1
0
.0

3
.1

7

3
0
.0

3
.1

7

1
9
.0

4
.1

7

1
0
.0

5
.1

7

3
1
.0

5
.1

7

2
0
.0

6
.1

7

P
h

eo
p

h
y

ti
n

, 
%

Surface layer

Bottom layer



Scientific Report - 12-Months Monitoring Studies 

in Georgia, Russian Federation and Ukraine, 2016-2017 

 

430 

Figure III.4.6-15 - Changes of pheophytin concentration in Odessa Bay according to the 

results of surveys in 2016-2017 

 

 

Figure III.4.6-16 - Changes of pigment index values at the MHBS-R reference station (А) and 

according to the data from surveys (В) in Odessa Bay in 2016-2017 
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Keeping in mind close correlation connections between all the photosynthetic pigments, 

seasonal changes were analysed only based on the data on chlorophyll а.  

Average monthly values of Chl а in the surface layer varied from the lowest (0.53±0.8 mkg/l) in 

December 2016 to the highest (2.46±1.61 mkg/l) in May 2016. In the bottom layer of water 

average monthly concentrations of Chl а fully repeated the changes in the surface layer, which 

was proved by very high positive correlation coefficient (r=0.95). At that, the lowest values 

were 0.69±0.8 mkg/l (12.2016) and the highest reached 3.03±1.65 mkg/l (05.2016) and 

exceeded the value at the surface 1.2 times. Seasonal dynamics of Chl а in Odessa Bay, like in 

the Zmiinyi Island area, had two peaks of concentration – in May and November 2016 (Figure 

III.4.6-17).  

Figure III.4.6-17 - Seasonal changes of chlorophyll а concentrations in the surface and 

bottom waters of Odessa Bay in 2016-2017 

 

In May 2016 Сhl a concentration all over the water column grew 2.5 times compared with April 

and reached 2.75±2.16 mkg/l. In July and August concentration of chlorophyll decreased 

compared with May more than 2 times and made in average for the whole water column 

1.25±0.58 mkg/l and 1.36±0.59 mkg/l respectively. The second maximum of Сhl a 

concentration was observed in November (2.54±1.28 mkg/l), though it was 1.3 times lower 

than the spring one. In December Сhl a concentration all over the water column went down to 

mean monthly minimum (0.61±0.11 mkg/l). Comparison between Chl а concentrations in the 

same seasons of two years had shown that in March-June 2016 its content in the waters of 

Odessa Bay (1.84±1.34 mkg/l) was 1.6 times higher than in the same period of 2017 (1.14±0.58 

mkg/l). 

A characteristic feature of Chl а dynamics in Odessa Bay was absence of distinct summer 

minimum of concentrations (<1.0 mkg/l) as it was observed in the Zmiinyi Island water area. At 

the same time seasonal dynamics of Сhl a in Odessa Bay, like it was near the Zmiinyi Island 

coast, had the features characteristic of meso-eutrophic marine waters. At that, most part of 

year – from April to November - Сhl a content in Odessa Bay was higher than 1.0 mkg/l, which 

according to Vedernikov classification [45] corresponded to eutrophic type of water. 
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III.4.6.4. Statistical interrelations between changes in photosynthetic 
pigments concentrations and environmental factors 

Analysis of statistical interrelations of Chl а, Chl b, Chl с, pheophytin and pigment index content 

with the environmental factors had shown that in the Zmiinyi Island area the changes in their 

concentrations were statistically close connected with 8 out of 13 controlled parameters (Table 

III.4.6-4). The highest coefficients of pair correlation for Chl а, Chl b and Chl с were received for 

transparency, salinity, oxygen content, bacterioplankton number and trophic index (TRIX). Less 

close was correlation of chlorophylls with pH, nitrate nitrogen and ammonium nitrogen. The 

values of pheophytin absolute concentration also correlated with the above environmental 

factors, while relative pheophytin content demonstrated no connection with the above-

mentioned parameters. Changes of pigment index were connected with variations of 

temperature, pH, oxygen, nitrate nitrogen and nitric nitrogen.  

Table III.4.6-4 - Coefficients of correlation between phytoplankton pigments and marine 
waters parameters near the Zmiinyi Island coast in 2016-2017 

 Parameter  Chl a Chl b Chl c Pheo.mkg Pheo. % Pigm.index 

Temperature -0.01 0.01 0.04 0.04 0.14 0.58** 

Transparency -0.34** -0.38** -0.36** -0.28* 0.09 -0.09 

рН 0.27* 0.28* 0.25* 0.25* 0.02 0.33** 

Salinity -0.58** -0.57** -0.40** -0.60** -0.06 -0.04 

Oxygen, mkg/l 0.49** 0.47** 0.36** 0.47** -0.03 -0.47** 

Oxygen, % 0.54** 0.54** 0.43** 0.56** 0.07 -0.05 

Total phosphorus -0.04 -0.06 -0.13 -0.01 0.08 0.16 

Phosphate -0.14 -0.14 -0.18 -0.11 0.09 0.16 

Total nitrogen 0.20 0.17 0.10 0.19 0.00 -0.21 

Nitrate nitrogen 0.30* 0.27* 0.09 0.30* 0.02 -0.41** 

Nitric nitrogen 0.18 0.24 0.16 0.16 -0.10 -0.25* 

Ammonium nitrogen 0.29* 0.33** 0.17 0.24 -0.04 -0.08 

Bacterioplankton 0.68** 0.63** 0.48** 0.64** -0.14 -0.12 

TRIX 0.70** 0.66** 0.49** 0.67** -0.11 -0.30* 

Note: ** - level of significance 0.001, * - level of significance 0.01. 

High negative correlation coefficient between pigments and salinity shows that concentration 

of all the phytoplankton photosynthetic pigments grow as salinity goes down, i.e. when 

transformed river waters distribute in the sea. Positive correlation of photosynthetic pigments 

concentration with oxygen content and pH is functionally grounded as in the process of 

photosynthesis oxygen release and water alkalinisation take place. Close positive connection 

between pigments and bacterioplankton show that phytoplankton is the main source of organic 

matter required for development of bacteria. It should also pointed out that there is a close 

correlation between all the measured pigments of phytoplankton and the trophic index (TRIX). 

This dependence can be explained by the fact that Chl a is one of the components for trophic 

index calculation.  

In Odessa Bay the concentrations of Chl а, Chl b, Chl с, pheophytin and pigment index were 

statistically connected with smaller number of controlled parameters than in the Zmiinyi Island 

area, however close connection was confirmed with salinity, oxygen saturation, 

bacterioplankton number and trophic index (Table III.4.6-5).  
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Table III.4.6-5 - Coefficients of correlation between phytoplankton pigments and marine 

waters parameters in Odessa Bay at the MHBS-R station in 2016-2017 

 Parameter  Chl a Chl b Chl c Pheo.mkg Pheo. % Pigm.index 

Temperature 0.16 0.14 -0.26* 0.05 -0.13 0.23 

Transparency -0.26* -0.24 0.13 -0.29* 0.11 0.01 

рН 0.50** 0.48** 0.14 0.51** -0.02 0.13 

Salinity -0.64** -0.58** -0.40** -0.64** 0.04 -0.26* 

Oxygen, mkg/l 0.08 0.04 0.37** 0.17 0.16 -0.07 

Oxygen, % 0.42** 0.41** 0.36** 0.54** 0.08 0.30** 

Total phosphorus 0.10 0.02 -0.09 0.07 0.04 0.12 

Phosphate 0.08 -0.01 0.12 0.12 0.10 -0.02 

Total nitrogen 0.05 0.01 0.08 -0.05 -0.08 -0.06 

Nitrate nitrogen -0.17 -0.13 -0.02 -0.05 -0.04 0.13 

Nitric nitrogen 0.05 -0.03 -0.06 0.08 0.03 -0.04 

Ammonium nitrogen 0.66** 0.59** 0.38** 0.57** -0.08 -0.06 

Bacterioplankton 0.51** 0.45** 0.10 0.51** 0.02 0.31* 

TRIX 0.57** 0.47** 0.33** 0.50** 0.01 -0.11 

Note: ** - level of significance 0.001, * - level of significance 0.01. 

III.4.6.5. Comparative analysis of ZMN and MHBS areas 

The established correlation dependence between chlorophyll and salinity as an indicator of 

transformed river waters distribution evidences the decisive influence of river inflow, which 

brings nutrients and stimulates phytoplankton development, on the dynamics of Chl a in both 

studied areas of the sea. Based on salinity water masses of the north-western Black Sea can be 

divided into three types: 1 (7.5-14.0 PSU) – water masses formed under the influence of river 

discharge; 2 (14.1-17.0 PSU) – mixed type of waters typical for the north-western part of the 

sea; and 3 (>17 PSU) – water masses of the open part of the Black Sea [37]. During the period 

of studies (2016-2017) salinity of marine water in the Zmiinyi Island area varied from 7.48 to 

17.61 PSU; in Odessa Bay - from 7.60 to 17.21 PSU. Depending on the type of water, 

concentration of Chl a changed in the Zmiinyi Island area in average 5 times, in Odessa Bay – 

3.7 times (Table III.4.6-6). At that, the transformed river waters of Type 1 in the Zmiinyi Island 

area contained 1.3 times more Chl a than the waters of the same type in Odessa Bay. However, 

the water masses of Types 2 and 3 contained practically the same quantity of chlorophyll in the 

two studied areas.  

Table III.4.6-6 - Mean concentrations of Chl a in the Zmiinyi Island coastal waters and in 

Odessa Bay for three types of water masses: 1 (10.0-14.0 PSU), 2 (14.1-17.0 PSU and 3 (>17 

PSU) 

Type of water 
Average salinity 

ZMN/MHBS Zmiinyi area Odessa Bay 

1 - 7.5-14.0 PSU 12.37/12.12 3.17±2.35 2.48±1.14 

2 - 14.1-17.0 PSU 15.65/15.95 1.29±1.08 1.28±0.60 

3 - >17 PSU 17.34/17.14 0.62±0.29 0.67±0.34 
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Comparison of Chl a concentration in two studied areas (Table III.4.6-7) had shown that the 

fluctuation range of Chl a near the Zmiinyi Island (0.08-10.19 mkg/l) was 1.7 times bigger than 

in Odessa Bay water area (0.36 – 6.17 mkg/l). In 2016 mean concentration of Chl a in the Zmiinyi 

Island area was a little (1.1 times) lower than in Odessa Bay, but in spring-summer period of 

2017 its quantity near the island exceeded the concentration in Odessa Bay 2.2 times. In total 

for the entire period of observation, mean Chl a concentration in the Zmiinyi Island area was 

1.2 times higher than in Odessa Bay. Mean concentrations of Chl в and Chl с in the two studied 

areas had minimal difference. Unlike the chlorophylls, relative content of pheophytin in Odessa 

Bay throughout the whole period of studies was 4-20% higher than in the Zmiinyi Island water 

area. The values of pigment index in Odessa Bay were also higher near the island (Table III.4.6-

7). 

Table III.4.6-7 - Photosynthetic pigments concentration (mkg/l) in marine plankton near the 

Zmiinyi Island coast and in Odessa Bay during the periods of studies in 2016/2017 

Pigment 
ZMN MHBS 

Average Min.  Max. Average Min. Max. 

Chlorophyll а  1.43/2.35 0.08/0.29 5.81/10.19 1.61/1.04 0.36/0.38 6.17/2.45 

Chlorophyll b 0.60/0.85 0.03/0.08 2.22/3.50 0.67/0.43 0.11/0.03 2.45/1.52 

Chlorophyll с 0.78/1.25 0.02/0.06 3.10/4.39 0.83/1.02 0.11/0.08 3.04/2.95 

Pheophytin, mkg/l 0.87/1.22 0.06/0.10 4.23/6.31 1.17/0.93 0.25/0.24 5.17/3.42 

Pheophytin, % 38.8/30.6 15.7/11.3 93.1/74.0 42.5/50.5 12.2/12.8 87.5/91.6 

Pigment index 2.9/2.8 1.9/2.0 4.3/3.9 3.0/3.3 2.0/2.1 3.9/4.9 

 

Analysis chlorophylls ration in the two areas had shown that in average for the entire period of 

studies the share of Chl a in the sum of the three pigments in the Zmiinyi Island area was 3% 

higher than in Odessa Bay (Figure III.4.6-18). Smaller share of pheophytin formed as the result 

of chloroplasts aging and decomposition is an evidence of lower photosynthetic activity of 

phytoplankton in Odessa Bay. In this respect, one should believe that physiological state of algal 

community near Odessa coast is worse than in the Zmiinyi Island area. 

 

 

 

Figure III.4.6-18 - Ratio of Chl a, Chl b and Chl c content (in %) in marine plankton near the 

Zmiinyi Island coast (А) and in Odessa Bay (В) in 2016-2017 
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III.4.6.6. Comparison with historical data 

Comparison of the results received by us with the data from literature [19, 46, 47] had shown 

that in the 80th of the past century, like at present, sharp variations of Chl a content were typical 

for the north-western part of the sea. Their range made 0.15-15.0 mkg/l and was very close to 

the amplitude of variations near the Zmiinyi Island coast (0.10-10.19 mkg/l) under current 

conditions. However, in 1989-1995 maximally high for 50 years of observation concentrations 

of Chl a were registered, they reached 26-55 mkg/l and were 20-30 times higher than current 

results [29]. According to the data of phytoplankton pigments study in the Zmiinyi Island area 

in 2003-2007 [29-31, 34, 35, 44], the range of Chl a concentration was from 0.13 to 28.04 mkg/l, 

making in average the values close to the results from 2016-2017. The published data on Chl a 

concentration near the Zmiinyi Island area in 2008-2014 [37, 38] show that the results received 

in 2016-2017 are within the range of values typical of this water area in the past 14 years. The 

values of Chl a concentrations calculated by us in 2016-2017 for the three types of waters with 

different salinity (1 - 10.0-14.0 PSU, 2 - 14.1-17.0 PSU and 3 >17 PSU) also coincide with the 

many years’ results of observation in the Zmiinyi Island area [38]. According to the character of 

Chl а seasonal changes the results of the present studies are in good agreement with the data 

of the 80th of the past century [19] when seasonal dynamics with two maxima and summer 

minimum was typical for the entire north-western Black Sea.  

III.4.6.7. Conclusions 

The study of phytoplankton pigments in two areas of the north-western Black Sea has shown 

big variability of their concentrations during the period of observation. In the Zmiinyi Island 

area the range of pigments variation was: for Chl a 0.08 – 10.19 mkg/l, for Chl b 0.03 – 3.50 

mkg/l, for Chl c 0.02 – 3.60 mkg/l, for pheophytin 0.06 - 6.31 mkg/l. In Odessa Bay: for Chl a 

0.36 - 6.17 mkg/l, for Chl b 0.03 - 2.45 mkg/l, for Chl c 0.08 - 3.04 mkg/l, for pheophytin 0.24 - 

5.17 mkg/l. Mean total value of the four pigments content in the Zmiinyi Island area and in 

Odessa Bay was similar making respectively 1.06±1.16 mkg/l and 1.01±0.72 mkg/l. Together 

with that, differences between concentrations of some pigments in two studied areas were 

revealed. Compared with Odessa Bay, higher concentration of Chl a and lower pheophytin 

content was found in the Zmiinyi Island area, which evidenced the most active functioning of 

phytoplankton community in the island area. 

Pigments distribution in water column near the Zmiinyi Island coast shows that their highest 

concentration (Chl a 2.92±2.59 mkg/l, Chl b 1.10±0.80 mkg/l, Chl c 1.46±0.94 mkg/l) is localised 

in the density and temperature transition layer at the depth  of 3-10 m. Content of the pigments 

at the surface (0.2-2 m) and in the bottom layer (24-26 m) was respectively 1.5 and 2.7 times 

lower than in the layer of maximum. In Odessa Bay, which is shallower than the Zmiinyi Island 

area, vertical distribution of pigments was relatively uniform. 

Coming out of changes in average monthly photosynthetic pigments concentrations in the 

Zmiinyi Island area clear seasonal dynamics was revealed with two maxima in May and 

November and minimum in August, which was typical for the studies area. Likewise, in 

Odessa Bay seasonal dynamics demonstrated two peaks in May and November, however 

there was no distinct minimum in August.  
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The correlations revealed between chlorophyll and parameters of aquatic environment 

evidence big influence of river discharge on the changes in pigment concentration in both 

studies areas. Maximal concentrations of photosynthetic pigments in the two areas were 

observed at slight decreases of salinity as the result of transformed river waters influence.  

Coming out of chlorophyll а content the waters of the Zmiinyi Island area and Odessa Bay in 

2016-2017 according to Vedernikov’s classification corresponded to meso-rutrophic type and 

were close to the state of the north-western Black Sea waters in the 80th of the past century. 

III.4.6.8. Gaps and recommendations 

Considering the proved facts that the only photosynthetic pigment, which can be reliably 

determined using classical method of spectrophotometry, is chlorophyll a, while the rest of 

photosynthetic pigments that at present are recognized as very important indicators of marine 

environment health can only be reliably determined using highly-effective chromatography 

methods, these methods are to be introduced into the monitoring programmes, not limiting 

the monitoring to just chlorophyll a.  

The requirement to enter all the information that is currently included into chlorophyll Data 

Collection Template (DCT) into the UkrSCES’s database gives rise to serious doubt, as all the 

results of spectrophotometric determination of the pigments other than chlorophyll a have 

been condemned by the World scientific community as unreliable. Keeping in mind that the 

DCT for chlorophyll had not been discussed, like other DCTs, with project partners, this situation 

should be improved during the 3rd phase of the Project. 

Taking into account high variability of concentrations of photosynthetic pigments and, first of 

all, of chlorophyll a, it is recommended to implement simple automated methods of chlorophyll 

a registration using field fluorimeters for in-situ measurement during monitoring to improve 

data quality.  

Organisation and methodology of inter-laboratory comparison requires improvement. One 

standard of chlorophyll a shall be measured by all the laboratories. Such standard is now 

supplied by a number of companies. Besides, the following drawbacks have to be underlined: 

too long time passing between sampling and distribution of samples between inter-laboratory 

comparison participants; irrational sampling for inter-laboratory comparisons from big depth 

where chlorophyll a concentration are at the detection limit of spectrophotometry method, 

which entails big errors and unreliable results of the comparisons quality. In connection with 

all the above it would be advisable to reconsider and agree between all the participants of the 

comparisons and intercalibrations all the procedures, as well as sampling places and depths. 

 

REFERENCES 

1. Jeffrey, S. W., Mantoura, R. F. C. and Wright, S. W. (Eds.), (1997), “Phytoplankton Pigments in 
Oceanography: Guidelines to Modem Methods”, UNESCO Publishing, Paris, 661 pp. 

2. Roy, S., Llewellyn, C., Egeland, E. S. and Johnsen, G. (Eds.) (2011), “Phytoplankton Pigments: 
Characterization, Chemotaxonomy and Applications in Oceanography”, Scientific Committee on Oceanic 
Research (SCOR), Cambridge University Press, Cambridge, 874 pp. 

3. Wright, S. W., and Jeffrey, S. W. (2006), “Pigment markers for phytoplankton production”, J. K. Wolkman 
(Ed.), Marine Organic Matter: Biomarkers, Isotopes and DNA, Springer, Berlin, pp. 71-104. 



Scientific Report - 12-Months Monitoring Studies 

in Georgia, Russian Federation and Ukraine, 2016-2017 

 

437 

4. Behrenfeld, M. J. and Falkowski, P. G. (1997), “Photosynthetic rates derived from satellite-based chlorophyll 
concentration”, Limnology and Oceanography, No. 42(1), pp. 1-20. 

5. Redalje, D. G. (1993), “The labeled chlorophyll a technique for determining photoautotrophic carbon 
specific growth rates and biomass”, P. F. Kemp (Ed.), Handbook of Metho Lewis Publisher, Boca Raton, pp. 
563-72. 

6. Schluter, L., Mohlenberg, F., Havskum, H., and Larsen, S. (2000), “The use of phytoplankton pigments for 

7. Угода про асоціацію між Україною та Європейським Союзом, ратифікована Законом № 1678-VII від 
16.09.2014.http://zakon5.rada.gov.ua/laws/show/984_011.  

8. DIRECTIVE 2000/60/EC OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 23 October 2000 
establishing a framework for Community action in the field of water policy 22.12.2000 EN Official Journal 
of the European Communities L 327/1-72 p 

9. DIRECTIVE 2008/56/EC OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 17 June 2008 establishing 
a framework for community action in the field of marine environmental policy (Marine Strategy Framework 
Directive) 25.6.2008 Official Journal of the European Union L 164/19-40 

10. COMMISSION DECISION (EU) 2017/848 of 17 May 2017 laying down criteria and methodological standards 
on good environmental status of marine waters and specifications and standardised methods for 
monitoring and assessment, and repealing Decision 2010/477/EU. - Official Journal of the European Union, 
18.05.2017. L 125/43-74 

11. Monitoring for the Marine Strategy Framework Directive: Requirements and Options // Nikolaos 
Zampoukas, Henna Piha, Emanuele Bigagli, Nicolas Hoepffner, Georg Hanke & Ana Cristina Cardoso. 
Luxembourg: Publications Office of the European Union, 2012 © European Union, 2012. – 42 P. 

12. BSC, (2008), “State of the Environment of the Black Sea (2001-2006/7)” Temel Oguz (Ed), Publications of 
the Commission on theProtection oftheBlackSea againstPollution (BSC) , Istanbul, Turkey, 448 pp. 

13. Medinets, V., Derezyuk, N., Kovalova, N. and Medinets, S. (2011), “Toxic Algae Investigations in Coastal 
Waters of Zmiinyi Island”, Materials of the 3rd Bi-annual BS Scientific Conference and UP-GRADE 
ProjectJointConference (1—4 November 20H,Odessa, Ukraine),', p. 52. 

14. Ryabushko, L. I. (2003), “Atlas of Toxic Micro-Algae of the Black and Azov Seas”, [Atlas toksicheskih 
mikrovodorosley Chomogo i Azovskogo moria], Res. Centre of Ukr. Forces “State Oceanarium ”, 
EKOSIGeofizika, Sevastopol, 140 pp. (In Russian).  

15. Kirkpatrick, B., Fleming, L. E., Squicciarini, D., Backer, L. C., Clark, R., Abraham,W., Benson, J., Cheng, Y. 
S.,Johnson, D., Pierce, R., Zaias, J., Bossart, G. D. and Baden, D. G. (2004), “Literature review of Florida red 
tide: implications forhuman health effects”, Harmful algae, No. 3(2), pp. 99-115. doi:10.1016/j. 
hal.2003.08.005. 

16. Finenko Z. Z. (1964), “Chlorophyll Contain in the Black and Azov Seas Phytoplankton”, [Soderzhanie 
khlorofilla v fitoplanktone Chernogo i Azovskogo moria], Oc, No. 4, v.3, pp.462-468. 

17. Vedernikov, V. I., Konovalov, V. V. and Koblenz-Michke, O. I. (1983), “Seasonal Changes of Phytoplankton 
Pigments in the North-Eastern Black Sea Coastal Waters”, [Sezonnye izmenenia pigmentov fitoplanktona v 
pribrezhnyh vodah severo-vostochnoi chasti Chomogo moria], Seasonal Changes of the Black Sea 
Plankton,Nauka, Moscow: 66-84 (In Russian). 

18. Yunev, О. А. (1989), “Spatial Distribution of Chlorophyll a and Pheophytin a in the Western Part of the Black 
Seain Winter Period”, Oceanology, No. 29(3),pp.480-485 (In Russian). 

19. Berseneva, G. P. (1993), “Seasonal Dynamics of Chlorophyll a Concentration”, [Sezonnaya dinamika 
kontsentratsii khlorofilla a] Plankton of theBlackSea, Naukova Dumka, Kiev, pp. 92-109 (In Russian). 

20. Alkan, A., Zengin, B., Serdar, S., and Oguz, T. (2013), “Long-Term (2001-2011) Temperature, Salinity and 
Chlorophyll-a Variations at a Southeastern Coastal Site of the Black Sea”, Turkish Journal of Fisheries and 
Aquatic Sciences,No. 13(1), pp. 57-68. doi: 10.4194/1303-2712-vl3_l_08 

21. Moncheva, S., Pantazi, M., Pautova, L., Boicenco, L., Dan Vasiliu, D. and Mantzosh, L. (2012), “Black Sea 
Phytoplankton Data Quality – Problems and Progress”, TurkishJournal of Fisheries andAquatic Sciences, No. 
12, pp. 417-422. doi:10.4194/1303-2712-vl2_2_31. 

22. Vasiliu, D., Boicenco, L., Gomoiu, M. T., Lazar, L., and Mihailov, M. E. (2012), “Temporal variation of surface 
chlorophyll a in the Romanian near-shore waters ”, Mediterranean Ma Science, No. 13(2), pp. 213-226. 
doi:10.12681/mms.301. 

23. Janelidze, N., Jaiani, E., Lashkhi, N., Tskhvediani, A., Kokashvili, T., Gvarishvili, T., Jgenti, D., Mikashavidze, 
E., Diasamidze, R., Narodny, S., Obiso, R. Whitehouse, C. A., Huq, A., Tediashvili, M. (2011), “Microbial water 
quality of the Georgian coastal zone of the Black No. 62, pp. 573-580. doi:10.1016/j. 
marpolbul.2010.11.027. 

http://zakon5.rada.gov.ua/laws/show/1678-18/paran2#n2
http://zakon5.rada.gov.ua/laws/show/1678-18/paran2#n2
http://zakon5.rada.gov.ua/laws/show/984_011


Scientific Report - 12-Months Monitoring Studies 

in Georgia, Russian Federation and Ukraine, 2016-2017 

 

438 

24. Vasiliu, D., Gomoui, M. T, Boicenco, L., Lazar, L., and Timofte, F. (2010), “Chlorophyll a distribution in the 
Romanian Black Sea inner shelf waters in2009”, GeoEcoMa, No. 16(l),pp. 19-28. 

25. Eker-Develi, E. E. and Kideys, A. E. (2003), “Distribution of phytoplankton in the southern Black Sea in 
summer 1996, spring and autumn 1998”, .Journal ofMarine Systems, No. 39(3), pp. 203-211. 
doi:10.1016/S0924-7963(03)00031-9. 

26. Kopelevich, O. V., Sheberstov, S. V., Yunev, O., Basturk, O., Finenko, Z.Z., Nikonov, S., and Vedernikov, V. 
I.(2002), “Surface chlorophyll in the Black Sea over 1978-1986 derived from satellite and in situ data”, 
Journalof marine systems, No. 36(3), pp. 145-160. doi:10.1016/S0924-7963(02)00184-7. 

27. Moncheva, S., Gotsis-Skreta, O., Pagou, K. and Krastev, A. (2001), “Phytoplankton Blooms in Black Sea and 
Mediterranean Coastal Ecosystems Subjected to Anthropogenic Eutrophication: Similarities and 
Differences”, Estuarine, CoastalandShelfScience, No. 53, pp. 281-295. doi:10.1006/ecss.2001.0767. 

28. Zmiinyi Island, (2008), Medinets, V. I. (Ed.), Suchkov I. O. et al. The Zmiinyi Island: Ecosystem of Coastal 
Waters: Monograph. OdessaNational 1.1. Mechnikov University, Astroprint, Odessa, 228 pp. (In Ukrainian). 

29. Kovalova, N., Medinets, S., Konareva, O. and Medinets, V. (2010), “Long-term Changes of Bacterioplankton 
and Chlorophyll “A” as indicators of Changes of North-Western Part of the Black Sea Ecosystem During the 
Last 30 Years”, Journal ofEnvironmentalProtection andEcology, No. 11(1), pp/191-198. 

30. Kovalova, N. V. and Medinets, V. I. (2012), “Long-Term Changes of the Black Sea Marine Waters Quality in 
the Zmiinyi Island Area” [Dolgovremennye izmeneniya kachestva morskyh vod Chomogo moria v raione 
ostrova Zmiinyi], Proceedings ofVIIInt. Conf “Current Fishery and Environmental Problems in theAzov and 
Black SeasRegion” (Kerch, 20-23 June 2012), pp. 196-200 (In Russian). 

31. Ковалева Н.В., Мединец В.И., Новиков А.Н. Содержание хлорофилла “а” в планктоне Черного моря у 
острова Змеиный и на взморье реки Дунай / Вісник Одеського національного університету. – 2005, Т. 
10, В. 4. – С. 166-173. 

1. 32. Ковалева Н.В., Мединец В.И., Новиков А.Н., Солтыс И.Е. Динамика концентраций хлорофилла “а” 
в акватории острова Змеиный в 2004-2006 гг.//З-б наук. ст. Міжнародної науково-практичної 
конференції   “Екологічні проблеми Чорного моря” (31 травня-1 червня 2007 р., Одеса). – Одеса: 
ІНВАЦ, 2007. - С. 151-154. 

2. 33.Kovalova N., Medinets V.. Comprehensive Assessment of Long-Term Changes of the Black Sea Water 
Quality in the Zmiinyi Island Area. Materials of the 3-rd Bi-annual BS Scientific Conference and UP-GRADE 
BS-SCENE Project Joint Conference. Odessa, Ukraine, 1 – 4 November 2011. P.43-44. 

35. Ковалева Н.В., Мединец В.И. Исследования фотосинтетических пигментов в прибрежных водах острова 
Змеиный // материалы Междунар. науч.-практ. конф. «Экологические проблемы Черного моря» 
(Одесса, 27-28 октября 2011 г.). -  Одесса: ІНВАЦ, 2011. – С. 119-122. 

36. Kovalova N, Medinets V. Comprehensive Assessment of Long-Term Changes of the Black Sea Surface Waters 
Quality in the Zmiinyi Island Area/ Turkish Journal of Fisheries and Aquatic Sciences 12, 2012. – P.485-491, 
ISSN 1303-2712. 

37. Kovalova, N., V. Medinets, Ye. Kovalova. Results of Phytoplankton Pigments Studies in the Zmiinyi Island 
coastal waters in the Black Sea, 2004-2012: Abstract Book of the 4-th Bi-annual Black Sea Scientific 
Conference, (28-31 October, 20013, Constanta, Romania). – Constanta, 2013. – P. 84-85. 

38. Kovalova N., Medinets V. Results of Phytoplankton Pigments Studies in the Zmiinyi Island Coastal Waters in 
the Black Sea, 2004-2012/Вісник Одеського національного університету. Т. 19, вип. 3(22), географічні 
та геологічні науки, 2014. – С. 44-59. 

39. Kovalova N., Medinets V., Derezyuk N., Medinets S., Morozod V., Kovalova Ye. Investigations of 
interconnections of physical-chemical and phytoplankton characteristics in the north -western part of the 
Black Sea (Zminyi Island area )/ Вісник ОНУ. Сер.: Географічні та геологічні науки. 2015. Т. 20, вип. 4. – 
C. 35-46. 

40. Ковальова Н.В., Медінець В.І., Мілева А. П.. Грузова І.Л., Ботнар М. Г., Снігірьов С. М., Газетов Є. І., 
Медінець С. В. Порівняльна оцінка якості поверхневих морських вод Одеської затоки і району о. 
Зміїний в 2016 р./ Вісник ХНУ імені В. Н. Каразіна серія «Екологія», вип. 16 – 2017. – С.  132-140. 

41. Kovalova N., Medinets V., Derezyuk N., Snigirov S., Medinets S., Konareva O., Kovalova Ye. Interconnections 
between the Danube River discharge, nutrients level and phytoplankton characteristics in the north-
western part of the Black Sea (Zmiinyi Island area)/ Integrated Marine Research in the Mediterranean and 
the Black Sea. Conference Proceeding. Brussels, Belgium 7-9 December 2015. – P. 261-262.  

42. UNESCO, (1966), “Determinations of photosynthetic pigments in seawater on Oceanographic Methodology, 
Paris, France, 66 p. 



Scientific Report - 12-Months Monitoring Studies 

in Georgia, Russian Federation and Ukraine, 2016-2017 

 

439 

43. Lorenzen, G. J. (1967), “Determination of chlorophyll and pheopigments: spectrophotometric equations”, 
nologyandOceanography, No. 12(2), pp. 343-346. doi:10.4319/lo.l967.12.2.0343.  

44. Margalef, R. (I960), “Valeur indicatrice de la composition des pigments du phytoplankton sur la productivite, 
composition taxonomique et proprietes dynamiques des populations”, Rapport et procиs-verbaux des 
rйunions,commission internationalepourl’Exploration de laMerMйditerranйe, No. 15(2), pp. 277-281. 

45. Ковальова Н.В., Новіков А.М. Фотосинтетичні пігменти / Острів Зміїний:екосистема прибережних вод: 
відп. Ред.. В.І.Медінець; Одес. нац. ун-т ім.. І.І.Мечникова. – Одеса: Астропринт, 2008. – С. 126-138. 

46. Ведерников В.И. Зависимость ассимиляционного числа и концентрации хлорофилла а от 
продуктивности вод в различных температурных областях Мирового океана//Океанология. – 1975. – 
15, №4. – С.703-707. 

47. Ведерников В.И. Особенности распределения первичной продукции и хлорофилла  в Черном море в 
весенний и летний периоды/Изменчивость экосистемы Черного моря: Естественные и 
антропогенные факторы. М.:Наука, 1991. – С.128-147 

48. Козлов Ю.И. Пространственное распределение хлорофилла а и первичной продукции в Черном 
море/Экология прибрежной зоны Черного моря. М.:ВНИРО, 1991. – С. 156-174. 

 

III.4.7. Fishes  

Authors: V. Medinets1 (Editor) 

For coastal waters of Zmiinyi island: S. Snigirov1,  O. Abakumov1, V. Pitsyk1, P. Snigirov1, I. Soltys1, O. Konareva1   

For coastal waters of Odessa Bay: V.Zamorov1, M. Zamorova1, Yu. Dghurtubaev1, E. Naum1, Yu. Kondrachuk1, S. 
Chernikova1 
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III.4.7.1. Introduction 

III.4.7.1.1. Zmiinyi Island 

Zmiinyi, the biggest of the islands in the Black Sea, is located in the north-western part of the 

sea at the distance of about 37.0 km to the east from the Kiliya Arm of the Danube River. The 

Zmiinyi Island is an administrative unit of Ukraine (Odessa Region, Kiliya District). This natural 

complex is a structural high of the big shelf area; it is widely viewed as a very old formation of 

Devonian-Jurassic period being a western part of Hercynian formation of the Dobruja massif 

[26,27]. Geographic coordinates of the island are 4510' – 4520' N and 3000' – 3020' E. Its 

contour can be divided into two unequal parts: the smaller north-eastern part, which is 13.0 – 

15.0 m above the sea level and the bigger south-western part (maximal height – 41.3 m). 

Though the coastline of the island is deeply indented, its total area makes ca. 20.5 Ha (at 

maximal length of the island of ~ 662.0 m) and is estimated as small, however the area has all 

the characteristics of an island, not an isolated rock [26,27]. 

The historical data on ichthyofauna of the Zmiinyi Island coastal waters are scarce and 

fragmentary. First brief information about fishes in the Zmiinyi Island area were presented in 

the works by A. D. Nordman (1841), as well as by G.O. Solianik, А. Borza, R. Calienescu [26,27]. 

In More detailed ichthyological information was presented for the entire north-western Black 

Sea in the publication of the famous scientists of the 19th and 20th centuries I.M. Vidgalm, A.V. 

Yatsentkovskiy, P.Yu. Shmidt, A.N. Popov, V.A. Krotov, D.K. Tretyakov, V.S. Chepurnov and N.S. 

Burnashev, K.A. Vinogradov, F.S. Zambriborsch [26,27]. 
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The first comprehensive hydrobiological and ichthyological studies of the island coastal waters 

were performed in 1993-1997 by the researchers of the Institute of Biology of Southern Seas, 

Odessa Branch (OB IBSS) [26]. Since 2003 regular studies of ichthyofauna are being performed 

by the staff of the Research Station «Zmiinyi Island» of Odessa National I.I. Mechnikov 

University (ONU) [26-34].  

III.4.7.1.2. Odessa Bay (MHBS area) 

Primary results of ichthyofauna studies near Odessa coast were published at the beginning of 

the 20th century [1,2]. At that time, maximal number of fish species and high abundance were 

registered. The list of fish species compiled by the authors comprised 75 species, 60 of which 

were found in the bay. At that time the following species were mass and abundant: Black Sea 

anchovy  Engraulis encrasicolus ponticus Aleksandrov, Black Sea garfish Belone belone euxini 

(Günter), Black Sea silverside Atherina pontica (Eichwald), golden mullet Liza aurata (Risso) and 

grey mullet L. saliens (Risso), Atlantic mackerel Scomber scombrus L., Black Sea horse mackerel 

Trachurus mediterraneus ponticus Aleev, bluefish Pomatomus saltatrix (L.), Black Sea bastard 

halibut Psetta maxima maeoticа (Pallas). Arrival of typically freshwater wild carp Cyprinus 

carpio (L.) and sabre fish Pelecus cultratus (L.) at the Odessa coast was connected with 

periodical significant freshening of water in the bay due to the Dnipro and Southern Bug Rivers 

floodwater discharge. 

The changes in coastal biotopes in the 60th of past century resulted from anti-landslide and 

coast-protection activities that comprised building of hydro-engineering structures and sandy 

beaches. Reconstruction of the coast combined with increased anthropogenic eutrophication 

and fishing pressure entailed qualitative and quantitative restructuring of the coastal 

ichthyocoenoses. The list of ichthyofauna species in Odessa Bay compiled based on the results 

of the studies of 70th-90th [3], comprised 47 species, two of which were freshwater (wild carp 

and crucian carp Carassius gibelio (Bloch)). At that time, the sign of reduction were already seen 

in the structure of Odessa Bay ichthyocoenosis: as the bid predatory species were disappearing 

(bluefish, Atlantic mackerel), small short-cycle species became dominant (European sprat 

Sprattus sprattus (L.), whiting Merlangius merlangus (L.), silverside etc.) On the opinion of the 

authors, one of the reasons for reduction of species composition were non-periodical wind-

caused upwelling phenomena causing inflow of bottom water with high content of hydrogen 

sulfide into the bay, which resulted at mass deaths of not only bottom, but partially pelagic fish 

species [3].  

Decrease of technogenic pressure on the environment due to economic crisis of the 90th 

positively influenced the state of the ecosystem of the north-western Black Sea in general and 

Odessa Bay in particular. The process of marine biocoenoses self-restoration revealed itself as 

increase of fish species composition and number. In the end of the 90th, 55 fish species were 

found near Odessa coast. The number of comb tooth blennies species (Blenniidae) increased; 

bustard halibut and horse fish Hippocampus guttulatus (Cuvier) grew in number. Still. The most 

numerous species were gobies (Neogobius melanostomus (Pallas), Neogobius eurycephalus 

(Kessler), Mesogobius batrachocephalus (Pallas), Neogobius cephalargoides Pinchuk) and 

silverside [4-6]. 
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From 2005 to 2017 icthyofauna of Odessa Bay was studied by the researchers of Odessa 

National I.I. Mechnikov University (ONU) together with Odessa Centre of the Southern 

Research Institute of Fishery and Oceanography (OdC YugNIRO). During the period of studies 

51 fish species were found belonging to 2 subclasses, 15 orders, 32 families and 41 genera 

(Table III.4.7-1) [7,8]. 

III.4.7.2. Sampling methodology 

III.4.7.2.1. Zmiinyi Island 

The material was collected during complex surveys in the Zmiinyi Island coastal waters from 

2003 to 2017 in the framework of the National Research Project implemented by the ONU with 

financial support of the Ministry of Education and Science of Ukraine and during 

implementation of the international projects EnviroGRIDS, PERSEUS, EMBLAS (phase I, II).  

Fish was caught both near the coastline and at the distance of 5.0 km from the island. Most of 

studies (about 90.0% of fishing) were carried out in the coastal waters. Under ‘coastal waters’ 

the water area of the General-Zoological Protected Area of National Significance «Zmiinyi 

Island» are considered, the boundaries of which are lying at 0.5 km distance from the 

coastline (Figure III.4.7-2).  

 

Figure III.4.7-2 – Schematic map of ichthyological stations location near the Zmiinyi Island 
Notes: -5-…. -35- – isobaths with depth; F1 – F7 – ichthyological stations (depth from 5.0 
to 30.0 m); Bf1 – Bf10 – coastal ichthyological stations (depth not more than 2.0 m) 
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Fish was caught in accordance with the standard ichthyological methods [35,36]: 

- gillnets and Nieman nets (length 100.0 m, mesh size 1.6-10.0 cm, material – kapron, 

monofilament) at the depths 1.5-30 m, distance from water edge from 2.0 to 500.0 m. In case 

the nets were set on stony substrate they were placed under water between stones and 

boulders by divers. The nets were set at 1.00-3.00 p.m. and checked once a day;  

- rectangular fish traps with an opening on each side (mesh size 0.8 cm);  

- dual trap net (length 3.0 m, mesh size 0.8 cm).  

Fishing time was from two to three days;  

- flat-bottom fry net (diameter 1.5 m, mesh size 0.6 cm);  

- big aquarium dip-net (diameter 0.5 m, mesh size 0.02 cm); 

- hook and line gear using natural and artificial bites. 

In such a way, the island coastal area was studied with total area of ca. 2.0 km2.  

To assess fish number in the period of studies near the island coast (depth 1.0 – 1.5 m) several 

plots of stony substrate (boulders) were selected with the area of ca. 1.0 m2. In those areas 

observations and catching of fishes belonging to families Gobiidae, Blenniidae, Gobiesocidae, 

and Labridae were carried out from 12.00 to 3.00 p.m. in the days when the conditions were 

as follows: water transparency – not less than 2.0 m, waves – under force 1, no clouds. 

Underwater observations, description of bottom relief and substrate in the areas of 

ichthyological material collecting were performed using diving outfit in accordance with the 

methodologies [37-39]. 

III.4.7.2.2. Odessa Bay (MHBS area) 

The studies took place in the coastal water area of Odessa Bay near the Malyi Fontan Cape from 

March to November 2016 and from April to June 2017 during the research fishing performed 

jointly by the ONU and the OdC YugNIRO. Fish was caught using 100 m long gillnets (mesh size 

10–180 mm; distance from the coast 200–500 m, depth 5–10 m). Gillnets were set from a boat 

and checked after 24 hours. Altogether, 42 catches were analysed (33 in 2016 and 9 in 2017). 

Water temperature during the period of studies in 2016-2017 varied from + 4.6 оС to + 24.5 оС, 

salinity - from 10.28 to 18.03 ‰. 

 

III.4.7.3. Methodology of samples processing and results analysis 

III.4.7.3.1. Zmiinyi Island 

Fish species identification was done in field conditions using key-books [9,10,12,40,41-46,47-

51]. Fish taxonomy is presented in accordance with the Black Sea Fish Check List [14]. Ecological 

characteristic of species is presented in accordance with [9,41-46]. Analysis of fishing dynamics 

was done coming out of size of catch per fishing effort – quantity of individuals per one 100 m 

long fishing net per day (ind/day). Full biological analysis of the caught fish was performed 
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according to general methodologies [17,35,36]. During the analysis the following parameters 

were measured: general (absolute or zoological) length (cm), commercial (standard) length 

(cm), body mass (g), identified fish sex, stage of gonads maturity, stomach fullness level on a 

scale from 1 to 3. Digestive tracts of fish were fixed with 4% formaldehyde for further laboratory 

study. Otholiths reading was performed to determine fish age. Fertility was calculated using 

eggs quantity in the ovaries of females at 4th and 5th stages of maturity. 

For studying ichthyofauna diversity three indicators of community species composition were 

used, calculated in accordance with general formulas: Margalef’s species richness index [52], 

Shannon index of general diversity [53] and Pielou evenness index [54]. Indices were calculated 

from number. Statistical processing was performed using a PC with standard package of 

spreadsheets in Excel 7.0. 

III.4.7.3.2. Odessa Bay (MHBS area) 

Fish species were determined using the monographs [9-13]. Fish taxonomy is provided in 

accordance with [14], ecological characteristics – with [9,11,15,16]. 

Full biological analysis of the caught fish was done according to common methodologies [17]. 

The following parameters of the fish were measured: general (absolute or zoological) length 

(cm), commercial (standard) length (cm), weight of fish body (g); sex of each individual was 

determined, as well as gonads maturity stage and the degree of filling of stomach (guts) on the 

scale from one to five. Digestive tracts of the fish were fixed with 4% solution of formalin for 

further laboratory analysis. Fish age was determined using otoliths [18] with с binocular 

magnifier MBS-9.  

The study of size and age structure of round goby population in Malyi Fontan Cape area (Odessa 

Bay) was performed in March-December 2016. For comparative analysis of round goby size and 

age structure the primary data were used on this species size and mass characteristics collected 

by the ONU Hydrobiology and General Ecology Department during previous studies in April-

June and October-November 2015. Otoliths of 1522 round goby individuals were studied for 

age determination (529 in 2015 and 993 in 2016). 

During the study in 2016, 130 food boluses of round gobies were analysed. The monograph 

«Key-Book of the Azov and Black Seas Fauna» edited by F.D. Mordukhai-Boltovsliy was used to 

determine taxonomic composition of food objects [19]. 

Separate non-digested components of benthic organisms (shells, chitinous coats) were 

measured with use of eyepiece micrometer. Weight of the organisms found in fish stomachs 

was calculated using linear dimensions of the organisms’ fragments, coming out of which the 

length of food objects was established. The dimensions of the organisms were transferred into 

their weight using average weight values for separate bottom fauna species collected from 

Odessa Bay and stored in the collection of the museum of Hydrobiology and General Ecology 

Department. 
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The values of food objects in fish diet were calculated using the following formulas: 

Index of Relative Significance (IRS): 

IRS = (M + N) × F, where 

М – is mass of a food object (% of the total restored mass of all the objects in fish diet); 

N – number of food objects (% of the total quantity of all the objects in fish diet); 

F – frequency of the food object occurrence in all food boluses (% of the total number of 

the boluses analysed). 

Fish feeding rate was calculated based on Total Index of Stomach Fullness (TOSF): 

TOSF (0/000) = p ÷ Р × 10000, where 

р – is the weight of food bolus (g), Р – mass of the fish (g). 

Index of Taxonomic Similarity (ITS):  

ITS = (С ÷ (А + В) - С) × 100%, where 

А – is the number of food objects taxa in the diet of one studied fish, В – number of food objects 

taxa in the diet of another studied fish, С – number of the same food objects taxa in the diet of 

the two compared individuals. 

Index of Food Similarity (IFS) is the sum of minimal mass values (%) of the same food objects in 

the diet if the fish compared. 

 

III.4.7.4. General characteristics of fish habitats   ZMN 

III.4.7.4.1. Zmiinyi Island 

As the results of studies from 2003 to 2017 in the Zmiinyi Island coastal waters four main 

biotopes were identified depending on bottom substrate type: stones and boulders; mixed 

substrate; sand, shelly ground; sand, shelly ground and silt [26,27,34]. Biotopes’ characteristics 

generally determine species composition and structure of ichthyocoenoses around the island. 

The areas of those substrates (ca. 2.0 km2 in total) where not similar: stones and boulders – ca. 

0.2 km2, mixed substrate – ca. 0.1 km2, sand and shelly ground – ca. 0.2 km2, sand, shelly ground 

and silt – ca. 1.5 km2 [26,27]. Right near the island (depth of ca. 8.0 м) stones and boulders can 

be found (Figure III.4.7-3). The highest number of taxa was registered there (33 to 37), as well 

as maximal number of benthic organisms. The most mass species, mussel, forms a mussel 

biocoenoses typical of the Black Sea coastal areas (M. galloprovincialis –up to 100% of surface 

coverage) with a respective composition of different crustaceans, polychaetes, bryozoans, 

actiniae and many other invertebrates (Figure III.4.7-3). This substrate is notable for the highest 

macrophytes biomass (Figure III.4.7-3). All that attracts lot of different fish species, especially 

juveniles during feeding period (Figure III.4.7-3). The state of the bottom areas covered with 

stones and boulders should be considered satisfactory during 2016-2017. Insignificant local 

fish-kill phenomena were only registered in summer of 2016 in the deepest areas between 

stones where water mixing is weak in the periods of windless conditions (Figure III.4.7-3). 
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Biocoenosis of mussels M. galloprovincialis on stones and boulders in the 

Zmiinyi Island area 

  

Crustaceans and molluscs of mussel 

biocoenosis 

Macrophytes on stones and 

boulders 

 
 

Striped mullet juveniles on stones 

and boulders 

Local fish-kill between stones 

Figure III.4.7-3 - Stones and boulders in coastal areas near the Zmiinyi Island 

 

Mixed substrate found at the depth of 8.0-12.0 m near the island consists of boulders lying 

separately on soft soil (sand, shelly ground). There 11 to 34 macrozoobenthos taxa were 

registered, as well as numerous macrophytes and fish. No fish-kills were found at those areas 

in 2016-2017 (Figure III.4.7-4). 
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Figure III.4.7-4 – Mixed substrate in coastal areas near the Zmiinyi Island 

 

Analysis of the materials collected from the depth of 12.0 to 37.0 m has shown that sand and 

shelly ground (45.0%) and shelly (47.0%) substrate dominate in the studied areas around the 

island. Share of silty and silt and shelly ground substrate is insignificant – 3.0 and 5.0% 

respectively. Sand and shelly ground, with previously (2003-2005) observed biocoenoses of 

mussels M. galloprovincialis, are located within the depth range of 12.0 – 20.0 m. The substrate 

formed by soft soils - sand, shelly ground and silt was found at the depths exceeding 20.0 m. 

On sand and shelly ground 19 - 35 taxa of benthos were found. On softer soils benthos is more 

diverse (9 to 16 taxa) and its biomass is insignificant. Biocoenoses of those biotopes are 

exposed to the most significant changes. The kill phenomena typical of the north-western Black 

Sea are observed in those bottom areas quite regularly. It needs to be underlined that mussel 

biocoenoses previously found on soft substrate were practically destroyed by predatory 

mollusc Rapa whelk; recently Rapa whelk individuals distributed significantly in the coastal 

areas near the island. As the result of its negative impact the bottom area with dense 

aggregations of mussels shrunk from 78 Ha in 2004-2005 to 19 Ha in 2010-2014, at that the 

total biomass of macrozoobenthos decreased from 8300 t to 3700 t [34]. No kill phenomena 

were observed on soft soils in 2016-2017. Visual observations at the depth of 15.0-20.0 m 

registered different species of crabs and other crustaceans quite often, which evidenced the 

satisfactory state of soft soil biocoenoses (Figure III.4.7-5). 

  

Figure III.4.7-5 – Hermit crab D. рugilator (right) and swimming crab M. 

arcuatus (left) on soft soil in the Zmiinyi Island area 
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III.4.7.5. General ichthyofauna characteristics. Species composition and 
biodiversity of ichthyofauna  

III.4.7.5.1. Zmiinyi Island 

During the period from 2003 to 2017, 68 species of marine, brackish-water and freshwater fish 

were found in the Zmiinyi Island area belonging to 18 orders, 41 families and 55 genera (Table 

III.4.7-22).  In the period from April to December 2016, around 50 fish species were registered 

in the island coastal waters; during 2 months (May and June) of 2017 – 37 species (Table III.4.7-

22).  

Table III.4.7-22 - Taxonomic composition of the Zmiinyi Island coastal ichthyofauna: 

ecological characteristics, protection status and occurrence of species 

Taxa 
Ecological 
characteristics 

Protection 
status 

Occurrence of species 

2003-2017 2016 2017 

 IV-V VI-VIII IX-XI XII V VI 

Squalidae          

Squalus acanthias L., 1758  І; M; P; Ov 1R ++ ++ - ++ ++ - - 

Rajidae           

Raja clavata L., 1758  І; M; NB; LPsp 1R ++ ++ - - - ++ - 

Dasyatidae           

Dasyatis pastinaca  

(L., 1758)  
І; M; NB; Ov  ++ - ++ - - - - 

Acipenseridae           

Acipenser stellatus  

Pallas, 1771  
ІІІ; M; NB; Lp 1R; 2R; 3R + - - - - - - 

A. gueldenstaedtii  

Brandt et Ratzeburg, 1833  
ІІІ; M; NB; Lp 1R; 2R; 3R + - - - - - - 

Huso huso (L., 1758)  ІІІ; M; NB; Lp 1R; 3R + - - - - - - 

Engraulidae           

Engraulis encrasicolus  

(L., 1758)  
І; M; P; Pf  ++ ++ ++ ++ ++ ++ ++ 

Clupeidae           

Аlosa maeotica  

(Grimm, 1901) 
ІІІ; M; P; Pf  ++ ++ - + - - - 

Sprattus sprattus  

(L., 1758)  
І; M; P; Pf  ++ ++* ++* ++* - + +* 

Cobitidae          

Misgurnus fossilis (L., 1758) IV; S; B; Pp  + - - - - - - 

Cyprinidae           

Carassius gibelio  

(Bloch, 1782)  
IV; S; NB; Pp  + - - - - - - 

Rutilus rutilus (L., 1758) IV; S; NB; Pp  + - - - - - - 

Siluridae          

Silurus glanis L., 1758 IV; S; B; Bnp  + - - - - - - 

Salmonidae           

Salmo labrax Pallas, 1814  ІІІ; M; P; Lp 1R; 3R + - + - - - - 

Phycidae           



Scientific Report - 12-Months Monitoring Studies 

in Georgia, Russian Federation and Ukraine, 2016-2017 

 

448 

Taxa 
Ecological 
characteristics 

Protection 
status 

Occurrence of species 

2003-2017 2016 2017 

 IV-V VI-VIII IX-XI XII V VI 

Gaidropsarus 
mediterraneus (L., 1758)  

І; S; B; Pf  ++ ++ ++ ++ ++ ++ ++ 

Gadidae           

Merlangius merlangus 
euxinus (Nordmann, 1840)  

І; M; NB; Pf  ++ ++ ++ ++ ++ ++* ++* 

Ophidiidae           

Ophidion rochei  

Muller, 1845  
І; S; B; Pf  ++ ++* ++* ++* +* ++* ++* 

Mugilidae           

Liza aurata (Risso, 1810)  І; M; P; Pf  ++ ++* ++ ++ - +* ++ 

L. haematocheila  

(Temminck et Schlegel, 
1845)  

І; M; P; Pf  ++ - ++** - - - +* 

Atherinidae           

Atherina pontica  

(Eichwald, 1831)  
І; M; P; Pp  ++ ++ ++ ++* - ++* ++ 

Belonidae           

Belone belone euxini 
Gunther, 1866  

І; M; P; Pp 2R ++ - +* ++* - - +* 

Gasterosteidae           

Gasterosteus aculeatus  

L., 1758  
І; S; NB; Bnp  + +* - - - - - 

Syngnathidae           

Hippocampus hippocampus 
(L., 1758)  

І; S; NB; Ce 2R; 3R ++ +* ++* ++* - - ++* 

Nerophis ophidion  

(L., 1758)  
І; S; NB; Ce 2R + - - - - - - 

Syngnathus abaster  

Risso, 1827  
І; S; NB; Ce 1R + - +* - - - +* 

S. acus L., 1758  І; S; NB; Ce  + - +* - - - - 

S. tenuirostris  

Rathke, 1837  
І; S; NB; Ce 2R; 3R + - - - - - - 

S. typhle L., 1758  І; S; NB; Ce 2R + - +* - - - +* 

S. variegatus Pallas, 1814  І; S; NB; Ce 3R + - - - - - - 

Scorpaenidae           

Scorpaena porcus L., 1758  І; S; B; (Lp)Pf 2R ++ ++ ++ ++ ++ ++ ++ 

Triglidae           

Chelidonichthys lucernus  

L., 1758 
І; S; B; Pf 2R; 3R + - - - - - - 

Pomatomidae           

Pomatomus saltatrix  

(L., 1766)  
І; M; P; Pf  ++ - ++ ++ - - - 

Carangidae           

Trachurus mediteraneus 
ponticus Aleev, 1956  

І; M; P; Pf  ++ - ++ ++ - - ++ 

Sparidae           
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Taxa 
Ecological 
characteristics 

Protection 
status 

Occurrence of species 

2003-2017 2016 2017 

 IV-V VI-VIII IX-XI XII V VI 

Diplodus annularis  

(L., 1758)  
І; S; NB; Pf 2R + - - - - - - 

Centracanthidae           

Spicara flexuosa  

Rafinesque, 1810  
І; S; P; Bnp  + + - - - - + 

Centrarchidae          

Lepomis gibbosus  

(L., 1758) 
IV; S; NB; Bnp  + - - - - - - 

Sciaenidae           

Sciaena umbra L., 1758  І; S; NB; Pf 3R + - - - - - - 

Umbrina cirrosa  

(L., 1758)  
І; S; NB; Pf 3R + - - + - - - 

Mullidae           

Mullus barbatus ponticus 

Essipov, 1927  
І; S; B; Pf 2R ++ ++ ++ ++* - ++ ++ 

Pomacentridae           

Chromis chromis  

(L., 1758)  
І; S; NB; Bnp 3R + - +* - - - - 

Labridae           

Symphodus cinereus 
(Bonnatterre, 1788)  

І; S; NB; Bnp  ++ ++ ++ ++ +* ++ ++ 

S. ocellatus (Forsskål, 1775)  І; S; NB; Bnp 2R + +* +* +* - - +* 

S. tinca (L., 1758)  І; S; NB; Bnp 2R + - - - - - +* 

Ammodytidae           

Gymnammodytes cicerellus  

(Rafinesque, 1810)  
І; S; B; Psp  ++ +* ++* ++* - - ++* 

Trachinidae           

Trachinus draco L., 1758  І; S; B; Pf 2R + - + + - + + 

Uranoscopidae           

Uranoscopus scaber  

L., 1758  
І; S; B; Pf 2R + + + + - + + 

Blenniidae           

Aidablennius sphynx  

(Valenciennes, 1836)  
І; S; B; Bnp 2R ++ ++* ++* ++* ++* ++* ++* 

Parablennius 
sanguinolentus  

(Pallas, 1814)  

І; S; B; Bnp  ++ ++ ++ ++ +* ++ ++ 

P. tentacularis  

(Brünnich, 1768)  
І; S; B; Bnp  ++ ++ ++ ++ +* ++ ++ 

P. zvonimiri  

(Kolombatovič, 1892)  
І; S; B; Bnp  + +* +* +* - +* +* 

Salaria pavo (Risso, 1810)  І; S; B; Bnp 2R + - +* +* - +* +* 

Callionymidae           

Callionymus risso  

Lesueur, 1814  
І; S; B; Pf 3R + - - - - - - 

Gobiidae           
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Taxa 
Ecological 
characteristics 

Protection 
status 

Occurrence of species 

2003-2017 2016 2017 

 IV-V VI-VIII IX-XI XII V VI 

Aphia minuta  

(Risso, 1810)  
І; M; P; Pp  + +* - +* - - - 

Benthophilus nudus  

(Berg, 1898) 
ІІ; S; B; Bnp  + - - - - - - 

Gobius niger L., 1758  І; S; B; Bnp  ++ ++* ++* ++* +* +* ++* 

G. paganellus L., 1758  І; S; B; Bnp 3R + - +* +* - - +* 

Mesogobius 
batrachocephalus  

(Pallas, 1814)  

ІІ; S; B; Bnp 2R ++ ++ ++ ++ + ++ ++ 

Neogobius cephalargoides  

Pinchuk, 1976  
ІІ; S; B; Bnp  + - - - - - - 

N. melanostomus  

(Pallas, 1814)  
ІІ; S; B; Bnp  ++ ++ ++ ++ ++ ++ ++ 

N. ratan  

(Nordmann, 1840)  
ІІ; S; B; Bnp 2R ++ +* ++* +* - +* ++* 

Proterorhinus marmoratus  

(Pallas, 1814)  
ІІ; S; B; Bnp 2R + - +* +* - - +* 

Scombridae           

Sarda sarda (Bloch, 1793)  І; M; P; Pf 2R + - - +* - - - 

Gobiesocidae           

Diplecogaster bimaculata  

(Bonnaterre, 1788)  
І; S; B; Bnp 3R + - +* +* - - - 

Lepadogaster candollii  

Risso, 1810  
І; S; B; Bnp 3R ++ ++* ++* ++* ++* +* ++* 

Scophthalmidae           

Psetta maeotica  

(Pallas, 1814)  
І; S; B; Pf  ++ ++ +* ++ - ++ +* 

Pleuronectidae           

Platichthys flesus luscus 
(Pallas, 1814)  

І; S; B; Pf  + + - - - + - 

Bothidae           

Arnoglossus kessleri  

Schmidt, 1915  
І; S; B; Pf 3R + - +* +* - - - 

Soleidae           

Pegusa lascaris (Risso, 
1810)  

І; S; B; Pf 2R + + - + - - - 

          

Notes: Ecological and faunistic characteristics of species: I – marine; II – brackish-water; III – anadromous; IV – 

freshwater (including semi-anadromous); М – migratory; S – sedentary; B – bottom-dwelling; P – pelagic, NB – 

near-bottom; Pf – pelagophyl; Pp – phytophyl; Lp – lithophyl; Psp –psammophyl; LPsp – lithopsammophyl; Ce – 

carrying eggs; Ov – ovoviviparous; Bnp –building nests and protecting eggs. Protection status: 1R – IUCN Red List; 

2R – Black Sea Red Data Book; 3R – Red Book of Ukraine. Occurrence of species: – species not found, + – rare 

species, ++ – common and mass species, * – species registered by visual observation. 
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Out of 68 species of marine, brackish-water and freshwater fish, the biggest number of taxa 

belong to Perciformes order. The representatives of this order form half of all the species found 

near the island (Table III.4.7-23).  

Table III.4.7-23 - Ranking of the Zmiinyi Island coastal waters ichthyofauna taxa on the 

number of units  

Ranking of orders (n = 18) on the number of taxa 

Order 

Number of 
families Order 

Number 
of genera Order 

Number of 
species 

n % n % n % 

Perciformes 16 39.0 Perciformes 24 
43.
6 

Perciformes 31 45.6 

Pleuronectiformes 4 9.8 Pleuronectiformes 4 7.3 Syngnathiformes 7 10.3 

Clupeiformes 2 4.9 Clupeiformes 3 5.5 Pleuronectiformes 4 5.9 

Cypriniformes 2 4.9 Cypriniformes 3 5.5 Clupeiformes 3 4.4 

Gadiformes 2 4.9 Syngnathiformes 3 5.5 Cypriniformes 3 4.4 

Rajiformes 2 4.9 Acipenseriformes 2 3.6 Acipenseriformes 3 4.4 

Scorpaeniformes 2 4.9 Gadiformes 2 3.6 Gadiformes 2 2.9 

Other 11 orders 
represented by one 
family each 

11 26.8 

Gobiesociformes 2 3.6 Gobiesociformes 2 2.9 

Rajiformes 2 3.6 Mugiliformes 2 2.9 

Scorpaeniformes 2 3.6 Rajiformes 2 2.9 

Other 8 orders 
represented by one 
family each 

8 
14.
5 

Scorpaeniformes 2 2.9 

Other 7 orders 
represented by one 
species each 

7 10.3 

Total 41 
100.
0% 

Total 55 
100
.0% 

Total  68 
100.
0% 

Ranking of families (n = 41) on the number of taxa 
Ranking of genera (n = 55)  
On the number of species 

Family 

Number of 
genera Family 

Number of 
species 

Genus 
Number of 
species 

n % n %  n % 

Gobiidae 6 10.9 Gobiidae 9 
13.
2 

Syngnathus 5 7.4 

Blennidae 3 5.5 Syngnathidae 7 
10.
3 

Neogobius 3 4.4 

Syngnathidae 3 5.5 Blennidae 5 7.4 Parablennius 3 4.4 

Acipenseridae 2 3.6 Acipenseridae 3 4.4 Symphodus 3 4.4 

Clupeidae 2 3.6 Clupeidae 2 2.9 Acipenser 2 2.9 

Cyprinidae 2 3.6 Cyprinidae 2 2.9 Gobius 2 2.9 

Gobiesocidae 2 3.6 Gobiesocidae 2 2.9 Liza 2 2.9 

Sciaenidae  2 3.6 Labridae 3 4.4 

Other 48 genera 
represented by 1 
species each 

Total 

48 70.6 Other 33 families 
represented by 1 genus 
each 

33 60.0 

Mugilidae 2 2.9 

Sciaenidae 2 2.9 

Other 31 families 
represented by 1 
species each 

31 
45.
6 

Total 55 
100.
0% 

Total 68 
100
.0% 

Total 68 
100.
0% 
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Analysis of the values of diversity indices for the period of studies (2003-2016) has shown 

significant variations. For example, in 2008-2009 Margalef’s index of species richness [17] 

reduced almost by half, Shannon index of species diversity [36] – 1.5 times (Figure III.4.7-6). 

During that period intensive shore-protection works and construction took place, which most 

probably was the reason of the significant decrease in biodiversity of ichthyofauna. In 2015-

2016 all the indicators of ichthyofauna biodiversity increased significantly. Most likely, that 

resulted from the improvement of breeding and feeding conditions for most pelagophilic 

species, as the negative impact of comb jellyfish in the Black Sea decreased. 

 

 

 

Figure III.4.7-6 – Indices of ichthyofauna species diversity (number) for the Zmiinyi Island 

coastal waters in 2003-2016. H (ln) – logarithm of Shannon index; d – Margalef’s indicator of 

species richness; J – Pielou evenness index 

 

Analysis of the results received in April-December 2016 and May-June 2017 had shown that 

ichthyofauna biodiversity level (Shannon index calculated coming out of number) in 2016 

varied within 0.86-3.06 making in average 2.06 and in 2017 – 2.40-2.54 making in average 2.47 

(Figure III.4.7-7). Minimal indicators of biodiversity were registered in the end of autumn and 

in winter when most of fishes migrated for wintering to deep areas and the thermophilic 

species migrated to the coasts of the Crimea, Georgia and Turkey. 
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Figure III.4.7-7 - Shannon index H (ln) of species diversity (out of number) of the Zmiinyi 

Island coastal waters ichthyofauna in 2016-2017 

 

Maximums of biodiversity index were registered in May-June – the period when many different 

fish species come to the island coastal zone to spawn, as well as in October – the period of 

feeding and winter migration for many ichthyofauna species. 

III.4.7.5.2. Odessa Bay (MHBS area) 

During the period of studies from 2005 to 2017, 51 fish species were found in Odessa Bay 

belonging to 2 subclasses, 15 orders, 32 families and 41 genera. 

During the period of studies from April 2016 to June 2017, in  the net catches altogether 23 

species of marine, brackish-water and freshwater fish were found belonging to 7 orders, 17 

families and 19 genera: from March to November 2016 - 22 species, from April to June 2017 – 

10 species (Table III.4.7-1). 

Table III.4.7-1 - Taxonomic composition of Odessa Bay coastal ichthyofauna: ecological 

characteristics, protection status and occurrence of species 

Taxa 
Ecological 
characteristics 

Protection 
status 

Occurrence of species (years and months) 

1908-
2004 

2005-
2016  

2016 2017 

IV-VI VII-IX X-XI IV-VI 

Squalidae         

Squalus acanthias L., 1758 І; М; P; Ov 1R ++ ++ - - - - 

Rajidae          

Raja clavata L., 1758  І; М; NB; LPsp 1R ++ - - - - - 

Dasyatidae          

Dasyatis pastinaca (L., 1758)  І; М; NB; Ov  ++ ++ - - - - 

Acipenseridae          

Acipenser stellatus Pallas, 1771  ІІІ; М; NB; Lp 1R; 2R; 3R + + - - + - 

A. gueldenstaedtii  Brandt et Ratzeburg, 
1833  

ІІІ; М; NB; Lp 1R; 2R; 3R + + - - - - 

Huso huso (L., 1758)  ІІІ; М; NB; Lp 1R; 3R + + - - - - 
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Taxa 
Ecological 
characteristics 

Protection 
status 

Occurrence of species (years and months) 

1908-
2004 

2005-
2016  

2016 2017 

IV-VI VII-IX X-XI IV-VI 

Anguilidae         

Anguilla anguilla (L., 1758) III; М; NB; Pf  + - - - - - 

Engraulidae          

Engraulis encrasicolus (L., 1758)  І; М; P; Pf  ++ ++ + + - - 

Clupeidae          

Alosa  caspia (Eichwald, 1838) III; М; P; Pf  ++ ++ - - + - 

A.  immaculata Bennett, 1835 III; М; P; Pf 1R + + - - - - 

Clupeonella cultriventris (Nordmann, 1840) II; М; P; Pf  ++ - - - - - 

Sprattus sprattus  

(L., 1758)  
І; М; P; Pf  ++ ++ + - - - 

Sardina pilchardus (Walbaum, 1792) I; М; P; Pf  + - - - - - 

Cyprinidae          

Carassius gibelio (Bloch, 1782) IV; О; NB; Pp  + - - - - - 

Cyprinus carpio (L., 1758) IV; О; NB; Pp 1R + - - - - - 

Rutilus rutilus (L., 1758) IV; О; NB; Pp  - + - - - - 

Pelecus cultratus (L., 1758) IV; М; P; Pp  + - - - - - 

Salmonidae          

Salmo labrax Pallas, 1814  ІІІ; М; P; Lp 3R + + - - - - 

Phycidae          

Gaidropsarus mediterraneus (L., 1758)  І; О; B; Pf  ++ ++ + ++ ++ - 

Gadidae          

Merlangius merlangus (L., 1758) І; М; NB; Pf  ++ ++ + + + - 

Ophidiidae          

Ophidion rochei  

Muller, 1845  
І; S; B; Pf  + + - + - - 

Mugilidae          

Liza aurata (Risso, 1810)  І; М; P; Pf  ++ ++ - - - - 

L. saliens (Risso, 1810) I; М; P; Pf  ++ - - - - - 

L. haematocheila (Temminck et Schlegel, 
1845)  

І; М; P; Pf  - + - - - - 

Mugil cephalus  L., 1758 I; М; P; Pf  ++ - - - - - 

Atherinidae          

Atherina pontica  (Eichwald, 1831)  І; М; P; Pp  ++ ++ - - - - 

Belonidae          

Belone belone euxini Gunther, 1866  І; М; P; Pp 2R ++ + - - - - 

Gasterosteidae          

Gasterosteus aculeatus L., 1758   II; S; NB; Bnp  + - - - - - 

Pungitius platygaster (Kessler, 1859) II; S; NB; Bnp  + - - - - - 

Syngnathidae          

Hippocampus  guttulatus (Cuvier, 1829) І; S; NB; Ce 2R; 3R ++ ++ - - - - 

Nerophis ophidion (L., 1758)  І; S; NB; Ce 2R ++ + - - - - 

Syngnathus abaster Risso, 1827  І; S; NB; Ce  ++ ++ - - - - 

S. tenuirostris Rathke, 1837  І; S; NB; Ce 2R; 3R ++ - - - - - 

S. typhle L., 1758  І; S; NB; Ce 2R ++ + - - - - 

S. variegatus Pallas, 1814  І; S; NB; Ce 3R ++ - - - - - 

Scorpaenidae          

Scorpaena porcus L., 1758  І; S; B; (Lp)Pf 2R ++ ++ - ++ + - 
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Taxa 
Ecological 
characteristics 

Protection 
status 

Occurrence of species (years and months) 

1908-
2004 

2005-
2016  

2016 2017 

IV-VI VII-IX X-XI IV-VI 

Triglidae          

Chelidonichthys lucernus  

L., 1758 
І; S; B; Pf 2R; 3R + + - - - - 

Serranidae         

Serranus scriba (L., 1758) I; S; NB; Pf  + - - - - - 

Percidae         

Sander lucioperca (L., 1758) IV; S; NB; Pp  - + - - - - 

Pomatomidae          

Pomatomus saltatrix  

(L., 1766)  
І; М; P; Pf 1R; 2R ++ ++ - - + - 

Carangidae          

Trachurus mediteraneus ponticus Aleev, 
1956  

І; М; P; Pf  ++ ++ + + - - 

Sparidae          

Diplodus annularis  

(L., 1758)  
І; S; NB; Pf 2R + - - - - - 

Centracanthidae          

Spicara flexuosa  

Rafinesque, 1810  
І; S; P; Bnp 2R + + - - - - 

Sciaenidae          

Sciaena umbra L., 1758  І; S; NB; Pf 1R; 3R - + - - - - 

Mullidae          

Mullus barbatus (L., 1758) І; S; B; Pf 2R ++ ++ - ++ - + 

Labridae          

Symphodus cinereus (Bonnatterre, 1788)  І; S; NB; Bnp  + ++ ++ ++ - ++ 

S. ocellatus (Forsskål, 1775)  І; S; NB; Bnp 2R ++ + + - - + 

S. roissali (Risso, 1810) I; S; NB; Bnp  + - - - - - 

Ammodytidae          

Gymnammodytes cicerellus (Rafinesque, 
1810)  

І; S; B; Psp  + - - - - - 

Trachinidae          

Trachinus draco L., 1758  І; S; B; Pf 2R + + - - - + 

Uranoscopidae          

Uranoscopus scaber L., 1758  І; S; B; Pf 2R + ++ - + - - 

Blenniidae          

Aidablennius sphynx (Valenciennes, 1836)  І; S; B; Bnp 2R + - - - - - 

Parablennius sanguinolentus (Pallas, 1814)  І; S; B; Bnp  ++ + - - - - 

P. tentacularis (Brünnich, 1768)  І; S; B; Bnp  ++ + - - - - 

P. zvonimiri (Kolombatovič, 1892)  І; S; B; Bnp  + - - - - - 

Callionymidae          

Callionymus risso Lesueur, 1814  І; S; B; Pf 3R + + - - - - 

C. pusillus Delaroche I; S; B; Pf 3R + - - - - - 

Scombridae         

Sarda sarda (Bloch, 1793) I; М; P; Pf 2R - + - - - - 

Scomber scombrus L.,1758 I; М; P; Pf 2R + - - - - - 

Gobiidae          

Aphia minuta (Risso, 1810)  І; М; P; Pp  + - - - - - 

Benthophiloides brauneri Beling et Iljin, 1927 II; S; B; Mp+Lp 2R; 3R + - - - - - 
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Taxa 
Ecological 
characteristics 

Protection 
status 

Occurrence of species (years and months) 

1908-
2004 

2005-
2016  

2016 2017 

IV-VI VII-IX X-XI IV-VI 

Gobius niger L., 1758  І; S; B; Bnp  ++ ++ - - - - 

Zosterisessor  ophiocephalus (Pallas,1814) I; S; B; Bnp 2R ++ + - - - - 

Mesogobius batrachocephalus (Pallas, 1814)  ІІ; S; B; Bnp 2R ++ ++ ++ ++ ++ + 

Neogobius cephalargoides Pinchuk, 1976  ІІ; S; B; Bnp  ++ ++ ++ ++ ++ ++ 

N. fluviatilis (Pallas, 1814) II; S; B; Bnp  + + - - - - 

N. gymnotrachelus (Kessler, 1857) II; S; B; Bnp  + - - - - - 

N. melanostomus (Pallas, 1814)  ІІ; S; B; Bnp  ++ ++ ++ ++ ++ ++ 

N. platyrostris (Pallas, 1814) II; S; B; Bnp  + - - - - - 

N. ratan (Nordmann, 1840)  ІІ; S; B; Bnp 2R ++ ++ ++ ++ ++ ++ 

N. syrman (Nordmann, 1840) II; S; B; Bnp 2R + - - - - - 

N. eurycephalus (Kessler, 1874) II; S; B; Bnp  ++ ++ ++ + - ++ 

N. kessleri (Gunther, 1861) II; S; B; Bnp  + - - - - - 

Proterorhinus marmoratus (Pallas, 1814)  ІІ; S; B; Bnp 2R ++ + - - - - 

Pomatoschistus marmoratus (Risso, 1810) I; S; B; Bnp  + + - - - - 

P. minutus (Pallas, 1770) I; S; B; Bnp 2R + - - - - - 

Gobiesocidae          

Diplecogaster bimaculata (Bonnaterre, 1788)  І; S; B; Bnp 3R + - - - - - 

Scophthalmidae          

Psetta maxima  maeotica (Pallas, 1814)  І; S; B; Pf  ++ ++ - + - - 

Pleuronectidae          

Platichthys flesus (Pallas, 1814)  І; S; B; Pf  ++ ++ - + + - 

Soleidae          

 Pegusa nasuta (Pallas, 1814) І; S; B; Pf 2R ++ ++ ++ ++ ++ ++ 

Notes: Ecological and faunistic characteristics of species: I – marine; II – brackish-water; III – anadromous; IV – 

freshwater (including semi-anadromous); М – migratory; S – sedentary; B – bottom-dwelling; P – pelagic, NB – 

near-bottom; Pf – pelagophyl; Pp – phytophyl; Lp – lithophyl; Psp –psammophyl; LPsp – lithopsammophyl; Mp 

– malacophyl; Ce – carrying eggs; Ov – ovoviviparous; Bnp –building nests and protecting eggs. Protection 

status: 1R – IUCN Red List (vulnerable, threatened, disappearing); 2R – Black Sea Red Data Book; 3R – Red Book 

of Ukraine. Occurrence of species: + – rare species, ++ – common and mass species. 

 

The Perciformes order is represented by maximal number of taxa – 13 families, 18 genera and 

24 species; 47 % of all the species found in the bay belong to Perciformes. 

Ranking of ichthyofauna taxa registered in Odessa Bay for the past 13 years is presented in 

Table III.4.7-2. 

Table III.4.7-2 - Ranking of Odessa Bay coastal waters ichthyofauna taxa on the number of 

units (2005–2016) [7,8] 

Ranking of 15 orders on the number of taxa (n – absolute units) 

Order 

Nr. of 
families Order 

Nr. of 
genera Order 

Nr. of 
species 

n % n % n % 

Perciformes 13 40.6 Perciformes 18 43.9 Perciformes 24 47.1 

Pleuronectiformes 3 9.4 Clupeiformes 3 7.3 Clupeiformes 4 7.8 

Clupeiformes 2 6.3 Pleuronectiformes 3 7.3 Syngnathiformes 4 7.8 

Gadiformes 2 6.3 Syngnathiformes 3 7.3 Pleuronectiformes 3 5.9 

Scorpaeniformes 2 6.3 Acipenseriformes 2 4.9 Acipenseriformes 3 5.9 
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Ranking of 15 orders on the number of taxa (n – absolute units) 

Order 

Nr. of 
families Order 

Nr. of 
genera Order 

Nr. of 
species 

n % n % n % 

Other 10 orders 
represented by 
one family each 

10 31.1 

Gadiformes 2 4.9 Scorpaeniformes 2 3.9 

Scorpaeniformes 2 4.9 Gadiformes 2 3.9 

Other 8 orders represented by 
one family each 

8 19.5 

Mugiliformes 2 3.9 

Other 7 orders represented by one 
species each 

7 13.7 

Total 32 100 Total 41 100 Total 51 100 

Ranking of 32 families on the number of taxa Ranking of 41 genera on the number of species 

Family 

Nr. of 
genera Family 

Nr. of 
species 

Genus 
Nr. of 
species 

n % n %  n % 

Gobiidae 6 14.6 Gobiidae 10 19.6 Neogobius 5 9.8 

Syngnathidae 3 7.3 Syngnathidae 4 7.8 Acipenser 2 3.9 

Acipenseridae 2 4.9 Acipenseridae 3 5.9 Alosa 2 3.9 

Clupeidae 2 4.9 Clupeidae 3 5.9 Liza 2 3.9 

Other 28 families 
represented by 1 

genus each 

28 68.3 

Mugilidae 2 3.9 Parablennius 2 3.9 

Blennidae 2 3.9 Symphodus 2 3.9 

Labridae 2 3.9 Syngnathus 2 3.9 

Other 25 families represented 
by 1 species each 

25 49.0 
Other 34 genera represented by 1 
species each 

34 66.7 

Total 41 100 Total 51 100 Total 51 100 

 

III.4.7.6. Structure of ichthyofauna  

III.4.7.6.1. Zmiinyi Island 

Fishes caught near the Zmiinyi Island belong to 5 ecological groups. The basis of ichthyofauna 

in the area is formed by sea fish – 52 species or 76.5% of all the species found (Table III.4.7-24). 

Other groups in the island coastal waters are presented by lower number of species: brackish-

water species – 8.7%, freshwater species – 7.4%, anadromous species – 7.4%.  

Most of species (54, or 89.4% of species) are bottom-dwelling and near bottom. The group of 

pelagic fish is represented by much lower number of species (14, or 20.6% of species). 

As to propagation methods, pelagophyls and protecting species equally dominate in the island 

coastal waters (24 species or 35.3% and 23 species or 33.8% respectively). The quantity of 

phytophyls, lithophyls, psammophyls and lithopsammophyls is insignificant, their shares are, 

respectively, 8.8; 5.9; 1.5 and 1.5%. Seven species of Syngnathidae family (10.3%) lay eggs in 

brood pouch. Two species (2.9%), dogfish and chuco, are ovoviviparous. 

On feeding habits, equally dominate predatory and benthos-eating species, comprising one-

half of all the species found in the area. The share of the rest of species is much smaller. 
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Table III.4.7-24 - Ecological and zoogeographical characteristics of the Zmiinyi Island coastal 

waters ichthyofauna  

Ecological and zoogeographic 
characteristics 

No. of 
species 

% 
Ecological and 
zoogeographic 
characteristics 

No. of 
species 

% 

Marine 52 76.5 Pelagophyls 24 35.3 

Brackish-water 6 8.7 Protecting 23 33.8 

Anadromous 5 7.4 Phytophyls 6 8.8 

Freshwater 5 7.4 Lithophyls 4 5.9 

Total 68 100.0 Psammophyls 1 1.5 

Migratory 19 27.9 Lithopsammophyls 1 1.5 

Sedentary 49 72.1 Ovoviviparous 2 2.9 

Total 68 100.0 Carrying eggs 7 10.3 

Bottom-dwelling 30 44.1 Total: 68 100.0 

Near-bottom 24 35.3    

Pelagic 14 20.6    

Total 68 100.0    

III.4.7.6.2. Odessa Bay (MHBS area) 

Most of fishes found in the catches (70.6%) were marine species (including introduced species 

– 2 %); 13.7 % were brackish-water species, 11.7 % – anadromous, 3.9 % belonged to freshwater 

(including semi-anadromous) species (Table III.4.7-2).  

The ratio of the main ecological groups in the Black Sea [16] and Odessa Bay ichthyofauna 

shows that in Odessa area the anadromous (46%) and brackish-water species (35%) are 

represented to the fullest extent possible (Table III.4.7-3). This can be explained by shallowness 

of the north-western Black Sea (NWBS), where hydrology is influenced by four big rivers: 

Danube, Dniester, Dnipro and Southern Bug. Their combined discharge totals to almost 80 % of 

all the fresh water entering the sea, which results at relatively low salinity values in the water 

area. Mean monthly salinity near Odessa varies from 11.7 to 16.0 ‰, while salinity of the Black 

Sea upper water layers is within 17.5 – 18.3 ‰ [20]. Periodical approaches of fresh waters to 

Odessa coast caused episodic arrivals of freshwater fish species [7,8]. 

The majority of fish species in the area were demersal – 72.6 % of total number of species. 

Those were mainly non-migratory ones (Table III.4.7-4).  

Depending on their breeding, fish in the coastal waters of Odessa Bay divide the following way: 

pelagophyls – 45.1 %, protecting – 29.4 %, lithophyls (including malacolithophyls) and 

phytophyls – 7.8 % each. Four species of Syngnathidae family (7.8 %) carry eggs. Two species 

(3.9 %) – S. acanthias L. and D. pastinaca (L.) – are ovovivoparous.  

Table III.4.7-3 - Zoogeographical characteristics of Odessa Bay ichthyofauna in 2005-2017 

Ecological groups 2005-2016 04.2016 – 06.2017 

No. of species % No. of species % 

Marine 36 70.6 16 69.6 

Brackish-water 7 13.7 5 21.7 

Anadromous  6 11.7 2 8.7 

Freshwater and semi-anadromous  2 3.9 - - 

All groups  51 100 23 100 
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Table III.4.7-4 - Ecological characteristics of Odessa Bay ichthyofauna in 2005-2017 

Characteristics 
2005-2016  04.2016 – 06.2017  

No. of species % No.of species % 

Biotope 

Bottom 23 45.0 14 60.9 

Near-bottom 14 27.5 4 17.4 

Pelagis 14 27.5 5 21.7 

Total 51 100 23 100 

Breeding 

Pelagophyls 22 43.2 15 65.2 

Protecting 15 29.4 7 30.4 

Phytophyls 4 7.8 - - 

Lithophyls 4 7.8 1 4.3 

Psammophyls - - - - 

Litopsammophyls - - - - 

Ovovivoparous 2 4.0 - - 

Carying 4 7.8 - - 

Total 51 100 23 100 

Migration 

Migratory 18 35.3 7 30.4 

Non-migratory 33 64.7 16 69.6 

Total 51 100 23 100 

 

As to feeding habits, the leading place in the catches was occupied by predators (37 %). The 

share of benthos eaters was 33 %, plankton eaters – 10 %, detritofagous and phytofagous – 4 

% each. Mixed feeding was typical of six species (12 %) [11]. 

The changes that took place in qualitative and quantitative composition of Odessa Bay 

ichthyofauna did not tell upon the ratio of bottom and pelagic species. Small changes in the 

ratio of marine, brackish-water, anadromous and freshwater species were registered. In the 

70th – 90th of the past century decrease of species composition happened mainly at the cost of 

marine species, while in the end of 20th –beginning of 21st century the number of marine species 

increased again.  

 

III.4.7.7. Dominant species.  

Analysis of the mass species number and biomass. Size, age and sex composition, peculiarities 

of feeding of mass species  

III.4.7.7.1. Zmiinyi Island 

During the year 2016 (from April to December) the following species prevailed in the catches 

in the Zmiinyi Island coastal zone: anchovy (36.7%), sea scorpion (16.2%), horse mackerel 

(12.7%), round goby (11.5%) and whiting (9.6%). The share of other species was insignificant 

and made 0.02 – 2.8% (Table III.4.7-25). Anchovy form significant aggregations in the island 
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area during winter migrations in December (86.0% of total number caught during the period of 

fishing). The biggest number of sea scorpion individuals was caught in summer months and in 

September during its spawning. Maximal catches of horse mackerel and round goby took place 

in May during spawning migration of those species. Highest number of whiting (cryophilous 

species) was caught in December 2016. Like in previous years, the most significant on biomass 

were catches of demersal species sea scorpion and round goby. Out of the group of pelagic 

species, anchovy and horse mackerel prevailed in catches.  

Table III.4.7-25 - Relative number of representatives of the Zmiinyi Island coastal waters 

ichthyofauna in the period from April to December 2016 

Species 
Month (IV-XII 2016) 

Number of 
individuals, ind 

Percentage of 
total quantity, 

% IV V VI VII VIII IX X XI XII 

En. encrasicolus  0.0 4.2 1.8 0.7 5.6 0.1 0.0 1.5 86.0 2197 36.7 

S. porcus  1.0 5.7 13.6 20.8 32.6 23.6 0.0 1.8 0.9 971 16.2 

T. m. ponticus  0.0 50.2 38.9 1.3 3.7 3.8 1.6 0.5 0.0 761 12.7 

N. melanostomus  19.2 61.4 10.3 0.9 2.0 2.3 0.0 2.9 1.0 689 11.5 

M. m. euxinus  9.4 6.6 0.2 0.0 0.0 0.0 0.0 8.5 75.3 575 9.6 

P. sanguinolentus  18.0 71.9 3.6 1.2 0.6 3.0 0.0 1.8 0.0 167 2.8 

S. cinereus  1.8 43.1 20.2 5.5 8.3 21.1 0.0 0.0 0.0 109 1.8 

U. scaber  0.9 22.0 26.6 35.8 8.3 6.4 0.0 0.0 0.0 109 1.8 

M. b. ponticus  0.9 92.6 6.5 0.0 0.0 0.0 0.0 0.0 0.0 108 1.8 

G. mediterraneus  6.9 43.7 23.0 0.0 0.0 0.0 0.0 17.2 9.2 87 1.5 

M. batrachocephalus  10.3 41.2 2.9 2.9 2.9 0.0 0.0 13.2 26.5 68 1.1 

A. pontica  11.9 50.0 21.4 9.5 7.1 0.0 0.0 0.0 0.0 42 0.7 

P. saltatrix  0.0 0.0 0.0 0.0 24.1 31.0 41.4 3.4 0.0 29 0.5 

L. aurata  0.0 0.0 0.0 0.0 80.0 20.0 0.0 0.0 0.0 15 0.3 

P. flesus luscus  0.0 61.5 0.0 0.0 0.0 0.0 0.0 23.1 15.4 13 0.2 

T. draco  0.0 0.0 55.6 22.2 11.1 11.1 0.0 0.0 0.0 9 0.2 

P. maeotica  0.0 50.0 0.0 0.0 0.0 25.0 0.0 25.0 0.0 8 0.1 

S. acanthias  16.7 16.7 0.0 0.0 0.0 0.0 0.0 33.3 33.3 6 0.1 

A. immaculata  60.0 0.0 0.0 0.0 0.0 20.0 0.0 20.0 0.0 5 0.1 

P. lascaris  0.0 80.0 0.0 0.0 0.0 0.0 0.0 20.0 0.0 5 0.1 

S. flexuosa  0.0 0.0 100.0 0.0 0.0 0.0 0.0 0.0 0.0 5 0.1 

D. pastinaca  0.0 0.0 0.0 0.0 100.0 0.0 0.0 0.0 0.0 3 0.1 

S. sprattus  33.3 66.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3 0.1 

R. clavata  0.0 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1 0.02 

S. labrax  0.0 0.0 100.0 0.0 0.0 0.0 0.0 0.0 0.0 1 0.02 

S. umbra  0.0 0.0 0.0 0.0 0.0 100.0 0.0 0.0 0.0 1 0.02 

 

During the period of studies in 2017 (May-June), as well as in 2016, round goby (38.76%) and 

horse mackerel (37.15%). Catches of combtooth blenny were relatively high (7.63%). Share of 

other species was insignificant and made from 0.1 to 2.31% (Table III.4.7-26). 
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Table III.4.7-26 - Relative number of ichthyofauna representatives in the Zmiinyi Island 

coastal waters in May-June period of 2016 and 2017 

Specise 

Period of studies 

2016 2017 

V VI 
No. of 
individuals, 
ind. 

Percentage 
of total 

quantity, % 
V VI 

No. of 
individuals, 
ind. 

Percentage 
of total 

quantity, % 

A. pontica  70.0 30.0 30 1.48 0.0 100.0 1 0.10 

En. encrasicolus  70.2 29.8 131 6.44 90.9 9.1 11 1.10 

G. mediterraneus  65.5 34.5 58 2.85 78.3 21.7 23 2.31 

L. aurata  0.0 0.0 0 0.00 0.0 100.0 1 0.10 

M. barbatus ponticus  93.5 6.5 107 5.26 10.3 89.7 39 3.92 

M. batrachocephalus  93.3 6.7 30 1.48 76.9 23.1 13 1.31 

M. merlangus euxinus  97.4 2.6 39 1.92 0.0 0.0 0 0.00 

N. melanostomus  85.6 14.4 494 24.30 78.2 21.8 386 38.76 

P. flesus luscus  100.0 0.0 8 0.39 100.0 0.0 1 0.10 

P. lascaris  100.0 0.0 4 0.20 0.0 0.0 0 0.00 

P. maeotica  100.0 0.0 4 0.20 100.0 0.0 2 0.20 

P. sanguinolentus  95.2 4.8 126 6.20 94.7 5.3 76 7.63 

R. clavata  100.0 0.0 1 0.05 100.0 0.0 1 0.10 

S. acanthias  100.0 0.0 1 0.05 0.0 0.0 0 0.00 

S. cinereus  68.1 31.9 69 3.39 52.2 47.8 23 2.31 

S. flexuosa  100.0 0.0 5 0.25 0.0 0.0 0 0.00 

S. labrax  0.0 100.0 1 0.05 0.0 100.0 1 0.10 

S. porcus  29.4 70.6 187 9.20 23.1 76.9 13 1.31 

S. sprattus  100.0 0.0 2 0.10 100.0 0.0 1 0.10 

T. draco  0.0 100.0 5 0.25 12.5 87.5 8 0.80 

T. mediteraneus ponticus  56.3 43.7 678 33.35 0.0 100.0 370 37.15 

U. scaber  45.3 54.7 53 2.61 15.4 84.6 26 2.61 

 

Pelagic fish species. During the period of studies, 2 years’ old individuals of anchovy and 

silverside were most often found in the catches near the island, 2-3 years’ old horse mackerel, 

1 year old bluefish. Average values of general length and weight, as well as intensity of feeding 

(total index of stomach fullness, TISF) for anchovy, silverside, bluefish and horse mackerel are 

presented in Table III.4.7-27. Sex ratio (males:females) of these species in the catches was 

1.2:1.0; 1.0:1.5; juv and 1.0:1.3 respectively. 

Intensity of feeding of all the four species was rather high in the island area; the share of 

individuals with empty stomach did not exceed 25.0%. The highest values of TISF were 

registered during autumn feeding period (Table III.4.7-27). 
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Table III.4.7-27 - Size and mass characteristics, Total Index of Stomach Fullness (TISF) of four 

pelagic fish species in the Zmiinyi island coastal waters 

Fish species (age)  Parameters 
Period of studies 

spring autumn autumn winter 

E. encrasicolus (2) 

L, cm 11.6±0.1 10.9±0.3 11.6±0.3 10.5±0.1 

m, g 9.5±0.3 8.1±0.8 11.3±0.6 9.2±0.2 

TISF, 0/000 59.2±11.7 67.6±37.2 30.7±7.4 10.6±5.1 

A. pontica (2) 

L, cm 7.6±0.2 8.8±0.3 - - 

m, g 3.1±0.2 4.9±0.6 - - 

TISF, 0/000 101.3±22.4 126.5±47.8 - - 

P. saltatrix (1) 

L, cm - 19.7±0.4 18.7±0.3 - 

m, g - 79.6±4.3 67.0±3.9 - 

TISF, 0/000 - 104.2±15.2 216.9±22.4 - 

T. m. ponticus (3) 

L, cm 15.6±0.3 17.0±0.4 14.1±0.1 - 

m, g 37.0±2.4 47.5±4.1 25.7±0.9 - 

TISF, 0/000 208.1±31.5 241.0±67.2 186.3±34.3 - 

Notes: L – general length, m – mass of fish, n – number of individuals, TISF – total index of stomach fullness. 

 

The diet of anchovy in the Zmiinyi Island coastal waters comprised organisms belonging to 15 

taxa. The most significant for the diet appeared to be mysids, rotifers, zooplankton crustaceans 

Copepoda and planktobenthos organisms: Polychaeta and amphipods. As it is known, under 

conditions of zooplankton shortage anchovy feed on phytoplankton. During the period of 

studies near the Zmiinyi Island the share of phytoplankton in food boluses of anchovy made 3.8 

to 78.0% of its total mass. Most often phytoplankton organisms were registered in anchovy 

bowels in winter. Silverside diet comprised 17 of food objects. In the diet dominated 

polychaetes, amphipods, mysids. Plankton crustaceans played significant role in the diet of this 

species in the island coastal waters. According to the data received during summer period of 

2009, in the diet of the studied silverside individuals prevailed copepods making up to 45.0% 

of food bolus mass. The share of pelagic larvae of decapods, molluscs and polychaetes was 

insignificant. Comparative analysis of anchovy and silverside diet in the Zmiinyi Island coastal 

waters showed low similarity of food objects’ species composition between these fish species 

(Index of Taxonomic Similarity ITS – 39.1%). On the other hand, high values of the ITS Index 

(70.0 %) evidenced similar food preferences of the two fish species compared, which was 

expressed in intensive consumption of polychaetes by both species. The spectrum of bluefish 

diet in the island coastal waters was presented by 8 objects. Fishes dominated in food boluses: 

anchovy, horse mackerel, silverside, sprat and whiting. In the island coastal waters, remaining 

of Palaemon elegans was also found in the stomachs of bluefish. The study established that the 

diet of horse mackerel comprised organisms belonging to 16 taxa. Near the island, horse 

mackerel was feeding mainly on fish. Polychaetes and crustaceans Amphipoda, Isopoda also 

played significant role in the diet. In food boluses of big individuals the juveniles of the same 

species were found; the significance of juveniles in the diet of big fishes was quite high (Index 

of Relative Significance (IRS) – 295.9-492.1%). The values of Index of Food Similarity (70.4%) 

and the Index of Taxonomic Similarity (50.0%) of food objects in the diet of horse mackerel and 

bluefish were quite high, which showed similar diet of those two species.  
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The results received by us coincide with the data from literature, according to which anchovy 

and silverside were mainly zooplankton-eating species with wide food spectrum comprising 

meroplankton and planktobenthos organisms. Under the current conditions connected with 

growth in number and distribution of comb jelly Mnemiopsis leidyi A. Agassiz, 1865, which 

undermined the food basis of plankton-eating fish, significance of benthos organisms for 

zooplankton-eating fish diet will increase. The main role in the diet of horse mackerel and 

bluefish is played by different fish species, both in the Zmiinyi Island area and in other parts of 

the Black Sea. Near the island, horse mackerel also consumes actively amphipods and 

polychaetes. 

Bottom-dwelling fish species. Silver rockling Gaidropsarus mediterraneus (L., 1758). The basis 

of silver rockling catch was formed by individuals of general body length of 23-24 cm. Maximal 

value of general length for males (age 4+) was 34.2 cm, mass – 210.0 g; for females (age 4+) – 

33.0 cm and 367.0 g respectively (Table III.4.7-28).  

Table III.4.7-28 - Size and mass characteristics of three bottom-dwelling fish species in the 

Zmiinyi island coastal waters for the entire period of studies 

Species Sex Parameters Age, years 

1 (1+) 2 (2+) 3 (3+) 4 (4+) 5 (5+) 

G
. m

ed
ite

rr
an

eu
s 

Males 

Gen. length, cm 18.0±0.3 22.4±0.2 24.9±0.3 26.9±0.6 - 

Mass, g 51.7±3.2 102.3±3.2 135.8±7.5 167.0±10.4 - 

Number of fish, ind 48 111 25 7 - 

Females 

Gen. length, cm 18.5±0.3 22.8±0.1 24.9±0.2 28.2±0.4 28.6±0.9 

Mass, g 60.0±3.2 112.3±1.5 137.1±2.7 208.4±12.0 209.8±9.3 

Number of fish, ind 65 374 179 33 4 

S
. p

or
cu

s Males 

Gen. length, cm 9.9±0.2 12.7±0.4 14.1±0.1 16.3±0.2 17.5±0.5 

Mass, g 26.3±1.6 48.9±0.9 64.8±1.1 92.1±2.7 109.6±3.5 

Number of fish, ind 45 126 125 42 14 

Females  

Gen. length, cm 10.4±0.2 12.8±0.2 14.5±0.2 16.9±0.4 19.5±0.4 

Mass, g 27.9±1.3 52.5±2.2 76.7±3.9 113.3±2.5 174.5±1.6 

Number of fish, ind 45 43 41 22 12 

N
. m

el
an

os
to

m
us

 

Males 

Gen. length, cm - 14.5±0.4 17.0±0.5 18.2±0.3 - 

Mass, g - 54.5±1.2 82.1±2.7 98.9±3.5 - 

Number of fish, ind - 30 35 30 - 

Females  

Gen. length, cm - 12.0±0.3 15.1±0.4 16.3±0.5 - 

Mass, g - 35.9±2.4 65.4±2.8 74.5±2.8 - 

Number of fish, ind - 25 30 30 - 

 

The lowest intensity of silver rockling feeding was registered in summer period, its General 

Index of Stomach Fullness (GISF) was 177 to 2800/000. In winter, this parameter was reaching 

326-4140/000, in spring varied from 287 to 3500/000. The changes in this parameter values reflect 

activeness of food consumption by fish in different seasons. In November – December and April 

– May silver rockling individuals consumed more food to restore energy spent for breeding and 

wintering. Silver rockling diet comprised organisms belonging to 35 taxa. Crustaceans were 

represented by the highest number of species – 16 species. Polychaeta Nereis diversicolor and 

5 mollusc species were also found; among those musels Mytilus galloprovincialis, dominant 

species in the benthos of the area, prevailed. Out of vertebrates, 12 fish species were found; 
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most of them bottom-dwelling (80.3%). Analysis of Index of Relative Significance (IRS) of silver 

rockling food objects showed that its main food comprised crustaceans – representatives of 

Gammaridae (Table III.4.7-29).  

Table III.4.7-29 - Mean IRS values (%) of food objects of silver rockling, sea scorpion and round 

goby in the Zmiinyi Island coastal waters 

Food object G. mediterraneus S. porcus N. melanostomus 

Nematoda gen. sp. - - 1.8 

Oligochaeta gen. sp. - - 1.7 

Nereis diversicolor 399.1 209.6 76.7 

Balanus gen. sp. 16.8 - 71.7 

Stenothoe monoculoides  86.3 - - 

Corophium gen. sp. 88.5 - - 

Gammarus gen. sp. 2883.0 535.8 54.2 

Sphaeroma gen. sp. 194.7 50.4 1.7 

Idotea baltica basteri  17.9 11.4 - 

Palaemon elegans 624.1 1985.1 1.3 

Crangon crangon  233.0 4617.0 - 

Pisidia longimana  44.9 - - 

Macropipus arcuatus 64.9 97.0 16.4 

Carcinus mediterraneus  8.2 - - 

Eriphia verrucosa  179.5 - - 

Xantho poressa  547.1 815.8 65.8 

Pilumnus hirtellus  87.7 262.7 - 

Pachygrapsus marmoratus  86.4 46.0 - 

Reptantia gen. sp. 117.4 162.4 30.5 

Rissoa gen. sp. - - 679.6 

Hydrobia gen. sp. 80.4 - 27.1 

Nana donovani  1.2 - - 

Modiolus adriaticus - - 6.2 

Mytilaster lineatus  0.2 - 255.7 

Mytilus galloprovincialis 50.5 4.2 14976.8 

Cerastodеrma gen. sp.   20.5 

Mollusca gen. sp. 104.3 - 4.7 

Sprattus sprattus phalericus 355.7 - 93.1 

Engraulis encrasicholus  9.2 - - 

Gaidropsarus mediterraneus 222.1 55.9 - 

Ophidion rochei - 1.8 - 

Hippocampus guttulatus - 106.2 - 

Aidablennius sphynx  78.8 95.8 - 

Parablennius sanguinolentus  11.9 - - 

Parablennius zvonimiri - 2.8 - 

Parablennius tentacularis  282.0 17.6 - 

Blenniidae gen. sp. 64.4 25.6 19.6 

Mesogobius batrachocephalus - 27.7 - 

Neogobius melanostomus  172.2 235.7 - 

Gobius niger  140.0 76.3 - 

Gobiidae gen. sp. 154.9 1037.6 - 

Proterorhinus marmoratus - 24.3 - 

Lepadogaster candollei  24.7 - - 
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Food object G. mediterraneus S. porcus N. melanostomus 

Pisces gen. sp. 88.0 435.3 11.3 

Fish eggs  + - + 

Total food boluses, pcs. 420 186 120 

Note: + – presence of a food object in the diet; - – absence of a food object from the diet. 

 

Not less important food objects of silver rockling were shrimps and crabs, as well as fishes 

Blenniidae, Gobiidae and Gadidae. Secondary food objects were other crustaceans (isopodes 

and crabs) and fishes (sprat, clingfish). Mussel was accidental food. Cases of cannibalism 

happen with silver rockling. Mass cases of cannibalism in this species was observed in 2004, 

which probably was connected with increase in its number and, as the result, growth of tension 

inside the species. 

Sea scorpion Scorpaena porcus L., 1758. Sea scorpion parameters varied within the following 

limits: minimal general length of males and females in the age of 1 – 6.9 and 5.7 cm, mass – 9.0 

and 9.2 g respectively. Maximal values in the age of 5 – 20.5 and 23.7 cm, 160.3 g and 339.5 g 

respectively (Table III.4.7-28). Intensity of sea scorpion feeding during spawning period (end of 

May – mid-July) was low, General Index of Stomach Fullness (GISF) made 103–1490/000. More 

than half of individuals did not feed during those months. In August, when reproduction period 

ended, increase of feeding activeness was observed (GISF – 283-3490/000). The highest feeding 

intensity (5370/000) was registered in September – early October. In the period of studies food 

spectrum of sea scorpion in the Zmiinyi Island area comprised food objects that belonged to 25 

taxa. Decapodes were represented in the diet by highest number of species (7 species). 

Secondary role was played by mass fish species – representatives of Blenniidae and Gobiidae 

families (3 and 4 species respectively). Nereis and mussels were found in insignificant quantity 

(Table III.4.7-29). 

Combtooth blenny Parablennius sanguinolentus (Pallas, 1814)  

Mean value of tgeneral length of the individuals caught near the Zmiinyi Island was 14.6±1.9 

cm, mass – 54.2±2.2 g, the biggest length and mass – 17.5 cm and 93.0 g respectively. In the 

diet of the studied combtooth blenny individuals 21 macrophyte species were found 

(Chlorophyta – 12, Rhodophyta – 8 и Phaeophyta – 1), which made ca. 50.0 % of all microalgae 

species known for the island coastal waters. On the frequency of occurrence in food boluses of 

combtooth blenny the most mass were: Cladophora hutchinsii (50.0%), Ceramium siliquosum 

var elegans (30.0%), Cladophora laetevirens, Ulothrix implexa, Callithamnion corymbosum 

(20.0%). The rest of algal species were found in individual cases. Besides, diatoms of 35 species 

were found in food boluses of combtooth blenny (ca. 30.0% of all the diatoms known for the 

island area), as well as crustaceans (Gammarus gen. sp.) and molluscs (juveniles of Mytilus 

galloprovincialis). 

Round goby Neogobius melanostomus (Pallas, 1814). Individuals with general length of 12.0-

18.2 cm dominated in catches. At that, mass of fish did not exceed 99.0 g (Table III.4.7-28). 

Males in the age 4+ reached maximal size. Their biggest length and mass were 19.1 cm and 

106.7 g (Table III.4.7-28). General Index of Stomach Fullness (GISF) of individuals varied from 

120.0 to 5970/000. In spring the GISF values were within 180-3230/000. Quantity of fish with 

empty stomachs made 45%. The maximal values of GISF were registered in autumn – 5970/000; 
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percentage of individuals with empty stomach was 20%. Food spectrum of round goby in the 

Zmiinyi Island coastal waters was represented by food objects belonging to 22 taxa (Table 

III.4.7-29). Molluscs and crustaceans were represented by highest number of species in round 

goby diet (8 and 7 species respectively).  

During the period of studies selectivity of silver rockling diet reflected in preference of small 

crustaceans belonging to families Gammaridae and Sphaeromatidae; the values of Selectivity 

Index (SI) of those species made up to 21.8 and 18.0%, respectively. Besides, silver rockling 

consumes actively the most mass fish species, for example, electivity for blennies was 15.6%. 

Maximal values of Selectivity Index of sea scorpion are for shrimp (up to 24.7%), Xantho (up to 

18.2%) and Pilumnus (up to 14.2%), as well as polychaetes (23.1%), Sphaeroma (16.8%) and 

Idothea (11.4%). Food activeness of round goby is first of all aimed at consumption of Mitylus 

and Mytilaster. Selectivity indices in respect of those molluscs were maximal during the entire 

period of study and made 16.1 and 22.0%. Comparative analysis of bottom-dwelling fish diet in 

the Zmiinyi Island coastal area showed that the studied species had both similar and specific 

features in food preference. The highest values of Index of Food Similarity (IFS) and Index of 

Taxonomic Similarity (ITS) were obtained from comparison between the diets of silver rockling 

and sea scorpion (IFS – 19.6-59.4%, ITS – 21.1-50.0%). Variations of those values appeared to 

be quite significant and evidently are direct consequence of changes in number of both the 

studied fish species and benthos organisms.  

Low IFS and ITS values of silver rockling and round goby on one side and of sea scorpion and 

round goby on the other side evidence a significant difference between food spectra of those 

species. 

III.4.7.7.2. Odessa Bay (MHBS area) 

From April to November 2016, practically half of gillnet catches (in number) consisted of round 

goby (50.2 %); sole (18.4 %), goby Ponticola syrman (11.8 %) and grey wrasse (9.6 %) were also 

numerous. The share of other species was insignificant and made from 0.05 to 2.5 % (Tables 

III.4.7-5 and III.4.7-6).  

Table III.4.7-5 - Relative number of some fish species in the catches in Odessa Bay coastal 

waters from March to November 2016 

Species 

Month No. of 
individuals 
of a 
species, 
ind. 

Percentage of the 
total quantity of 
individuals of all 

species for year, % 
IІІ IV V VI VII VIII IX X XI 

A. stellatus  0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0 1 0.05 

En. encrasicolus  0.0 0.0 0.0 50.0 0.0 50.0 0.0 0.0 0.0 2 0.1 

Alosa  caspia 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0 0.0 1 0.05 

S. sprattus  0.0 0.0 0.0 100.0 0.0 0.0 0.0 0.0 0.0 1 0.05 

O. rochei  0.0 0.0 0.0 0.0 100.0 0.0 0.0 0.0 0.0 1 0.05 

M. merlangus 0.0 0.0 0.0 16.7 0.0 0.0 50.0 0.0 33.3 6 0.3 

G. mediterraneus  0.0 0.0 4.5 0.0 4.5 4.5 27.3 50.0 9.1 22 1.0 

S. porcus  0.0 0.0 0.0 0.0 43.8 0.0 43.8 12.5 0.0 16 0.7 

P. saltatrix  0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.0 0.0 3 0.1 



Scientific Report - 12-Months Monitoring Studies 

in Georgia, Russian Federation and Ukraine, 2016-2017 

 

467 

Species 

Month No. of 
individuals 
of a 
species, 
ind. 

Percentage of the 
total quantity of 
individuals of all 

species for year, % 
IІІ IV V VI VII VIII IX X XI 

T. m. ponticus  0.0 0.0 0.0 50.0 0.0 50.0 0.0 0.0 0.0 2 0.1 

M. barbatus 0.0 0.0 0.0 0.0 28.6 71.4 0.0 0.0 0.0 7 0.3 

S. cinereus  0.0 9.3 10.2 1.0 2.9 66.8 9.8 0.0 0.0 205 9.6 

S. ocellatus 0.0 0.0 100.0 0.0 0.0 0.0 0.0 0.0 0.0 2 0.1 

U. scaber  0.0 0.0 0.0 0.0 0.0 100.0 0.0 0.0 0.0 1 0.05 

M. batrachocephalus  18.0 20.0 2.0 12.0 6.0 6.0 16.0 14.0 6.0 50 2.3 

N. cephalargoides 12.7 9.5 16.3 16.3 23.4 12.3 9.1 6.3 2.0 252 11.8 

N. melanostomus  4.8 17.9 14.0 6.8 3.2 5.8 11.2 15.5 21.3 1074 50.2 

N. ratan  5.6 35.2 24.1 11.1 1.9 9.3 7.4 1.9 5.6 54 2.5 

N. eurycephalus 20.9 39.5 34.9 2.3 2.3 0.0 0.0 0.0 0.0 43 2.0 

P.m. maeotica  0.0 0.0 0.0 0.0 100.0 0.0 0.0 0.0 0.0 1 0.05 

P. flesus luscus  0.0 0.0 0.0 0.0 0.0 0.0 66.7 33.3 0.0 3 0.1 

P. lascaris  0.3 0.0 3.8 12.0 43.0 37.7 5.9 3.8 0.0 393 18.4 

 

The highest number of round goby was observed in April-May (31/9 %) and in autumn months 

(48 %). Mass catches of sole with gillnets were registered in summer during spawning migration 

to the coastal waters of the bay (92.7 %). The highest number of Black-Azov Sea goby was 

caught in May-July (56 %). Absolute maximum of catches of grey wrasse took place in August 

(66.7 % of total yearly catch).  

Low number of anchovy and sprat in catches, as well as absence of silverside from the catches 

are the results of restricted use of the specialized fishing gear for research purposes. Shoals of 

silverside are regularly observed visually in the coastal water area. 

Table III.4.7-6 - Relative quantity of fish species in the coastal waters of Odessa Bay from 

April to June 2016 and 2017 

Fish species 

Year and month 

2016  2017  

ІV V VI 

No. of 
individua
ls of a 
species, 
ind. 

Percentage of 
the total 

quantity of 
individuals of 
all species for 

year, % 

ІV V VI 

No. of 
individuals 
of a 
species, 
ind. 

Percentage 
of the total 
quantity of 
individuals 

of all species 
for year, % 

En. encrasicolus  0.0 0.0 100.0 1 0.12 0.0 0.0 0.0 0 0.00 

S. sprattus  0.0 0.0 100.0 1 0.12 0.0 0.0 0.0 0 0.00 

M. merlangus 0.0 0.0 100.0 1 0.12 0.0 0.0 0.0 0 0.00 

G. mediterraneus  0.0 100.0 0.0 1 0.12 0.0 0.0 0.0 0 0.00 

T. m. ponticus  0.0 0.0 100.0 1 0.12 0.0 0.0 0.0 0 0.00 

M. barbatus 0.0 0.0 0.0 0 0.00 0.0 0.0 100.0 1 0.33 

S. cinereus  45.2 50.0 4.8 42 5.08 0.0 100.0 0.0 13 4.35 

S. ocellatus 0.0 100.0 0.0 2 0.24 0.0 11.8 88.2 17 5.69 

T. draco  0.0 0.0 0.0 0 0.00 0.0 0.0 100.0 1 0.33 
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Fish species 

Year and month 

2016  2017  

ІV V VI 

No. of 
individua
ls of a 
species, 
ind. 

Percentage of 
the total 

quantity of 
individuals of 
all species for 

year, % 

ІV V VI 

No. of 
individuals 
of a 
species, 
ind. 

Percentage 
of the total 
quantity of 
individuals 

of all species 
for year, % 

M. batrachocephalus  58.8 5.9 35.3 17 2.06 33.3 0.0 66.7 3 1.00 

N. cephalargoides 22.6 38.7 38.7 106 12.83 0.0 15.6 84.4 38 15.05 

N. melanostomus  46.3 36.1 17.6 415 50.24 16.7 62.5 20.8 192 64.21 

N. ratan  50.0 34.2 15.8 38 4.60 0.0 100.0 0.0 3 1.00 

N. eurycephalus 51.5 45.5 3.0 33 4.00 0.0 100.0 0.0 3 1.00 

P. lascaris  0.0 24.2 75.8 62 7.50 0.0 0.0 100.0 21 7.02 

 

Sex, size and age composition of round goby  

Round goby plays an important role in the functioning of food chains of water-bodies. It is an 

important food object for some of commercial predatory species and competes for food with 

benthos-feeding species. It is also an important commercial species, especially in the areas of 

its mass accumulation, in particular in the Azov Sea. It is valued for dietary and tasty meat, 

relative easiness of catching and the capability of quite quick restoration of the population 

number. Besides the species can serve as indicator characterizing the state of coastal 

ecosystem. 

In spring of 2015, fishes of five age categories, irrespective of their sex, were found in the net 

catches (Table III.4.7-7): from two (2) to six (6) years old. In autumn of the same year gobies 

from two (1+) to five (4+) years old were caught. In spring in the coastal zone near Odessa, 

irrespectively of sex, four years old individuals dominated in the catches (39.1-45.3%); next big 

group for males was three (35.9%) and for females five (34.8%) years old. In autumn most of 

males  were 2+ and 3+ (87%), while females were represented by age groups 3+ and 4+ (73.5%). 

In Odessa Bay in spring and autumn of 2015, males dominated in the catches (77.2% and 78.3% 

respectively). The lowest number of males compared with females was registered (Table III.4.7-

8): in spring – for 5-years old (55.6%), in autumn – for 2 and 5-years old (50.0% and 51.2% 

respectively). 

During 2015 in the Malyi Fontan Cape area the biggest standard length and mass was 

registered: for a 6 years old male (16.2 cm and 121.6 g) and 5 years old female (14.6 cm and 

94.3 g). In all seasons of studies the younger fishes had smaller size and weight than the older 

individuals (Tables III.4.7-9- III.4.7-12). 

Length and weight of fishes of all age groups were increasing from spring to autumn, this 

dynamics was especially typical of males. 

In 2015, almost all females of the same age were smaller in size than the males, which in general 

is in line with the biology of this species [11]. An exception made three males in the age of 3 

caught in spring. At that season, males in the age of 3 came to the coastal area to take part in 

spawning for the first time. Their small length and mass gave them no chance to compete 
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successfully for breeding areas the previous year. That is why those small in size males were 

almost as long as females (having reached sexual maturity females grow slower than males). 

In spring 2016, fishes of four age groups were found in the net catches: from two to five (Table 

III.4.7-7). In autumn males were from 2+ to 5+ and females from 1+ to 6. In spring, like the 

previous year, in the catches from the coastal area near Odessa four years old individuals 

prevailed irrespectively of their sex (60.1-49.6%). The next big groups were 3-years old for 

males (23.6%) and 5-years old for females (26.4%). In autumn most of males and females were 

in the age 3+ (59.1% and 38.6% respectively) and 4+ (30.5% and 44.6% respectively). 

In the Malyi Fontan Cape area in Odessa Bay males prevailed among the fishes in the age from 

2 to 5 in 2016. Among the 2-years old domination of males was insignificant (56.0%). In autumn 

fish in the age from 2+ to 4+ was also to a significant extent represented by males (88.1-61.5%), 

but only two female individuals in the age 1+ and 6 were found in the catches.  

In 2016 in Odessa area the biggest standard length and mass was registered for males: a 3+ 

male (19.5 cm and 118.8 g) and a 4+ male (16.5 cm and 124.0 g) in autumn; for females – a 5-

years old individual (16.7 cm and 110.5 g) in spring. Like the previous year, in all seasons the 

younger fishes had smaller size and weight than the older individuals (Tables III.4.7-9- III.4.7-

12). 

Length and weight of both males and females of all age groups were increasing from spring to 

autumn.Females of the same age were smaller compared to males. Irrespectively of their sex, 

the individuals of all age groups had no reliable differences in weight and length between 

summer and autumn seasons of 2016 (Tables III.4.7-13- III.4.7-14). 

Analysis of the age and size structure of round goby population in Odessa Bay shows the 

changes in these parameters of fish during several years. 

In spring 2016 all the caught males of all age groups were bigger in size and weight than the 

males caught in 2015. Length and weight of females stayed almost unchanged for those two 

years. For two past   years of studies, the difference between size and mass characteristics of 

males and females in the end of summer and autumn was insignificant. Size and mass of 

females in the age 3+ and 4+ were bigger than those of males. 

Table III.4.7-7 - Age composition (%) of round goby in Odessa Bay  

Month and year of 
studies 

Sex 
Age, years 

Individuals, ind. 
1 (1+) 2 (2+) 3 (3+) 4 (4+) 5(5+) 6 

April-June 2015 Males – 3.4 35.9 45.3 12.8 2.6 234 

Females – 1.4 21.7 39.1 34.8 2.9 69 

Both sexes – 2.9 32.7 43.9 17.8 2.6 303 

October-November 
2015 

Males 0.6 30.5 56.5 12.4 – – 177 

Females 2.0 24.5 30.6 42.9 – – 49 

Both sexes 0.9 29.2 50.9 19.0 – – 226 

March-June 2016 Males – 3.6 23.6 60.1 12.7 – 386 

Females – 9.1 14.9 49.6 26.4 – 121 

Both sexes – 4.9 21.5 57.6 16.0 – 507 

July-December 2016 Males – 8.4 59.1 30.5 2.0 – 403 

Females 0.2 8.4 38.6 44.6 6.0 1.2 83 

Both sexes 0.2 8.4 55.6 32.9 2.7 0.2 486 
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Table III.4.7-8 - Sex ratio (%) of round goby in Odessa Bay 

Month and year 
of studies 

Sex Age, years  All age 
groups 1 (1+) 2 (2+) 3 (3+) 4 (4+) 5 (5+) 6 

April-June 2015 Males – 88.9 84.8 79.7 55.6 75.0 77.2 

Females – 11.1 15.2 20.3 44.4 25.0 22.8 

October-
November 2015 

Males 50.0 81.8 86.9 51.2 – – 78.3 

Females 50.0 18.2 13.1 48.8 – – 21.7 

March-June 
2016 

Males – 56 83.5 79.5 60.5 – 76.1 

Females – 44 16.5 20.5 39.5 – 23.9 

July-December 
2016 

Males – 82.9 88.1 76.9 61.5 – 82.9 

Females 100 17.1 11.9 23.1 38.5 100 17.1 

Table III.4.7-9 - Limiting, medium values, confidence interval of standard length of round 

goby in spring in Odessa Bay 

Month and 
year of 
studies 

Parameter Males Females 

Age, years Age, years 

2 3 4 5 6 2 3 4 5 6 

April-June 
2015 

No. of fishes, ind. 8 84 106 30 6 1 15 27 24 2 

Max. length, cm 11.5 14.5 16.5 16.0 16.2 – 12.6 14.3 14.6 12.0 

Min. length, cm 9.0 8.5 9.0 12.5 15.0 – 10.0 10.0 11.9 13.4 

Mean length, cm 10.0 10.7 12.8 14.3 15.7 10.0 10.9 12.1 12.9 12.7 

Conf. interval 
(95%), cm 

9.4 10.3 12.5 13.9 15.3 – 10.5 11.6 12.6 – 

10.7 11.1 13.2 14.6 16.2 – 11.4 12.5 13.3 – 

March-June 
2016 

No. of fishes, ind. 14 91 232 49 – 11 18 60 32 – 

Max. length, cm 13.4 15.6 16.4 16.7 – 10 14.3 15.8 16.7 – 

Min. length, cm 7.1 10.0 12.0 13.0 – 6.5 8.0 9.4 11.6 – 

Mean length, cm 10.5 13.3 14.1 14.8 – 7.8 10.6 12.3 13.2 – 

Conf. interval 
(95%), cm 

9.4 13.2 13.9 14.5 – 7.3 9.8 12.0 12.8 – 

11.6 13.5 14.2 15.0 – 8.3 11.5 12.6 13.6 – 

Table III.4.7-10 - Limiting, medium values, confidence interval of weight of round goby in 

spring in Odessa Bay 

Month 
and year 

of 
studies 

Parameter Males Females 

Age, years Age, years 

2 3 4 5 6 2 3 4 5 6 

April-June 
2015 

No. of fishes, ind. 8 84 106 30 6 1 15 27 24 2 

Max. weight, g 35.0 63.5 98.2 109.0 121.6 – 51.4 77.5 94.3 41.2 

Min. weight, g 14.5 12.3 18.2 53.8 102.2 – 24.4 26.0 41.4 57.4 

Mean weight, g 23.7 30.8 52.9 76.5 114.7 20.5 32.3 46.5 57.0 49.3 

Conf. interval 
(95%), g 

18.6 27.0 48.9 70.5 107.6 – 29.5 42.3 51.9 – 

28.8 34.6 57.0 82.4 121.8 – 35.0 50.8 62.1 – 

March-
June 
2016 

No. of fishes, ind. 14 91 232 49 – 11 18 60 32 – 

Max. weight, g 61.4 90.6 114.9 119.7 – 28.5 81.4 96.7 110.5 – 

Min. weight, g 9.3 17.4 45.0 56.1 – 7.1 12.4 20.0 42.0 – 

Mean weight, g 33.5 60.8 72.6 88.5 – 12.8 34.2 51.7 61.5 – 

Conf. interval 
(95%), g 

24.4 58.2 71.1 84.3 – 9.5 25.3 48.4 56.6 – 

42.6 63.5 74.2 92.6 – 15.9 43.2 54.9 66.4 – 
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Table III.4.7-11 - Limiting, medium values, confidence interval of standard length of round 

goby in summer and autumn in Odessa Bay 

Month 
and year 

of 
studies 

Parameter Males Females 

Age, years Age, years 

1+ 2+ 3+ 4+ 5+ 1+ 2+ 3+ 4+ 5+ 6+ 

October-
November 
2015 

No. of fishes, 
ind. 

1 54 100 22 – 1 12 15 21 – – 

Max. length, cm – 14.0 15.5 16.3 – – 12.5 13.0 14.4 – – 

Min. length, cm – 11.5 10.4 12.8 – – 8.5 9.7 11 – – 

Mean length, cm 9.1 12.7 13.7 14.2 – 9.0 10.6 11.9 12.7 – – 

Conf. interval 
(95%), cm 

– 12.5 13.4 13.8 – – 9.7 11.3 12.3 – – 

– 12.9 13.8 14.6 – – 11.5 12.5 13.2 – – 

July-
December 
2016 

No. of fishes, 
ind. 

– 34 238 123 8 1 7 32 37 5 1 

Max. length, cm – 14.5 19.5 16.5 17.0 – 13.9 15.2 15.3 15.0 – 

Min. length, cm – 8.0 11.5 13.0 15.0 – 7.5 9.2 12 13.5 – 

Mean length, cm – 12.4 13.9 14.4 15.6 7.0 10.0 13.0 13.8 14.2 15.2 

Conf. interval 
(95%), cm 

– 11.9 13.8 14.3 15.1 – 8.7 12.6 13.6 13.7 – 

– 12.8 13.9 14.5 16.0 – 11.3 13.5 14.1 14.6 – 

Table III.4.7-12 - Limiting, medium values, confidence interval of weight of round goby in 

summer and autumn in Odessa Bay 

Month 
and year 

of 
studies 

Parameter Males Females 

Age, years Age, years 

1+ 2+ 3+ 4+ 5+ 1+ 2+ 3+ 4+ 5+ 6+ 

October-
November 
2015 

No. of fishes, 
ind. 

1 54 100 22 – 1 12 15 21 – – 

Max. weight, g – 72.9 99.7 113.9 – – 67.2 61.7 86.2 – – 

Min. weight, g – 42.8 30.8 52.8 – – 16.8 28.4 46.9 – – 

Mean weight, g 22.9 59.2 69.9 74.8 – 20.9 41.6 49.6 61.0 – – 

Conf. interval 
(95%), g 

– 56.9 67.6 68.5 – – 37.8 45.3 55.9 – – 

– 61.5 72.2 81.2 – – 45.4 53.9 66.2 – – 

July-
December 
2016 

No. of fishes, 
ind. 

– 34 238 123 8 1 7 32 37 5 1 

Max. weight, g – 75.3 118.8 124.0 105.2 – 62.7 89.0 103.8 96.6 – 

Min. weight, g – 14.6 23.8 58.8 80.7 – 13.3 20.8 51.3 66.5 – 

Mean weight, g – 52.6 71.6 83.9 93.9 8.0 24.9 58.7 71.6 79.1 88.7 

Conf. interval 
(95%), g 

– 47.2 70.1 81.9 88.8 – 12.9 53.8 67.9 70.1 – 

– 57.9 73.1 85.9 99.1 – 36.8 63.6 75.3 88.1 – 

Table III.4.7-13 - Limiting, medium values, confidence interval of standard length of round 

goby in summer and autumn of 2016 in Odessa Bay 

Period of 
studies 

Parameter Males Females 

Age, years Age, years 

2+ 3+ 4+ 5+ 1+ 2+ 3+ 4+ 5+ 6+ 

July-
September 
2016. 

No. of fishes, ind. 15 83 25 – 1 5 15 13 – – 

Max. length, cm 14.5 15.8 16.0 – – 13.9 15.2 15.3 – – 

Min. length, cm 10.0 11.5 13.2 – – 9.5 10.7 12.4 – – 

Mean length, cm 12.2 14.0 14.7 – 7.0 10.7 13.6 14.1 – – 
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Period of 
studies 

Parameter Males Females 

Age, years Age, years 

2+ 3+ 4+ 5+ 1+ 2+ 3+ 4+ 5+ 6+ 

Conf. interval 
(95%), cm 

11.5 13.9 14.4 – – – 12.9 13.8 – – 

12.9 14.2 14.9 – – – 14.2 14.5 – – 

October-
December 
2016 

No. of fishes, ind. 19 155 98 8 – 2 17 24 5 1 

Max. length, cm 13.8 19.5 16.5 17.0 – 9.1 14.0 15.2 15.0 – 

Min. length, cm 8.0 12.3 13.0 15.0 – 7.5 9.2 12.0 13.5 – 

Mean length, cm 12.5 13.8 14.3 15.6 – 8.3 12.6 13.7 14.2 15.2 

Conf. interval 
(95%), cm 

11.9 13.7 14.2 15.1 – – 11.9 13.3 13.7 – 

13.1 13.9 14.5 16.0 – – 13.1 13.9 14.6 – 

Table III.4.7-14 - Limiting, medium values, confidence interval of weight of round goby in 

summer and autumn of 2016 in Odessa Bay 

Period of 
studies 

Parameter Males Females 

Age, years Age, years 

2+ 3+ 4+ 5+ 1+ 2+ 3+ 4+ 5+ 6+ 

July-
September 
2016. 

No. of fishes, ind. 15 83 25 – 1 5 15 13 – – 

Max. weight, g 75.3 100.0 103.6 – – 62.7 89.0 103.8 – – 

Min. weight, g 22.0 37.2 58.8 – – 17.3 26.0 51.3 – – 

Mean weight, g 46.1 68.0 81.8 – 4.8 29.4 60.9 73.5 – – 

Conf. interval 
(95%), g 

37.5 65.7 77.8 – – – 53.2 66.9 – – 

54.8 70.4 85.9 – – – 68.6 80.1 – – 

October-
December 
2016 

No. of fishes, ind. 19 155 98 8 – 2 17 24 5 1 

Max. weight, g 68.9 118.8 124.0 105.2 – 13.9 73.8 89.0 96.6 – 

Min. weight, g 14.6 23.8 61.1 80.7 – 13.3 20.8 52.3 66.5 – 

Mean weight, g 57.6 73.5 84.5 93.9 – 13.6 56.7 70.6 79.1 88.7 

Conf. interval 
(95%), g 

51.8 71.6 82.2 88.8 – – 50.6 66.3 70.1 – 

63.4 75.4 86.8 99.1 – – 62.8 74.9 88.1 – 

 

Round goby diet 

The diet of round goby in the coastal water area of Odessa Bay in 2016 comprised food objects 

referring to 29 taxa. The most diverse in their qualitative composition were molluscs (13), then 

crustaceans (10), worms were represented by smaller number of taxa (5), also the fry of gobies 

was found (Tables III.4.7-15- III.4.7-17). 

Frequency of occurrence, quantity and mass of food objects in the diet of round goby varied in 

2016 depending on season. The most numerous in the diet were molluscs. Crustaceans and 

worms were much less in number. 

The results of the study revealed some differences between the diet of males and females. No 

fry of gobies was found in food boluses of females, crustaceans and worms were found once 

each. In the water area of the bay both males and females fed on worms actively. The share of 

mussels in the diet of females was lower than in the diet of males. The values of indices of food 

and taxonomic similarity of food objects in the diet of fishes of different sex were not high and 

varied significantly depending on season (Table III.4.7-18). 

Other studies of round goby diet were performed earlier near Malyi Fontan Cape in Odessa 

Bay. From 1995 to 1999, in food boluses of round goby 13 to 15 species were found belonging 
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to the following taxa: Cirripedia, Isopoda, Amphipoda, Polychaeta, Oligochaeta, Gastropoda, 

Bivalvia, Gobiidae. Bivalvia were represented by 5 species, Gastropoda – 4, Isopoda – 3 [21]. 

During 2016, mussel was the most important food object for round goby (Index of Relative 

Significance, IRS – 479-12270%). Dominance of this species in the diet did not depend on 

season. Minimal IRS values of mussels (479%) were registered in May 2016, as well as in May 

2015 (153%). In that month the role of molluscs Mohrensternia lineolata and Bittium 

reticulatum in the diet of round goby increased. Such changes in gobies diet can be explained 

by low number of the «fodder» mussels (shell length up  to 2 cm) in the water area of the bay 

in this time of year. 

According to the data from literature, round goby feeds mainly on molluscs, which constitute 

over 60% of its food bolus. Crustacean and annelides play significant role in the diet of young 

fish. Mature round goby is a typical mollusc-eater. Only big individuals, mainly males, rarely eat 

fish [22]. 

Thus, the results of the study do not contradict the previous data on round goby diet in the 

Black and Azov Seas and are somewhat different from those for the Caspian Sea, where round 

goby feeds more on crustaceans than on molluscs. 

In 2016, sharp decrease in values of Index of Relative Significance of the diet for Mytilis 

galloprovincialis was observed from April to May for males – 11210% and 479% respectively. 

This decrease of mussels share in gobies diet can be explained by the fact that predatory 

mollusc Rapa whelk begins to feed actively on mussels in spring. After the sandwash performed 

in the coastal zone of Malyi Fontan Cape during shore-protection work in 2007, the values of 

Index of Relative Significance of M. galloprovincialis and Mytilaster lineatus in the diet of round 

goby decreased. However, in 2016 the significance of those molluscs in goby diet was high and 

grew significantly from spring to autumn (Table III.4.7-19). This can possibly mean that the 

bottom biocoenoses begin to restore and the food base for demersal fish species to which 

round goby belongs is improving. 

Table III.4.7-15 - Frequency of food objects occurrence (%) in food boluses of round goby from 

the area of Cape Malyi Fontan in Odessa Bay in 2016 

Taxa of food 
objects 

Month 

March April May June July August September October November 

females males Females males males males males males females males females males females males 

Annelida               

Oligochaeta               

Oligochaeta 
gen.  sp 

– – – 25.0 – – – – – – – – – – 

Sullidae               

Crubea clavata – – 25.0 – – – – – – – – – – – 

Nematoda               

Nematoda gen. 
sp. 

– – – – – – – – – 5.0 – – – – 

Polychaeta 

Nereidae 
              

Nereis 
succinea 

– – –  11.1 – – – – – – – – – 
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Taxa of food 
objects 

Month 

March April May June July August September October November 

females males Females males males males males males females males females males females males 

Polycheata 
gen. sp. 

– – – – – – – – – – – 7.6 – 2.3 

Arthropoda               

Crustacea 

Xanthidae 
              

Pilumnus 
hirtellus 

– – – – – – – – – – – 7.6 – 2.3 

Crangon 
crangon 

– 33.3 – – – – 8.3 – – – 16.6 – – – 

Cirripedia               

Balanus 
improvises 

– – – 12.5 – – – – – – – – – – 

Isopoda               

Idotea baltica – – – 12.5 11.1 – – – – – – – – – 

Synisoma 
capito 

– – – – – – – – – – – – – 2.3 

Sphoeroma 
pulchellum 

– – – 12.5 11.1 – – – – – – – – – 

Amphipoda               

Corophiidae               

Corophium 
bonelli 

– – – 25.0 11.1 – – – – – – – – – 

Stenothoe               

Stenotheo 
monoculaides 

– – – – 11.1 – – – – – – – – – 

Gammaridae               

Marinogamarus 
marinus 

– – – – 11.1 – – – – – – – – – 

Decapoda               

Palaemonidae               

Palaemon 
elegans 

– – – – 11.1 – – – – – – – – – 

Mollusca               

Gastropoda               

Hydrobia acuta – – – 25.0 33.3 – – – – – – – – – 

Rissoidae               

Mohrenstermia 
lineolate 

25.0 – – 12.5 – 12.5 – – – 10.0 – – 14.2 9.5 

Rissoa 
membranacae 

   25.0 11.1          

Bittiidae               

Bittium 
reticulatum 

– 66.6 – – – 12.5 – – – 20.0 – 7.6 14.2 2.3 

Bivalvia 

Mytilidae 
              

Mytilaster 
lineatus 

25.0 – 25.0 62.5 66.6 62.5 75.0 – 50.0 60.0 66.6 76.9 100.0 66.6 

Mytilus 
galoprovincialis 

50.0 66.6 25.0 100.0 33.3 37.5 33.3 – – 65.0 50.0 69.2 28.5 64.2 

Veneridae               
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Taxa of food 
objects 

Month 

March April May June July August September October November 

females males Females males males males males males females males females males females males 

Polititapes  sp. – – – 12.5 – – 8.3 – – – – – – 2.3 

Diastomidae               

Cerithidium 
pusillum 

– – – 12.5 11.1 – – – – – – – – – 

Arsidae               

Anadara diluvii – – – – – – – – – 5.0 – 7.6 – 4.7 

Montacutidae               

Mysella 
bidentate 

– – – – – – 8.3 – – – – 7.6 – 2.3 

Cardiidae               

Pervicardium 
exidum 

– 33.3 – – – – 25.0 – – 10.0 – 7.6 – 7.1 

Cerastoderma 
glaucum 

– – – – 22.2 – 8.3 – – 5.0 – – – – 

Myidae               

Mya arenaria – – 25.0 12.5 – – – – 50.0 – – – – – 

Chordata               

Actinopterygii 

Gobiidae 
              

Gobiidae gen.  
sp. 

– – – – – – – 100.0 – – – – – – 

Fish scale – – – – 11.1 – – – – – – – – – 

Note: «-» – absence of food object 

 

Table III.4.7-16 - Quantity of food objects (%) in food boluses of round goby from the area of 

Cape Malyi Fontan in Odessa Bay in 2016 

Taxa of food 
objects 

Month 

March April May June July August September October November 

females males females males males males males males females males females males females males 

Annelida               

Oligochaeta               

Oligochaeta gen. 
sp 

– – – 12.6 – – – – – – – – – – 

Sullidae               

Crubea clavata – – 25.0 – – – – – – – – – – – 

Nematoda               

Nematoda gen. 
sp. 

– – – – – – – – – 1.3 – – – – 

Polychaeta 

Nereidae 

              

Nereis succinea – – – – 2.4 – – – – – – – – – 

Polycheata gen. 
sp. 

– – – – – – – – – – – 0.8 – 0.6 

Arthropoda               

Crustacea 

Xanthidae 

              

Pilumnus hirtellus – – – – – – – – – – – 0.8 – 0.6 
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Taxa of food 
objects 

Month 

March April May June July August September October November 

females males females males males males males males females males females males females males 

Crangon crangon – 14.3 – – – – 0.8 – – – 2.2 – – – 

Cirripedia               

Balanus 
improvises 

– – – 2.7 – – – – – – – – – – 

Isopoda               

Idotea baltica – – – 1.8 2.4 – – – – – – – – – 

Synisoma capito – – – – – – – – – – – – – 0.6 

Sphaeroma 
pulchellum 

– – – 1.8 3.6 – – – – – – – – – 

Amphipoda               

Corophiidae               

Corophium 
bonelli 

– – – 1.8 1.2 – – – – – – – – – 

Stenothoe               

Stenotheo 
monoculaides 

– – – – 2.4 – – – – – – – – – 

Gammaridae               

Marinogamarus 
marinus 

– – – – 1.2 – – – – – – – – – 

Decapoda               

Palaemonidae               

Palaemon 
elegans 

– – – – 1.2 – – – – – – – – – 

Mollusca               

Gastropoda               

Hydrobia acuta – – – 2.7 4.8 – – – – – – – – – 

Rissoidae               

Mohrenstermia 
lineolate 

9.5 – – 1.8 – 2.1 – – – 40.6 – – 75.4 12.8 

Rissoa 
membranacea 

– – – 27.9 3.6 – – – – – – – – – 

Bittiidae               

Bittium 
reticulatum 

– 28.6 – – – 4.2 – – – 2.7 – 0.8 0.9 0.6 

Bivalvia 

Mytilidae 

              

Mytilaster 
lineatus 

28.6 – 25.0 – 28.9 38.3 57.2 – 66.7 36.5 68.2 83.3 9.4 41.4 

Mytilus 
galoprovincialis 

61.9 42.8 37.5 24.3 6.0 65.9 11.3  – 15.8 29.6 11.9 9.4 39.0 

Veneridae               

Polititapes  sp. – – – 1.8 – – 1.6 – – – – – – 0.6 

Diastomidae               

Cerithidium 
pusillum 

– – – 0.9 7.2 – – – – – – – – – 

Arsidae               

Anadara diluvii – – – – – – – – – 0.6 – 0.8 – 1.2 

Montacutidae               

Mysella bidentata – – – – – – 24.2 – – – – 0.8 – 0.6 

Cardiidae               
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Taxa of food 
objects 

Month 

March April May June July August September October November 

females males females males males males males males females males females males females males 

Pervicardium 
exidum 

– 14.3 – –  –  3.3 – – 1.3 – 0.8 – 1.8 

Cerastoderma 
glaucum 

– – –  2.4  1.6 – – 0.6 – – – – 

Myidae               

Mya arenaria – – 12.5 0.9 – – – – 33.3 – – – – – 

Chordata               

Actinopterygii 

Gobiidae 

              

 Gobiidae gen.  
sp. 

– – – – – – – 100.0 – – – – – – 

Fish scale – – – – 28.9 – – – – – – – – – 

Note: «-» – absence of food object 

 

Table III.4.7-17 - Restored mass of food objects (%) in food boluses of round goby from the 

area of Cape Malyi Fontan in Odessa Bay in 2016 

Taxa of food 
objects 

Month 

March April May June July August September October November 

females Males females males males males males males females males females males females males 

Annelida               

Oligochaeta               

Oligochaeta gen. 
sp. 

– – – 1.2 – – – – –  – – – – – 

Sullidae               

Crubea clavata – – 2.6 – – – – – – – – – – – 

Nematoda               

Nematoda gen. sp. – – – – – – – – – 0.07 – – – – 

Polychaeta 

Nereidae 

              

Nereis succinea – – – – 0.6 – – – – – – – – – 

Polycheata gen. sp. – – – – – – – – – – – – – 1.5 

Arthropoda               

 Crustacea 

Xanthidae 

              

Pilumnus hirtellus – – – – – – – – – – – – – 7.3 

Crangon crangon – 75.3 – – – – 5.3 – – – – – 2.6 – 

Cirripedia               

Balanus improvisus – – – 0.2 – – – – – – – – – – 

Isopoda               

Idotea baltica – – – 0.1 0.4 – – – – – – – – – 

Synisoma capito – – – – – – – – – – 0.6 – – – 

Sphoeroma 
pulchellum 

– – – 0.2 1.5 – – – – – – – – – 

Amphipoda               

Corophiidae               

Corophium bonelli – – – 0.4 0.4 – – – – – – – – – 

Stenothoe               
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Taxa of food 
objects 

Month 

March April May June July August September October November 

females Males females males males males males males females males females males females males 

Stenotheo  
monoculaides 

– – –  0.4 – – – – – – – – – 

Gammaridae               

Marinogamarus 
marinus 

– – – – 0.6 – – – – – – – – – 

Decapoda               

Palaemonidae               

Palaemon elegans – – – – 1.1 – – – – – – – – – 

Mollusca               

Gastropoda               

Hydrobi aacuta – – – 0.3 0.9 – – – – – – – – – 

Rissoidae               

Mohrenstermia 
lineolate 

0.7 – – 0.1 – 0.2 – – – 1.5 10.0 1.3 – – 

Rissoa 
membranacae 

– – – 1.4 0.5 – – – – – – – – – 

Bittiidae               

Bittium reticulatum – 1.5 – – – 0.3 – – – 1.0 0.4 13.5 – 0.3 

Bivalvia 

Mytilidae 

              

Mytilaster lineatus 2.2 – 10.1 7.1 30.6 11.3 67.3 – 55.4 41.7 39.4 31.9 35.2 71.1 

Mytilus 
galoprovincialis 

97.1 19.1 85.2 87.8 37.1 88.2 19.8 – – 51.8 50.2 47.2 64.7 18.8 

Veneridae               

Polititapes  sp. – – – 0.2 – – 0.2 – – – – 0.2 – – 

Diastomidae               

Cerithidium pusillum – – – 0.2 0.9 – – – – – – – – – 

Arsidae               

Anadara diluvii – – – – – – – – – 1.8 – 0.8 – 0.4 

Montacutidae               

Mysella bidentata – – – – – – 2.7 – – – – 0.06 – 0.3 

Cardiidae               

Pervicardium 
exidum 

– 4.1 – – – – 2.7 – – 0.7 – 2.7 – – 

Cerastoderma 
glaucum 

– – – – 0.8 – 1.2 – – 1.1 – – – – 

Myidae               

Mya Arenaria – – 2.1 0.2 – – – – 44.6 – – – – – 

Chordata               

Gobiidae               

 Gobiidae gen.  sp. – – – – – – – 100.0 – – – – – – 

Fish scale – – – – 0.9 – – – – – – – – – 

Note: «-» – absence of food object 
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Table III.4.7-18 - Indices of taxonomic and food similarity of food objects (%) in the diet of 

male and female round gobies from the area of Cape Malyi Fontan in Odessa Bay in 2016 

Parameter 
Month 

March April September October November 

Index of taxonomic similarity 16.6 21.4 11.1 16.6 25.0 

Index of food similarity 2.2 2.2 44.7 0.5 2.9 

 

Compared with the previous year, in 2016 the quantity of crustacians and such molluscs as 

Hydrobia acuta, Rissoa membranacea, Anadara diluvia, Mysella bidentata, Polititapes sp. In the 

diet of round goby increased. This was probably connected with shrinking of young mussels 

quantities in the coastal zone, which could be explained by intensive influence of Rapa whelk 

on the bottom community.  

Polychatetes and olygochaetes in small number were found in food boluses. The quantity of 

crustaceans almost doubled. The diet of gobies in spring differs significantly from that in other 

seasons. Amphypodes appeared, which were absent from round goby diet in 2015. 

Comparing the results received with the data from literature it can be stated that in the present 

studies the diet of round goby comprised fish only in May and August. However, such benthic 

organisms as Pervicardium exidum, M. lineolata, Mya arenaria, Bittium reticulatum, Crangon 

crangon played important role in the diet. 

Mussels and Mytilaster can be called the most important food object for round goby in Odessa 

Bay coastal waters (Table III.4.7-19). Domination of those two species in the fish diet did not 

depend on season. In 2016, minimal values of Index of Relative Significance (IRS) for mussels 

were registered in October (159%), for Mytilaster – in March (770%). At the same time, the role 

of molluscs M. lineolata and A. diluvii in the diet of round goby increased. 

The role of other invertebrates in the diet of round goby was less significant. For example, the 

value of IRS for M. lineolata mollusk (minor food object of round goby) varied from 24% to 

1213%. The maximal IRS values of mussel species B. reticulatum and P. Exidum, when those 

were present in the diet, were as follows: B. reticulatum – 2005%, P. exidum – 613%. 

Spectra of goby diet during two years (2015 and 2016) had no substantial differences. However, 

during last year the diet of round goby widened significantly: the importance of mussels did not 

decrease, while the role of other molluscs, crustaceans and worms grew. 

In 2016, different molluscs were found in round goby diet. Diets of males and females were 

somewhat different. This difference can be explained by the fact that during pert of time males 

and females dwell on different substrates.  

In 2016, the value of Total Index of Stomach Fullness (TISF) of the fish was from 1.6 to 

321.40/000. The lowest intensity of round goby feeding (TISF – 12.5-101.20/000) was registered in 

March. In summer the intensity was almost three times higher (TISF – 311. 8 0/000) than in other 

periods of year. Such difference in fish feeding activeness can be explained by intensive food 

consumption in summer after spawning. Than increase of this parameter’s value was observed 

till November when its highest value was registered – 1079.10/000 (Table III.4.7-20). 
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Table III.4.7-19 - Values of Index of Relative Significance (IRS, %) of food objects in round 

goby food boluses in the area of Malyi Fontan Сape in Odessa Bay in 2016 

Taxa of food 
objects 

Month 

March April May June July August September October November 

females males females males males males males males females males females males females males 

Annelida               

Oligochaeta                 

Oligochaeta  
gen.  sp. 

– – – 320 – – – – – – – – – – 

Sullidae               

Crubea clavata – – 2760 – – – – – – – – – – – 

Nematoda               

Nematoda gen. 
sp. 

– – – – – – – – – – – – – 6 

Polychaeta  

Nereidae 
              

Nereis succinea – – –  33 – – – – 39 – – – – 

Polycheata gen. 
sp. 

– – – – – – – – – – – 17 – – 

Arthropoda               

Crustacea   

Xanthidae  
              

Pilumnus  
hirtellus 

– – – – – – – – – 26 – 61 – – 

Crangon 
crangon 

– 2984 – – – – 51 – – – 38 – – – 

Cirripedia               

Balanus 
improvises 

– – – 36 – – – – – – – – – – 

Isopoda               

Idotea baltica  – – – 24 31 – – – – – – – – – 

Synisoma capito – – – – – – – – – 3 – – – – 

Sphaeroma 
pulchellum 

– – – 25 57 – – – – – – – – – 

Amphipoda               

Corophiidae                

Corophium 
bonelli 

– – – 55 18 – – – – – – – – – 

Stenothoe               

Stenotheo 
monoculaides 

– – – – 32 – – – – – – – – – 

Gammaridae               

Marinogamarus 
marinus 

– – – – 205 – – – – – – – – – 

Decapoda               

Palaemonidae               

Palaemon 
elegans 

– – – – 26 – – – – – – – – – 

Mollusca               

Gastropoda               

Hydrobia acuta – – – 75 190 – – – – – – – – – 

Rissoidae               
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Taxa of food 
objects 

Month 

March April May June July August September October November 

females males females males males males males males females males females males females males 

Mohrenstermia 
lineolate 

255 – – 24 – 29 – – 1213 134 – – – 421 

Rissoa 
membranacea 

   732 46          

Bittiidae               

Bittium  
reticulatum 

– 2005 – – – 56 – – 18 32 – 8 – 74 

Bivalvia 
Mytilidae 

              

Mytilaster  
lineatus 

770 – 3510 1681 3963 3100 9337 – 4880 4882 4622 11873 12210 4692 

Mytilus 
galoprovincialis 

7950 4122 12270 11210 479 5779 1036 – 1699 5534 159 2124 – 4394 

Veneridae               

Polititapes sp. – – – 25 – – 15 – – 2 – – – – 

Diastomidae               

Cerithidium 
pusillum 

– – – 14 90 – – – – – – – – – 

Arsidae               

Anadara diluvii – – – – – – – – – 9 – 9 – 12 

Montacutidae               

Mysella 
bidentate 

– – – – – – 223 – – 1 – 8 – – 

Cardiidae               

Pervicardium  
exidum 

– 613 – – – – 150 – – 32 – 8 – 20 

Cerastoderma  
glaucum 

– – – – 72 – 23 – – – – – – 8 

Myidae               

Mya Arenaria – – 1460 14 – – – – – – – – 7790 – 

Chordata               

Actinopterygii 

Gobiidae 
              

Neogobius 
melanostomus 

– – – – – – – 20000 – – – – – – 

Fish scale – – – – 331 – – – – – – – – – 

Note: «-» - absence of food object 

 

Analysing the results received it can be concluded that in the period from June to October the 

number of males protecting nests decreases, at the same time the number of feeding fish is 

growing. Maximal feeding intensity of males was registered in July and of females in November. 

The reason could be in the fact that in summer period the individuals caught with gillnet (mainly 

males) were not yet taking part in breeding and continued to feed actively. 

The results of the study do not contradict the data received earlier on round goby feeding in 

the Black Sea.  
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Table III.4.7-20 - Total Index of Stomach Fullness (TISF) of round goby (0/000) in the area of 

Malyi Fontan Сape in Odessa Bay in 2016 

Month 
Sex 

Females Males 

March 

179,9

38,5 − 321,4
 

n = 2 

52,4

12,5 − 101,2
 

n = 4 

April 

99,8

28,5 − 256,0
 

n =8 

202,6 

n = 1 

May ― 

90,7

1,6 − 194,1
 

n = 9 

June ― 

173,8

17,1 − 419,3
 

n = 5 

July ― 

238,1

10,5 − 753,8
 

n = 12 

August ― 
311,8 

n = 1 

September ― 

70,9

9,1 − 273,3
 

n = 6 

October 

201,8

75,1 − 545,2
 

n = 6 

174,5

12,2 − 562,9
 

n = 13 

November 

182,4

2,2 − 1079,1
 

n = 7 

83,7

1.3 − 576,0
 

n = 42 

Note: above the line – mean value; below the line – min-max values; n – number of full stomachs 

 

Index of Taxonomic Similarity of feeding of males and females almost did not change with 

seasons and varied from 16.6% in spring to 25.0% in autumn. More visible were differences in 

the values of the Index of Food Similarity, which made in spring 2.2% and in autumn – 44.7% 

(Table III.4.7-4). In the coastal waters of Odessa Bay in 2016 the most important food objects 

of round goby were M. galloprovincialis and M. lineatus, secondary food objects – M. lineolata, 

P. exidum, B. reticulatum. Compared with 2015, the data coincide almost 85%. 

According to the results of the present studies and the literature it can be confirmed that the 

main food objects of round goby in Odessa Bay and in particular near Malyi Fontan Cape are 

M. galloprovincialis and M. lineatus. Other species of bivalves and gastropods were found in 

round goby boluses in much less quantities. Crustaceans and polychaete were also rarely found 

in the diet. 

It is confirmed thereby that round goby is a typical mollusc-eater, however when the preferred 

food organisms (M. galloprovincialis and M. lineatus) decrease in number in Odessa Bay it 

switches to the available benthic species present in bottom biocoenosis [23]. 
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III.4.7.8. Invasive species 

III.4.7.8.1. Zmiinyi Island 

In May 2014 (on 14 and 25.05.2014) at the northern side of the island 2 individuals of sunfish 

Lepomis gibbosus (Linnaeus, 1758) were caught (general length and mass – 8.8 and 10.2 cm, 

16.4 and 20.1 g respectively) (Figure III.4.7-8, left). 

 

 

 

Figure III.4.7-8 – Individuals of L. gibbosus (Linnaeus, 1758) and L. haematocheila 

(Temminck et Schlegel, 1845) caught in the Zmiinyi Island coastal waters 

This near-bottom freshwater sedentary and thermophilic species fish is an introduced species. 

Keeping in mind that the species is freshwater, its appearance in the island coastal waters can 

be considered casual. Sunfish individuals were caught in the area of striped wrasse Symphodus 

ocellatus (Forsskål, 1775) aggregation; males of striped wrasse have relatively similar colouring. 

Having been caught the L. gibbosus individual lived in an aquarium for about 2 months bearing 

water salinity risen up to 25.0-27.0 ‰. At that, the fish was feeding actively revealing aggressive 

behaviour typical of the species.  

So-iuy mullet Liza haematocheila (Temminck et Schlegel, 1845) is a marine migratory 

pelagophyl, widely distributed in the Black Sea and often found in the island coastal waters 

(Figure III.4.7-8, right). The biggest aggregations of so-iuy mullet (up to 4 individuals per 1 m3) 

were visually registered in summer period (July 2005). 

III.4.7.8.2. Odessa Bay (MHBS area) 

Catching of So-iuy mullet L. haematocheila (Temminch et Schlegel) was first registered in 

Odessa Bay on 27 October 2010. After introduction this species is often found in the north-

western Black Sea and the adjacent water-bodies. Absence of So-iuy mullet from the list of fish 

species of Odessa Bay till present is the result of nonobjective information about species 

composition from commercial catches. The mature individual caught by us had standard length 

62.5 cm and weight 3680 g. On the day the individual was caught, 1.4 ‰ decrease in water 

salinity was registered in the bay, as well as northern wind. This shows ingress of freshened 

water from the Dnepro-Bugsky Estuary which probably contributed to So-iuy mullet coming to 
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Odessa coast. Another individual was caught with net on June 9, 2015 (Figure III.4.7-1), its 

standard length was 47 cm, weight -  1436 g. 

 

Figure III.4.7-1 - L. haematocheila (Temminck et Schlegel, 1845) individual caught in Odessa 

Bay coastal waters on June 9, 2015 

III.4.7.9. Protected and rare species  

III.4.7.9.1. Zmiinyi Island 

Out of 68 fish species found near the island, 16 species were entered into the Red Book of 

Ukraine [24], 22 – into the Black Sea Red Data Book [49], 7 species – into the IUCN Red Data 

List [25]. In other words, 36 species, which means more than half of all the species found near 

the island (52.9% of all species) have a protection status (Table III.4.7-30). Most of them, first 

of all sturgeons, are rare species for the Black sea and now can be found only episodically. Other 

species: Belone belone euxini, Hippocampus hippocampus, Lepadogaster candollii, Mesogobius 

batrachocephalus, Mullus barbatus ponticus, Uranoscopus scaber are common in the island 

coastal waters; Scorpaena porcus periodically forms mass aggregations. 

Table III.4.7-30 - Protected fish species in the Zmiinyi Island coastal waters 

Species  
Protection 
status 

Sevastopol 
area [55] 

Odessa 
Bay [56] 

Zmiinyi Island 
coastal area 
(2003-2017) 

Acipenser gueldenstaedtii Brandt et Ratzeburg, 1833  1R; 2R; 3R + + + 

Acipenser stellatus Pallas, 1771  1R; 2R; 3R + + + 

Aidablennius sphynx (Valenciennes, 1836)  2R + - + 

Arnoglossus kessleri Schmidt, 1915  3R + - + 

Belone belone euxini Gunther, 1866  3R + + + 

Callionymus risso Lesueur, 1814  3R + - + 

Chromis chromis (L., 1758)  3R + - + 

Diplecogaster bimaculata (Bonnaterre, 1788)  3R + - + 

Diplodus annularis (L., 1758)  2R + - + 

Gobius paganellus L., 1758  3R + - + 

Hippocampus hippocampus (L., 1758)  2R; 3R + + + 

Huso huso (L., 1758)  1R; 3R + + + 

Lepadogaster candollii Risso, 1810  3R + - + 

Mesogobius batrachocephalus (Pallas, 1814)  2R + + + 

Mullus barbatus ponticus Essipov, 1927  2R + + + 

Neogobius ratan (Nordmann, 1840)  2R - + + 
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Species  
Protection 
status 

Sevastopol 
area [55] 

Odessa 
Bay [56] 

Zmiinyi Island 
coastal area 
(2003-2017) 

Nerophis ophidion (L., 1758)  2R + + + 

Pegusa lascaris (Risso, 1810)  2R + + + 

Proterorhinus marmoratus (Pallas, 1814)  2R + + + 

Raja clavata L., 1758  1R + - + 

Salaria pavo (Risso, 1810)  2R + - + 

Salmo labrax Pallas, 1814  1R; 3R + + + 

Sarda sarda (Bloch, 1793)  2R + - + 

Sciaena umbra L., 1758  3R + + + 

Scorpaena porcus L., 1758  2R + + + 

Squalus acanthias L., 1758  1R + + + 

Symphodus ocellatus (Forsskål, 1775)  2R + - + 

S. tinca (L., 1758)  2R + - + 

Syngnathus abaster Risso, 1827  1R + + + 

Syngnathus tenuirostris Rathke, 1837  2R; 3R - - + 

Syngnathus typhle L., 1758  2R + + + 

Syngnathus variegatus Pallas, 1814  3R + - + 

Trachinus draco L., 1758  2R + + + 

Chelidonichthys lucernus L., 1758  2R; 3R + + + 

Umbrina cirrosa (L., 1758)  3R + - + 

Uranoscopus scaber L., 1758  2R + + + 

Notes: 1R – IUCN Red List; 2R – Black Sea Red Data Book; 3R – Red Book of Ukraine; - –  species not found 

III.4.7.9.2. Odessa Bay (MHBS area) 

Out of 51 fish species found in the bay for the past 13 years, 8 species were entered into the 

Red Book of Ukraine [24], 20 – into the Black Sea Red Data Book [14], 7 species – into the IUCN 

Red Data List (vulnerable, threatened and disappearing) [25]. In other words, 26 fish species 

(51.0% of all fish species found in the bay) have a protection status (Tables III.4.7-1 and III.4.7-

21). 

Table III.4.7-21 - Protected fish species found in Odessa Bay [7,8] 

Species RBU BSRDB IUCN RL 

Picked dogfish - - + 

Russian sturgeon + + + 

Starry sturgeon + + + 

Beluga + - + 

Black Sea shad - - + 

Black Sea salmon + - - 

Garfish - + - 

Broad nosed pipefish - + - 

Straight-nose pipefish - + - 

Sea horse + + - 

Bluefish - + + 

Picarel - + - 

Brown meagre + - + 

Blunt-snouted mullet - + - 

Ocellated wrasse - + - 
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Species RBU BSRDB IUCN RL 

Greater weaver - + - 

Stargazer - + - 

Bonito - + - 

Grass goby - + - 

Knout goby - + - 

Ratan goby - + - 

Tube-nosed goby - + - 

Black scorpionfish - + - 

Risso’s dragonet + - - 

Yellow gurnard + + - 

Sand sole - + - 

Total 8 20 7 

    

Notes: RBU – Red Book of Ukraine; BSRB – Black Sea Red Data Book; IUCN RL – Red List of IUCN (vulnerable, 

threatened, disappearing). The Blackstripe pipefish and sand goby are excluded from the table, so there are 26 

species altogether.  

Representatives of 10 protected species were found in the catches from March to November 

2016 and from April to June 2017. All those species are in the Black Sea Red Data Book, 2 of 

them – in the IUCN Red List (one – as vulnerable, the other – as threatened), 1 of them is in the 

Red Book of Ukraine. 

III.4.7.10. Assessment of marine environment current quality based on 
ichthyofauna study results 

III.4.7.10.1. Coastal waters of Odessa Bay 

Technogenic load reduction due to the economic crisis in the 90th has influenced positively the 

state of the north-western Black Sea ecosystem in general and Odessa Bay in particular. Marine 

biocoenoses self-restoration process resulted at growth of fish species composition and their 

number. 

Moderate increase of eutrophication in Odessa Bay and quite high summer water temperatures 

during past years entail mass development of filamentous algae belonging to genera 

Cladophora Kütz. and Chaetomorpha Kütz., as well as Ulva L. genus near the coast of Odessa in 

summer period [57]. Accumulation of algae is a biological obstacle for stake nets using. The 

nets are set down into dense layers of algae sometimes not even reaching the bottom, which 

brings down their catching efficiency. Thus, mean catch of gobies in summer 2013 decreased 

compared to 2012 one and half times (6.6 and 10.6 ind/net respectively). From mid-August to 

late September 2013, quite dense layer of filamentous algae 1.5 – 2.0 m high was registered in 

the coastal 1 km wide zone. 

The inverse dependence between gobies catches and filamentous algae number in Odessa Bay 

was first found in 2011. Relative number of fish in the nets compared to the previous year 

decreased 30.6 %. In the following years decreasing of catches at high productivity of algae was 

also observed.  
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The results of the present studies, as well as data on fish species composition in Odessa Bay 

from literature enable us to perform comparative analysis of ichthyofauna near Odessa for the 

past century. It should be noted that the results received by different authors depended 

significantly on the areas and methods of their studies. At the beginning of 20th Century, Odessa 

Bay was considered as much wider water area – from the mouth of the Tiligulskiy Estuary to 

the mouth of the Dniester Estuary. K.A. Kisilevich [1] studies the segment from Odessa Port to 

the Karolino-Bugaz area, A.V. Yatsentkovskiy [2] – from Dofinovka village to Cape Bolshoi 

Fontan. In the second half of the 20th Century studies of ichthyofauna were performed from 

Cape Severnyi Odeskiy to Cape Bolshoi Fontan [3]. The studies performed by S.A. Khutornoy [4, 

6] were restricted t coastal water area of Odessa beaches from Cape Lanzheron to Cape Bolshoi 

Fontan. 

The same is true for the methods of studies. Thus, the authors [1-3] analysed angling and 

commercial catches. In 1990–2000 [4-6] material was collected through angling, underwater 

observations using diving outfit, underwater hunting and special traps to catch small fish 

species. Our material was mainly collected using bottom gillnets, which like any other fishing 

gear are selective. As there was no official commercial fishery  in Odessa Bay for several past 

years, it was not possible to study the stake net catches, which could have reflected fish species 

composition in the bay the most objectively. 

Odessa Bay is an open water area freely accessible for the fish from adjacent areas of the north-

western Black Sea (NWBS). Since the beginning of ichthyological studies in the bay, 80 species 

were registered, including the freshwater species, which arrive in the bay during intensive 

water freshening in spring and then die. Common for taxonomic lists by different authors (Table 

III.4.7-1) were 28 species, which can be considered the permanent ichthyofauna of Odessa Bay. 

Anti-landslide and coast-protection activities in the 60th of past Century, including construction 

of hydro-engineering structures and sand beaches, have resulted at changes of coastal 

biotopes. Coastal reconstruction together with increased anthropogenic eutrophication and 

fishing pressure entailed qualitative and quantitative restructuring of coastal ichthyocoenoses. 

Among the species which are not observed since the time of the first fish studies in the bay 

[1,2] we can nominate bonito being someday the main commercial species, as well as the group 

of fishes not typical of the NWBS. Those are fishes that belong to warm-water Atlantic & 

Mediterranean complex: Diplodus annularis (L.), Serranus scriba (L.) and Diplecogaster 

bimaculata (Bonnaterre). Those were rare species in Odessa Bay. As the result of destruction 

of Cystoseira barbata L. biocoenoses on the stony bottom areas due to sand beaches 

construction those fish species practically disappeared.  

Among non-typical fish species Sardina pilchardus (Walbaum) should be mentioned, found in 

the bay in 1970th–1990th [3]. This species avoids desalinated water areas and is quite rare in the 

NWBS [11]. To the non-typical species also belong picarel Spicara smaris, black drum Pogonias 

cromis and Roche’s snake blenny Ophidion rochei Muller. 

To form the most complete understanding of current fish species composition in Odessa Bay 

the data on all the species have to be considered, found by different authors [4-8], as they used 

different methods in their studies. Thus, there were small coastal fishes difficult to catch with 

net or fishing-rod among the species found by S.A. Khutornoy and O.A. Kovtun [4-6]: 
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Gasterosteus aculeatus L., Pungitius platygaster (Kessler), Syngnathus tenuirostris Rathke, S. 

variegatus Pallas, Aidablennius sphinx (Valenciennes), Parablennius zvonimiri (Kolombatovic), 

Gymnammodytes cicerellus (Rafinesque), Aphia minuta (Risso), Benthophiloides brauneri Beling 

et Iljin, P. minutus (Pallas). At the same time, the following rare species were caught with 

commercial fishing gear: Acipenser gueldenstaedtii Brandt et Ratzeburg, Salmo labrax Pallas, 

Chelidonichthys lucernus (L.), Scorpaena porcus L., Uranoscopus scaber L., Trachinus draco L., 

Sarda sarda (Bloch) [7,8]. Comparison of Odessa Bay ichthyofauna zoo-geographical and 

ecological characteristics in different periods of studies is presented in Tables III.4.7-31 and 

III.4.7-32. 

Table III.4.7-31 - Zoo-geographical characteristics of the Black Sea ichthyofauna 

Ecological 
groups 

1904–1907  

[1,2] 

1970–1990  

[3] 

1993–2004  

[4,5] 

Odessa Bay 

2005-2016  

[7,8] 

Black Sea 

[16] 

Share of species 
(%) in Odessa Bay 

out of general 
number in the 

Black Sea 

[7,8] 

No. of 
species 

% 
No. of 

species 

% 
No. of 

species 

% 
No. of 

species 

% 
No. of 

species 

% 

Marine species 41 68.3 29 61.7 37 67.3 36 70.6 147 64.8 24.5 

Brackish-water 12 20.0 11 23.4 12 21.8 7 13.7 20 8.8 35.0 

Anadromous  5 8.3 4 8.5 6 10.9 6 11.7 13 5.7 46.2 

Freshwater and 
semi-
anadromous  

2 3.3 3 6.4 - - 2 3.9 47 20.7 4.3 

All species 60 100 47 100 55 100 51 100 227 100 22.5 

 

Table III.4.7-32 - Ecological characteristics of Odessa Bay ichthyofauna in 2005-2017 

Characteristics 

1904–1907  
[1,2] 

1970–1990  
[3] 

1993–2004  
[4,5] 

2005–2016  
[7,8] 

No. of 
species 

% 
No. of 

species 
% 

No. of 
species 

% 
No. of 

species 
% 

Biotope 

Bottom-dwelling 25 41.7 19 40.4 23 41.8 23 45.0 

Near-bottom 21 35.0 14 29.8 16 29.1 14 27.5 

Pelagic 14 23.3 14 29.8 16 29.1 14 27.5 

Total 60 100 47 100 55 100 51 100 

Breeding 

Pelagophyls 23 38.3 16 34.0 19 34.5 22 43.2 

Protecting  21 35.0 14 29.8 19 34.5 15 29.4 

Phytophyls 4 6.7 6 12.8 3 5.5 4 7.8 

Lithophyls 3 5.0 2 4.3 4 7.3 4 7.8 

Psammophyls - - - - 1 1.8 - - 

Lithopsammophyls 1 1.7 1 2.1 1 1.8 - - 

Ovoviviparous 2 3.3 2 4.3 2 3.6 2 4.0 

Carrying eggs 6 10.0 6 12.8 6 10.9 4 7.8 

Total 60 100 47 100 55 100 51 100 

Migration 

Migratory 20 33.3 19 40.4 21 38.2 18 35.3 

Sedentary 40 66.7 28 59.6 34 61.8 33 64.7 

Total 60 100 47 100 55 100 51 100 
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The facts of founding in Odessa Bay during last years of such rare species as scorpion, trigla, 

bluefish, grey wrasse, weaver, stargazer, marbled goby and sole shows are the evidences of 

continuing restoration of the coastal ecosystem. Appearance in the catches of the juveniles of 

Huso (L.), Acipenser stellatus Pallas and Acipenser gueldenstaedtii Brandt et Ratzeburg is the 

result of Bulgaria and Romania efforts in reproduction of sturgeons to restore the Danubian 

stock in the framework of the CITES (Convention on International Trade in Endangered Species) 

[7,8].  

III.4.7.10.2. Zmiinyi Island coastal waters 

The Zmiinyi Island is a unique natural complex – the only rock formation on the north-western 

Black Sea shelf. Diversity of existence conditions is caused by hallmarks of the area: hydrology 

and hydrochemistry, diversity of substrates (from loose to hard), relatively big depth in that 

part of the sea (30 m and more) and a number of other features. All that results at forming of 

specific biocoenoses characterized by high diversity of species, biomass and productivity. The 

complicated ecosystem of coastal waters is formed by different organisms and has some 

common features with other parts of the NWBS on one hand and with coastal waters of the 

Southern coast of the Crimea on the other. Organisms of water fauna, first of all, fish of the 

island coastal waters have diverse ecological, biological and zoo-geographic characteristics. The 

dynamics of biodiversity in the area, like in other parts of the Black Sea, is connected with the 

entire set of abiotic, biotic and anthropogenic factors influencing the biota directly or indirectly. 

Especially significant changes of separate biocoenoses and the ecosystem in general happen 

under anthropogenic influence - as the result of increasing nutrients run-off (which causes 

eutrophication of water), illegal fishery and intentional or unintentional introduction of 

aggressive species. Those and many other anthropogenic factors resulted at dramatic changes 

in structural and functional characteristics of the Black Sea ecosystem. The cases of kills on big 

shelf areas happen more often and last longer. As the result significant changes affected first 

of all the bottom communities. Species composition of some groups of fish shrunk. Since mid-

90th, some indicators of improvement of species composition in the Black Sea ecosystem and 

its functioning were observed. Those are thought to be the result of decrease of anthropogenic 

pressure and climate-caused changes contributing to Mediterranean species distribution in the 

Black Sea. The improvement of marine communities’ state including ichthyofauna is also 

connected with the improvement of the state of zooplankton communities (food-base for many 

fish species), which in its turn is due to decrease of negative impact of Mnemiopsis jelly as the 

result of distribution of Beroe jelly, another invasive ctenophore. Keeping in mind high 

biodiversity and fish number in the small water area, the Zmiinyi Island coastal waters are 

believed to be the most environmentally healthy district of the NWBS containing reserve 

genetic fund due to which restoration of ichthyofauna takes place in the areas that have 

suffered from fish and other organisms kills.  

The historical data on ichthyofauna of the Zmiinyi Island coastal waters are scares and 

fragmentary. Brief information about fish in the island area is presented in the papers by the 

scientists of the 19th and 20th Centuries; however, those data cannot be used for comparison. 
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It should be underlined that all the representatives of fish fauna found near the island earlier 

are still observed at present.  

Comparative analysis of fish communities structural characteristics in the areas of Sevastopol, 

Odessa Bay and the Zmiinyi Island shows relatively similar features, which can be explained by 

similar conditions in the compared areas (Table III.4.7-33). 

Table III.4.7-33 - Ecological and zoo-geographical characteristics of ichthyofauna in the Black 

Sea areas 

Ecological and zoo-
geographical 

characteristics 

Sevastopol area [55] Odessa Bay [8] Zmiinyi Island area (2003-2017) 

No. of species % 
No. of 

species 
% No. of species % 

Bottom-dwelling 44 40.7 23 44.2 30 44.1 

Near-bottom 33 30.6 14 26.9 24 35.3 

Pelagic 31 28.7 15 28.8 14 20.6 

Total 108 100.0 52 100.0 68 100.0 

        

Pelagophyls 44 40.7 23 44.2 24 35.3 

Protecting  41 38.0 15 28.8 23 33.8 

Phytophyls 7 6.5 4 7.7 6 8.8 

Lithophyls 4 3.7 4 7.7 4 5.9 

Psammophyls 1 0.9 0 0.0 1 1.5 

Lithopsammophyls 1 0.9 0 0.0 1 1.5 

Ovoviviparous 3 2.8 2 3.8 2 2.9 

Carrying eggs 7 6.5 4 7.7 7 10.3 

Total 108 100.0 52 100.0 68 100.0 

        

Marine species 92 85.2 36 69.2 52 76.5 

Brackish-water 6 5.6 8 15.4 6 8.8 

Anadromous 6 5.6 6 11.5 5 7.4 

Freshwater  4 3.7 2 3.8 5 7.4 

Total 108 100.0 52 100.0 68 100.0 

        

Migratory 34 31.5 19 36.5 19 27.9 

Sedentary 74 68.5 33 63.5 49 72.1 

Total 108 100.0 52 100.0 68 100.0 

 

III.4.7.11. Comparison of the two studied areas   

Composition of ichthyofauna in Odessa Bay [7,8]and the Zmiinyi Island [58] coastal waters is 

very similar (Figure III.4.7-9, III.4.7-10).  

Some difference in number of species found can be partly explained by the fact than in the 

Zmiinyi Island area larger spectrum of fishing gear was used (net, trap, dual trap net, flat-

bottom fry net, dip-net, hook and line gear, variable-depth trawl) than in Odessa Bay (stake-

net and hook and line gear).  

Composition of ichthyofauna in Odessa Bay and the Zmiinyi Island coastal waters is very similar 

(Index of Taxonomic Similarity, ITS – 0.7). Some difference in number of species found in two 
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those areas are partly explained by different fishing gear used. Peciformes order was 

represented by biggest number of taxa in both areas (Figure III.4.7-9). Most of fishes found in 

catches belonged to marine species – bottom-dwelling or near-bottom. Anadromous and 

brackish-water species were represented in Odessa Bay to the fullest extent possible. In the 

island coastal waters less representatives of those groups were found (Figure III.4.7-10) due to 

the hydrological features of the two compared areas – the island coastal areas are more 

influenced by marine water masses. 

Zmiinyi Island  Odessa Bay 

 

 

 

Figure III.4.7-9 – Shares of different orders in fish species composition of two NWBS areas 

 

 

 

Figure III.4.7-10 – Shares of representatives of different zoo-geographical fish groups in 

species composition of the Black Sea ichthyofauna 

 

From April to November 2016, round goby made practically one-half (50.2%) of stake-net 

catches in Odessa Bay. Sole (18.4 %), surman goby (11.8 %) and grey wrasse (9.6 %) were also 

found often. Shares of other species were insignificant and made 0.05 – 2.5 %. In catches in the 
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Zmiinyi Island coastal zone in 2016 (from April to December) the following species dominated 

in number: anchovy (36.7%), scorpion (16.2%), horse mackerel (12.7%), round goby (11.5%) 

and whiting (9.6%). Pelagic species (anchovy and horse mackerel) form in de island area dense 

accumulations during spring-summer and autumn-winter migrations. 

It should be pointed out that the shares of rare and protected fish species in Odessa Bay and in 

the island area were practically similar during the period of study (Figure III.4.7-11) 

 

Figure III.4.7-11 – Share of protected species in the species composition of 

ichthyofauna of different Black Sea areas. (RBU – Red Book of Ukraine, BSRDB – 

Black Sea Red Data Book, IUCN RL – IUCN Red List) 

So, despite insignificant difference in number of species found and prevalence n number of 

some ichthyofauna representatives, fish communities of the areas compared have substantial 

similarity. 

III.4.7.12. Conclusions and problems revealed 

III.4.7.12.1. Coastal waters of Odessa Bay  

1. During the period from 2005 to 2017, 51 fish species were found belonging to 2 

subclasses, 15 orders, 32 families and 41 genera. The biggest number of taxa belongs to 

Perciformes order (47 % of all the species found in the Bay). 

2. In the coastal waters of Odessa Bay 22.5% of all the fishes registered in the Black Sea 

were found. The fishes caught belonged to 5 ecological groups. The basis of ichthyofauna 

in the area was formed by marine fish species – 36 species (70.6 % of the total number of 

species). Most of species (37 species or 72.6%) were bottom-dwelling or near-bottom. 

On the mode of reproduction, pelagophylic and protecting species prevailed (23 species 

or 45.1% and 15 species or 29.4% respectively). On the type of feeding, predatory (37%) 

and benthos-eating (33%) species took the lead. 

3. Out of 51 species found in the Bay, 8 species are included into the Red Book of Ukraine, 

20 species – into the Black Sea Red Data Book, 7 species – into the IUCN Red List as 

vulnerable or threatened. So, 20 species (51.0% of general number of species) have a 

protected status. 
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4. Technogenic load reduction due to the economic crisis in the 90th has influenced 

positively the state of the north-western Black Sea ecosystem. Marine biocoenoses self-

restoration process resulted at growth of fish species composition and their number. 

5. Mass development of filamentous algae belonging to genera Cladophora Kütz. and 

Chaetomorpha Kütz., as well as Ulva L. genus near the coast of Odessa in summer period 

evidences moderate increase of eutrophication in the Bay during last decade. 

6. The structure of commercial part of round goby population in Odessa Bay in 2016 was 

represented by six age groups – from 1+ to 6. In spring in the coastal zone near Odessa, 

irrespective of sex of the fishes, in the catches dominated four-years’ old individuals 

(60.1-49.6%), second big group among males was three-years’ old (23.6%) and among 

females – five-years’ old (26.4%). In autumn big group of both males and females was in 

the age of 3+ (59.1% and 38.6% respectively) and 4+ (30.5% and 44.6% respectively). 

7. In spring 2016 among individuals in the age from 2 to 5 males dominated in number over 

females. In autumn gobies in the age from 2+ to 4+ also were mainly represented by male 

individuals (88.1-61.5%), but only among females were individuals in the age of 1+ and 6. 

8. During 2016 the biggest standard length and mass were registered among males in the 

age of 3+ (19.5 cm and 118.8 g), 4+ (16.5 cm and 124.0 g) in autumn, among females – in 

the age of 5 (16.7 cm and 110.5 g) in spring. Length and mass of fishes of both sexes and 

all age groups was growing from spring to autumn. Females of the same age were smaller 

in size than males of the same age group. 

9. The dynamics of size and age composition of round goby in Odessa Bay shows its complex 

population structure in the studied water area. It can comprise different local fish stocks 

moving along the coast near Odessa.  

10. In 2016, mussel Mytilus galloprovincialis was the most important food object for round 

goby in Odessa Bay coastal waters. Dominance of mussel in the fish diet did not depend 

on season; the next important food object was mollusc Mytilaster lineatus, secondary 

components of the diet were molluscs Mohrensternia lineolata and Pervicardium exidum. 

The values of Indexes of Food Similarity and Taxonomic Similarity of round goby diet show 

than male and female individuals differed significantly in qualitative and quantitative 

composition of their diet (44.7% and 25.0% respectively). 

11. Intensity of round gobies feeding in spring before spawning period was higher for females 

(Total Index of Stomach Fullness, TOSF – 179.9‰), than for males (TOSF – 202.6‰). This 

parameter in fish was growing by autumn.  

III.4.7.12.2. Coastal waters of Zmiinyi Island   

12. During the period of studies, 68 species of marine, brackish-water and freshwater fish 

were found in the Zmiinyi Island area belonging to 18 orders, 41 families and 55 genera. 

The biggest number of taxa belongs to Perciformes order. The representatives of this 

order make one-half of all the species found near the island. 

13. Indicators of ichthyofauna species diversity in the Zmiinyi Island area were gradually 

decreasing in the period from 2003 to 2009. In 2015-2016 all those indicators grew 
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significantly. Biodiversity level (Shannon index values calculated coming out of number) 

in 2016 varied from 0.86 to 3.06 making in the average 2.06; in 2017 – from 2.40 to 2.54 

making in the average 2.47. Minimal values of biodiversity indicators were registered in 

the end of autumn and in winter, maximal – in May-June. 

14. In the Zmiinyi Island coastal waters 30.9% of all the fishes registered in the Black Sea were 

found. The fishes caught near the island belonged to 5 ecological groups. The basis of 

ichthyofauna in the area was formed by marine fish species – 52 species (76.5 % of the 

total number of species). Most of species (54 species or 89.4%) were bottom-dwelling or 

near-bottom. Pelagophylic and protecting species prevailed and their numbers were 

almost equal (24 species or 35.3% and 23 species or 33.8% respectively). On the type of 

feeding, predatory (37%) and benthos-eating (33%) species prevailed. 

15. Out of 68 species found in the island area, 16 species are included into the Red Book of 

Ukraine, 22 species – into the Black Sea Red Data Book, 7 species – into the IUCN Red List. 

More than one-half of the species registered in the area (36 species or 52% of all the 

species) have a protected status. 

III.4.7.13. Recommendations for monitoring improvement 

Theory of fish populations’ dynamics development is one of the most urgent tasks of modern 

ichthyology, that is why of high importance is assessment of fish stocks size, i.e. their number 

and distribution. Widely distributed stock assessment methods nowadays are those based on 

calculation of number using computed coefficients of mortality and capture level or the 

respective coefficients of fishing gear performance and capture level. However, the results of 

catching with nets and traps will be incorrect for the areas inaccessible for commercial fishing. 

Using of trawl or other active gear is impossible there and visual observations by divers is 

expensive. Hence, new cheap number (stock) assessment methods (first of all for bottom-

dwelling and near-bottom hydrobionts) have to be found for the inaccessible places where 

direct stock assessment methods do not work. 

Quality of bottom communities monitoring in the Zmiinyi Island coastal waters can be increased 

significantly by development and implementation of non-contact low-budget video-monitoring 

methods to solve the problem of fish stock and biodiversity studying in inaccessible areas. It is 

anticipated that the method developed will help high precision assess of fish stock in 

inaccessible shelf areas where application of other methods is connected with technical 

difficulties, high cost and can lead to unreliable results. Elaboration of the method aimed at 

development of video materials received computer processing algorithms will significantly 

simplify the analysis of the data collected. 
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III.5. Pollution in marine water, bottom sediments and 
hydrobionts  

V. Medinets1, S. Medinets1, S. Snigirov1, I. Soltys1, O. Abakubov1, P. Snigirov1, O.Konareva1, Y. Denga2, Y. Oleinik2, 

V. Kolosov2, V. Pisarenko2, T. Vostrikova2 

 

1 Odesa National University (ONU), Odesa, Ukraine 

2 Ukrainian Scientific Center of Ecology of the Sea (UkrSCES), Odesa, Ukraine 

III.5.1. Introduction 

In the European legislation ‘contaminants’ or ‘hazardous substances’ is defined as “substances 

(i.e. chemical elements and compounds) or groups of substances that are toxic, persistent and 

liable to bio-accumulate, and other substances or groups of substances, which give rise to an 

equivalent level of concern” [1]. As was shown in [2], the EU Marine Strategy Framework 

Directive aims at achieving or maintaining a Good Environmental Status (GEnS) by 2020 in the 

territorial waters. To achieve the GEnS, Member States have to develop marine strategies that 

contain programs of measures and that apply an ecosystem-based approach to the 

management of human activities. Achieving of the GEnS requires that a wide range of pressures 

on marine ecosystems are addressed. 

In the recent decades the studies of water, bottom sediments and biota pollution in the entire 

Black Sea were activated [3-10]. Especially valuable for studies of pollution impact on fish and 

benthos are the areas of the Black Sea where untransformed, highly productive and at the same 

time the most vulnerable ichthyocoenoses are preserved. One of such unique parts of the 

NWBS is the Black Sea area adjacent to the Zmiinyi Island. There the Odessa National 

I.I.Mechnikov University is performing complex hydrological and biological studies, the results 

of which have shown [11-23] that the Zmiinyi Island coastal waters are within the most 

productive Black Sea areas. That is why ONU have carried out in the framework of the PERSEUS 

Project the studies of fish and molluscs pollution in the Black Sea area where human impact is 

minimal. Especially valuable for studies of pollution impact to fish and benthos are the areas of 

the Black Sea where untransformed, highly productive and at the same time the most 

vulnerable ichthyocoenoses are preserved. 

The objective of this report is to determine the levels of pollution with toxic metals (TMs) and 

organic pollutants (OP) in order to fill in the gaps in the evaluation of the descriptor 8 

CONTAMINANTS AND POLLUTION EFFECTS” and the descriptor 9 (CONTAMINANTS IN FISH AND 

OTHER SEAFOOD) as the understanding and evaluation of the specific mechanisms of pollutants 

transfer into the matrix ‘water – bottom sediments – biota’ are very important and may help 

to illuminate potentially effective management strategies. 
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III.5.2. Materials and methods 

Sample collection followed by analysing for high priority contaminants have been performed in 

the framework of a 12-month Pilot integrated monitoring subprogramme using the existing 

infrastructure of Odessa National I. I. Mechnikov University (ONU) in 2 areas of the Black Sea 

(coastal waters adjacent to the Zmiinyi Island – the ZMN area and the Odessa Bay – the MHBS 

area), in which the ONU has 2 research stations. A location of these areas of Pilot Monitoring 

Studies is presented in Figure III.5-1. 

 

Figure III.5-1 – Location of the studied areas  

in the Odessa Bay ( - MHBS) and Zmiinyi island ( - ZMN) 

III.5.2.1. Description of Sampling areas  

III.5.2.1.1. MHBS area 

The Marine Hydrobiology station (MHBS) of the Odessa National I. I. Mechnikov University is 

located on the seacoast of the Odessa Bay in a city’s recreation zone with intensive tourist 

activity, therefore anthropogenically affected. The marine area nearby the MHBS is a 

representative area for the whole Odessa Bay. The sampling stations, their coordinates and 

types of collected samples performed are presented in Table III.5-1 and Figure III.5-2. 

Table III.5-1 - The coordinates of sampling stations, MHBS area 

Number Site code 
Coordinates 

Depth, m Type of samples 
Latitude Longitude 

1 MHBS-06 46.44352 30.77464 8.5 W1, S2, M3,F4 

2 MHBS-07 46.44268 30.77348 5.0 W, S 

3 MHBS-08 46.44207 30.77486 8.5 W, S 

4 MHBS-09 46.44205 30.77828 13.3 W, S 

5 MHBS-10 46.44099 30.77409 2.5 W, S 

6 MHBS-11 46.44090 30.77335 5.5 W, S 

7 MHBS-12 46.44124 30.77396 5.5 W, S, M, F 

8 MHBS-13 46.44390 30.77349 3.0 W, S 

1 W – water; 2 S - bottom sediments; 3 M – mollusks; 4 F - fishes 
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Figure III.5-2 - Location of the sampling stations within the Odessa Bay, MHBS area 

Water samples:  08.06.2016,  29.08.2016,  03.11.2016.,  29.06.2017.  

Bottom Sediments samples:  08.06.2016,  29.08.2016,  03.11.2016,  29.06.2017 

III.5.2.1.2. ZMN area 

The Zmiinyi island, located in the North-western part of the Black Sea (NWBS) around 35 km far 

from the Danube delta, is a unique representative area for this region of the sea, where Marine 

Research Station “Ostriv Zmiinyi” (ZMN) of the ONU has been operated since 2003. The samples 

were taken in the vicinity of the island. The coordinates of sampling stations and types of 

collected samples are shown in Table III.5-2 and in Figure III.5-2. 

Table III.5-2 - The coordinates of sampling stations, ZMN area 

Number Site code 
Coordinates 

Depth, m 
Type of 
samples Latitude Longitude 

1 ZPR 45.25684 30.20556 7.5 W1 

2 Z-1-2 45.25739 30.20556 5.0 W, S2 

3 Z-1-3 45.25810 30.20557 10.0 W, S 

4 Z-1-4 45.25842 30.20557 12.0 W, S, M3, F4 

5 Z-1-6 45.25958 30.20557 25.0 W, S 

6 Z-1-7 45.25991 30.20559 32.5 W, S 
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Number Site code 
Coordinates 

Depth, m 
Type of 
samples Latitude Longitude 

7 Z-3-2 45.25531 30.20691 5 W, S 

8 Z-3-3 45.25512 30.20780 9.0 W, B 

9 Z-3-4 45.25480 30.20871 15 W, S, M, F 

10 Z-3-7 45.25374 30.21164 30 W 

11 Z-5-3 45.25423 30.20014 10 W, S 

12 Z-5-4 45.25424 30.19953 15 W, S 

13 Z-5-5 45.25424 30.19844 20 W, S 

14 Z-5-7 45.25425 30.19426  W 

1 W: water, 2 S: bottom sediments, 3 M: molluscs, 4 F: fishes  

 

 Stones + shelly ground 

 Sand + shelly ground  

 Sand + shelly ground +silt 

 Sand + silt 

 Silt 

 Sand 

Figure III.5-3 - Location of the sampling stations in the coastal waters of the Zmiinyi island. 

Water samples:  10.04.2016,   17.05.2016  20.08.2016,  27.11.2016,   29.04.2017. 

25.06.2017. Bottom sediments samples:   16, 19.05.2016 ,  19-20.08.2016, 27.11.2016,   

24-25.06.2017 

III.5.2.2. Sampling procedure 

Water sampling. Water samples for pollutants were collected from the surface layer (more 

precise, 0.3 m below the surface) and the bottom layer (depending on the depth) using 

bathometer Hydrobios (Hydrobios Apparatebau GmbH, Germany) according to the standard 



Scientific Report - 12-Months Monitoring Studies 

in Georgia, Russian Federation and Ukraine, 2016-2017 

 

502 

procedure described in [24-27]. The bottles with seawater samples (5 litres) were either directly 

transported (immediately after sampling, e.g. MHBS area) or stored at temperature of -20 °C 

(e.g. ZMN area) until transported to the UkrSCES laboratory for the corresponding analysis. The 

total number of samples was 14 for each studied area (ZMN and MHBS). 

Sediment sampling. The samples of sediment samples were collected from different habitats 

(Figure III.5-1, III.5-2) at different depths (Table III.5-1, III.5-2) across the investigated transects 

using a single tube gravity corer operated manually by researcher-scuba-diver according to the 

standard procedure described in [24,26].  Analogically to the water samples, all sediment 

samples were either stored at temperature of -20 °C) until transportation or directly 

transported to the UkrSCES laboratory immediately after sampling. The total number of 

samples was 16 and 13 for the ZMN area and the MHBS area, correspondingly. 

Hydrobiont sampling. Biota samples (molluscs and fish) were collated using standard sampling 

procedures [11,24,28]. Mollusc samples were taken from the corresponding sampling stations, 

while fish were caught with the specific research net in the vicinity of sampling station, not to 

impact on the corresponding habitat (Tables III.5-3, III.5-4). The total number of mollusc and 

fish samples was 16 and 8 for the ZMN area as well as 20 and 8 for the MHBS area, respectively. 

Mollusc samples, in their turn, composed from two species gastropoda Rapana venosa and 

mussel Mytilus galloprovincialis. Totally, 12 veined Rapa whelks and 8 mussels collected nearby 

the Zmiinyi island were analysed as well as 10 gastropodas and 6 mussels from the Odessa Bay. 

Fish samples were presented by typical fish species of the NWBS, including round goby 

(Neogobius melanostomus), scorpion (Scorpaena porcus), astolonger (Uranoscopus scaber), 

anchovy (Engraulis encrasicholus ponticus), scad (Trachurus trachurus), black goby (Gobius 

niger), merlang naked (Merlangius euxinus), burbot (Gaidropsarus mediterraneus) and rusty 

blenny (Parablennius sanguinolentus). 

III.5.2.3. Laboratory analysis 

Toxic metal determination. Total toxic metals (dissolved and suspended forms) have been 

determined in unfiltered seawater samples, acidified up to pH of 2.0 with Ultrapure HNO3. 

Analyses of biota (fish and mollusc) samples were performed according to the methodologies 

[29-31].  

Mercury content in samples was determined using the MAS-50 Mercury Analyser at the 

UkrSCES laboratory. Analyses of total trace metals were performed using atomicabsorption 

spectrophotometers with electrothermal atomization ZEEnit 650P (graphite furnace – atomic 

absorption spectrometry: GF – AAS) and with flame atomization SpectrAA 220 Varian at the 

UkrSCES laboratory. 

TMs concentrations in biota samples were presented in mg kg-1 of wet weight. 

Organochlorine pesticide and polycyclic biphenil determination. Organochlorine pesticides 

(OCP) and polychlorinated biphenyl (PCB) were determined in all samples using Gas 

Chromatograph Agilent 7890B, USA with electron capture detector (ECD) at the UkrSCES 

laboratory [32]. 

Total petrolium hydrocarbon determination. Collected samples were analyzed for total 

petrolium hydrocarbons (TPHs) by using IR-Furie and Fluorescence method [33].  
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Polyaromatic hydrocarbone determination. Determination of polyaromatic hydrocarbones 

(PAHs) in the collected samples were performed with the method of gas chromatography - 

mass spectrometry using GC-MS Agilent 7890A with MS 5975C, USA. All analyses were 

conducted at the corresponding laboratory of the UkrSCES using EPA METHOD 8310 

POLYNUCLEAR AROMATIC HYDROCARBONS.  

III.5.2.4. Environmental quality standards 

European Union legislation. With the respect to the scrupulously developed and regularly 

updated EU legislation on environmental sector as well as with regards to the recent 

Association agreement between the EU and Ukraine, in this study the EU’s principles regarding 

environment protection established in EU Directives, such as [1,2,34] were followed. Amended 

environmental quality standards (EQS) were used, established by EU Directive 2013/39/EU [35] 

as a reference standards in this study. To estimate marine water quality of the Black Sea over 

the long-term study (covering more than one year period), Annual Average EQS (AA-EQS) [35] 

were used for priority substances and other certain pollutants established for ‘other (non-

inland) surface waters’, in the cases where AA-EQS were not available, it referred to MAC-EQS 

until they are established. The biota EQS [35] were used for certain pollutants, where available. 

Also the maximum permitted levels (MPL) for ceratin contaminants in foodstuffs established 

by EC No 1881/2006 [36] with amendments EU 2015/1005 [37] was considered to estimate a 

contamination level in studied hydrobionts as potential sea products for market. No references 

to the EQS for bottom sediments were found, therfore the Ukrainian national limiting 

permissible concentrations (LPC) was applied instead. 

Ukrainian national legislation. To date, Ukraine is on the way to improve its legislation 

according to the EU principles. It is essential, that before the cancellation of previous 

regulations, it is required to develop amended one to be adopted instead. However, in some 

sectors, including environmental, certain standards/ regulation have been already cancelled, 

but new one were not into force or even were not developed yet. Unfortunately, 

environmental sector was not an exception: formerly USSR standards were cancelled, however, 

improved LPCs for marine waters and bottom sediments [38] developed in 2009 by UkrSCES of 

the Ministry of Ecology and Natural Resources of Ukraine were not even adopted until present. 

Nevertheless, in the current study these drafts of Ukrainian national LPCs were used, 

supposedly that they are necessary transient until EU-adapted standards are adopted and enter 

into force in Ukraine.  The magnitudes of LPCs for toxic metals in the biota were taken from 

sanitary regulations of formerly USSR [39], which were also nullified not being amended. 

III.5.2.5. Statistical analysis 

All statistical analyses were carried out with STATISTICA 7.0 (StatSoft Inc., USA) and SPSS 20.0 

(SPSS Inc., USA). Graphs and diagrams were created using MS Excel 2010 (Microsoft Corp., USA) 

and STATISTICA 7.0 (StatSoft Inc., USA). 
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III.5.3. Results and Discussion 

III.5.3.1. Trace metals - MHBS 

III.5.3.1.1. Water 

Metals concentrations in surface marine water collected during the period of April 2016 – June 

2017 in shelf waters within the Odessa Bay (Figure III.5-2) were found to be not negligible 

varying significantly across the study period (Table III.5-3, Figure III.5-4, III.5-5) 

Table III.5-3 - Concentrations of trace metals (µg L-1) in the surface water, MHBS area 

(magnitudes> EQS are highlighted in red, magnitudes > LPC are highlighted in blue) 

Metals Average Min Max 
AA-EQS of EU 

[35] 

LPC of UA 

[38] 

As 4.95±6.30 0a 29.30 n/ab 10 

Cd 0.13±0.21 0 2.06 0.20 1 

Cо 3.99±5.91 0 28.20 n/a 5 

Cu 4.69±4.11 0 19.20 n/a 3 

Hg 0.94±1.88 0 7.05 0.07c 0.1 

Pb 0.43±0.65 0 4.13 1.30 10 

Zn 7.58±13.19 0 72.10 n/a 20 

Ni 9.39±6.28 0 36.70 8.60 10 

Cr 1.06±1.25 0 12.00 n/a 5 

Fe 118.58±204.19 0 626.00 n/a 50 

Mn 3.47±3.81 0 16.20 n/a n/a 

a 0 means less than the corresponding limit of detection 

b n/a means data not available 

c MAC-EQS 

 

Figure III.5-4 – Mean metal concentrations (per sampling date) in surface water, MHBS area 
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Figure III.5-5 - Maximum, minimum and average concentrations of metals in all samples of 

surface water, MHBS area 

 

The obtained data showed a high level of nickel and mercury compared to the AA-EQS adopted 

by EU, while according to the national Ukrainian LPC copper and iron were above 

recommended threshold (Table III.5-3). The content of Ni was by 10% higher than the 

corresponding AA-EQS. Mercury, a highly toxic metal, is an obligatory parameter to be 

monitored either European or national level. As there is no AA-EQS regarding the mercury 

content, therefore it is referred to MAC-EQS only. The threshold of the Ukrainian LPC for Hg is 

42% higher compared to the European standard (Table III.5-3). Thus, the mean Hg 

concentration (0.94±1.88 µg L-1) obtained during this study can be interpreted as extremely 

critical exceeding the AA-EQS and LPC thresholds in 13.5 and 9.4 times, correspondingly. 

Noteworthy, that EU legislation has no adopted AA-EQS or MAC-EQS for some toxic metals, 

including those exceeded Ukrainian PLC. E.g., contents of Cu and Fe were 1.6 and 2.4 times 

higher than the corresponding LPCs. Attention shuld be paid to the fact that the maximum 

concentrations of all the metals, except lead and manganese, in waters analysed during this 

study exceeded the corresponding Ukrainian LPCs (Table III.5-3). 

III.5.3.1.2. Bottom sediments 

Concentrations of metals in bottom sediments sampled over the period of June 2016 – June 

2017 in the Odessa Bay area (Figure III.5-2) varied substantially during the year of study not 

exceeding the threshold of national Ukrainian LPC (Table III.5-4, Figure III.5-6, III.5-7). 

Table III.5-4 - Concentrations of trace metals (mg kg-1) in the bottom sediments, MHBS area 

Metals Average Min Max 
AA-EQS of EU 

[35] 

LPC of UA 

[38] 

Al 17080±18340 320 110000 n/ab n/a 

As 6.59±5.17 0.52 15.10 n/a 29 

Cd 0.21±0.09 0a 0.46 n/a 0.8 

Cо 2.95±2.41 0 9.61 n/a 20 

Cu 4.01±2.82 0 12.20 n/a 35 
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Metals Average Min Max 
AA-EQS of EU 

[35] 

LPC of UA 

[38] 

Hg 0.04±0.03 0 0.07 n/a 0.3 

Pb 7.54±4.26 0.52 49.70 n/a 85 

Zn 12.81±4.31 0.16 25.90 n/a 140 

Ni 4.06±0.79 0 12.20 n/a 35 

Cr 5.76±1.89 0 12.80 n/a 100 

Fe 3780±1300 450 9580 n/a n/a 

Mn 219.96±101.50 2.30 687.00 n/a n/a 

a 0 means less than the corresponding limit of detection 

b n/a means data not available 

 

 

Figure III.5-6 – Mean metal concentrations (per sampling date) in bottom sediments, MHBS 

area 

 

Figure III.5-7 - Maximum, minimum and average content of metals in bottom sediment 

samples, MHBS area 

With regard to the absence of EU environmental standards for marine sediments, all the data 

obtained under this study were compared with national Ukrainian LPC [38]. It was found that 

aluminium and iron were the dominant trace metals in sediments, being at concentrations of 
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3 order higher than other investigated metals. The possible harmful effect of high 

concentrations of these metals for the environment is hard to estimate, because there is 

neither EU nor national LPC environmental standards developed so far. Manganese was found 

to be the 3rd abundant metal in marine sediments with a mean content of 220 mg kg-1. Ranking 

of ‘traditional’ toxic metals in descending order according to their concentration were zinc 

(12.81±4.31 mg kg-1), lead (7.54±4.26 mg kg-1), arsenic (6.59±5.17 mg kg-1), chromium 

(5.76±1.89 mg kg-1), nickel (4.06±0.79 mg kg-1), copper (4.01±2.82 mg kg-1), cobalt (2.95±2.41 

mg kg-1), cadmium (0.21±0.09 mg kg-1) and mercury (0.04±0.03 mg kg-1) (Table III.5-4; Figure 

III.5-7). All those toxic metal concentration were far below the national LPC.  

III.5.3.1.3. Hydrobionts 

Contents of metals in hydrobionts collected during the period of May 2016 – June 2017 in the 

area of the Odessa Bay (Figure III.5-2) ranged from analytical zero to concentrations below the 

toxicity threshold according to the corresponding Ukrainian LPCs [39] and the EU MPL in 

foodstuffs [36,37]. However, according to the biota EQS [35] measured mercury concentration 

causes a concern. 

Molluscs. The concents of trace metals in mollusc samples within the MHBS area are presented 

in Table III.5-5 and Figure s III.5-8, III.5-9. 

Table III.5-5 - Concentrations of trace metals (mg kg-1) in mollusc samples, MHBS area 

(magnitudes> EQS are highlighted in red, magnitudes > LPC are highlighted in blue) 

Metals Average Min Max 
EQS of EU 

[35,36,37] 

LPC of UA 

[39] 

As 1.68±0.84 0.05 5.39 n/ab 5 

Cd 0.03±0.05 0a 0.21 1.02 0.2 

Cu 4.83±2.72 0.33 15.40 n/a 10 

Hg 0.04±0.02 0 0.10 0.021 (0.52) 0.4 

Pb 0.09±0.05 0 0.28 1.53 1 

Zn 25.73±11.52 11.40 63.00 n/a 40 

Co 0.14±0.08 0 0.30 n/a n/a 

Cr 0.72±0.59 0 5.26 n/a n/a 

Mn 4.28±2.51 0.34 12.90 n/a n/a 

Fe 52.94±39.68 4.94 199.00 n/a n/a 

Ni 0.36±0.37 0 2.44 n/a n/a 

a 0 means less than the corresponding limit of detection 

b n/a means data not available 
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Figure III.5-8 –  Mean metal concentrations (per sampling date) in mollusc samples, MHBS 

area 

 

 

Figure III.5-9 - Maximum, minimum and average concentrations of metals in all samples of 

molluscs, MHBS area 

 

In term of trace metal content in marine biota, only mercury is obligatory monitored within the 

EU EQSD (2013) [35] as well as concentration of mercury, cadmium and lead is regulated in sea 

foodstuffs by EC 1881 (2008) [36] and EU 1005 (2015) [37], while no environmental standards 

for other metals were adopted so far. Moreover the EU EQS for Hg content in biota is much 

lower (ca. 20 times) than allowable concentration according to both EU MPL for sea foodstuffs 

[36] and the Ukrainian national LPC [39]. The study showed that the average Hg concentration 

in mollusc was twice higher than the threshold of EQS established by the EQSD (2013) [35]. 

However, according to the Ukrainian LPC and the EU MPL for sea foodstuffs, there was no 

concern, since Hg concentration was around 10 times below compared to the recommended 

level. Due to absence of adopted the EU EQS for other toxic metals, the national LPC standards 

for toxicity level assessment were used. None of the metal exceeded the national PLC, thus, 

overall, the accumulation of trace metals in studied molluscs caused no concern for upper 
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trophic levels. The highest mean concentrations were registered for iron (52.94±39.68 mg kg-1) 

and zinc (25.73±11.52 mg kg-1) (Table III.5-5; Figure III.5-8, III.5-9). The average content of 

copper, manganese and arsenic were in a range of 4.83-1.68 mg kg-1, the rest metals were 

found at concentrations below 1 mg kg-1. It is noteworthy that the maximum concentration for 

As, Cd, Cu and Zn detected over this study were higher than the corresponding Ukrainian LPCs. 

 

Fish. The concentrations of trace metals in fish tissues sampled within the MHBS area are 

presented in Table III.5-6 and Figure III.5-11), 

Table III.5-6 - Concentrations of trace metals in fish, MHBS area (magnitudes> EQS are 

highlighted in red) 

Metals Average Min Max 
EQS of EU 

[35,36,37] 

LPC of UA 

[39] 

As 0.49±0.48 0.01 1.25 n/ab 5 

Cd 0.01±0.01 0a 0.04 0.05-0.102 0.2 

Cu 0.43±0.36 0 1.03 n/a 10 

Hg 0.04±0.02 0.01 0.08 0.021 (0.52) 0.4 

Pb 0.04±0.02 0 0.08 0.303 1 

Zn 14.65±10.71 5.61 35.30 n/a 40 

Co 0.03±0.03 0 0.06 n/a n/a 

Cr 0.19±0.22 0 0.58 n/a n/a 

Mn 1.83±1.17 0.32 3.96 n/a n/a 

Fe 10.91±10.40 0.87 29.60 n/a n/a 

Ni 0.09±0.08 0 0.22 n/a n/a 

a 0 means less than the corresponding limit of detection 

b n/a means data not available 

  

 

Figure III.5-10 – Mean metal concentrations (per sampling date) in fish samples, MHBS area 
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Figure III.5-11 - Maximum, minimum and average concentrations of metals in all fish 

samples, MHBS area  

 

Average concentration of mercury in fish was comparable with that in molluscs and was higher 

in a factor of 2.0 compared to the EU EQS [35]. The rest of studied trace metals did not overpass 

the MPL in sea foodstuffs [36,37] and the Ukrainian LPC threshold (Table III.5-6; Figure III.5-10, 

III.5-11). As for molluscs the highest concentrations were observed for Fe (10.91±10.40 mg kg-

1) and Zn (14.65±10.71 mg kg-1) (Table III.5-6; Figure III.5-11), although their magnitudes were 

significantly lower than those indicated in molluscs. In fish tissues, only manganese content 

was above 1 mg kg-1. Other metals were ranked in a next order by their concentrations in fish 

tissues: arsenic > copper > chromium > nickel > lead > cobalt > cadmium (Table III.5-6; Figure 

III.5-11). 

III.5.3.2. Organochlorine pesticides and polychlorinated biphenyls - MHBS 

III.5.3.2.1. Water 

The organochlorine pesticides (OCPs) concentrations determined in water samples are 

presented in Table III.5-7 and Figure s III.5-12, III.5-13.  

Table III.5-7 - Concentrations of OCPs (ng L-1) in surface water samples, MHBS area 

(magnitudes> EQS are highlighted in red, magnitudes > LPC are highlighted in blue) 

OCP Average Min Max 
AA-EQS of EU 

[35] 

LPC of UA 

[38] 

α-HCH 0.12±0.12 02 0.45 

2a 

15 

b-HCH 0.47±0.53 0 1.69 4 

γ-HCH (Lindane) 0.43±0.62 0 3.57 0.2 

HCB1 0.62±0.59 0 3.67 50b 30 

Heptachlor 1.57±2.73 0 16.50 0.00001c 15 

Aldrin 0.04±0.07 0 0.43 
5d 

10 

Dieldrin 0.19±0.19 0 1.19 0.07 
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OCP Average Min Max 
AA-EQS of EU 

[35] 

LPC of UA 

[38] 

DDЕ 5.35±6.20 0.07 13.90 

25e 25 DDD 0.12±0.09 0 0.63 

DDT 0.28±0.49 0 1.13 
1 HCB – Hexachlorobenzene 
2 0 means less than limit of detection 
a refers to HCH, i.e. sum of α-, b- and γ-HCH 

 b refers to MAC-EQS 
c refers to heptachlor and heptachlor epoxide 
d refers to the sum of cyclodiene pesticides (aldrin, dieldrin, endrin and isodrin) 
e refers to the total DDT 

 

Figure III.5-12 – Average pesticides concentration (per sampling date) in surface water, 

MHBS area 

 

 

Figure III.5-13 - Maximum, minimum and average concentrations of pesticides in all samples 

of surface water, MHBS area 
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It was found that neither hexachlorocyclohexane (HCH) species (a-HCH, b-HCH and y-HCH), 

often expressed as the sum of Lindane (mean: 1.03±0.75 ng L-1) nor DDT species (DDE, DDD and 

DDT), commonly expressed as the sum of DDT (mean: 5.76±5.85 ng L-1) did not exceed both the 

AA-EQSs and national LPCs during the study period (Figure III.5-14).  

 

Figure III.5-14 – The sum of HCH (Lindane) and DDT concentrations (per sampling date) in 

surface water, MHBS area 

However, according to the national Ukrainian LPC, the average concentration of y-HCH 

(Lindane) was more than twice higher of the recommended level (Table III.5-7, Figure III.5-13). 

Among HCHs the highest mean concentrations were referred to b-HCH (0.47±0.53 ng L-1) and 

y-HCH (0.43±0.62 ng L-1). 

Hexachlorobenzene (HCB) concentration was far below than both EU and Ukrainian 

environmental standards. 

The sum of cyclodiene pesticides (aldrin and dieldrin) was much below the threshold of AA-

EQS. Meanwhile the mean content of dieldrin in marine water was observed to be 2.7 times 

higher compared to the Ukrainian LPC (Table III.5-7). 

The study indicated that heptachlor was observed in surface water over the entire study period, 

except of November 2016. Its average concentration made 1.57±2.73 ng L-1 dramatically 

exceeding (ca. 157 000 times) MAC-EQS established by EU legislation, however, being at an 

acceptable level within the Ukrainian LPC (Table III.5-7). 

Importantly, the maximum concentration observed for lindane and dieldrin were higher than 

the corresponding LPCs (Table III.5-7). The major OCPs compounds were DDE and heptachlor. 

The highest magnitudes measured were 13.9 ng L-1 for p,p’ DDE and 16.5 ng L-1 for heptachlor 

(Table III.5-7, Figure III.5-12). 

Concentrations of the total polychlorinated biphenyls (PCBs) in water samples are presented in 

Table III.5-8 and Figure s III.5-15, III.5-16. 
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Table III.5-8 - Concentrations of PCBs (ng L-1) in surface water samples, MHBS area 

OCP Average Min Max 
AA-EQS of EU 

[35] 

LPC of UA 

[38] 

Ar-1254 21.69±11.13 4.27 98.60 n/aa 100 

Ar-1260 6.44±3.88 0.42 27.80 n/a 100 

a n/a means data not available 

 

 

Figure III.5-15 – Average of the total PCB concentrations (per sampling date) in surface 

water, MHBS area 

 

Figure III.5-16 –Total PCBs concentrations in surface water samples, MHBS area 

 

Total PCBs concentrations varied substantially from 0.42 to 98.60 ng L-1 in surface water during 

the study period (Table III.5-8). Despite of high potential thread of these persistent hazardous 

substances to the biota and human health, there are no environmental standards in the current 

European legislation. Nevertheless, the mean concentrations of total PCBs, expressed as 

Aroclor 1254 (Ar-1254) and Aroclor 1260 (Ar-1260), were below the Ukrainian LPC. The content 

of Ar-1254 overpassed the Ar-1260 concentration in all water samples (Figure III.5-15). 
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III.5.3.2.2. Sediments 

Surprisingly, there are no environmental standards for OCPs in bottom sediments mentioned 

in EU Directives concerning the environment. Therefore in this section the Ukrainian LPC are 

used. Content of OCPs in bottom sediments samples  are shown in Table III.5-9 and in Figures 

III.5-17-III.5-19.  

Table III.5-9 - Concentrations of OCPs (µg kg-1) in bottom sediments, MHBS area (magnitudes 

> LPC are highlighted in blue) 

OCP Average Min Max 
AA-EQS of EU 

[35] 

LPC of UA 

[38] 

α-HCH 0.06±0.05 0b 0.40 

n/ac 

2.5 

b-HCH 0.20±0.26 0 2.25 1 

γ-HCH (Lindane) 0.04±0.03 0 0.25 0.05 

HCBa 2.38±0.71 0 7.24 n/a 2.5 

Heptachlor 0.84±1.64 0 16.50 n/a 2.5 

Aldrin 0 0 0 
n/a 

2.5 

Dieldrin 0.14±0.12 0 1.04 0.5 

DDЕ 3.05±3.68 0.06 13.89 

n/a 2.5 DDD 0.25±0.22 0 0.87 

DDT 0.59±1.06 0 3.54 

a HCB – Hexachlorobenzene 
b 0 means less than limit of detection  

c n/a means data not available 

 

 
Figure III.5-17 – Average pesticides concentrations (per sampling date) in sediments, MHBS 
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Figure III.5-18 - Maximum, minimum and average concentrations of pesticides in sediments, 

MHBS area 

 
Figure III.5-19 – Sum of HCH (Lindane) and DDT concentrations (per sampling date) in 

sediments, MHBS area 

 

It was demonstrated that HCH (a-HCH, b-HCH and y-HCH), heptachlor, HCB and cyclodiene 

pesticides (aldrin and dieldrin) were below LPCs. Noteworthy, the mean concentration of 

lindane (0.04±0.03 µg kg-1) and HCB (2.38±0.71 µg kg-1) almost reached the threshold of 

appropriate LPCs. Unsurprisingly, the bottom marine sediments were found to be overpolluted 

with DDT species. On average the content of the sum of DDT was 1.6 times higher than 

permissible level according to the Ukrainian LPC (Figure III.5-19). DDE, a common 

dehydrohalogenated breakdown product from DDT, was found to be the dominant pollutant in 

bottom sediments of the Odessa Bay with the mean concentration of 3.05 µg kg-1, which singly 

exceeded the LPC threshold of total DDT (Figure III.5-18). 

It needs to be noted that the maximum concentrations of b-HCH, γ-HCH, HCB, heptachlor and 

DDE were higher enough compared to the corresponding LPCs (Table III.5-9). 

The major OCPs compounds in studied sediments were DDE, HCB and heptachlor. The highest 
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kg-1 for HCB (Table III.5-9, Figure III.5-18). The level of bottom sediments pollution by PCBs is 

indicated in Table III.5-10 and Figure s III.5-20, III.5-21. 

Table III.5-10 - Concentrations of PCBs (µg kg-1) in sediments samples, MHBS area 

(magnitudes > LPC are highlighted in blue) 

OCP Average Min Max 
AA-EQS of EU 

[35] 

LPC of UA 

[38] 

Ar-1254 9.86±5.27 3.11 30.80 n/aa 20 

Ar-1260 7.73±10.88 0b 17.30 n/a 20 

a n/a means data not available 
b 0 means less than limit of detection  

 

 

 

Figure III.5-20 – Average magnitudes of the total PCB concentrations (per sampling date) in 

sediments, MHBS area 

 

Figure III.5-21 –Total PCBs concentrations in sediments samples, MHBS area 

Total PCBs concentrations ranged from analytical zero to 30.80 µg kg-1 over the investigated 
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content was below the recommended Ukrainian LPCs for both Ar-1254 and Ar-1260. The 

concentration of Ar-1254 was constantly higher than that of Ar-1260 during the study, 

excepting the last sampling series in June 2017 (Figure III.5-20). Besides, the maximum 

magnitude of Ar-1254 exceeded the corresponding LPC in 1.5 times (Table III.5-10). 

III.5.3.2.3. Hydrobionts 

OCPs in mollusc. Regarding OCPs, EU environmental standards are established only for two 

compounds: HCB and heptachlor. That is the content of the rest chlorinated pesticides, such as 

HCHs, DDTs and cyclodienes in hydrobionts, which are potential sea food products, are not 

regulated by the European legislation. Moreover there are also no Ukranian standards for those 

pesticides in marine organisms to assess the pollution status of the sea area. Our results (Table 

III.5-11, Figure III.5-22) indicated that molluscs in the Odessa Bay were likely to be highly 

polluted with OCPs.  

Table III.5-11 - Concentrations of OCPs (µg kg-1) in mollusc tissues, MHBS area (magnitudes > 

EQS are highlighted in red) 

OCP Average Min Max EQS of EU [35] LPC of UA [38] 

α-HCH 1.06±1.87 0b 7.99 
n/ac 

 

n/a 

b-HCH 10.18±15.81 0 77.80 n/a 

γ-HCH (Lindane) 0.37±0.60 0 2.61 n/a 

HCBa 35.38±47.86 0.68 305.00 10 n/a 

Heptachlor 11.99±20.59 0 111.00 0.0067 n/a 

Aldrin 8.30±10.79 0 39.30 
n/a 

n/a 

Dieldrin 11.34±13.07 0 61.30 n/a 

DDЕ 24.67±30.96 1.32 122.00 

n/a n/a DDD 7.53±5.69 0 52.70 

DDT 8.01±7.18 0 29.50 

a HCB – Hexachlorobenzene, b 0 means less than limit of detection, c n/a means data not available 

 

Figure III.5-22 – Average pesticides concentrations (per sampling date)  

in molluscs, MHBS area 
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E.g., the content of HCB was 3.5 higher than EQS, while heptachlor level in molluscs 

dramatically (1790 times) exceeded the EU recommended standard. Moreover the highest 

concentrations were registered for DDE (24.67±30.96 µg kg-1), dieldrin (11.34±13.07 µg kg-1) 

and b-HCH (10.18±15.81 µg kg-1) (Figure III.5-23). The sum of HCH and DDT was 11.61±17.50 µg 

kg-1 and 40.22±30.21 µg kg-1 correspondingly (Figure III.5-24), although due to the absence of 

EQSs in the EU and Ukrainian legislations it is hard to substantiate the pollution level of molluscs 

and further threats in terms of impact on organisms located higher in the trophic chain. 

 
Figure III.5-23 - Maximum, minimum and average concentrations of pesticides in molluscs, 

MHBS area 

 
Figure III.5-24 – Sum of HCH (Lindane) and DDT concentrations (per sampling date) in 

molluscs, MHBS area 

 

OCPs in fish. It was observed that on average the concentrations of OCPs in fish tissues were 

substantially lower comparable with those in molluscs (Table III.5-12, Figure III.5-25-III.5-27).  
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Table III.5-12 - Concentrations of OCPs (µg kg-1) in fish tissues, MHBS area (magnitudes> EQS 

are highlighted in red) 

OCP Average Min Max 
EQS of EU 

[35] 

LPC of UA 

[38] 

α-HCH 0.40±0.98 0b 2.81 
n/ac 

 

n/a 

b-HCH 2.17±1.65 0 4.49 n/a 

γ-HCH (Lindane) 0.42±0.66 0 3.16 n/a 

HCBa 6.90±9.04 0 23.10 10 n/a 

Heptachlor 0.97±2.23 0 7.47 0.0067 n/a 

Aldrin 7.32±8.65 0 24.90 
n/a 

n/a 

Dieldrin 10.53±17.31 0 65.90 n/a 

DDЕ 12.70±13.45 0 47.00 

n/a n/a DDD 1.39±1.70 0 4.38 

DDT 6.42±4.86 0 20.90 
a HCB – Hexachlorobenzene 
b 0 means less than limit of detection  

c n/a means data not available 
 
 
 

 
Figure III.5-25 – Average pesticides concentration (per sampling date) in fish, MHBS area 
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Figure III.5-26 - Maximum, minimum and average concentrations of pesticides in molluscs, 

MHBS area 

 
Figure III.5-27 – Sum of HCH (Lindane) and DDT concentrations (per sampling date) in 

molluscs, MHBS area 

Content of HCB was below the threshold of EQS, while heptachlor surplused in 144 times the 

European standard. However, the maximum content of HCB still exceeded the biota EQS. The 

sum of DDT and HCH was estimated as 20.52±19.12 µg kg-1 and 2.99±2.16 µg kg-1 in fish tissues 

correspondingly, being twice lower for DDT and around quadruple lower for HCH compared to 

the content in molluscs. As for molluscs the highest concentrations for compounds lacking EU 

EQS were 12.70±13.45µg kg-1 for DDE and 10.53±17.31 µg kg-1 for dieldrin. 

PCBs in molluscs and fish. Contents of total PCBs in mollsc and fish tissues samples are shown 

in Table III.5-13 and Figure s III.5-28, III.5-29. 
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Table III.5-13 - Concentrations of PCBs (µg kg-1) in mollusc and fish samples, MHBS area 

Biont 
type 

PCB Average Min Max 
EQS of EU 

[35] 

LPC of UA 

[38] 

Ma Ar-1254 393.52±253.02 48.60 1400.00 n/ac n/a 

Ar-1260 772.86±999.73 48.30 3800.00 n/a n/a 

Fb Ar-1254 173.57±196.30 5.54 622.00 n/a n/a 

Ar-1260 222.28±124.72 34.30 406.00 n/a n/a 
a M – mollusc, b F – fish, c n/a means data not available 
 

 
(a) 

 
(b) 

Figure III.5-28 – Average concentrations of the total PCB concentrations (per sampling date) 
in molluscs (a) and fish (b), MHBS area 
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Figure III.5-29 – Total PCBs concentrations in molluscs and fish, MHBS area 

(M: mollusc; F: fish) 

 

Total PCB content varied significantly from 48.3 to 3800.00 µg kg-1 in molluscs and from 5.54 to 

222.28 µg kg-1 in fish (Table III.5-13). There was accumulated around 2.3-3.5 times more PCBs 

in molluscs tissues compared to those in fish. Contrary to the tendency of PCBs distribution in 

surface water, Ar-1260 concentration exceeded the content of Ar-1254. Thus, it is likely that 

Ar-1260-bearing substances were consumed and/ or accumulated more rapidly by/ in 

hydrobionts compared to Ar-1254-containing ones (Figure III.5-29), which remained in water 

at higher concentrations (Figure III.5-16). 

III.5.3.3. Total petroleum hydrocarbons - MHBS 

The concentrations of total petroleum hydrocarbons (TPHs) in surface water and sediment 

samples collected within the studied area ranged between 0-0.71 mg L-1 and 0-604.00 mg kg-1, 

respectively (Table III.5-14).  

Table III.5-14 - Concentration of TPHs in surface water and sediment samples, MHBS area 

(magnitudes > LPC are highlighted in blue) 

Type of samples TPH unit Average Min Max 
AA-EQS of EU 

[35] 

LPC of 
UA 

[38] 

Surface water mg L-1 0.09±0.13 0a 0.71 n/ab 0.05 

Sediments mg kg-1 89.74±107.17 0 604.00 n/a 50 
a 0 means less than limit of detection 
b n/a means data not available 

 

Generally, the TPHs concentration in marine water, which can cause negative impact on the 

aquatic organisms is considered to be around 0.05 mg L-1. Many countries, including Ukraine, 

use this threshold value as a seawater quality standard, e.g. limiting permissible concentration 

(LPC) in Ukraine. The mean concentration of TPHs at the surface water layer made 0.09±0.13 
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mg L-1, i.e. exceeded the LPC almost twice (Table III.5-14, Figure III.5-30). Meanwhile it is 

suggested standards that allowable (non-harmful for biota) content of TPHs in sediments might 

reach 50 mg kg-1 according to the Ukrainian LPC, i.e. in 1000 times higher than in marine water. 

Indeed, in the present study sediment samples were on average polluted 3 orders of magnitude 

more than those of water, varying substantially over the study period (Table III.5-14, Figure 

III.5-30). 

 

Figure III.5-30 – Average concentrations of the TPHs (per sampling date) in sediments 

and water samples, MHBS area 

 

III.5.3.4. Polycyclic aromatic hydrocarbons - MHBS 

III.5.3.4.1. Water 

The total polycyclic aromatic hydrocarbons (PAHs) content (i.e. Σ 16PAH) in surface water 

samples (n=11) were in a range of 0.36-67.17 ng L-1 (Table III.5-15, Figure III.5-31) with the mean 

magnitude of 10.06±11.85 ng L-1.  

Table III.5-15 - Concentrations of PAHs (ng L-1) in water samples, MHBS area (magnitudes> 

EQS are highlighted in red, magnitudes > LPC are highlighted in blue) 

PAH 
Number of 

rings  
Average Min Max 

AA-EQS of EU 

[35] 

LPC of UA 

[38] 

Naphthalene 2 1.97±1.73 0a 5.82 2000 100 

Acenaphthylene 3 0.49±0.15 0.15 1.05 n/ab n/a 

Fluorene 3 0.18±0.19 0.00 1.10 n/a n/a 

Acenaphthene 3 0.44±0.40 0.00 2.48 n/a n/a 

Phenanthrene 3 4.51±6.35 0.07 39.30 n/a 20 

Anthracene 3 0.73±1.26 0.00 7.85 100 20 

Fluoranthene 4 0.97±1.15 0.08 6.95 6.3 6 

Pyrene 4 0.27±0.18 0.06 0.94 n/a n/a 

Benz(a)anthracene 4 0.07±0.13 0.00 0.30 n/a 3 

Chrysene 4 0.17±0.07 0.00 0.59 n/a 3 
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PAH 
Number of 

rings  
Average Min Max 

AA-EQS of EU 

[35] 

LPC of UA 

[38] 

Benzo(b)fluoranthene 5 0.07±0.10 0.00 0.22 ** n/a 

Benzo(k)fluoranthene 5 0.07±0.04 0.00 0.18 ** 3 

Benzo(a)pyrene 5 0.02±0.03 0.00 0.14 0.17 3 

Dibenz(a,h)anthracene 5 0.05±0.03 0.00 0.13 n/a n/a 

Indeno(1,2,3cd)pyrene 6 0 0.00 0.00 ** 2 

Benzo(g,h,i)perylene 6 0.05±0.04 0.00 0.12 ** 1 
a 0 means less than limit of detection 
b n/a means data not available 
** AA-EQS in water refer to the concentration of benzo(a)pyrene, on the toxicity of which they are based. 
Benzo(a)pyrene can be considered as a marker for the other PAHs, hence only benzo(a)pyrene needs to 
be monitored for comparison with corresponding AA-EQS in water [35] 

 

 

Figure III.5-31 - Water contamination with the sum of PAHs, the sum of carcinogenic 

PAHs and total PAH toxicity as the sum of BaP equivalent, MHBS area 

 

The 2-3-ring PAHs contributed to ca. 83% of the total PAHs in water (Figure III.5-32).  

   

Figure III.5-32 - The average ratio of PAH species (by the number of rings in molecules) in 

the surface water, bottom sediments, tissues of molluscs and fish, MHBS area 
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The average toxicity level of total PAHs estimated as the sum of benzo(a)pyrene equivalents 

(BaP eq) was 0.11±0.03 ng L-1 and did not reach the permissible threshold of AA-EQS (0.17 ng 

L-1). The sum of sevens PAHs, which were attributed to cancerogens of groups 2A and 2B 

according to the International Agency for Research on Cancer [40], made 0.45±0.25 ng L-1 

(Figure III.5-31). Naphtalene, anthracene and fluoranthene concentrations did not exceed 

neither AA-EQS nor Ukrainian LPC, which differ from each other dramatically (Table III.5-15). 

However, the maximum concentrations observed for phenanthrene and fluoranthene in water 

samples were higher than the corresponding PLCs and AA-EQS (in terms of flouranthene only). 

Other PAHs, which are not under strict control within the EU legislation at the moment, were 

far below the corresponding LPCs in water. 

The most dominant polyaromatic compounds in water samples were found to be 

phenanthrene and naphthalene, the rest PAHs were registered at concentrations below 

1 ng L-1. 

III.5.3.4.2. Sediments 

The mean content of the total PAHs (i.e. Σ16PAH) in bottom sediments (n=16) was found to be 

95.64±99.09 µg kg-1, ranging from 0.56 to 457.72 µg kg-1 (Table III.5-16).  

Table III.5-16 - Concentrations of PAHs (µg kg-1) in bottom sediments, MHBS area 

(magnitudes > LPC are highlighted in blue) 

PAH 
Number of 

rings  
Average Min Max 

AA-EQS of EU 

[35] 

LPC of UA 

[38] 

Naphthalene 2 1.44±0.84 0.23 3.41 n/ab 15 

Acenaphthylene 3 4.22±4.34 0.08 16.00 n/a n/a 

Fluorene 3 1.06±1.41 0a 6.73 n/a n/a 

Acenaphthene 3 0.58±0.65 0 2.26 n/a n/a 

Phenanthrene 3 13.11±9.61 0.11 48.70 n/a 45 

Anthracene 3 2.87±2.35 0 11.60 n/a 50 

Fluoranthene 4 17.45±17.23 0.07 66.50 n/a 15 

Pyrene 4 13.39±14.14 0 55.50 n/a n/a 

Benz(a)anthracene 4 7.98±9.14 0 39.70 n/a 3 

Chrysene 4 8.89±10.53 0 47.20 n/a 3 

Benzo(b)fluoranthene 5 8.18±10.10 0 44.90 n/a n/a 

Benzo(k)fluoranthene 5 6.01±6.79 0 29.80 n/a 3 

Benzo(a)pyrene 5 8.91±10.31 0 44.90 n/a 3 

Dibenz(a,h)anthracene 5 6.31±10.81 0 44.20 n/a n/a 

Indeno(1,2,3cd)pyrene 6 3.09±3.80 0 12.60 n/a 2 

Benzo(g,h,i)perylene 6 5.04±6.11 0 26.70 n/a 1 
a 0 means less than limit of detection 
b n/a means data not available 

 

The low molecular weight (LMW) PAHs (2-3 aromatic rings per molecule) was 19% of the total 

PAHs in sediments (Figure III.5-32). The average toxicity as BaPeq was estimated to 17.96±23.30 

µg kg-1 and exceeded the Ukrainian LPC for BaP (3 µg kg-1) in 6 times. The sum of carcinogenic 

PAHs in bottom sediments made 49.37±58.73 µg kg-1 (Figure III.5-33).  
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Figure III.5-33 - Sediment contamination with the sum of PAHs, the sum of carcinogenic 

PAHs and total PAH toxicity as the sum of BaP equivalent, MHBS area 

 

The concentrations of heavy molecular weight (HMW) PAHs, namely fluoranthene, 

benz(a)anthracene, chrysene, benzo(k)fluoranthene, benzo(a)pyrene, indeno(1,2,3cd)pyrene, 

benzo(g,h,i)perylene was higher in comparison with the corresponding LPCs (Table III.5-16). 

Contents of LMW PAHs were within a permissible range, although the peak concentration of 

phenanthrene detected was above the LPC threshold. The highest concentrations were 

registered for fluoranthene, pyrene and phenanthrene (Table III.5-16). 

III.5.3.4.3. Biota 

Molluscs. On average, based on 20 mollusc samples, total PAH concentration in their tissues 

was 286.75±187.92 µg kg-1, varying significantly from 14.35 to 930.54 µg kg-1 (Table III.5-17). 

The contribution of LMW PAHs to the total PAHs was 59% (Figure III.5-32). The magnitude of 

total BaP equivalent made 25.78±35.99 µg kg-1, that was 5 and 2.5 times higher compared to 

the biota EQS [35] and the foodstuff MPL [36] (Table II.17). 

Table III.5-17 - Concentrations of PAHs (µg kg-1) in mollusc tissue, MHBS area (magnitudes> 

EQS are highlighted in red) 

PAH 
Number 
of rings  

Average Min Max 
EQS of EU 

[35,36] 

LPC of UA 

[38] 

Naphthalene 2 35.94±46.61 1.12 195.00 n/ab n/a 

Acenaphthylene 3 10.99±15.74 0a 71.70 n/a n/a 

Fluorene 3 2.80±2.87 0 14.10 n/a n/a 

Acenaphthene 3 22.18±35.98 0.08 148.00 n/a n/a 

Phenanthrene 3 93.96±98.37 4.93 459.00 n/a n/a 

Anthracene 3 4.35±5.06 0 45.40 n/a n/a 

Fluoranthene 4 16.25±12.06 0.83 52.60 301 n/a 

Pyrene 4 44.30±56.81 2.27 265.00 n/a n/a 

Benz(a)anthracene 4 0.75±0.46 0 4.11 n/a n/a 

Chrysene 4 1.94±1.44 0.10 7.04 n/a n/a 

Benzo(b)fluoranthene 5 5.38±5.90 0.58 45.50 ** n/a 

Benzo(k)fluoranthene 5 2.76±3.21 0 27.40 ** n/a 
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PAH 
Number 
of rings  

Average Min Max 
EQS of EU 

[35,36] 

LPC of UA 

[38] 

Benzo(a)pyrene 5 7.97±8.79 0.32 58.60 51(102) n/a 

Dibenz(a,h)anthracene 5 16.43±26.17 0 204.00 n/a n/a 

Indeno(1,2,3cd)pyrene 6 0.35±0.52 0 2.71 ** n/a 

Benzo(g,h,i)perylene 6 20.42±39.71 0 166.00 ** n/a 

a 0 means less than limit of detection 

b n/a means data not available  

** the biota EQS refer to the concentration of benzo(a)pyrene, on the toxicity of which they are based. 

Benzo(a)pyrene can be considered as a marker for the other PAHs, hence only benzo(a)pyrene needs to 

be monitored for comparison with the biota EQS [35] 

 

The content of PAHs potentially caused cancerogenesis was 35.58±45.36 µg kg-1 (Figure III.5-

34). Average fluoranthene content was below the EQS threshold, though this biota EQS was 

exceeded at the maximum concentration observed. However, the levels of other PAHs were 

not possible to estimate, since no corresponding biota EQS were established. The highest 

concentrations were registered for phenanthrene, naphthalene and pyrene (Table III.5-17). 

   

Figure III.5-34 - Mollusc contamination with the sum of PAHs, the sum of carcinogenic 

PAHs and total PAH toxicity as the sum of BaP equivalent, MHBS area 

 

Fish. The content of total PAHs in fish tissues (n=10) varied in a wide range of 28.15-1680.70 µg 

kg-1 with the average magnitude of 661.39±585.04 µg kg-1 (Table III.5-18).  

Table III.5-18 - Concentrations of PAHs (µg kg-1) in fish tissues, MHBS area (magnitudes> EQS 

are highlighted in red) 

PAH Number of rings  Average Min Max 
EQS of EU 

[35,36] 

LPC of UA 

[38] 

Naphthalene 2 52.5±77.9 1.7 209.0 n/ab n/a 

Acenaphthylene 3 13.6±27.7 0a 70.0 n/a n/a 

Fluorene 3 2.7±3.7 0 9.8 n/a n/a 

Acenaphthene 3 26.7±60.9 0 151.0 n/a n/a 

0

100

200

300

400

500

600

M
ay

-1
6

M
ay

-1
6

Ju
n

-1
6

Ju
n

-1
6

Ju
l-

1
6

Ju
l-

1
6

A
u

g-
1

6

Se
p

-1
6

Se
p

-1
6

O
ct

-1
6

O
ct

-1
6

N
o

v-
1

6

D
e

c-
1

6
D

e
c-

1
6

Ja
n

-1
7

Ja
n

-1
7

Fe
b

-1
7

M
ar

-1
7

M
ar

-1
7

A
p

r-
1

7
A

p
r-

1
7

M
ay

-1
7

Ju
n

-1
7

C
o

n
ce

n
tr

at
io

n
, µ

g 
kg

-1

Σ carcinogenic PAHs Σ BaP eq Σ PAHs



Scientific Report - 12-Months Monitoring Studies 

in Georgia, Russian Federation and Ukraine, 2016-2017 

 

528 

PAH Number of rings  Average Min Max 
EQS of EU 

[35,36] 

LPC of UA 

[38] 

Phenanthrene 3 107.2±184.5 5.7 482.0 n/a n/a 

Anthracene 3 2.8±2.6 0 11.3 n/a n/a 

Fluoranthene 4 32.0±27.4 0.8 130.0 301 n/a 

Pyrene 4 114.1±113.7 2.3 484.0 n/a n/a 

Benz(a)anthracene 4 2.5±4.9 0 12.4 n/a n/a 

Chrysene 4 5.9±7.1 0 19.1 n/a n/a 

Benzo(b)fluoranthene 5 29.1±58.9 1.0 149.0 ** n/a 

Benzo(k)fluoranthene 5 16.4±32.6 0 82.3 ** n/a 

Benzo(a)pyrene 5 37.9±69.1 0.2 178.0 51 (22) n/a 

Dibenz(a,h)anthracene 5 101.8±237.3 0 586.0 n/a n/a 

Indeno(1,2,3cd)pyrene 6 2.7±3.7 0 7.9 ** n/a 

Benzo(g,h,i)perylene 6 113.7±177.8 0 468.0 ** n/a 

a 0 means less than limit of detection 

b n/a means data not available  

** the biota EQS refer to the concentration of benzo(a)pyrene, on the toxicity of which they are based. 

Benzo(a)pyrene can be considered as a marker for the other PAHs, hence only benzo(a)pyrene needs to 

be monitored for comparison with the biota EQS [35] 

 

The share of LMW PAHs into the total PAHs was 31% only (Figure III.5-32). The summarized 

equivalent of BaP for PAHs was found to be extremely high (146.24±317.62 µg kg-1) exceeding 

the biota EQS and maximum level in sea food more than 29 and 73 times, respectively 

Concentration of carcinogenic PAHs was significant reaching up to 1033.75 µg kg-1 with the 

average magnitude of 196.17±410.81 µg kg-1 (Figure III.5-35).  

   

Figure III.5-35 - Fish contamination with the sum of PAHs, the sum of carcinogenic PAHs and 

total PAH toxicity as the sum of BaP equivalent, MHBS area 

 

Besides, fluoranthene content in fish exceeded the biota EQS (Table III.5-18). 

The highest concentrations were registered for LMW PAHs, such as phenanthrene, pyrene and 

naphthalene (Table III.5-18). 
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III.5.3.5. Trace metals -  ZMN 

III.5.3.5.1. Water 

Concentrations of metals in surface and bottom sea water collected during the period of April 

2016 – June 2017 in shelf waters near the Zmiinyi island were found to be not negligible varying 

significantly across the study period (Tables III.5-19, III.5-20, Figure III.5-36, III.5-37). 

Table III.5-19 - Concentrations of trace metals (µg L-1) in the surface water, ZMN area 

(magnitudes> EQS are highlighted in red, magnitudes > LPC are highlighted in blue) 

Metals Average Min Max 
AA-EQS of EU 

[35] 

LPC of UA 

[38] 

As 0.57±0.81 0a 1.94 n/ab 10 

Cd 0.24±0.58 0 1.43 0.20 1 

Cо 2.93±4.55 0 10.70 n/a 5 

Cu 2.62±5.89 0 14.61 n/a 3 

Hg 3.05±5.20 0 12.00 0.07c 0.1 

Pb 5.40±6.42 0 15.33 1.30 10 

Zn 2.53±4.90 0 12.25 n/a 20 

Ni 4.10±4.17 0 10.07 8.60 10 

Cr 2.21±3.52 0 7.90 n/a 5 

Fe 108.75±234.87 0 585.00 n/a 50 

Mn 15.12±31.93 0 80.00 n/a n/a 
a 0 means less than the corresponding limit of detection 
b n/a means data not available 
c MAC-EQSэ 

 

Table III.5-20 - Concentrations of trace metals (µg L-1) in the bottom water, ZMN area 

(magnitudes> EQS are highlighted in red) 

Metals Average Min Max 
AA-EQS of EU 

[35] 

LPC of UA 

[38] 

As 0a 0 0 n/ab 10 

Cd 0.03±0.06 0 0.10 0.20 1 

Cо 0 0 0 n/a 5 

Cu 0 0 0 n/a 3 

Hg 3.30±5.72 0 9.90 0.07c 0.1 

Pb 1.40±2.42 0 4.20 1.30 10 

Zn 2.08±2.06 0 4.12 n/a 20 

Ni 0.98±1.70 0 2.95 8.60 10 

Cr 0 0 0 n/a 5 

Fe 0 0 0 n/a 50 

Mn 0.30±0.52 0 0.90 n/a n/a 
a 0 means less than the corresponding limit of detection 
b n/a means data not available 
c MAC-EQS 
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(a)        (b) 

Figure III.5-36 - Maximum, minimum and average concentration of metals in surface 

water (a) and bottom water (b), ZMN area 

 

 

(a) 

 

(b) 

Figure III.5-37 – Average metal concentrations (per sampling date) in surface (a) and bottom 

(b) water, ZMN area 
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The obtained data showed a high level of lead across the water vertical profile, its concentration 

in the surface water was approximately 4 times higher than at the bottom layer (Tables III.5-

19, III.5-20). At the surface layer only, excess of cadmium was slightly above the AA-EQS 

recommended by EU legislation. As there is no AA-EQS regarding mercury content, therefore it 

is referred to the MAC-EQS only [35]. It is demonstrated that Hg concentration exceeded the 

MAC-EQS more than 43 times and the Ukrainian LPC more than 30 times in both studied water 

layers. Nickel concentration was lower than both the AA-EQS and LPC, though the maximum 

magnitude in surface waters exceeded the abovementioned standards. The content of other 

metals, for which no EQS standards were not yet issued by EU, were higher compared to those 

measured during EMBLAS cruise in NPMS UA area in 2016 [41]. Moreover, the mean 

concentration Fe as well as the maximum concentrations of Co and Cr in the surface layer 

exceeded the corresponding Ukrainian LPCs (Table III.5-19). 

As well as in surface water concentrations of mercury and lead were elevated at the bottom 

water layer and exceeded the MAC EQS and AA-EQS, respectively (Table III.5-20). Moreover Hg 

concentration were even slightly higher (8%) in bottom water than at the surface layer 

indicating persistent contamination of the entire water column. Our results supported the 

previous finding derived from the EMBLAS NPMS cruise that the Danube delta is the main 

source of Hg in the NWBS [39] as the Zmiinyi island is located 35 km away the shore just the 

opposite of the Danube mouth. 

III.5.3.5.2. Sediments 

The average trace metals concentrations in bottom sediments collected during May 2016 – 

June 2017 were in the range of 0.05 – 18.91 mg kg-1 (Table III.5-21, Figure III.5-38, III.5-39). 

Table III.5-21 - Concentrations of metals (mg kg-1) in the bottom sediments, ZMN area 

(magnitudes > LPC are highlighted in blue) 

Metals Average Min Max 
AA-EQS of EU 

[35] 

LPC of UA 

[38] 

Al 16850±16420 780 81900 n/ab n/a 

As 5.84±7.69 0.04 27.80 n/a 29 

Cd 0.12±0.07 0a 0.54 n/a 0.8 

Cо 3.82±4.58 0.16 12.00 n/a 20 

Cu 14.56±11.72 0.46 49.00 n/a 35 

Hg 0.05±0.04 0.00 0.17 n/a 0.3 

Pb 8.24±2.68 2.50 16.80 n/a 85 

Zn 18.91±15.15 2.50 62.60 n/a 140 

Ni 8.70±7.80 0.00 43.50 n/a 35 

Cr 10.43±15.91 0.00 48.10 n/a 100 

Fe 5550±8960 190 26800 n/a n/a 

Mn 130.22±55.06 46.20 285.00 n/a n/a 
a 0 means less than the corresponding limit of detection 
b n/a means data not available 
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Figure III.5-38 – Trace metals concentrations in sediment samples, ZMN area [Note: Al 

and Fe contents referred to the left axis and presented in g kg-1] 

 

 
Figure III.5-39 - Maximum, minimum and average concentrations of metals in bottom 

sediment samples, ZMN area [Note: Al and Fe contents presented in g kg-1] 

 

As it was mentioned above in the MHBS section, the EU legislation lacks the quality standards 

for bottom sediments, that is why obtained results were coincided with the corresponding 

Ukrainian LPCs. The most abundant metals on sediments were Al and Fe (Table III.5-21, Figure 

III.5-38). Manganese content was around 130.22±55.06 mg kg-1, i.e. 1 order of magnitude 

higher than others investigated metals. According to the present results, toxic metal 

concentration in the sediments can be ranked in descending order as Zn > Cu > Cr > Ni > Pb > 

As > Co > Cd > Hg. In general, the concentrations of investigated metals were 3-5 times higher 
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in the spring and summer of 2016 compared to the autumn of 2016 and summer of 2017 (Figure 

III.5-38). The latter is undoubtedly associated with anthropogenic impact mainly through water 

discharge from the Danube, although the more detail investigations are needed to disclose the 

concrete reasons. On average, all trace metals were at their mean concentrations far below the 

corresponding PLCs, although copper and nickel at the maximum concentrations exceeded the 

allowable threshold of the corresponding standards (Table III.5-21). 

III.5.3.5.3. Hydrobionts 

The samples of biota were collected near the Zmiinyi island during the study period of May 

2016 – June 2017 and consisted of mollusk (macrozoo) and fish samples, which were analyzed 

separately. 

Molluscs. The average concentrations of toxic metals varied in the range of 0 – 78.7 mg kg-1 

(Table III.5-22, Figure III.5-40, III.5-41). 

Table III.5-22 - Concentrations of trace metals (mg kg-1) in mollusc samples, ZMN area 

(magnitudes> EQS are highlighted in red, magnitudes > LPC are highlighted in blue) 

Metals Average Min Max 
EQS of EU 

[35,36,37] 

LPC of UA 

[39] 

As 1.45±1.05 0a 5.39 n/ab 5 

Cd 0.04±0.04 0.00 0.11 1.02 0.2 

Cu 13.56±18.35 0.83 78.70 n/a 10 

Hg 0.03±0.01 0.00 0.06 0.021 (0.52) 0.4 

Pb 0.04±0.02 0.00 0.14 1.53 1 

Zn 19.38±2.08 11.70 31.10 n/a 40 

Co 0.11±0.03 0.00 0.33 n/a n/a 

Cr 0.38±0.44 0.09 5.26 n/a n/a 

Mn 1.68±0.25 0.58 3.62 n/a n/a 

Fe 18.73±5.27 4.94 41.20 n/a n/a 

Ni 0.46±0.24 0.00 2.44 n/a n/a 
a 0 means less than the corresponding limit of detection 
b n/a means data not available 

 

  
Figure III.5-40 – Trace metals concentrations in mollusc samples, ZMN area 
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Figure III.5-41 - Maximum, minimum and average trace metal concentrations in mollusc 

samples, ZMN area 

According to the results, the trace metal contents in macrozoo samples significantly exceeded 

that content in fish (Tables III.5-22, III.5-23). Overall, concentrations of metals in molluscs can 

be ranked in descending order as Zn, Fe, Cu, As, Cr, Ni, Co, Cd, Pb, and Hg (Figure III.5-41). As it 

was already mentioned, the EQSD (2013) [35] has the biota EQS for mercury only, which was 

exceeded approximately 1.5 times. Whilst allowable thresholds for Cd, Hg and Pb in sea 

foodstuffs were not exceeded (Table III.5-22). The average concentrations of the most of toxic 

metals were below the corresponding PLCs (Table III.5-22), although the maximum content of 

arsenic in mollusc was slightly above the Ukrainian PLC. The exception was copper, which 

content exceeded the threshold of the PLC by ca. 35%.  

Fish. In general, trace metal contents in fish tissues ranged from magnitude below detection 

limit to 35.3 mg kg-1 (Table III.5-23, Figure III.5-42, III.5-43).  

Table III.5-23 - Concentrations of trace metals (mg kg-1) in fish samples, ZMN area 

(magnitudes> EQS are highlighted in red) 

Metals Average Min Max 
EQS of EU 

[35,36,37] 

LPC of UA 

[38] 

As 0.40±0.47 0a 1.25 n/ab 5 

Cd 0.01±0.01 0.00 0.02 0.05-0.102 0.2 

Cu 1.37±1.45 0.00 3.48 n/a 10 

Hg 0.06±0.04 0.01 0.11 0.021 (0.52) 0.4 

Pb 0.05±0.05 0.00 0.15 0.303 1 

Zn 14.46±6.17 5.61 35.30 n/a 40 

Co 0.07±0.09 0.00 0.38 n/a n/a 

Cr 0.13±0.07 0.07 0.36 n/a n/a 

Mn 1.27±0.41 0.30 3.30 n/a n/a 

Fe 10.05±4.61 2.19 29.60 n/a n/a 

Ni 0.14±0.09 0.00 0.50 n/a n/a 
a 0 means less than the corresponding limit of detection 
b n/a means data not available 
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Figure III.5-42 – Trace metals concentrations in fish samples, ZMN area 

 

 

Figure III.5-43 - Maximum, minimum and average trace metal concentrations in fish 

samples, ZMN area  

 

Mercury concentration exceeded the biota EQS in a factor of 3.0, while lied within allowable 

limit according to the European regulations for sea food [36] and Ukrainian LPC [39]. Cadmium 

and lead content in fish was at sufficient level according to the EU foodstuff regulation (Table 

III.5-23). In spite of Zn content was below the corresponding LPC, this heavy metal (14.46±6.17 

mg kg-1) was the dominant in tissues of fish. Iron was the 2nd abundant metal detected in fish 

sampled the Zmiinyi island over this study. The concentrations of both (Zn and Fe) metals were 

ca. 30-50% lower compared to those in molluscs. In fish 10 times less copper was found than 

in molluscs. The rest metals were detected at concentrations below 1 mg kg-1, except Mn, which 

content was slightly higher (Table III.5-23).  
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III.5.3.6. Organochlorine pesticides and polychlorinated biphenyls - ZMN 

III.5.3.6.1. Water 

The organochlorine pesticides (OCPs) concentrations determined in water samples are 

presented in Tables III.5-24 and III.5-25 and Figure s III.5-44 and III.5-45. 

Table III.5-24 - Concentrations of OCPs (ng L-1) in surface water samples, ZMN area 

(magnitudes > EQS are highlighted in red, magnitudes > LPC are highlighted in blue) 

OCP Average Min Max 
AA-EQS of EU 

[35] 

LPC of UA 

[38] 

α-HCH 0.45±0.77 02 1.99 

2a 

15 

b-HCH 0.38±0.32 0 1.54 4 

γ-HCH (Lindane) 0.53±1.02 0 2.61 0.2 

HCB1 3.08±4.06 0.09 15.30 50b 30 

Heptachlor 0.06±0.08 0 0.32 0.00001c 15 

Aldrin 0.23±0.48 0 1.19 
5d 

10 

Dieldrin 0.35±0.34 0 0.99 0.07 

DDЕ 2.33±4.98 0.06 12.50 

25e 25e DDD 0.19±0.18 0 0.76 

DDT 0.59±1.05 0 3.61 
1 HCB – Hexachlorobenzene 
2 0 means less than limit of detection 
a refers to HCH, i.e. sum of α-, b- and γ-HCH 
b refers to MAC-EQS 
c refers to heptachlor and heptachlor epoxide  
d refers to the sum of cyclodiene pesticides (aldrin, dieldrin, endrin and isodrin) 
e refers to the total DDT 

 

Table III.5-25 - Concentrations of OCPs (ng L-1) in bottom water samples, ZMN area 

(magnitudes> EQS are highlighted in red, magnitudes > LPC are highlighted in blue) 

OCP Average Min Max 
AA-EQS of EU 

[35] 

LPC of UA 

[38] 

α-HCH 0.61±0.87 02 1.61 

2a 

15 

b-HCH 1.05±0.94 0 1.80 4 

γ-HCH (Lindane) 0.79±1.07 0.10 2.02 0.2 

HCB1 2.46±3.21 0.51 11.20 50b 30 

Heptachlor 0.36±0.62 0 1.08 0.00001c 15 

Aldrin 0.72±0.96 0 1.81 
5d 

10 

Dieldrin 0.84±0.75 0.10 1.64 0.07 

DDЕ 4.44±6.99 0.10 12.50 

25e 25e DDD 0.61±0.84 0 1.56 

DDT 0.99±1.13 0 2.22 
1 HCB – Hexachlorobenzene; 2 0 means less than limit of detection; 
a refers to HCH, i.e. sum of α-, b- and γ-HCH; b refers to MAC-EQS  

 c refers to heptachlor and heptachlor epoxide; 
d refers to the sum of cyclodiene pesticides (aldrin, dieldrin, endrin and isodrin); 
e refers to the total DDT 
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(a) 

 

(b) 

Figure III.5-44 – Average pesticides concentrations (per sampling date) in surface (a) and 

bottom (b) water, ZMN area 

 

 

(a)       (b) 

Figure III.5-45 - Maximum, minimum and average concentrations of pesticides in all samples 

of surface (a) and bottom (b) water, ZMN area 
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Tables III.5-24 and III.5-25 showed that AA-EQS thresholds for the most of OCPs were not 

exceeded during the study period. Across the vertical water profile an exception was 

heptachlor, whose mean concentration was 6000 and even 36000 times higher at the surface 

and bottom layer, respectively, compared to the current EU environmental standard. Besides, 

the sum of HCHs in bottom water exceeded the corresponding AA-EQS by 22% (Table III.5-25). 

According to the Ukrainian LPC, the content of y-HCH was higher than allowed. 

The cyclodiene pesticides (aldrin and dieldrin) were detected at concentrations far below the 

AA-EQS threshold. Meanwhile the mean content of dieldrin at both studied depths was 

observed to be higher compared to the Ukrainian LPC (Tables III.5-24, III.5-25). 

The major OCPs compounds were HCB, DDE and DDT. The highest magnitudes measured at 

surface water were 15.3 ng L-1 for HCB, 12.50 ng L-1 for p,p’ DDE and 3.21 ng L-1 for p,p’ DDT 

(Figure III.5-46). Among HCHs the highest maximum concentration was referred to lindane (y-

HCH), whilst the mean concentration of ΣHCH varied in a narrow range of 0.38-0.53 and 0.61-

1.05 ng L-1 for surface and bottom water, correspondingly (Figure III.5-47). 

 

(a) 

 

(b) 

Figure III.5-46 – Sum of HCH (Lindane) and DDT (per sampling date) concentrations in 

surface (a) and bottom (b) water, ZMN area 
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Concentrations of the total polychlorinated biphenyls (PCBs) in water samples are presented in 

Table III.5-26 and Figures III.5-47, III.5-48. 

Table III.5-26 - Concentrations of PCBs (ng L-1) in surface and bottom water samples, ZMN 

area (magnitudes > LPC are highlighted in blue) 

Sampling 

Layer 
OCP Average Min Max 

AA-EQS of EU 

[35] 

LPC of UA 

[38] 

Surface 
Ar-1254 28.16±22.30 3.70 100.00 n/aa 100 

Ar-1260 68.41±145.53 0.25 365.00 n/a 100 

Bottom 
Ar-1254 43.02±26.42 10.90 64.30 n/a 100 

Ar-1260 398.73±360.00 1.55 705.00 n/a 100 

a n/a means data not available 

 

(a) 

 

(b) 

Figure III.5-47 – Average concentration of the total PCBs (per sampling date) in surface (a) 

and bottom (b) water, ZMN area 

Total PCBs concentrations varied significantly from 0.25 to 365 ng L-1 and from 1.55 to 705 ng 
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bottom layer was higher than near the surface for both Aroclor groups (Ar-1254 and Ar-1260). 

However, if the average Ar-1254 concentration at bottom was around 1.6 higher only, in case 

of Ar-1260 the mean bottom concentration overpassed the surface one dramatically (in 58.6 

times) (Figure III.5-48), exceeding the corresponding LPC in around 4 times (Table III.5-26). The 

maximum concentration of Ar-1260 in surface waters was significantly above the PLC, while Ar-

1254 was equal to the corresponding standard. Important contribution to the total PCB was 

made by PCB-49 and PCB-180 in surface water and PCB-180 and PCB-170 at the bottom layer 

(data not shown here). 

 

Figure III.5-48 –Total PCBs concentrations in surface and bottom water samples, ZMN area 

III.5.3.6.2. Sediments 

The contents of OCPs in bottom sediment samples varied from below the limit of detection to 

6.51 µg kg-1 (Table III.5-27, Figure III.5-49, III.5-50).  

Table III.5-27 - Concentrations of OCPs (µg kg-1) in bottom sediments, ZMN area (magnitudes 
> LPC are highlighted in blue) 

OCP Average Min Max 
AA-EQS of EU 

[35] 

LPC of UA 

[38] 

α-HCH 0.53±0.75 0b 3.28 

n/a 

2.5 

b-HCH 1.09±1.58 0 6.51 1 

γ-HCH (Lindane) 0.15±0.24 0 1.41 0.05 

HCBa 1.22±1.03 0 4.67 n/a 2.5 

Heptachlor 0.03±0.05 0 0.50 n/a 2.5 

Aldrin 0.11±0.22 0 0.89 
n/a 

2.5 

Dieldrin 0.37±0.20 0 1.37 0.5 

DDЕ 0.45±0.13 0.05 0.88 

n/a 2.5 DDD 0.40±0.58 0 1.52 

DDT 0.64±0.72 0 4.30 
a HCB – Hexachlorobenzene 
b 0 means less than limit of detection  

c n/a means data not available 
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Figure III.5-49 – OCPs concentrations in sediments, ZMN area 

 

 

Figure III.5-50 - Maximum, minimum and average concentrations of pesticides in sediments, 

ZMN area 

Due to a lack of EU quality standards, the results are referring to the Ukrainian LPCs (Table III.5-

27). The highest values measured were 6.51 µg kg-1 for b-HCH, 4.67 µg kg-1 for HCB, 4.30 µg kg-

1 for DDT, 3.28 µg kg-1 for a-HCH and 1.52 µg kg-1 for DDD, other OCPs did not exceed 1.5 µg kg-

1. Two of three HCH species were found to be exceeded the permissible level according to the 

Ukrainian LPC (Table III.5-27). On average, lindane (γ-HCH) was 3 times higher than the LPC, 

while b-HCH exceeded 9% only. The summarized concentration of DDT species lied within the 
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permissible level (Figure III.5-51). Noteworthy, the maximum concentrations of α-HCH, HCB, 

dieldrin and p,p’DDT were above the corresponding PLC. 

 

Figure III.5-51 – Sum of HCH (Lindane) and DDT concentrations (per sampling date) in 

sediments, ZMN area 

The total content of these hazardous compounds is likely to be undercontrolled by the EU 

legislation, since no corresponding EQS have been issued yet. Total PCB concentrations in 

bottom sediments slightly exceeded the recommended Ukrainian LPCs, varying significantly 

from 1.58 to 65.9 µg kg-1 over the entire study period (Table III.5-28, Figures III.5-52, III.5-53).  

Table III.5-28 - Concentrations of PCBs (µg kg-1) in sediments samples, ZMN area (magnitudes 

> LPC are highlighted in blue) 

OCP Average Min Max 
AA-EQS of EU 

[35] 

LPC of UA 

[38] 

Ar-1254 21.42±2.43 5.33 45.60 n/aa 20 

Ar-1260 22.57±9.29 1.58 65.90 n/a 20 

a n/a means data not available 

 

Figure III.5-52 –  Average concentrations of the total PCB (per sampling date) in 

sediments, ZMN area 
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Figure III.5-53 – Total PCBs concentrations in sediment samples, ZMN area 

 

III.5.3.6.3. Hydrobionts 

OCPs in molluscs. Organochlorine pesticide concentrations varied from below the limit of 

detection to 305 µg kg-1.  The major OCPs compounds were HCB, DDE and b-HCH (Tables III.5-

29, III.5-30; Figure III.5-54).  

Table III.5-29 - Concentrations of OCPs (µg kg-1) in mollusc tissues, ZMN area (magnitudes> 

EQS are highlighted in red) 

OCP Average Min Max 
EQS of EU 

[35] 

LPC of UA 

[38] 

α-HCH 1.49±1.50 0b 5.64 
n/ac 

 

n/a 

b-HCH 7.08±8.65 0.00 21.90 n/a 

γ-HCH (Lindane) 5.43±8.32 0.00 33.30 n/a 

HCBa 49.94±75.25 0.00 305.00 10 n/a 

Heptachlor 1.53±2.27 0.00 16.10 0.0067 n/a 

Aldrin 4.17±4.86 0.00 30.20 
n/a 

n/a 

Dieldrin 4.90±1.74 0.00 19.90 n/a 

DDЕ 11.93±7.11 0.00 64.70 

n/a n/a DDD 2.86±1.52 0.00 7.46 

DDT 3.47±6.03 4.94 41.20 
a HCB – Hexachlorobenzene 
b 0 means less than limit of detection  

c n/a means data not available 

 

Table III.5-30 - Concentrations of OCPs (µg kg-1) in fish tissues, ZMN area (magnitudes> EQS 

are highlighted in red) 

OCP Average Min Max 
EQS of EU 

[35] 

LPC of UA 

[38] 

α-HCH 1.18±1.03 0b 3.73 
n/ac 

 

n/a 

b-HCH 15.15±17.01 0.00 51.80 n/a 

γ-HCH (Lindane) 1.68±1.71 0.00 7.87 n/a 

HCBa 8.98±6.02 0.33 26.70 10 n/a 
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OCP Average Min Max 
EQS of EU 

[35] 

LPC of UA 

[38] 

Heptachlor 5.74±10.26 0.00 35.00 0.0067 n/a 

Aldrin 2.53±5.05 0.00 20.20 
n/a 

n/a 

Dieldrin 7.38±3.72 2.79 20.10 n/a 

DDЕ 22.14±13.28 0.00 90.00 

n/a n/a DDD 3.34±4.30 0.00 9.68 

DDT 4.04±3.72 0.00 16.50 
a HCB – Hexachlorobenzene 
b 0 means less than limit of detection  

c n/a means data not available 

 

The highest registered magnitudes were 305 µg kg-1 for HCB, 64.70 µg kg-1 for DDE and 21.90 

µg kg-1 for b-HCH (Figure III.5-55a).  

 

(a) 

 

(b) 

Figure III.5-54 – OCPs concentrations in mollusc (a) and fish (b) samples, ZMN area 
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(a) 

 

(b) 

Figure III.5-55 - Maximum, minimum and average concentrations of OCPs 

in mollusc (a) and fish (b) samples, ZMN area 

 

The level of mollusc contamination with HCB near the Zmiimyi island was 5 times higher than 

permitted according to the biota EQS. Heptachlor content was found to be extremely higher 

(228 times) than the corresponding EQS (Table III.5-29). 

The sum of HCH and DDT was 14.01±18.11 µg kg-1 and 18.27±5.18 µg kg-1 correspondingly 

(Figure III.5-56a). Due to the lack of EQS in the EU and Ukrainian legislations the permissible 

load and the impact of these pesticides on biota is not defined. 
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(a) 

 

(b) 

Figure III.5-56 – Sum of HCH (Lindane) and DDT concentrations (per sampling date) in 

molluscs (a) and fish (b), ZMN area 

 

OCPs in fish. The major OCP compounds were DDE (mean: 22.14 ±13.28 µg kg-1), b-HCH (mean: 

15.15 ±17.01 µg kg-1), b-HCB (mean: 8.98±6.02 µg kg-1) and heptachlor (mean: 5.74 ±10.26 µg 

kg-1) (Table III.5-29, Figure III.5-52b). Heptachlor content dramatically exceeded the permissible 

threshold in 857 times. The average concentration of HCB was below the biota EQS, while the 

maximum content in the studied samples was 2.6 times above.  

The total DDT and HCH content in tissues of fish was 29.52±15.79 µg kg-1 and 18.01±19.17 µg 

kg-1 in correspondingly, being 60% higher for DDT and around 30% higher for HCH compared to 

the corresponding concentrations in molluscs (Figure III.5-53b). 

PCBs in molluscs and fish. Contents of total PCBs in mollusc and fish tissues samples are 

demonstrated in Table III.5-31 and Figure III.5-57. 

Table III.5-31 - Concentrations of PCBs (µg kg-1) in mollusc and fish samples, ZMN area 
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Biont 
type 

PCB Average Min Max 
EQS of EU 

[35] 

LPC of UA 

[38] 

Ma Ar-1254 215.64±102.85 37.00 617.00 n/a n/a 

Ar-1260 143.91±159.97 3.89 909.00 n/a n/a 

Fb Ar-1254 272.76±159.91 5.54 966.00 n/a n/a 

Ar-1260 233.15±251.52 1.18 1020.00 n/a n/a 
a M – mollusc / b F – fish /  
c n/a means data not available 

 

 

(a) 

 

(b) 

Figure III.5-57 - The sum of PCBs concentrations in mollusc (a) and fish (b) samples,  

ZMN area 

The concentration of total PCB varied in a range of 3.89-909.00 µg kg-1 in molluscs and 1.18-

1020.00 µg kg-1 in fish (Table III.5-31). 

It was found that contrary to the MHBS area, near the Zmiinyi island fish accumulated from 

30% to 60% more PCBs than molluscs (Figure III.5-57). Also the data obtained in the Zmiinyi 

area supports the previous suggestion (section II.3.1.2.3. Hydrobionts) that Ar-1260-bearing 

substances were consumed and/ or accumulated more rapidly by/ in hydrobionts compared to 

Ar-1254-containing ones (Figure III.5-57), which remained in water at higher concentrations 

(Figure III.5-47, III.5-48). 
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III.5.3.7. Total petroleum hydrocarbons - ZMN  

The total petroleum hydrocarbons (TPHs) concentration in surface water, bottom water and 

sediment samples ranged between 0-1.57 mg L-1, 0-2.42 mg L-1 and 2.96-76.40 mg kg-1, 

respectively (Table III.5-32).  

Table III.5-32 - Concentration of TPHs in water and sediment samples, ZMN area (magnitudes 

> LPC are highlighted in blue) 

Type of samples 
TPH 
unit 

Average Min Max 
AA-EQS of EU 

[35] 

LPC of UA 

[38] 

Surface water mg L-1 0.33±0.39 0a 1.57 n/ab 0.05 

Bottom water mg L-1 0.82±1.38 0 2.42 n/a 0.05 

Sediments mg kg-1 35.13±16.45 2.94 76.40 n/a 50 
a 0 means less than limit of detection 
b n/a means data not available 

The mean magnitude in bottom water was 0.82 mg L-1, i.e. 2.5 times higher compared with the 

surface waters (0.33 mg L-1) (Figure III.5-58).  

 

Figure III.5-58 – Average concentrations of the TPHs (per sampling date) in sediment and 

water samples, ZMN area 

Meanwhile the average magnitude of TPHs in sediments was 35.13 mg kg-1 for the entire 

studied period. As it was mentioned beforehand (section II.3.1.3), the thresholds of 0.05 mg L-

1 and 50 mg kg-1 are used as the national Ukrainian LPCs for marine waters and bottom 

sediments, correspondingly. The study demonstrated that only in spring 2016 the water quality 

in the NWBS near the Zmiinyi island was satisfactory in terms of TPHs, when its concentration 

was below the corresponding LPC. 

Concentration of TPHs in bottom sediment above the PLC threshold was registered two times 

for individual stations in June and November 2016 over the course of 12-month study. 

However, the mean magnitude of concentration per sampling date at the studied area never 

exceeded the corresponding standard (Figure III.5-58). 
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III.5.3.8. Polycyclic aromatic hydrocarbons – ZMN  

III.5.3.8.1. Water  

The total PAH content (i.e. the sum of 16 studied PAHs) (Tables III.5-33, III.5-34) in water 

samples (n=8) were in a range of 0.09-36.77 and 1.59-31.90 ng L-1 at the surface and bottom 

layer, respectively (Figure III.5-59).  

Table III.5-33 - Concentrations of PAHs (ng L-1) in surface water samples, ZMN area 

(magnitudes> EQS are highlighted in red) 

PAH 
Number of 

rings  
Average Min Max 

AA-EQS of 

EU 

[35] 

LPC of UA 

[38] 

Naphthalene 2 0.77±1.27 0a 3.41 2000 100 

Acenaphthylene 3 0.49±0.49 0 1.01 n/ab n/a 

Fluorene 3 0.49±0.52 0 1.34 n/a n/a 

Acenaphthene 3 0.22±0.20 0 0.65 n/a n/a 

Phenanthrene 3 3.11±2.53 0 6.72 n/a 20 

Anthracene 3 1.11±1.58 0 3.86 100 20 

Fluoranthene 4 0.60±0.20 0 1.18 6.3 6 

Pyrene 4 0.43±0.21 0 1.55 n/a n/a 

Benz(a)anthracene 4 0.18±0.18 0 0.67 n/a 3 

Chrysene 4 0.32±0.15 0 0.74 n/a 3 

Benzo(b)fluoranthene 5 0.86±1.17 0 5.72 ** n/a 

Benzo(k)fluoranthene 5 0.22±0.13 0 0.54 ** 3 

Benzo(a)pyrene 5 0.89±1.64 0 7.33 0.17 3 

Dibenz(a,h)anthracene 5 0.25±0.45 0 1.17 n/a n/a 

Indeno(1,2,3cd)pyrene 6 0.15±0.14 0 0.37 ** 2 

Benzo(g,h,i)perylene 6 0.20±0.11 0 0.51 ** 1 
a 0 means less than limit of detection 
b n/a means data not available 
** AA-EQS in water refer to the concentration of benzo(a)pyrene, on the toxicity of which they are based. 
Benzo(a)pyrene can be considered as a marker for the other PAHs, hence only benzo(a)pyrene needs to 
be monitored for comparison with corresponding AA-EQS in water [35] 

 

Table III.5-34 - Concentrations of PAHs (ng L-1) in bottom water samples, ZMN area 

PAH 
Number 
of rings  

Average Min Max 
AA-EQS of EU 

[35] 

LPC of UA 

[38] 

Naphthalene 2 0.26±0.34 0a 0.65 2000 100 

Acenaphthylene 3 0.67±0.94 0 1.33 n/ab n/a 

Fluorene 3 1.16±1.64 0 2.32 n/a n/a 

Acenaphthene 3 0.36±0.51 0 0.72 n/a n/a 

Phenanthrene 3 5.39±7.23 0 10.50 n/a 20 

Anthracene 3 2.22±2.33 0.57 3.89 100 20 

Fluoranthene 4 1.07±0.38 0.09 1.52 6.3 6 

Pyrene 4 0.65±0.07 0.24 1.15 n/a n/a 

Benz(a)anthracene 4 0.17±0.09 0.07 0.23 n/a 3 

Chrysene 4 0.59±0.53 0.21 1.53 n/a 3 

Benzo(b)fluoranthene 5 1.15±1.39 0.17 2.70 ** n/a 
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PAH 
Number 
of rings  

Average Min Max 
AA-EQS of EU 

[35] 

LPC of UA 

[38] 

Benzo(k)fluoranthene 5 0.34±0.37 0.08 0.90 ** 3 

Benzo(a)pyrene 5 0.06±0.08 0 0.11 0.17 3 

Dibenz(a,h)anthracene 5 1.05±1.48 0 3.23 n/a n/a 

Indeno(1,2,3cd)pyrene 6 0.16±0.05 0.07 0.32 ** 2 

Benzo(g,h,i)perylene 6 0.33±0.34 0.09 0.80 ** 1 
a 0 means less than limit of detection 
b n/a means data not available 
** AA-EQS in water refer to the concentration of benzo(a)pyrene, on the toxicity of which they 
are based. Benzo(a)pyrene can be considered as a marker for the other PAHs, hence only 
benzo(a)pyrene needs to be monitored for comparison with corresponding AA-EQS in water [35] 
 

 
(a) 

 

(b) 

Figure III.5-59 - Surface (a) and bottom (b) water contamination with the sum of PAHs, the 

sum of carcinogenic PAHs and total PAH toxicity as the sum of BaP equivalent, ZMN area 

It is noteworthy that the Σ PAH concentrations within the corresponding sampling day at the 

bottom layer were constantly higher than those in surface water. The 2-3-ring PAHs contributed 

to more than 60% of the total PAHs in water column (Figure III.5-60).  
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Figure III.5-60 - The average ratio of PAH species (by the number of rings in molecules) in 

the surface and bottom water, sediments, tissues of molluscs and fish, ZMN area 

Phenanthrene and Anthracene were found to be the most dominant PAH compounds in the 

entire water profile. Naphthalene was the 3rd prevailing PAH by concentration in surface water, 

while at the bottom layer fluorene content was higher  

On average, the toxicity level of total PAHs expressed as ΣBaPeq (Figure III.5-59) was at a 

constant level in surface (1.30±1.71 ng L-1) and bottom (1.33±1.60 ng L-1) waters, being high 

enough compared to AA-EQS (0.17 ng L-1). The mean total concentration of carcinogenic PAHs 

was observed to be 22% higher in bottom water samples (3.51±3.66 ng L-1) in comparison with 

those of surface water (2.87±2.79 ng L-1). 

III.5.3.8.2. Sediments 

The total PAH content in bottom sediment samples (n=13) ranged from 6.64 to 1014.13 µg kg-

1 with the mean magnitude of 164.33±206.39 µg kg-1 (Figure III.5-61).  

   

Figure III.5-61 - Sediment contamination with the sum of PAHs, the sum of carcinogenic 

PAHs and total PAH toxicity as the sum of BaP equivalent, ZMN area 
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On average LMW PAHs contributed around 12% to the total PAHs, while 4-ring PAHs and 5-6-

ring PAHs accounted for 50 and 38%, respectively (Figure III.5-60). The average toxicity as 

ΣBaPeq was estimated to 20.70±22.64 µg kg-1 and exceeded the Ukrainian LPC for BaP (3 µg kg-

1) in approximately 7 times (Table III.5-35).  

 

Table III.5-35 - Concentrations of PAHs (µg kg-1) in bottom sediments, ZMN area (magnitudes 
> LPC are highlighted in blue) 

PAH 
Number 
of rings  

Average Min Max 

AA-EQS of 
EU 

[35] 

LPC of UA 

[38] 

Naphthalene 2 1.33±1.61 0a 4.92 n/ab 15 

Acenaphthylene 3 2.34±1.39 0 9.97 n/a n/a 

Fluorene 3 0.66±0.58 0 3.16 n/a n/a 

Acenaphthene 3 0.71±0.26 0 1.82 n/a n/a 

Phenanthrene 3 13.73±15.36 0.43 56.90 n/a 45 

Anthracene 3 1.58±0.72 0.12 4.02 n/a 50 

Fluoranthene 4 35.93±53.14 0.98 211.00 n/a 15 

Pyrene 4 24.82±34.90 0.57 139.00 n/a n/a 

Benz(a)anthracene 4 4.74±2.00 0.25 16.20 n/a 3 

Chrysene 4 16.57±22.42 0 144.00 n/a 3 

Benzo(b)fluoranthene 5 17.19±25.80 0.31 158.00 n/a n/a 

Benzo(k)fluoranthene 5 17.11±26.69 0.27 93.00 n/a 3 

Benzo(a)pyrene 5 4.06±3.11 0 11.30 n/a 3 

Dibenz(a,h)anthracene 5 12.00±17.90 0 109.00 n/a n/a 

Indeno(1,2,3cd)pyrene 6 4.00±3.27 0.31 16.50 n/a 2 

Benzo(g,h,i)perylene 6 7.56±9.48 0 61.20 n/a 1 

a 0 means less than limit of detection, b n/a means data not available 

 

The total carcinogenic PAHs in bottom sediments made 75.67±94.32 µg kg-1 (Figure III.5-61). 

The contents of HMW PAHs, such as fluoranthene, benz(a)anthracene, chrysene, 

benzo(k)fluoranthene, benzo(a)pyrene, indeno(1,2,3cd)pyrene, benzo(g,h,i)perylene was 

higher than the corresponding LPCs (Table III.5-35). The highest concentrations were registered 

for fluoranthene, pyrene and benzo(k)fluoranthene (Table III.5-35). In addition, phenanthrene 

at its highest concentration exceeded the corresponding standard. 
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III.5.3.8.3. Biota 

Molluscs. The total PAH content in biota samples (n=24) varied from 35.05 to 930.54 µg kg-1 

with the mean magnitude of 231.60±162.99 µg kg-1 (Figure III.5-62).  

 

Figure III.5-62 - Mollusc contamination with the sum of PAHs, the sum of carcinogenic PAHs 

and total PAH toxicity as the sum of BaP equivalent, ZMN area 

 

The 2-3-ring (LMW) PAHs were the dominant species of all PAHs and their content, on average, 

contributed around 80% (Figure III.5-60). The total BaP equivalent was 4.55±1.58 µg kg-1, i.e. 

lied within the allowable concentration according to both the biota EQS and the level allowed 

for sea foodstuffs (Table III.5-36). The oncogenic PAHs were registered at the level of 

10.58±4.35 µg kg-1 (Figure III.5-62). Fluoranthene concentration was below the EQS threshold. 

Overall, phenanthrene, naphthalene and pyrene were found to be the prevailing compounds 

detected in biota tissues. Fluoranthene in two mollusc samples was found to be exceeded the 

corresponding EQS in June 2017. 

Table III.5-36 - Concentrations of PAHs (µg kg-1) in mollusc tissue, ZMN area (magnitudes> 
EQS are highlighted in red) 

PAH 
Number 
of rings  

Average Min Max 
EQS of EU 

[35,36] 

LPC of UA 

[38] 

Naphthalene 2 36.26±42.82 1.68 195.00 n/ab n/a 

Acenaphthylene 3 13.27±11.94 0a 71.70 n/a n/a 

Fluorene 3 6.03±7.60 0 47.00 n/a n/a 

Acenaphthene 3 23.89±30.07 0 148.00 n/a n/a 

Phenanthrene 3 99.39±87.31 1.54 459.00 n/a n/a 

Anthracene 3 5.33±7.71 0 46.90 n/a n/a 

Fluoranthene 4 11.69±7.63 0 44.10 301 n/a 

Pyrene 4 18.44±17.19 0 158.00 n/a n/a 

Benz(a)anthracene 4 0.53±0.61 0 2.18 n/a n/a 

Chrysene 4 1.39±0.50 0 3.07 n/a n/a 

Benzo(b)fluoranthene 5 1.37±0.56 0 4.08 ** n/a 
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PAH 
Number 
of rings  

Average Min Max 
EQS of EU 

[35,36] 

LPC of UA 

[38] 

Benzo(k)fluoranthene 5 1.94±1.65 0.48 13.40 ** n/a 

Benzo(a)pyrene 5 1.88±0.98 0 4.20 51 (102) n/a 

Dibenz(a,h)anthracene 5 1.81±1.13 0 6.22 n/a n/a 

Indeno(1,2,3cd)pyrene 6 1.65±3.17 0 30.40 ** n/a 

Benzo(g,h,i)perylene 6 6.72±8.69 0 33.20 ** n/a 
a 0 means less than limit of detection 
b n/a means data not available  
** the biota EQS refer to the concentration of benzo(a)pyrene, on the toxicity of which they are based. 
Benzo(a)pyrene can be considered as a marker for the other PAHs, hence only benzo(a)pyrene needs to 
be monitored for comparison with the biota EQS [35] 

 

Fish. The concentration of the total PAHs in fish tissues (n=8) varied in a wide range of 28.15-

965.18 µg kg-1 with the mean magnitude of 355.68±160.09 µg kg-1, being 1.5 time higher than 

in molluscs. The contribution of LMW PAHs to the total PAHs was 72% (Figure III.5-60). The sum 

of BaP equivalents was higher (8.26±6.65 µg kg-1) than the corresponding EQS and the 

permissible level in sea food (Table III.5-37).  

Table III.5-37 - Concentrations of PAHs (µg kg-1) in fish tissues, ZMN area (magnitudes> EQS 

are highlighted in red) 

PAH 
Number 
of rings  

Average Min Max 
EQS of EU 

[35,36] 

LPC of 
UA [38] 

Naphthalene 2 104.33±104.64 1.67 738.00 n/ab n/a 

Acenaphthylene 3 12.59±15.63 0a 70.00 n/a n/a 

Fluorene 3 3.02±2.93 0 10.60 n/a n/a 

Acenaphthene 3 23.20±34.91 0 151.00 n/a n/a 

Phenanthrene 3 102.79±98.93 5.68 482.00 n/a n/a 

Anthracene 3 9.33±12.15 0 26.90 n/a n/a 

Fluoranthene 4 18.76±4.78 0.80 29.90 301 n/a 

Pyrene 4 43.74±28.68 2.28 134.00 n/a n/a 

Benz(a)anthracene 4 0.51±0.42 0 1.82 n/a n/a 

Chrysene 4 2.63±1.64 0.48 6.50 n/a n/a 

Benzo(b)fluoranthene 5 2.24±0.89 1.02 3.44 ** n/a 

Benzo(k)fluoranthene 5 2.61±2.80 0 11.10 ** n/a 

Benzo(a)pyrene 5 4.42±5.16 0 20.90 51 (22) n/a 

Dibenz(a,h)anthracene 5 2.58±2.10 0 7.93 n/a n/a 

Indeno(1,2,3cd)pyrene 6 1.89±2.07 0 14.30 ** n/a 

Benzo(g,h,i)perylene 6 21.02±26.99 0 108.00 ** n/a 
a 0 means less than limit of detection 
b n/a means data not available  
** the biota EQS refer to the concentration of benzo(a)pyrene, on the toxicity of which they are 
based. Benzo(a)pyrene can be considered as a marker for the other PAHs, hence only 
benzo(a)pyrene needs to be monitored for comparison with the biota EQS [35] 

 

The total concentration of the carcinogenic PAHs was registered as 16.88±11.23 µg kg-1 (Figure 

III.5-63). The content of fluoranthene was below the corresponding the biota EQS (Table III.5-

37). The highest concentrations were registered for naphthalene, phenanthrene and pyrene, 
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i.e. LMW PAHs (Table III.5-37). Content of BaP was higher than the biota EQS in 50% of fish 

samples. 

 

Figure III.5-63 - Fish contamination with the sum of PAHs, the sum of carcinogenic PAHs and 

total PAH toxicity as the sum of BaP equivalent, ZMN area 

 

III.5.4. Comparative analysis 

In this chapter the obtained results from two different studied areas in the NWBS are compared 

with previously published data for the priority substances and certain pollutants, where those 

data are available. 

III.5.4.1. Trace metals 

The input of trace metals into the Black sea marine environment is mainly connected with water 

discharge of big rivers (e.g. the Danube, the Dnieper, the Dniester), land-based and coastal 

activities (e.g. domestic and industrial wastewater, run off) as well as shipping, dumping and 

marine extractable resource exploration and exploitation [42]. Atmospheric transport is 

another important pathway by which these contaminants can get into the marine environment 

via deposition on water surface [43-45] as it was widely observed for a number of inorganic 

ions, organic substances, including nutrient and persistent organic pollutants (POPs) [46-49]. 

Both study areas are subjected by abovementioned sources to various extends demonstrating 

the specific footprints for the certain trace metals (Table III.5-38). 
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Table III.5-38 - Comparison for trace metal concentrations (µg L-1) in the surface water 

between the studied areas (magnitudes> EQS are highlighted in red, magnitudes > LPC are 

highlighted in blue) 

Metals Average of MHBS 
Average of 

ZMN 

AA-EQS of EU 

[35] 

LPC of UA 

[38] 

As 4.95±6.30 0.57±0.81 n/ab 10 

Cd 0.13±0.21 0.24±0.58 0.20 1 

Cо 3.99±5.91 2.93±4.55 n/a 5 

Cu 4.69±4.11 2.62±5.89 n/a 3 

Hg 0.94±1.88 3.05±5.20 0.07c 0.1 

Pb 0.43±0.65 5.40±6.42 1.30 10 

Zn 7.58±13.19 2.53±4.90 n/a 20 

Ni 9.39±6.28 4.10±4.17 8.60 10 

Cr 1.06±1.25 2.21±3.52 n/a 5 

Fe 118.58±204.19 108.75±234.87 n/a 50 

Mn 3.47±3.81 15.12±31.93 n/a n/a 
b n/a means data not available 
c MAC-EQS 

 

The comparison of the obtained data concerning the trace metals in the surface waters 

demonstrated that concentrations of As, Co, Cu, Zn, Ni and Fe in the Bay of Odessa were higher 

than those near the Zmiinyi island. Meanwhile, regarding Cd, Hg, Pb, Cr and Mn the pattern 

was opposite to the abovementioned, i.e. their concentrations were higher in the waters in the 

vicinity of the island. There was an exceedance of mean concentrations for Cd, Hg and Pb in 

water near the island and for Cu, Hg and Ni in the coastal waters close to Odessa compared to 

the allowable threshold of the corresponding AA-EQSs (Table III.5-38). Such an excessive level 

of highly toxic metals (Cd, Hg and Pb) in sea waters near the island was most probably caused 

by the influence of the Danube [41]. The mean cadmium concentration in the Odessa Bay was 

lower than the corresponding AA-EQS and coincided well with the historical data, published 

around 10 years ago [50]. Meanwhile a level of Cd contamination near the Zmiinyi island, being 

slightly higher of the AA-EQS, was still significantly lower than that of Romanian [51] and 

Bulgarian [52] coastal waters. To date, mercury content in both coastal and shelf waters 

dramatically exceeded the corresponding MAC-EQS adopted by EU (Table III.5-38) as well as 

the historical data [53]. Unfortunately, there was no recent available data, reported by 

Romanian or Bulgarian researchers regarding the mercury contamination in the NWBS, while 

the current results, showing more than triple excess of Hg near the Zmiinyi island compared to 

the Odessa Bay, supported the statement of [41] based on the spatial dataset obtained during 

a recent JOSS and NPMS cruise that the Danube is the main source of Hg contamination in the 

NWBS.  

Recently performed the Initial Assessment for MSFD by Romania demonstrated the level Pb 

contamination [51], which was lower than observed in this study near ZMN area, but much 

higher than that of the Odessa coastal waters. The latter pointed out that Pb pollution is likely 

directly related to the Danube river contribution. Nickel concentration near the Odessa 

coastline exceeded the corresponding AA-EQS, being higher than the current data for the ZMN 

area and previously published data for the NWBS [51,52,54]. The latter might be connected to 
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the riverine input of the Dnieper, polluted by metallurgic industry within its basin, as well as to 

the natural background, e.g. presence of manganese nodules in shallow waters [54].  

According to the proposed Ukrainian standards [38] for all trace metals, except manganese, an 

excess of the corresponding PLC is referred to even a “single point” event, when a 

concentration exceeded the threshold of the corresponding PLC, rather than to the annual or 

long-term average concentration of pollutant. Therefore, it can be stated that an excess of the 

PLC threshold was observed for Cd, Co, Cu, Hg, Pb, Ni, Cr and Fe in the area of Zmiinyi and for 

As, Cd, Co, Cu, Hg, Zn, Ni, Cr and Fe in the gulf of Odessa (Table III.5-39). In addition, almost 10 

times higher mean concentration of arsenic (Table III.5-38) observed in the Odessa Bay 

compared to the ZMN area might be related to the stronger anthropogenic influence on the 

coastal zone of Odessa city. 

Table III.5-39 - Comparison of maximum concentrations detected for trace metals (µg L-1) in 

the surface water between the studied areas (magnitudes > LPC are highlighted in blue) 

Metals 
Maximum 

concentration (MHBS) 

Maximum 

concentration 

(ZMN) 

AA-EQS of EU 

[35] 

LPC of UA 

[38] 

As 29.30 1.94 n/ab 10 

Cd 2.06 1.43 0.20 1 

Cо 28.20 10.70 n/a 5 

Cu 19.20 14.61 n/a 3 

Hg 7.05 12.00 0.07c 0.1 

Pb 4.13 15.33 1.30 10 

Zn 72.10 12.25 n/a 20 

Ni 36.70 10.07 8.60 10 

Cr 12.00 7.90 n/a 5 

Fe 626.00 585.00 n/a 50 

Mn 16.20 80.00 n/a n/a 
b n/a means data not available 
c MAC-EQS 

In terms of bottom sediments, contents of most investigated trace metals (Co, Cu, Hg, Pb, Zn, 

Ni, Fe) were higher near the area close to the Zmiinyi island than in the Bay of Odessa, while 

As, Cd and Mn concentrations were higher close to the shore of Odessa (Table III.5-40). 

Aluminium was found to be the most abundant trace metal in sediments, where its content 

was equal in both areas (Table III.5-40). Nevertheless, mean concentrations of all studied 

metals within studied region were lower compared to the corresponding Ukrainian LPCs (Table 

III.5-40) as well as lower than the average magnitudes reported from MISIS cruise [54]. 

However, single concentrations of Cu and Ni measured at individual stations near the ZMN area 

sometimes exceeded the corresponding PLC thresholds, while it never happened in the 

coastline of the Odessa Bay (Table III.5-41). 

Table III.5-40 - Comparison of concentrations of trace metals (mg kg-1) in the bottom 

sediments in the studied areas 

Metals Average of MHBS Average of ZMN AA-EQS of EU [35] LPC of UA [38] 

Al 17080±18340 16850±16420 n/ab n/a 

As 6.59±5.17 5.84±7.69 n/a 29 

Cd 0.21±0.09 0.12±0.07 n/a 0.8 
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Metals Average of MHBS Average of ZMN AA-EQS of EU [35] LPC of UA [38] 

Cо 2.95±2.41 3.82±4.58 n/a 20 

Cu 4.01±2.82 14.56±11.72 n/a 35 

Hg 0.04±0.03 0.05±0.04 n/a 0.3 

Pb 7.54±4.26 8.24±2.68 n/a 85 

Zn 12.81±4.31 18.91±15.15 n/a 140 

Ni 4.06±0.79 8.70±7.80 n/a 35 

Cr 5.76±1.89 10.43±15.91 n/a 100 

Fe 3780±1300 5550±8960 n/a n/a 

Mn 219.96±101.50 130.22±55.06 n/a n/a 

b n/a means data not available 

Table III.5-41 - Comparison of the maximum concentrations of trace metals (mg kg-1) in the 

bottom sediments in the studied areas (magnitudes > LPC are highlighted in blue) 

Metals 
Maximum concentration 

(MHBS) 

Maximum 

concentration 

(ZMN) 

AA-EQS of EU 

[35] 

LPC of UA 

[38] 

Al 110000 81900 n/ab n/a 

As 15.10 27.80 n/a 29 

Cd 0.46 0.54 n/a 0.8 

Cо 9.61 12.00 n/a 20 

Cu 12.20 49.00 n/a 35 

Hg 0.07 0.17 n/a 0.3 

Pb 49.70 16.80 n/a 85 

Zn 25.90 62.60 n/a 140 

Ni 12.20 43.50 n/a 35 

Cr 12.80 48.10 n/a 100 

Fe 9580 26800 n/a n/a 

Mn 687.00 285.00 n/a n/a 

b n/a means data not available 

 

Overall, the state of bottom sediments within the Ukrainian shelf waters in the NWBS was 

sufficient (satisfactory) in terms of trace metal contamination (excepting Cu and Ni near the 

island at the certain periods), being far below the LPCs in most of the cases. However, the levels 

of trace metal contents were higher in the Zmiiniy island area affected by the Danube water 

discharge. 

It is widely known that molluscs (mussels and snails) are well-established bio-accumulating 

species for toxic metals, being good bioindicators of aquatic pollution with those contaminants 

[55-58]. The level of trace metals in tissues of molluscs and fish varied across the studied areas. 

Content of some metals was likely associated with those abundant in the sediments in the 

corresponding areas (e.g. As and Mn in the Odessa Bay; Cu, Hg, Pb and Ni near Zmiinyi), others 

had no clear spatial patterns. In mollusc tissues As, Hg, Pb, Zn, Co, Cr, Mn and Fe were found to 

be at higher concentration in the Odessa Bay, while Cd, Cu and Ni – near the Zmiinyi Island 

(Table III.5-42). The differences in the concentrations of metals in fish samples from two studied 

areas were significantly less than those in mollusc samples (Table III.5-42). The reason might be 

connected to that fact that pelagic fish species were included in this analysis as well. 
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Nevertheless, As, Cr and Mn concentrations were higher in the coastal zone near Odessa, whilst 

Cu, Hg, Pb and Ni were higher in fish samples collected in the vicinity of Zmiinyi (Table III.5-42).  

Table III.5-42 - Comparison of mean concentrations of trace metals (mg kg-1) in mollusc and 

fish samples in the studied areas (magnitudes> EQS are highlighted in red, magnitudes > LPC 

are highlighted in blue) 

Metals 

Average concentration in 
molluscs 

Average concentration in 
fishes 

EQS of EU 

[35,36,37] 

LPC of 
UA 

[39] MHBS ZMN MHBS ZMN 

As 1.68±0.84 1.45±1.05 0.49±0.48 0.40±0.47 n/ab 5 

Cd 0.03±0.05 0.04±0.04 0.01±0.01 0.01±0.01 1.02[M] / 0.05-0.102[F] 0.2 

Cu 4.83±2.72 13.56±18.35 0.43±0.36 1.37±1.45 n/a 10 

Hg 0.04±0.02 0.03±0.01 0.04±0.02 0.06±0.04 0.021 (0.52) 0.4 

Pb 0.09±0.05 0.04±0.02 0.04±0.02 0.05±0.05 1.53[M] / 0.33[F] 1 

Zn 25.73±11.52 19.38±2.08 14.65±10.71 14.46±6.17 n/a 40 

Co 0.14±0.08 0.11±0.03 0.03±0.03 0.07±0.09 n/a n/a 

Cr 0.72±0.59 0.38±0.44 0.19±0.22 0.13±0.07 n/a n/a 

Mn 4.28±2.51 1.68±0.25 1.83±1.17 1.27±0.41 n/a n/a 

Fe 52.94±39.68 18.73±5.27 10.91±10.40 10.05±4.61 n/a n/a 

Ni 0.36±0.37 0.46±0.24 0.09±0.08 0.14±0.09 n/a n/a 
b n/a means data not available 

  

There were accumulated more metals by wet weight in molluscs attached or grazing on the sea 

floor than in fishes. According to the biota EQS (0.02 µg kg-1) established by the EQSD (2013) 

[35] the concentration of Hg in collected hydrobionts were high enough, meanwhile these 

concentrations were considered as more than satisfactory when compared to the 

corresponding MPL in fish and mollusc foodstuffs (0.50 µg kg-1) established by the EC No 1881 

(2006) [36]. This huge inconsistence between environmental and food sectors have to be 

harmonized and common standards for marine organisms served as seafood have to be 

established. Mean cadmium and lead contents in the biota were in allowable limits of the 

corresponding EU and did not exceed the Ukrainian LPCs. Moreover, concentrations of these 

metals in mollusc samples were found to be lower than previously published for the Romanian 

coastline [9,58] found that the deeper sampled molluscs had lower Cd concentration, 

supposing that the main source of this contaminant was close to the seashore, while the 

location of Pb origin was not identified. 

Mean concentrations of other trace metals, which were not standardized with the EU 

legislation, did not exceed the threshold of the Ukrainian LPCs. An exception was copper, which 

mean content in molluscs sampled near the Zmiinyi was, on average, 1/3 higher than the 

corresponding LPC. This magnitude was comparable with that reported by [59] for Turkish Black 

sea coast, but significantly higher than those concentrations in molluscs near the Romanian 

coastline [9,58]. 

Moreover, the maximum concentration of As, Cd, Cu and Zn in mollusc samples from the gulf 

of Odessa and As and Cu only from the area close to Zmiinyi exceeded the corresponding 

Ukrainian LPCs (Table III.5-43). Copper accumulated by molluscs collected in the shelf waters 

near the island was so high that even its average concentration was 1.4 time higher than the 

corresponding PLC (Table III.5-42). 



Scientific Report - 12-Months Monitoring Studies 

in Georgia, Russian Federation and Ukraine, 2016-2017 

 

560 

Table III.5-43 - Comparison of maximum concentrations of trace metals (mg kg-1) in mollusc 

and fish samples in the studied areas (magnitudes > LPC are highlighted in blue) 

Metals 

Maximum concentration in 
molluscs 

Maximum concentration in 
fishes 

EQS of EU 

[35,36,37] 

LPC of UA 

[39] 
MHBS ZMN MHBS ZMN 

As 5.39 5.39 1.25 1.25 n/ab 5 

Cd 0.21 0.11 0.04 0.02 1.02[M] / 0.05-0.102[F] 0.2 

Cu 15.40 78.70 1.03 3.48 n/a 10 

Hg 0.10 0.06 0.08 0.11 0.021 (0.52) 0.4 

Pb 0.28 0.14 0.08 0.15 1.53[M] / 0.33[F] 1 

Zn 63.00 31.10 35.30 35.30 n/a 40 

Co 0.30 0.33 0.06 0.38 n/a n/a 

Cr 5.26 5.26 0.58 0.36 n/a n/a 

Mn 12.90 3.62 3.96 3.30 n/a n/a 

Fe 199.00 41.20 29.60 29.60 n/a n/a 

Ni 2.44 2.44 0.22 0.50 n/a n/a 
b n/a means data not available 

 

The fish is a dominant sea food product within the Black sea, however, only limited data are 

available on fish meat contamination with toxic metals in this region [10,60]. The long-term 

study data presented in this report brings the new knowledge to the Black sea community from 

both environmental and food control sectors, highlighting the current level of toxic metal 

contamination in the popular fish species consumed by population. In general, a fish meat 

quality was found to be sufficient for consumption by human. The main uncertainty is still 

connected to the allowable mercury concentration in the marine biota, including fish. Relying 

on the EU foodstuff [36,37] and Ukrainian standards [35], the concentration was completely 

sufficient (no excess was found in individual samples), while according to the EQSD (2013) [35] 

that concentration was high enough (double in the MHBS and triple near the ZMN area), thus 

may pose the threat to the environment and human health. 

III.5.4.2. Organochlorine pesticides and polychlorinated biphenyls 

Lipophilic organochlorine pollutants (OCPs and PCBs), due to their high persistence and low 

water solubility, can be concentrated and bioaccumulated in the environment via 

biogeochemical processes and in the biota through a trophic chain [61-63]. Thus, despite of the 

fact that most of these persistent organic contaminants are often found to be at rather low 

concentrations in marine waters, they might be accumulated at significant concentrations in 

sediments and hydrobionts. Moreover, bottom sediments can further function not only as a 

sink, but also as a long-term source for these POPs poisoning the marine environment and 

organisms [63-65]. 

The given data regarding the OCP contamination in surface waters (Table III.5-44) showed that 

concentrations of α-HCH, γ-HCH (lindane), HCB, aldrin, dieldrin, DDD and DDT were higher near 

the Zmiinyi island compared to those in the Bay of Odessa. Following pesticides, such as b-HCH, 

heptachlor and DDE, were found at a higher concentration in the coastal waters compared to 

the shelf waters (Table III.5-44).  
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Table III.5-44 Comparison of mean concentrations of OCPs (ng L-1) in surface waters in the 
studied areas (magnitudes> EQS are highlighted in red, magnitudes > LPC are highlighted in 
blue) 

OCP Average (MHBS) Average (ZMN) AA-EQS of EU [35] LPC of UA [38] 

α-HCH 0.12±0.12 0.45±0.77 

2a 

15 

b-HCH 0.47±0.53 0.38±0.32 4 

γ-HCH (Lindane) 0.43±0.62 0.53±1.02 0.2 

HCB1 0.62±0.59 3.08±4.06 50b 30 

Heptachlor 1.57±2.73 0.06±0.08 0.00001c 15 

Aldrin 0.04±0.07 0.23±0.48 
5d 

10 

Dieldrin 0.19±0.19 0.35±0.34 0.07 

DDЕ 5.35±6.20 2.33±4.98 

25e 25 DDD 0.12±0.09 0.19±0.18 

DDT 0.28±0.49 0.59±1.05 
1 HCB – Hexachlorobenzene 
2 0 means less than limit of detection 
a refers to HCH, i.e. sum of α-, b- and γ-HCH 
 b refers to MAC-EQS 
c refers to heptachlor and heptachlor epoxide 
d refers to the sum of cyclodiene pesticides (aldrin, dieldrin, endrin and isodrin) 
e refers to the total DDT 
 

Heptachlor, a highly toxic insecticide, was detected in coastal and shelf waters at 

concentrations far above the AA-EQS (Table III.5-44). The total HCHs, total cyclodienes, total 

DDT and HCB did not exceed the corresponding AA-EQS standards.  

In terms of the Ukrainian standards, not yet adopted by the government, it can be concluded 

that levels of heptachlor, lindane and dieldrin were exceeded in the coastal waters close to the 

city of Odessa (Table III.5-45). The shelf waters near the island were contaminated by lindane 

and dieldrin, while heptachlor concentration was at the very satisfactory level (Table III.5-45). 

Moreover, even mean concentrations of those chlorinated pesticides (lindane and dieldrin) 

overpassed the PLC threshold (Table III.5-44) 

Table III.5-45 - Comparison of maximum concentrations of OCPs (ng L-1) in surface waters in 
the studied areas (magnitudes > LPC are highlighted in blue) 

OCP 
Maximum concentration 

(MHBS) 
Maximum 

concentration (ZMN) 
AA-EQS of EU [35] LPC of UA [38] 

α-HCH 0.45 1.99 

2a 

15 

b-HCH 1.69 1.54 4 

γ-HCH (Lindane) 3.57 2.61 0.2 

HCB1 3.67 15.30 50b 30 

Heptachlor 16.50 0.32 0.00001c 15 

Aldrin 0.43 1.19 
5d 

10 

Dieldrin 1.19 0.99 0.07 

DDЕ 13.90 12.50 

25e 25 DDD 0.63 0.76 

DDT 1.13 3.61 
1 HCB – Hexachlorobenzene; 2 0 means less than limit of detection 
a refers to HCH, i.e. sum of α-, b- and γ-HCH; b refers to MAC-EQS 
c refers to heptachlor and heptachlor epoxide 
d refers to the sum of cyclodiene pesticides (aldrin, dieldrin, endrin and isodrin); e refers to the total DDT 
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As it was already mentioned beforehand, coastal waters near the city of Odessa were found to 

be much more (ca. 26 times) polluted with heptachlor than the shelf water area near the 

Zmiinyi, which looks obvious as waters close to the sea shore are strongly affected by 

anthropogenic activities [54]. The highest contents of heptachlor were found in samples 

collected after rainy spring period (e.g. in June 2016; Figure III.5-12), indicating a strong impact 

of agricultural sector as a significant pollution source of POPs. The latter supported results of 

Geyikçi and Büyükgüngör (2011) [66] for the Mid-Black sea coastal region of Turkey, who found 

an extreme increase of OCPs (including heptachlor) in surface waters after severe rainfalls in 

spring. Also, the results show that the concentrations of Lindane (γ-HCH) and the total HCHs in 

surface waters of both studied areas were coincided well with the long-term average of 1992-

1999 for the NWBS [67] but were still higher enough compared to the reported data from the 

Romanian coast [50,51] and the recent survey across the Ukrainian shelf [41]. An average 

contamination level with HCB in waters of the Zmiinyi area was dramatically higher (ca. 5 times) 

than that detected near the Odessa city, which was equal to the magnitude presented by [41] 

and less in a factor of 2.0 compared to the mean historical data [67]. Coastal waters bordered 

to the recreation zone of the Odessa city was 1.8 times more contaminated by DDT species 

than the shelf around the island of Zmiinyi. The prevailing compound in both areas was p,p’DDE, 

a dehydrohalogenated metabolite of p,p’DDT, which was two times higher in the gulf of Odessa 

than near the island indicating old (past) contamination. Meanwhile concentration of p,p’DDT 

near the ZMN area exceeded that close to Odessa city more than double, that might be an 

evidence of a relatively fresh pollution source from the Danube. Comparing obtained results 

with the 20-year old long-term average data [67] demonstrates that p,p’DDT level decreased 

around two times, while its metabolite’s p,p’DDE concentration significantly increased 

approximately 5-10 times, pointing out on-going pollution (either in a form of DDT or its 

metabolites) from land-based sources.  

In general, mean concentrations of OCPs were higher in bottom waters, from the one hand due 

to their deposition to the bottom after coming into the marine environment from land-based 

sources (e.g. in spring; Figure III.5-46) and from the other due to a gradual release from highly 

polluted bottom sediments [63]. 

Overall, it is likely that mean total OCP concentrations measured in coastal waters of the Odessa 

Bay and shelf waters near the Zmiinyi island over the current study was two orders lower than 

those reported by Oros et al. (2016) [54]. 

In this study Aroclor 1254 (Ar-1254) and Aroclor 1260 (Ar-1260) were used as express markers 

for the total PCB contamination, the individual PCBs were not considered in details in this 

report. Despite of high potential thread of these persistent hazardous substances to the biota 

and human health, there are no environmental standards in the current European legislation. 

Therefore the obtained data were compared with the corresponding Ukrainian PLCs. 

Surprisingly, the Zmiinyi island waters were shown to be more polluted with PCBs than coastal 

water near the shore of Odessa (Table III.5-46). The maximum concentration of Ar-1254 and 

Ar-1260 detected in surface waters near the island exceeded the corresponding LPCs (Table 

III.5-46), while bottom waters in the same region were significantly more contaminated with 

Ar-1260 only (Table III.5-26) 
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However, even those waters from rather contaminated Zmiinyi region appeared to be 

significantly cleaner than the Romanian, Bulgarian and Turkish area in July 2013 [54]. 

Table III.5-46 - Comparison of average and maximum concentrations of PCBs (ng L-1) in surface 
water samples in the studied areas (magnitudes > LPC are highlighted in blue) 

OCP 

MHBS ZMN 

AA-EQS of EU 

LPC of 
UA 

[38] 
Average Max Average Max 

Ar-1254 21.69±11.13 98.60 28.2±22.3 100.0 n/aa 100 

Ar-1260 6.44±3.88 27.80 68.4±145.5 365.0 n/a 100 

As mentioned beforehand bottom sediments act as a pool of OCPs and PCBs accumulating fresh 

portion of contaminants as well as enabling to release previously accumulated into the 

environment [63,64].  

Bottom sediments sampled from the Odessa Bay were more contaminated with HCB, 

heptachlor and DDE than those collected around the island (Table III.5-47). Concentrations of 

other investigated pesticides (α-HCH, b-HCH, y-HCH, aldrin, dieldrin, DDD and DDT) were higher 

in the Zmiinyi area (Table III.5-47). 

Due to a lack of the EU standards for sediment quality assessment, the obtained data were 

compared with the Ukrainian LPC only. Following OCPs, such as b-HCH, lindane, HCB, 

heptachlor, dieldrin, p,p’DDE as well as the total DDT, exceeded the corresponding LPCs for 

sediments in the Bay of Odessa (Table III.5-47). Bottom sediments in the vicinity of Zmiinyi 

contained α-HCH, b-HCH, lindane, HCB, dieldrin, p,p’DDT and the total DDT at maximum 

concentrations above the corresponding LPCs. Moreover, mean concentrations of p,p’DDE and 

the total DDT was higher than the corresponding LPC in the coastal zone close to Odessa, while 

mean content of b-HCH and lindane exceeded the LPCs in the Zmiinyi area (Table III.5-47). 

Table III.5-47 - Comparison of average concentrations of OCPs (µg kg-1) in bottom sediments 

in the studied region (magnitudes > LPC are highlighted in blue) 

OCP 

MHBS ZMN AA-
EQS of EU 

[35] 

LPC of 
UA 

[38] 
Average 

Max 
Average 

Max 

α-HCH 0.06±0.05 0.40 0.53±0.75 3.28 

n/ac 

2.5 

b-HCH 0.20±0.26 2.25 1.09±1.58 6.51 1 

γ-HCH (Lindane) 0.04±0.03 0.25 0.15±0.24 1.41 0.05 

HCBa 2.38±0.71 7.24 1.22±1.03 4.67 n/a 2.5 

Heptachlor 0.84±1.64 16.50 0.03±0.05 0.50 n/a 2.5 

Aldrin 0b 0 0.11±0.22 0.89 
n/a 

2.5 

Dieldrin 0.14±0.12 1.04 0.37±0.20 1.37 0.5 

DDЕ 3.05±3.68 13.89 0.45±0.13 0.88 

n/a 2.5 DDD 0.25±0.22 0.87 0.40±0.58 1.52 

DDT 0.59±1.06 3.54 0.64±0.72 4.30 
b 0 means less than limit of detection  

c n/a means data not available 

Generally, content of OCPs in sediment was 3 order of a magnitude higher than in waters 

(Figure III.5-64). There are some regional peculiarities of different OCP species distribution. E.g., 

HCH group of pesticides was dominant in sediments collected near the island, impacted by the 

riverine load [54,65,68]. Meanwhile, the total DDT content was significantly high in the Odessa 
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Bay with p,p’DDE, a dehydrohalogenated breakdown product of p,p’DDT, as the dominant 

compound. The latter indicated a strong influence of old pollution in that area [50,62,63]. 

Besides, in 2016-2017 average contents of HCH and DDT compounds within the studied areas 

decreased compared to those of the historical data [50,65,67]. 

 

Figure III.5-64 - Average concentrations of ΣHCH, ΣDDT and ΣCyclodiens in in waters and 

sediments within the studied region 

PCB pollution of sediments seems to be increased over last 20 years within the NWBS, a 

concentration in the Odessa Bay in 2016-2017 was around 40% higher than in 1995 [65] and 

was comparable to those near the Danube mouth in 1993 [65]. However, the difference was 

more significant in the Zmiinyi area, affected by the Danube river input, where contamination 

with PCB increased by 65% compared to the data of 1993 [65].  

The content of total PCBs (Ar-1254 and Ar-1260) in sediments near the island were higher than 

in the coastal zone of Odessa (Table III.5-48). Both average and maximum level of PCBs near 

the island exceeded the corresponding PLCs, evidencing the significant contamination of 

sediments in that shelf area. In the Bay of Odessa an excess of maximum concentration of Ar-

1254 only was detected. 

Table III.5-48 - Comparison of average and maximum concentrations of PCBs (µg kg-1) in 
sediments samples in the studied region (magnitudes > LPC are highlighted in blue) 

OCP 
MHBS ZMN AA-EQS of EU 

[35] 

LPC of UA 

[38] Average Max Average Max 

Ar-1254 9.86±5.27 30.80 21.42±2.43 45.60 n/aa 20 

Ar-1260 7.73±10.88 17.30 22.57±9.29 65.90 n/a 20 
a n/a means data not available 

In general, concentrations of OCPs and PCBs measured during this study were in the same order 

of magnitude as those reported by Oros et al. (2016) [54] for Bulgarian, Romanian and Turkish 

areas of the Black Sea. 

Water and sediments are the components of the marine environment that directly affect the 

physiological development of hydrobionts. The hazardous feature of lipophilic organochlorine 

hydrocarbons is the ability to be accumulated in different tissues of living organisms (including 

humans) impacting on their functioning, development and reproduction [61,62]. Molluscs 
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feeding on plankton that has a high coefficient of chlorinated pesticide accumulation [69], 

seems to be the most contaminated marine organisms, which are widely utilized by humans as 

sea foodstuffs.  

The obtained data showed that mollusc collected in the Odessa Bay were more contaminated 

with b-HCH, heptachlor, cyclodiens (alrdin, dieldrin) and DDT compound (DDE, DDD, DDT) 

compared to those sampled near the island (Table III.5-49). However, higher content of 

hexachloro-pesticides were found, such as a-HCH, lindane and HCB, in samples from the Zmiinyi 

area (Table III.5-49) 

Table III.5-49 - Comparison of average concentrations of OCPs (µg kg-1) in mollusc tissues in 

the studied region (magnitudes> EQS are highlighted in red) 

OCP 
Average 

(MHBS) 

Average 

(ZMN) 

EQS of EU 

[35] 

LPC of UA 

[38] 

α-HCH 1.06±1.87 1.49±1.50 
n/ac 

 

n/a 

b-HCH 10.18±15.81 7.08±8.65 n/a 

γ-HCH (Lindane) 0.37±0.60 5.43±8.32 n/a 

HCBa 35.38±47.86 49.94±75.25 10 n/a 

Heptachlor 11.99±20.59 1.53±2.27 0.0067 n/a 

Aldrin 8.30±10.79 4.17±4.86 
n/a 

n/a 

Dieldrin 11.34±13.07 4.90±1.74 n/a 

DDЕ 24.67±30.96 11.93±7.11 

n/a n/a DDD 7.53±5.69 2.86±1.52 

DDT 8.01±7.18 3.47±6.03 
a HCB – Hexachlorobenzene 
b 0 means less than limit of detection  

c n/a means data not available 

It needs to be remarked that HCB and heptachlor content raised big concerns in the studied 

region, exceeding significantly the corresponding biota EQSs [35]. There was uneven 

distribution of those accumulated OCPs in both studied areas. E.g., HCB contamination was 40% 

higher near the island of Zmiinyi than in the area close to Odessa and dramatically higher than 

data reported for the Mid-Black sea region [70,71]. Contrary, pollution with heptachlor was 

much higher (ca. 8 times) in samples from the Odessa Bay compared with those from the 

offshore near the island. Meanwhile, a mean concentration in molluscs near the Zmiinyi (Table 

III.5-49) was comparable to that near the Turkish coast [71]. Noteworthy, heptachlor was not 

detected in any mussels sampled from the Marmara Sea coast [72]. There were no adopted 

environmental standards in European legislation regarding allowable limits for other OCPs 

(such as HCHs, DDTs and cyclodienes) concentrations in the biota. Nevertheless, it needs to be 

reported that content of those pesticides by wet weight of biota was dramatically higher 

compared to the corresponding concentration in bottom sediments. In the present study, a 

total HCH amount (a sum of α-HCH, b-HC and γ-HCH) detected in mollusc samples was ca. 17% 

higher in the Western part (ZMN area) in comparison with the Odessa coast. However, the 

contamination level was substantially higher than that observed in mussels from the Marmara 

Sea [72]. Moreover, an average amount of total HCH in mollusc exceeded its content in 

sediments approximately 8-40 times.  

In terms of total DDT and cyclodienes, the Odessa Bay was double polluted compared to the 

offshore area of the island. Those magnitudes were comparable with the published data for the 
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Mid-Black sea coast located close to the river mouths [71], however, being dramatically higher 

than the concentrations found in mussels from the Marmara Sea [72]. On average, molluscs 

were 10-12 and 18-135 times more contaminated with DDT and cyclodienes (Table III.5-49), 

respectively, in comparison with bottom sediments in the corresponding sampling areas (Table 

III.5-48). Noteworthy, despite of differences in the content of DDT compound between the 

studied areas, the composition of ratio was quite similar (61-65% of p,p’DDE; 16-19% of 

p,p’DDD; 19-20 p,p’DDT), indicating relatively low to middle recent input of a parent insecticide 

p,p’DDT [73-75]. 

In the present study, typical fish species of the region were investigated to estimate the level 

of contamination with organochlorinated compound. The results were unexpected. It has been 

found that fish samples from the Zmiinyi area were more polluted with HCH compounds (α-

HCH, b-HCH, γ-HCH), HCB, heptachlor, total DDT as well as single metabolites p,p’DDE and 

p,p’DDD than those from the Odessa Bay. However, concentration of cyclodiens (aldrin and 

dieldrin) was higher in samples collected near the shore of Odessa.  

Only heptachlor content in fish tissues exceeded the biota EQS in both studied areas.  

Table III.5-50 - Comparison of average concentrations of OCPs (µg kg-1) in fish samples within 

the study region (magnitudes > EQS are highlighted in red) 

OCP 
Average 

(MHBS) 

Average 

(ZMN) 

EQS of EU 

[35] 

LPC of UA 

[38] 

α-HCH 0.40±0.98 1.18±1.03 
n/ac 

 

n/a 

b-HCH 2.17±1.65 15.15±17.01 n/a 

γ-HCH (Lindane) 0.42±0.66 1.68±1.71 n/a 

HCBa 6.90±9.04 8.98±6.02 10 n/a 

Heptachlor 0.97±2.23 5.74±10.26 0.0067 n/a 

Aldrin 7.32±8.65 2.53±5.05 
n/a 

n/a 

Dieldrin 10.53±17.31 7.38±3.72 n/a 

DDЕ 12.70±13.45 22.14±13.28 

n/a n/a DDD 1.39±1.70 3.34±4.30 

DDT 6.42±4.86 4.04±3.72 
a HCB – Hexachlorobenzene 
b 0 means less than limit of detection  

c n/a means data not available 

In general, fish caught near the Zmiinyi were even more contaminated with HCHs, heptachlor 

and DDT compounds than molluscs from the same region (Figure III.5-65; Tables III.5-49, III.5-

50). Meanwhile fish inhabiting the Odessa coast were shown to be much less polluted than the 

molluscs from the same area (Tables III.5-49, III.5-50). The amount of cyclodienes in fish and 

mollusc tissues were comparable for (at) the same sampling location, although their mean 

concentration was twice higher in the Odessa Bay. Due to very scarce both recent and historical 

data regarding the contamination of fish with polychlorinated pesticides in the Black sea in 

general and in the NWBS in particular, it is intended to consider this data as an offset for further 

study to estimate the alteration of OCP pollution and its composition. One of available and 

comprehensive study of Stoichev et al. (2007) [75] showed a significant contamination of fish 

with DDT species in the Bulgarian coast, which was 2.6 and 3.8 times higher than it was 

observed near the Zmiinyi and in the Odessa Bay, respectively. Bulgarian researchers explained 

such a high level of total DDT (predominantly in a form of metabolite p,p’DDE) as the legacy of 
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an old pollution from the Danube river [75]. The persistent half-life of p,p’DDT in aquatic 

environments can be roughly considered as 10 years, varying in a wide range of 5-20 years 

according to the estimation of different research groups [75-77]. Taking the latter into account, 

the present data obtained for the Zmiinyi area regarding the concentration of a parent DDT 

insecticide in fish samples seems to be feasible and in this context coincided well with the 

results of Stoichev et al. (2007) [75], showing the degradation of p’p’DDT in a factor of 2.0 over 

the last 10 year. Moreover the present study showed that against the background of a decrease 

in concentration of individual DDT compounds, their distribution in the total DDT has also 

changed. The share of p,p’DDE increased from 57 to 75%, p,p’DDD decreased from 31 to 11% 

and p,p’DDT was approximately at the same level of 12-13% in 2007 [75] and 2016-2017, 

respectively. In fish samples from the coastal waters near Odessa, the composition of DDT 

group was different with a much higher contribution (31%) of a banned parent DDT, 

underpinning the possibility of fresh contamination of the marine environment from land-

based sources in this area [78,79]. 

 

Figure III.5-65 - Average contents of ΣHCH, ΣDDT and ΣCyclodiens in mollusc and fish 

samples within the studied region 

In this study the  data on concentration of Ar-1254 and Ar-1260 were used to compare PCBs 

contamination in molluscs and fish within the investigated areas (Table III.5-51). It showed that 

molluscs in the Bay of Odessa were more polluted with PCBs (Ar-1254 and Ar-1260) than those 

grazing around the island area (Table III.5-51). An opposite pattern was demonstrated for 

fishes, where these caught in waters near Zmiinyi were more contaminated compared with 

those from the coastal zone (Table III.5-51). 

Table III.5-51 - Comparison of average concentrations of PCBs (µg kg-1) in mollusc and fish 
samples within the studied region 

Biont type PCB Average (MHBS) Average (ZMN) EQS of EU [35] LPC of UA [38] 

Mollusc 
Ar-1254 393.52±253.02 215.64±102.85 n/ac n/a 

Ar-1260 772.86±999.73 143.91±159.97 n/a n/a 

Fish 
Ar-1254 173.57±196.30 272.76±159.91 n/a n/a 

Ar-1260 222.28±124.72 233.15±251.52 n/a n/a 
c n/a means data not available 
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Molluscs were more contaminated than fish in the Odessa Bay and vice versa near the Zmiinyi 

Island (Table III.5-51). Besides, the level of accumulated PCBs in molluscs was 1.8-5.3 higher at 

coastal zone compared to the shelf near the island, while the difference of contamination in 

fish was less pronounced being 1.6 higher near the Zmiinyi. The sum of 16 PCB congener 

concentrations (data not shown in Results section) detected in the biota in the Ukrainian shelf 

and coastline was higher than those reported for the Mid-Black sea [70,78] and for the 

Marmara Sea [72]. Content of Ar-1254 (mainly mono- to heptachlorinated biphenyls) was 

found to be higher in shelf habitants, whilst middle chlorinated congeners (components of Ar-

1260) were concentrated in abundance in the biota from the Odessa Bay. It is suggested that 

the main source of low chlorinated (mono-, bi-, tri-PCBs) congeners, which are volatile and 

highly soluble in water, is likely the atmosphere via atmospheric deposition [65]. Therefore the 

amount of light PCBs is often higher in surface waters and open waters (Figure III.5-16, III.5-48) 

than middle (penta-, hexa-, and hepta-PCBs) and heavy (octa-, nona- and deca-PCBs) 

chlorinated congeners, which come into the marine environment mostly with the direct 

disposal of appliances and additive wastes [80]. 

III.5.4.3. Total petroleum hydrocarbons 

The state of surface waters in terms of TPH pollution was found to be insufficient exceeding 

the Ukrainian LPC within studied area (Table III.5-52). Concentration of petroleum 

hydrocarbons in surface waters near Zmiinyi was 3.7 times higher compared to that in the 

Odessa Bay. 

Table III.5-52 - Comparison of average concentration of TPHs in surface water (mg L-1) and 
sediment (mg kg-1) samples within the studied region (magnitudes > LPC are highlighted in 
blue) 

Type of samples 
MHBS ZMN 

AA-EQS of EU [35] 
LPC of UA 

[38] Average Max Average Max 

Surface water 0.09±0.13 0.71 0.33±0.39 1.57 n/ab 0.05 

Sediments 89.74±107.17 604.00 35.13±16.45 76.40 n/a 50 

b n/a means data not available 

The level of TPH pollution in waters near Odessa coincided well with the long-term average of 

1992-2006 for that region [50]. Moreover, the Odessa coastal waters in 2016-2017 seemed to 

be somewhat cleaner (in 1.9 times) than the entire Ukrainian shelf area studied within EMBLAS 

JOSS survey in May 2016 [41] and in 1.6 times than Bulgarian, Romanian and Turkish waters in 

July 2013 [54]. Meanwhile the surface waters around the island were double more 

contaminated with TPHs compared with the recent studies [41,54]. 

In contrast to the surface waters, the bottom sediments in the shelf zone around the Zmiinyi 

was shown to be less polluted than in coastal zone close to Odessa city (Table III.5-52). 

Maximum content of TPH detected in sediment samples exceeded the allowable threshold of 

the LPC in both studied areas. Besides, even mean concentration in coastline near Odessa was 

higher enough than the permissible standard (Table III.5-52).  

The mean magnitude of TPH content in sediments derived during the recent EMBLAS survey 

[41] was in between the present data, i.e. 1.5 times higher than the Zmiinyi’s concentration and 
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1.9 lower than in coastal zone near Odessa. TPH concentration near the city of Odessa 

decreased over the last 15-20 years and was even below the lower limit reported by [81]. 

Overall, the TPH contamination in the investigated areas can be considered as relatively low-

to-moderate compared to the worldwide data [54].  

III.5.4.4. Polycyclic aromatic hydrocarbons 

The PAHs are low water soluble, less volatile and high persistent aromatic compounds, 

widespread pollutants of free water column, once come into the marine systems tend to 

accumulate in bottom sediments, therefore strongly impacting on benthic organisms [82-84]. 

Through food chains PAHs can be easily transferred and accumulated in marine organisms, 

those of them serving as sea foodstuffs pose a strong threat to human health [85,88]. 

During the study period 4 out of 16 PAHs (naphthalene, acenaphthene, phenanthrene, 

fluoranthene) were found to be at higher average concentrations in the surface waters of the 

Odessa Bay compared to those of the island (Table III.5-53). Acenaphthylene was the only 

compounds with equal mean concentration in both areas. The rest of PAHs (fluorine, 

anthracene, pyrene, benz(a)anthracene, chrysene, benzo(b)fluoranthene, 

benzo(k)fluoranthene, benzo(a)pyrene, dibenz(a,h)anthracene, indeno(1,2,3cd)pyrene, 

benzo(g,h,i)perylene) had higher average concentrations in waters around Zmiinyi. Besides, 

ΣBaPeq, a qualitative measure of the toxicity, was approximately 12-fold higher in the shelf 

waters near the island (the Danube impact) compared to the Odessa coastal waters (Figure 

III.5-64), 

None of individual PAHs exceeded the corresponding AA-EQS in both studied areas, except of 

benzo(a)pyrene (BaP) in the shelf water close to the island only (Table III.5-53). Moreover, the 

total BaPeq in the shelf waters near the island (the Danube impact) exceeded the AA-EQS for 

BaP in 7.6 times. Also, maximum concentration of BaP in this distant from the shore area was 

above the Ukrainian LPC. At water recreation zone of the coastal area near Odessa single 

concentrations of phenanthrene and fluoranthene exceeded the corresponding LPCs (Table 

III.5-53). 

Table III.5-53 - Comparison of average and maximum concentrations of PAHs (ng L-1) in water 
samples with the studied region (magnitudes> EQS are highlighted in red, magnitudes > LPC 
are highlighted in blue) 

PAH 
N. of 
rings  

MHBS ZMN AA-EQS 
of EU [35] 

LPC of 
UA [38] Average Max Average Max 

Naphthalene 2 1.97±1.73 5.82 0.77±1.27 3.41 2000 100 

Acenaphthylene 3 0.49±0.15 1.05 0.49±0.49 1.01 n/ab n/a 

Fluorene 3 0.18±0.19 1.10 0.49±0.52 1.34 n/a n/a 

Acenaphthene 3 0.44±0.40 2.48 0.22±0.20 0.65 n/a n/a 

Phenanthrene 3 4.51±6.35 39.30 3.11±2.53 6.72 n/a 20 

Anthracene 3 0.73±1.26 7.85 1.11±1.58 3.86 100 20 

Fluoranthene 4 0.97±1.15 6.95 0.60±0.20 1.18 6.3 6 

Pyrene 4 0.27±0.18 0.94 0.43±0.21 1.55 n/a n/a 

Benz(a)anthracene 4 0.07±0.13 0.30 0.18±0.18 0.67 n/a 3 

Chrysene 4 0.17±0.07 0.59 0.32±0.15 0.74 n/a 3 

Benzo(b)fluoranthene 5 0.07±0.10 0.22 0.86±1.17 5.72 ** n/a 
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PAH 
N. of 
rings  

MHBS ZMN AA-EQS 
of EU [35] 

LPC of 
UA [38] Average Max Average Max 

Benzo(k)fluoranthene 5 0.07±0.04 0.18 0.22±0.13 0.54 ** 3 

Benzo(a)pyrene 5 0.02±0.03 0.14 0.89±1.64 7.33 0.17 3 

Dibenz(a,h)anthracene 5 0.05±0.03 0.13 0.25±0.45 1.17 n/a n/a 

Indeno(1,2,3cd)pyrene 6 0a 0 0.15±0.14 0.37 ** 2 

Benzo(g,h,i)perylene 6 0.05±0.04 0.12 0.20±0.11 0.51 ** 1 
a 0 means less than limit of detection 
b n/a means data not available 
** AA-EQS in water refer to the concentration of benzo(a)pyrene, on the toxicity of which they are based. 

Benzo(a)pyrene can be considered as a marker for the other PAHs, hence only benzo(a)pyrene needs to 
be monitored for comparison with corresponding AA-EQS in water [35]  

 

The overall PAH pollution (Σ16PAHs) in surface waters was shown to be uniform (ca. 10 ng L-1) 

in the shelf and coastal studied areas during 2016-2017 (Figure III.5-66). The annual mean 

concentration of Σ16PAHs was within the range reported by [41], however, dramatically higher 

(ca. 7-17 times) than that observed in the Western Black sea in July 2013 [54]. In spite of 

comparable magnitudes of Σ16PAH in this study, the composition (the content of individual 

compounds; see Table III.5-53) and consequently an overall toxic effect of observed PAHs 

differed from site to site.  

 

 

Figure III.5-66 - Average concentrations of Σ16PAHs, ΣBaP, ΣcarcPAHs and ΣPAHindex in waters 

and sediments within the studied area 

E.g., LMW (2-3 rings) PAHs, mainly by petrogenic origin, contributed to 83% of total PAHs in 

waters of the Odessa coast and only 60% in the island waters, while the content of rather toxic 

5-6 ring HMW compounds, mainly by pyrogenic origin, made less 2.5% near the shore of the 

city, but was up to 25% near the Zmiinyi. The pattern of PAH distribution in the NWBS area 

affected by the pollution load from the Danube is likely constant over the last years, since the 

same ratio for PAHs that was found near the Zmiinyi was also demonstrated in 2013 [54].  

The sum of the corresponding compounds (ΣcarcPAH) with 4-6 rings in molecule classified as 

potential carcinogens (2A and 2B groups; IARC, 2017) was substantially higher (in a factor of 

6.3) in Western part near the Zmiinyi than in surface waters in the Bay of Odessa. Noteworthy, 
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bottom waters near the island were even 22% more contaminated with comparison to surface 

ones. To identify the potential source of PAHs in both studied areas the total PAHindex (Eq. 1) 

was calculated, which is a normalized sum of the corresponding PAH ratios [87-92], suggesting 

to be a more reliable approach for the marine environment than the use of single indices [93-

96].  

 

Total PAHindex      (Eq. 1) 

 

 

The total PAHindex was 3.14 in the waters close to the shore in the Odessa Bay (Figure III.5-66), 

that indicated oil crude pollution is appeared to be dominant source [93,94]. In contrast, the 

island waters located ca. 35 km away from the Danube mouth and near an intensive shipping 

route were characterized as contaminated by PAHs from pyrogenic sources; total PAH indices 

were 7.44 and 9.94 for surface and bottom waters, respectively (Figure III.5-66). 

Significant concerns are caused by the content of PAHs in sediments within the NWBS as a 

result of riverine input, mainly of the Danube, the biggest and until recently the most polluted 

river in the Western Europe [54], and coastal and offshore anthropogenic activity as well as a 

short- and long-range transboundary air pollution [97,98]. 

Content of all individual PAHs, such as acenaphthene, phenanthrene, fluoranthene, pyrene, 

chrysene, benzo(b)fluoranthene, benzo(k)fluoranthene, dibenz(a,h)anthracene, 

indeno(1,2,3cd)pyrene, benzo(g,h,i)perylene, measured during the study was higher in the 

shelf sediments in the area of Zmiinyi than in costal sediments sampled in the Bay of Odessa 

(Table III.5-54). Such PAHs as naphthalene, acenaphthylene, fluorene, anthracene, 

benz(a)anthracene and benzo(a)pyrene was found to be at higher concentration in sediments 

collected close to the Odessa shore. 

All HMW PAHs (Fluoranthene, benz(a)anthracene, chrysene, benzo(k)fluoranthene, 

benzo(a)pyrene, indeno(1,2,3cd)pyrene, benzo(g,h,i)perylen) detected in bottom sediments of 

both studied areas exceeded the corresponding LPCs (Table III.5-54). The latter concerned not 

only the maximum, but also the average concentrations of those HMW PAHs. Moreover, the 

maximum concentration of phenanthrene was also above the threshold of the PLC in the netire 

studied region (Table III.5-54).  

The toxicity level expressed in the total BaP equivalent was high (> 10 μg kg-1) in both studied 

areas (Figure III.5-66) compared to the data of Oros et al. (2016) [54], who reported about low 

level of toxicity (< 10 μg kg-1) in the sediments sampled during July 2013 in the Western part of 

the Black sea. Sediments of the shelf near Zmiinyi (20.70 μg kg-1) was found to be 15% more 

toxic than in the Bay of Odessa (17.96 μg kg-1) (Figure III.5-66). 

Table III.5-54 - Comparison of average and maximum concentrations of PAHs (µg kg-1) in 

bottom sediments within the studied region (magnitudes > LPC are highlighted in blue) 

PAH 
N. of 
rings  

MHBS ZMN AA-EQS 
of EU [35] 

LPC of UA 
[38] Average Max Average Max 

Naphthalene 2 1.44±0.84 3.41 1.33±1.61 4.92 n/ab 15 

Acenaphthylene 3 4.22±4.34 16.00 2.34±1.39 9.97 n/a n/a 
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PAH 
N. of 
rings  

MHBS ZMN AA-EQS 
of EU [35] 

LPC of UA 
[38] Average Max Average Max 

Fluorene 3 1.06±1.41 6.73 0.66±0.58 3.16 n/a n/a 

Acenaphthene 3 0.58±0.65 2.26 0.71±0.26 1.82 n/a n/a 

Phenanthrene 3 13.11±9.61 48.70 13.73±15.36 56.90 n/a 45 

Anthracene 3 2.87±2.35 11.60 1.58±0.72 4.02 n/a 50 

Fluoranthene 4 17.45±17.23 66.50 35.93±53.14 211.00 n/a 15 

Pyrene 4 13.39±14.14 55.50 24.82±34.90 139.00 n/a n/a 

Benz(a)anthracene 4 7.98±9.14 39.70 4.74±2.00 16.20 n/a 3 

Chrysene 4 8.89±10.53 47.20 16.57±22.42 144.00 n/a 3 

Benzo(b)fluoranthene 5 8.18±10.10 44.90 17.19±25.80 158.00 n/a n/a 

Benzo(k)fluoranthene 5 6.01±6.79 29.80 17.11±26.69 93.00 n/a 3 

Benzo(a)pyrene 5 8.91±10.31 44.90 4.06±3.11 11.30 n/a 3 

Dibenz(a,h)anthracene 5 6.31±10.81 44.20 12.00±17.90 109.00 n/a n/a 

Indeno(1,2,3cd)pyrene 6 3.09±3.80 12.60 4.00±3.27 16.50 n/a 2 

Benzo(g,h,i)perylene 6 5.04±6.11 26.70 7.56±9.48 61.20 n/a 1 

b n/a means data not available 

In general, the whole studied region showed increased content for the HMW PAHs evidencing 

a strong anthropogenic contamination of the pyrogenic origin. All LMW PAHs (12-19% of total 

PAHs) excepting phenanthrene were at low concentrations far below the corresponding LPCs. 

Concentrations of these substances coincided well within (between) both studied areas, 

excepting acenaphthylene and anthracene, which were 1.8-fold higher in the Bay of Odessa. 

The Western area, impacted by the Danube and characterized by intensive shipping, in general 

was 1.7 more polluted with total PAHs (Σ16PAHs=164.33 µg kg-1) than the coastal zone near 

Odessa (Σ16PAHs=95.64 µg kg-1) (Figure III.5-66). According to the classification proposed by 

Baumard et al. (1998) [99], bottom sediments in the investigated region can be attributed to 

‘low’ contaminated (i.e. in a range of 0-100 µg kg-1) in the area close to the offshore near Odessa 

and ‘moderately’ polluted (i.e. in a range of 100-1100 µg kg-1) in the vicinity of the Zmiinyi. 

Noteworthy, according to the Sediment Quick Reference Tables (SQuiRTs) established by the 

NOAA Sediment Quick Reference Table [100] sediments in both areas were characterized as 

slightly polluted (Σ16PAHs < 250 µg kg-1) and none of PAHs, except of benz(a)anthracene, did 

not exceed the corresponding NOAA’s threshold effects levels (TELs). Generally, the present 

data are in line with findings of [54] for the Western Black sea, [101] for coastal zone near the 

island of Sardinia (Western Mediterranean) and [102] for industrialized region in the Aegean 

Sea coast (Western Turkey).  

The significant content of individual carcinogenic PAHs in the sediments is an unsettling 

problem, causing potential threat to biota physiology and human health [40,103]. Those HMW 

PAHs substantially exceeded the Ukrainian PLCs but was below the corresponding NOAA TELs 

[100]. ΣcarcPAH was 1.5 higher in the areas of the Danube’s influence than near the shore of 

Odessa (Figure III.5-66). Our data were in line with those of recently reported for the NWBS 

[41]. PAHindex indicated the prevalence of pyrogenic sources in bottom sediment contamination 

within both investigated areas, being still 33% higher in the Western part (ZMN area) (Figure 

III.5-66). 
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A curious thing was observed, despite of more polluted water and sediments near the Zmiinyi 

island (Figure III.5-66), the biota in this area was less contaminated compared to the Odessa 

Bay (Figure III.5-67).  

Mollusc samples from the Zmiinyi area had higher content of all LMW PAHs (naphthalene, 

acenaphthylene, fluorene, acenaphthene, phenanthrene, anthracene) and 

indeno(1,2,3cd)pyrene than those from the Bay of Odessa. Meanwhile samples of molluscs 

collected near Odessa shore were more contaminated with HMW PAHs (fluoranthene, pyrene, 

benz(a)anthracene, chrysene, benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(a)pyrene, 

dibenz(a,h)anthracene, benzo(g,h,i)perylene) excepting indeno(1,2,3cd)pyrene compared to 

those sampled near the island. 

In terms of individual PAHs, it was found that BaP content in mollusk of the Odessa Bay 

exceeded the biota EQS, while still being below the MPL for sea foodstuffs (Table III.5-55). 

Moreover, the total toxicity level (ΣBaPeq) was found to be extremely higher in a factor of 5.7 

in the bay compared to the island area (Figure III.5-34; III.5-63; III.5-67), exceeding both the 

biota EQS (in 5-fold) and the MPL in sea foodstuffs (in 2.5-fold). The latter can be explained by 

PAH composition in the studied samples, where a LMW PAH fraction was significantly lower 

(59%) in molluscs collected close to the Odessa shore than near the island of Zmiinyi (80%). 

Table III.5-55 - Comparison of average concentrations of PAHs (µg kg-1) in mollusc and fish 

tissue within the studied region (magnitudes> EQS are highlighted in red) 

PAH 
N. of 
rings 

MHBS ZMN EQS of EU 

[35,36] Mollusc Fish Mollusc Fish 

Naphthalene 2 35.94±46.61 52.5±77.9 36.26±42.82 104.33±104.64 n/ab 

Acenaphthylene 3 10.99±15.74 13.6±27.7 13.27±11.94 12.59±15.63 n/a 

Fluorene 3 2.80±2.87 2.7±3.7 6.03±7.60 3.02±2.93 n/a 

Acenaphthene 3 22.18±35.98 26.7±60.9 23.89±30.07 23.20±34.91 n/a 

Phenanthrene 3 93.96±98.37 107.2±184.5 99.39±87.31 102.79±98.93 n/a 

Anthracene 3 4.35±5.06 2.8±2.6 5.33±7.71 9.33±12.15 n/a 

Fluoranthene 4 16.25±12.06 32.0±27.4 11.69±7.63 18.76±4.78 301 

Pyrene 4 44.30±56.81 114.1±113.7 18.44±17.19 43.74±28.68 n/a 

Benz(a)anthracene 4 0.75±0.46 2.5±4.9 0.53±0.61 0.51±0.42 n/a 

Chrysene 4 1.94±1.44 5.9±7.1 1.39±0.50 2.63±1.64 n/a 

Benzo(b)fluoranthene 5 5.38±5.90 29.1±58.9 1.37±0.56 2.24±0.89 ** 

Benzo(k)fluoranthene 5 2.76±3.21 16.4±32.6 1.94±1.65 2.61±2.80 ** 

Benzo(a)pyrene 5 7.97±8.79 37.9±69.1 1.88±0.98 4.42±5.16 51 (102) 

Dibenz(a,h)anthracene 5 16.43±26.17 101.8±237.3 1.81±1.13 2.58±2.10 n/a 

Indeno(1,2,3cd)pyrene 6 0.35±0.52 2.7±3.7 1.65±3.17 1.89±2.07 ** 

Benzo(g,h,i)perylene 6 20.42±39.71 113.7±177.8 6.72±8.69 21.02±26.99 ** 
a 0 means less than limit of detection 
b n/a means data not available  
** the biota EQS refer to the concentration of benzo(a)pyrene, on the toxicity of which they are based. 
Benzo(a)pyrene can be considered as a marker for the other PAHs, hence only benzo(a)pyrene needs to 
be monitored for comparison with the biota EQS [35]  

Despite of a huge difference in ΣBaPeq, a content of Σ16PAHs was only by 24% higher in samples 

of molluscs near the coast of Odessa compared to those collected near the island (Figure III.5-

67). Nevertheless, according to the NOAA, the studied molluscs from both areas can be 

characterized as low contaminated being in a range of 47 to 828 μg kg-1 [104]. The magnitudes 
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of Σ16PAHs found over the studied period coincided well with the published data for harbour 

sites located in Baltic, Mediterranean and Adriatic seas [104]. However, it needs to be stated 

that molluscs inhabiting in the Odessa Bay were more contaminated and might also pose a 

larger threat to the human health due to a higher content of oncogenic PAHs (35.58 μg kg-1) in 

comparison with those living in the waters close to the island (10.58 μg kg-1) (Figure III.5-67). 

The approach of the total PAHindex to determine the source of pollution in molluscs was not 

applied, since it does not work well when studying the biota, because various PAHs have 

different uptake and depuration rates [104]. 

 

Figure III.5-67 - Average contents of Σ16PAHs, ΣBaP and ΣcarcPAHs in mollusc and fish samples 

within the studied area 

Even worsh situation was found in terms of PAH contamination in fishes within studied areas 

(Figure III.5-67). Fishes caught in waters of the Odessa Bay contained higher concentration of 

acenaphthylene, acenaphthene, phenanthrene, fluoranthene, pyrene, benz(a)anthracene, 

chrysene, benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(a)pyrene, 

dibenz(a,h)anthracene, indeno(1,2,3cd)pyrene, benzo(g,h,i)perylene compared to those of the 

Zmiinyi island (Table III.5-55). Only contents of naphthalene, fluorene and anthracene were 

higher in fish samples collected near the island. 

Concentrations of fluoranthene and BaP in fishes from the Odessa coast zone exceeded the 

corresponding biota EQSs (Table III.5-55)). In addition, the average BaP concentration in those 

fish samples was above the corresponding permissible level in fish foodstuffs (Table III.5-55). 

Besides, the ΣBaPeq in samples from both regions exceeded the corresponding thresholds of 

the biota EQS (5 μg kg-1) and the MPL in fish foodstuffs (2 μg kg-1). 

As for molluscs, the study identified that fishes caught in waters of the Odessa Bay were on 

average 1.9-fold more polluted with PAHs (Σ16PAH=661.39 μg kg-1) than those feeding close to 

the island (Σ16PAHs=355.68 μg kg-1). The difference in the toxicity effect of accumulated PAHs 

(ΣBaPeq) on fishes in two study areas was dramatically huge. Fishes of the coastal waters near 

Odessa accumulated in their tissues 17.7 times more toxic PAHs by wet weight (146.24 μg kg-1) 

than those of the shelf waters near Zmiinyi (8.26 μg kg-1) (Figure III.5-67). However, in 

comparison with ΣBaPeq in fish samples collected in the Gulf of Mexico [105], fishes of Odessa 

coast were shown to be less contaminated in a factor of 1.16-2.6. In the cleaner area (ZMN), 

naphthalene and phenanthrene were demonstrated to be the dominant PAHs in fish tissues 
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supporting previous findings in a global scale [105]. In more polluted area (MHBS) pyrene, 

dibenz(a,h)anthracene and phenanthrene were the prevailing aromatic pollutants (Table III.5-

55). One stated that a content of the ΣcarcPAH in studied fishes collected from the Bay of Odessa 

was more than one order of magnitude higher compared to that of sampled near the island 

(Figure III.5-67).  

Overall, the results derived from the biota samples analysing need to be investigated in more 

details taking into account metadata (age, size, feeding type, habitat type etc) concerning each 

individual sample from both group molluscs and fishes. 

III.5.5. Gaps and recommendations 

As a result of the performed study it is necessary to draw the attention of policymakers from 

both EU and the Black Sea countries, including Ukraine, that the legislative base in terms of 

environmental quality standards is far from a desired state/ level and the significant 

weaknesses found for the certain types of hazardous priority substances are listed in this 

section below.  

Besides, it is necessary to point out that there are no valid (i.e. legally adopted and taken into 

force) national environmental quality standards in Ukraine due to previous environmental 

standards of the former USSR have been cancelled in Ukraine since on 1st January 2017, but 

‘new’ ones drafted by UkrSCES in 2009, which never adopted, already need to be revised. In 

case if Ukraine establishes the European regulation for environmental standards [35], the 

monitoring in different high priority areas (e.g., affected by a riverine input of the Danube, the 

Dniester and the Dnieper) ought to be made regularly at least four time per year. 

Toxic metals 

The crucial gap is an absence in EU legislation [35] neither AA-EQS nor MAC-EQS for marine 

water regarding many trace metals (As, Co, Cu, Zn, Cr, Mn) possessing the acute toxicity at the 

threshold concentrations in marine environment. Much worse situation has been highlighted 

for bottom sediments, where no common environmental standards were adopted by EC so far. 

Therefore currently it is not possible to perform any assessment on toxic metal pollution of 

marine sediments from the EU’s point of view, since many EU countries still use their own 

national standards (e.g. Netherlands, Germany), which are not standardized/ harmonized. In 

term of the marine biota, i.e. potential sea food products for customers living within that 

particular region, the European legislation is questionable, inharmonious and rather 

underdeveloped focusing on regulation for the content of few metals (Hg, Cd and Pb) only at 

the EU scale. E.g., there is a complete discrepancy regarding the allowable level for mercury 

content between marine environmental [35] and sea foodstuff [36] standards. 

OCPs and PCBs 

The complete absence of a normative base of environmental standards in the current EU 

legislation for OCP’s and PCB’s pollutant in bottom sediments and hydrobionts is a big omission, 

which has to be urgently improved. Despite of availability of a list of the recommended 

Ukrainian LPCs for OCPs and PCBs in bottom sediments, there are still no available/ proposed 

standards or regulations regarding those permissible concentrations in marine biota. In term 
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of marine organisms (molluscs and fishes), which being an important source of proteins and 

omega fatty acids are an obligatory part of human diet at particular coastal regions, including 

new EU-member states (Bulgaria and Romania), and which might potentially be exported far 

beyond the region of origin (to other country’s markets), the European legislation was found 

to be not well developed concerning the regulation for these highly accumulated hazardous 

compounds. Development and implementation of the biota quality standards for OCPs and 

PCBs should be in a high priority list for EU member states as well as associated countries. 

TPHs 

A lack of environmental quality standards for TPH content in water and sediments potentially 

hamper assessment of the environmental state in the coastal and shelf areas. Ignorance or 

suppression of the facts of TPH pollution due to a lack of the legislative control raises a big 

concern and leads to further negative impacts on marine biota and human health.  

PAHs 

The main issue is related to the focus of EU and national legislation in the respect of the 

corresponding ‘objects’. In other words the EU and Ukrainian legislations are rather strong 

(although not very consistent) at the monitoring of PAH pollution in surface water, but the 

quality standards for bottom sediments and biota either absent or very limited or currently not 

relevant, i.e. actions for amendment are urgently required. Sediments seem to be both storage 

and source for PAHs in marine environment directly affecting on hydrobionts, which being used 

as sea foods can further cause human health concerns. 

Urgent amendment of EU and national legislations as well as their standardisation and 

harmonization are strongly recommended especially concerning to trace metal monitoring in 

the marine organisms. 

III.5-6 Conclusion 

The investigations of pollution of two selected areas of the Black Sea show as follows 

Heavy metals 

Surface waters of both study areas are found to be rather contaminated to different extents 

demonstrating the specific footprints for the certain trace metals. Concentrations of Cd, Hg, Pb, 

Cr and Mn in the surface waters near Zmiinyi were higher than those in the Odessa Bay, while 

regarding As, Co, Cu, Zn, Ni and Fe the pattern was totally opposite. One can conclude that 

mean concentrations for Cd, Hg and Pb in water near the island and for Cu, Hg and Ni in the 

coastal waters close to Odessa exceeded the allowable threshold of the corresponding AA-EQS. 

An excess of the Ukrainian PLC threshold was observed for Cd, Co, Cu, Hg, Pb, Ni, Cr and Fe in 

the area of Zmiinyi and for As, Cd, Co, Cu, Hg, Zn, Ni, Cr and Fe in the Bay of Odessa. 

The levels of trace metal contents in bottom sediments were higher within the island area 

(most probably affected by the Danube water discharge) than in the area of the Odessa Bay. In 

general, the state of bottom sediments within the Ukrainian shelf waters of the NWBS was 

sufficient in the respect of trace metal contamination according to the Ukrainian LPCs. Only 

copper and nickel at their maximum concentrations measured in the area of Zmiinyi were 

higher than the corresponding LPCs. 
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The level of trace metals in tissues of molluscs and fish varied across the studied areas. The 

difference between mollusc samples was higher, while trace metal concentrations in fish were 

more uniformed. Content of mercury in marine organisms was shown to be at a high level in 

comparison with the biota EQS, however, being at completely sufficient level according to both 

the EU MPL for foodstuffs and the Ukrainian LPC. Also, the surplus of arsenic and copper 

content in mollusc tissues collected near the Zmiinyi as well as arsenic, cadmium, copper and 

zinc concentration in those samples from the Odessa Bay was registered in comparison with 

the corresponding LPCs. 

OCP 

Surface coastal waters in the Odessa Bay were more polluted with heptachlor, p,p’DDE and 

total DDT, while shelf waters in the vicinity of the island had higher levels of total HCH, HCB, 

cyclodiens and p,p’DDT. Concentration of heptachlor, a highly toxic insecticide, exceeded the 

AA-EQS in waters of both studied areas. Also, the levels of lindane and dieldrin were exceeded 

the Ukrainian LPCs in the entire studied region, while an excess of heptachlor compared to the 

corresponding LPC was detected in coastal waters close to the city of Odessa only. 

PCB concentrations in surface waters were higher in shelf waters near the island, where their 

excess was observed compared to the corresponding LPCs.  

Sediment from the Bay of Odessa were more contaminated with HCB, heptachlor and DDE in 

contrast to those collected from the Zmiinyi area, which were more polluted with α-HCH, b-

HCH, y-HCH, aldrin, dieldrin, DDD and DDT. Bottom sediments from both areas are rather 

contaminated in comparison with the corresponding Ukrainian LPCs. These OCPs (b-HCH, 

lindane, HCB, heptachlor, dieldrin, p,p’DDE as well as the total DDT) at their maximum 

concentrations exceeded the corresponding LPCs for sediments in the Bay of Odessa. 

Sediments in the vicinity of Zmiinyi contained a maximum concentrations of α-HCH, b-HCH, 

lindane, HCB, dieldrin, p,p’DDT and the total DDT, which were above the corresponding LPCs. 

The content of total PCBs (Ar-1254 and Ar-1260) in sediments near the island were higher than 

in the coastal zone of Odessa, exceeding the corresponding LPCs. Maximum concentration of 

Ar-1254 observed in the Odessa Bay was also above the threshold of the LPC. 

Molluscs collected in the Odessa Bay were more contaminated with b-HCH, heptachlor, 

cyclodiens and DDT compound, while higher content of hexachloro-pesticides (α-HCH, lindane, 

HCB) were found in samples from the Zmiinyi area. Concentrations of HCB and heptachlor in 

mollusc samples exceeded the biota AA-EQS in both studied areas. 

In general, fishes sampled near the island were more polluted with OCPs than those collected 

in the Bay of Odessa. Heptachlor content in samples from both areas exceeded the biota EQS. 

Molluscs from the Bay of Odessa accumulated more PCBs than those near the island, while 

opposite pattern was found for fishes. 

Overall, the main concern is related to the high level of pollution with heptachlor (in most 

samples of water, sediments and biota) in the studied region, which dramatically exceeded EU 

environmental quality standards.  
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TPH 

Surface waters around the Zmiinyi island were found to be more contaminated with petroleum 

hydrocarbons TPHs compared to the coastal zone of Odessa. Both investigated areas showed 

an exceedance of the corresponding LPC in terms of TPH concentration. 

Contrary to waters, pollution of bottom sediments in the Bay of Odessa were higher than that 

in the vicinity of Zmiiniy. Nevertheless, TPH level in both areas was above the threshold of the 

LPC. 

PAH 

Marine water quality in terms of PAHs was better in the area close the shore of Odessa, where 

the share of natural-origin LMW PAH made 83%. Both individual BaP and total BaPeq exceeded 

the corresponding AA-EQS and LPC in waters near the island, being satisfied in the Odessa Bay. 

One concluded that petrogenic origin PAHs were dominated close to the shore of Odessa, but 

‘dirty’ PAHs from pyrogenic sources were prevailing in the shelf waters of the Zmiinyi. The levels 

of phenanthrene and fluoranthene in the coastal waters near Odessa were higher than the 

corresponding Ukrainian LPCs. 

Pollution of sediments with PAHs was higher in the area around Zmiinyi. Altogether, bottom 

sediments were found to be highly contaminated by anthropogenic-origin HMW PAHs, which 

exceeded the corresponding Ukrainian LPCs in both studied areas. Besides, phenanthrene 

content exceeded the corresponding LPC in the entire region. 

Molluscs inhabiting and fishes breeding in the Odessa Bay were demonstrated to be more 

contaminated with PAHs, potentially posing a larger threat to the human health due to a higher 

content of the oncogenic PAHs. Content of BaP in molluscs sampled in the Odessa Bay exceeded 

the biota EQS, however, was below the MPL for sea foodstuffs. Fishes taken near Odessa coast 

contained an excessive concentration of fluoranthene and BaP, which were above both biota 

EQS and MPL thresholds. The joint toxicity of PAHs calculated as the ΣBaPeq exceeded the biota 

EQS in both mollusc and fish samples in the whole studied region. Nevertheless, the 

investigated mollusc samples are still considered as low contaminated at a global scale 

according to the level established by NOAA. 
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III.6. Water quality and Eutrophication assessment using TRIX 

V. Medinets1 (Editor), N. Kovalova1, Ye. Gazyetov1, S. Snigirov1, V. Pitsyk1, O. Abakumov1, S. Medinets1, P. 

Snigirov1, I. Gruzova1, K. Svetlichna1, M. Botnar1, I. Soltys1 

 

1 Odesa National University (ONU), Odesa, Ukraine 

III.6.1. Introduction  

Degradation of the Black Sea environment, as well as of other European seas in the past 

decades and the environmental problems in coastal areas were the main reasons for adoption 

of the EU Marine Strategy Framework Directive and Water Framework Directive [1,2], 

Convention on the Black Sea Protection against Pollution [3], Convention on Biodiversity 

Protection [4], according to which the primary goal of research community was establishing of 

priority national and regional strategies, plans and programmes for improvement of the 

ecological situation with European seas. In accordance with the Association Agreement, 

Ukraine planned implementation of the EU Marine Strategy Framework Directive’s (MSFD) key 

provisions in the period from 2014 to 2020. The main requirements of the Directive are initial 

assessment of the marine environment state, identification of indicators of ‘good’ ecological 

state, establishing of nature protection objectives, development of a programme and a system 

of integrated monitoring of marine economic zone of Ukraine. The basis for the national 

strategy development shall be formed by objective information about impacts from certain 

types of human activity and natural factors, which requires improvement of methodological 

approaches in monitoring and marine environment quality assessment using 11 descriptors. 

One of the main descriptors «eutrophication», which has been the most urgent problem in the 

north-western Black Sea in the past 30 years [5, 6]. 

The most effective and popular, both in Europe and in the Black Sea countries, comprehensive 

indicator of marine environment quality from the viewpoint of trophic status assessment and 

eutrophication level is the trophic index TRIX [7], which takes into account a set of experimental 

data on the content of chlorophyll а, oxygen, nitrogen and phosphorus compounds. TRIX values 

are measured on the scale from 1 to 10 and the results characterise marine water trophic level: 

low (<4), medium (4-5), high (5-6) and very high (>6), which correspond to trophic categories: 

oligotrophic, mesotrophic, eutrophic and hypertrophic. Assessments of TRIX index had been 

performed by the researchers of the Black Sea countries sporadically since 2003 [8, 9, 10, 11], 

including us [12-17], however all those studies in different Black Sea areas had a serious 

drawback: they were fragmentary in space and asynchronous in time.  

Integrated monitoring and quality assessment of marine coastal waters near the Zmiinyi Island 

are being performed by the Regional Centre for Integrated Monitoring of Odessa National I.I. 

Mechnikov University (ONU) from 2004 [5] till present. In 2016, with financial help of the EU-

UNDP «EMBLAS-II» International Project, simultaneous observations and sampling of water 

were performed for the first time in order to assess marine environment quality in two Black 

Sea areas experiencing different level of anthropogenic pressure: the Zmiinyi Island coastal 

waters (minimal anthropogenic load) and Odessa Bay (high anthropogenic load), though the 
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influence of natural factors in both areas caused significant temporal variations, which required 

permanent observation of their state [5, 6].  

The purpose of the studies was revealing of peculiarities of marine environment quality 

changes using the results of simultaneous observations carried out in two Black Sea areas 

experiencing different levels of anthropogenic pressure.  

III.6.2. Materials and methods 

Sampling  for further analyses of water were done from April to December 2016 and from 

April to June 2017 every 10 days at the reference stations ZPR-R (Zmiinyi Island) and MHBS-R 

(Odessa Bay) and monthly at the respective sampling stations in each area (Figure III.6-1, III.6-

2). Altogether 168 water samples were collected and analysed from Odessa Bay and 158 from 

the Zmiinyi Island coastal area. Trophic index TRIX was assessed [7] using the data on total 

phosphorus, total nitrogen, oxygen and chlorophyll a concentrations. Measurements in situ of 

conductivity (salinity), temperature and oxygen were done using portable analyser Hach 

HQ40d, measurements of total nitrogen and total phosphorus were performed using routine 

hydrochemical methods [18]. Standard photometric method [19] was applied to measure 

chlorophyll а - spectrophotometer JENWEY was used. To analyse seasonal changes the 

comparative analysis of trophic index values calculated using two methods were performed, 

one method was based on total nitrogen data, the other – on mineral nitrogen data.  

 

Figure III.6-1 – Location of stations for sampling and determination of nutrients, oxygen 

and chlorophyll a content in the Zmiinyi Island coastal waters in 2016-2017 

Sampling stations and dates:  ZPR station,  10.04.2016,  17.05.2016,  21.06.2016, 

 24.07.2016,  20.08.2016,  25.09.2016,  03.11.2016,  26.11.2016,  28.04.2017, 

 27.05.2017,  25.06.2017 
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Figure III.6-2 - Location of stations for sampling and determination of nutrients, oxygen 

and chlorophyll content in Odessa Bay coastal waters in 2016-2017  

Sampling stations and dates:  MHBS-R station (2016-2017),  (22, 26) 04.2016, 

 01.06.2016,  01-02.07.2016,  21.07.2016,   29.08.2016,  22.09.2016,   

03.11.2016,  26.05.2017,  29.06.2017 

 

III.6.3. Results and discussion 

III.6.3.1. General characteristics of studied areas 

Analysis of the results of 10-days and monthly observations of temperature, salinity, 

chlorophyll а, oxygen content, total nitrogen and total phosphorus in the coastal surface waters 

of Odessa Bay and the Zmiinyi Island in 2016 and 2017 had shown the following.  

Temperature of surface water (see Chapter II.1 Hydrology and Standard Hydrochemistry) in the 

period of studies varied from 6.6оС to 26.3оС near the island and from 1.7оС to 27.1оС in the 

bay. Average temperature of surface water for the period of observations near the island made 

18.0±6.2оС and was 1.3оС higher than in the bay (16.7±6.5оС).  

Salinity of surface waters according to the results of 10-days observations and monthly surveys 

in the Zmiinyi Island coastal waters varied within 7.48-17.54 PSU and in Odessa Bay - within 

7.60-16.85 PSU (see Chapter II.1 Hydrology and Standard Hydrochemistry). Average values for 

the entire period of observations of surface waters in the Zmiinyi Island and Odessa Bay 

respectively were 14.56±2.19 PSU and 15.01±1.78 PSU, i.e. those values were quite close.  

Oxygen concentration in surface water of those two marine areas was quite favourable for 
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hydrobionts. Oxygen content variations, according to the 10-days observations and monthly 

surveys in the Zmiinyi Island and Odessa Bay varied between 7.16-13.38 mg/l and 7.38-12.84 

mg/l respectively. Oxygen saturation near the island and in the bay varied within 90.6-155.2 % 

and 88.6-121.4 % respectively. The highest water oversaturation with oxygen in both areas was 

observed in May-June with further gradual decreasing of saturation down to the lowest values 

registered in September-October. Average annual values of oxygen saturation in the Zmiinyi 

Island and Odessa Bay surface waters made respectively 108.8±14.5 % and 105.1±7.9 %, which 

showed that oxygen regime in both studied areas was similar. 

Total nitrogen in marine surface waters varied within broad limits: 136-7870 mkgN/l in Odessa 

Bay and 199-1030 mkgN/l near the Zmiinyi Island. The average content of total nitrogen in the 

surface waters for the period of observations near the island made 477±174 mkgN/l, while in 

the bay its concentration was 1.7 times higher, reaching 809±905 mkgN/l. Total phosphorus 

content in the surface waters near the Zmiinyi Island varied within 17-199 mkgР/l and in Odessa 

Bay - within 14-94 mkgР/l. The average content of total phosphorus in the surface waters for 

the period of observations near the island made 54±25 mkgP/l, while in the bay its 

concentration was 1.2 times lower and made 44±17 mkgР/l.  

Analysis of chlorophyll а content in the surface waters of two studied areas had shown that its 

concentration near the island varied from 0.10 to 7.29 mkg/l and in the bay - from 0.43 to 4.72 

mkg/l (see Chapter II.3.6). According to the data from 10-days observations and monthly 

surveys, mean concentration of chlorophyll а near the Zmiinyi Island made 1.71±1.64 mkg/l, 

while in Odessa Bay it was somewhat lower – 1.51±0.79 mkg/l. Seasonal changes in chlorophyll 

а concentration in both areas were taking place in accordance with similar patterns. The highest 

concentrations of chlorophyll а in the Zmiinyi Island area and in Odessa Bay were registered in 

May and November when its content corresponded to eutrophic state of waters. Minimal 

values of chlorophyll а were observed in both areas in July-August.  

III.6.3.2. Analysis of TRIX index changes in the Zmiinyi Island and Odessa Bay 
coastal waters in 2016-2017 

Based on results of hydrochemical and hydrobiological parameters measurements in the 

Zmiinyi Island area (ZMN area) and Odessa Bay (MHBS area) in 2016-2017 the calculations of 

trophic index (TRIX) were made. Analysis of their changes is presented below. 

III.6.3.2.1. TRIX index changes in the Zmiinyi Island coastal waters 

The results of trophic index calculation for surface water layer and water column in the Zmiinyi 

Island area in 2016-2017 are presented on Figures II.5.3 and II.5.4. TRIX index varied in April-

December 2016 from 3.9 (30.08) to 6.9 (24.07), in April-June 2017 - from 4.6 (26.06) to 7.2 

(27.05) with mean values 5.4±0.7 and 5.8±0.73 respectively. Analysis of the TRIX index 

dynamics at the ZPR-R reference station had shown that in the surface and bottom (depth 7.5 

m) water layers its variations took place quite simultaneously (Figure II.5.3), which was 

confirmed by high positive correlation coefficient (r=0.59). At that, average TRIX values for the 

period of observations in the surface water layer made 5.1±0.6 and were somewhat lower than 

at the bottom (5.3±0.6). Together with that, it should be pointed out that the TRIX index on 
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May 20, 2016 in the surface water layer was 1.3 times higher than in the bottom layer, however 

from 30.05 to 30.06 TRIX values at the bottom were higher than at the surface. The lowest TRIX 

values (3.9-4.8) were identified in the surface and bottom layers at the reference station in 

August and December. The highest TRIX values (6.4) were identified for the surface and bottom 

layers at the reference station on 10.06.2017. 

TRIX mean value along monthly transects from the Zmiinyi Island to the depth of 30 m in the 

entire water column was higher than at the reference station and made 5.8±0.7. Analysis of the 

trophic index spatial variations during monthly surveys had shown that in the surface layer near 

the island (station 1) and 400 m far from the island (station 6) TRIX mean values for 11 transects 

stayed the same and made 5.9 (Table III.6-1). At that, the highest TRIX values for the entire 

period of observations (7.0-7.2) were identifies in the surface water layer (0-3 m) in May 2017 

on the stations 4 and 6 located 240 and 400 m from the island respectively.  

Figure III.6-3 – Trophic index (TRIX) dynamics at the reference station (ZPR) in the Zmiinyi 
Island water area 

Figure III.6-4 – Variations of trophic index (TRIX) values in the Zmiinyi Island coastal 
waters according to the data from surveys of 2016-2017 
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Table III.6-1 – Trophic index TRIX values in surface water layer along the transects from the 

Zmiinyi Island coast (station 1 – depth 2 m, st. 2 - 5 m, st. 4 - 15 m, st. 6 - 25 m) 

Date 

 

Transect 

 

Station Average 

 1 2 4 6 

10.04.2016 Z-1 5.5 5.8 6.1 5.7 5,7 

10.05.2016 Z-3 5.9 6.2 6.5 6.6 6,3 

21.06.2016 Z-5 6.1 6.4 6.0 5.8 6,1 

24.07.2016 Z-3 6.5 6.0 6.1 6.5 6,3 

20.08.2016 Z-5 5.5 5.6 5.7 5.7 5,6 

25.09.2016 Z-3 6.2 5.8 5.7 5.8 5,9 

03.11.2016 Z-3 5.1 5.3 5.7 5.8 5,5 

26.11.2016 Z-3 5.0 4.5 5.0 4.7 4,8 

28.04.2017 Z-1 6.8 6.4 6.2 6.2 6,4 

27.05.2017 Z-3 6.8 6.7 7.2 7.0 6,9 

25.06.2017 Z-3 5.3 5.3 5.2 5.2 5,3 

Average 5,9 5.8 5.9 5.9 5.9 

 

Analysis of the TRIX index vertical distribution (Figure II.5.4) had shown that in average for 11 

transects its values in the layers 0-2 m and 3-10 m were absolutely similar and made 5.9±0.7. 

Slight decrease of trophic index values was registered in the layer 11-20 m (compared with the 

surface), where TRIX made 5.6±0.7. However, in the bottom layer (21-26 m) TRIX value grew 

again to 5.8±0.7 almost reaching the values typical of the surface layers. A characteristic feature 

of the trophic index vertical distribution in different seasons was the distinct prevalence of its 

values in the surface layers over the bottom ones in May of two years of studies, while in July-

August the TRIX values in the surface layers were higher than at the surface (Figure II.5.4). In 

average, no distinct trend of TRIX changes with depth down to 30 m was registered for the 

entire water column during the period of studies (Figure III.6-.5). 

Figure III.6-5 – Vertical distribution of TRIX index values in water column near the Zmiinyi 

Island in 2016-2017 
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Analysis of seasonal changes of the TRIX average monthly values (Figure II.5.6) calculated for 

water masses at the reference station and along transects from the island to 30 m isobaths had 

shown that in 2016 the highest values were registered in the surface waters in May 

(TRIX=5.7±0.5) and in the bottom waters in June (TRIX=5.7±0.3). In July TRIX values began to 

decrease compared to previous months and reached the lowest values in August making 

4.8±0.7 and 5.0±1.3 in the surface and bottom waters respectively. In September trophic index 

began to grow almost reaching the values of spring maximum in November (5.5±0.8 at the 

surface and 5.4±0.7 at the bottom). However, in December sharp decrease of TRIX index was 

observed – down to the values typical of summer minimum. In April-June 2017, TRIX index 

values grew up to 5.6±0.8 at the surface and 5.9±0.4 at the bottom, which exceeded the values 

registered the previous spring. The described seasonal dynamics of TRIX index, with spring and 

autumn maximums and summer minimum, was also typical of the Zmiinyi Island water area in 

previous years [12, 13]. Data on trophic index decrease in summer period was also presented 

in literature dedicated to studies in different water areas [7, 10,]. 

Figure III.6-6 – Average monthly values of trophic index (TRIX) in the surface and bottom 

waters near the Zmiinyi Island in 2016-2017 

 

III.6.3.2.2. TRIX index changes in Odessa Bay water area in 2016-2017 

The results of trophic index calculation for surface water layer and water column of Odessa Bay 

in 2016-2017 are presented on Figures II.5.7 and II.5.8. TRIX index varied in April-December 

2016 from 4.2 (20.12) to 7.0 (29.08), in April-June 2017 - from 4.7 (30.03) to 6.6 (10.03) with 

mean values 5.7±0.5 and 5.6±0.4 respectively. Analysis of the TRIX index dynamics at the MHBS-

R reference station had shown that in the surface and bottom (depth 2.2 m) water layers its 

variations took place simultaneously (Figure II.5.7), which was confirmed by high positive 

correlation coefficient (r=0.72). At that, average TRIX values for the period of observations in 

the surface water layer at the reference station made 5.6±0.52. The lowest TRIX values (4.2-

4.6) were identified at the reference station in December, the highest (6.7 and 6.6) - on 

30.05.2016 and 10.03.2017. 

3

4

5

6

IV V VI VII VIII IX X XI XII IV V VI

2016 2017

T
ro

ph
ic

 i
nd

ex
 (

T
R

IX
)

Surface layer Bottom layer



Scientific Report - 12-Months Monitoring Studies 

in Georgia, Russian Federation and Ukraine, 2016-2017 

 

591 

According to the data of monthly surveys, the trophic index at the network of stations in Odessa 

Bay was very close to the values at the reference station and made in average 5.7±0.4. Analysis 

of trophic index (TRIX) changes at the network of stations in the bay had shown that the 

difference between TRIX values in the surface layer of water on different stations during one 

survey 1.2 times at maximum (Table III.6-2). In August 2016, TRIX on station 2 was 5.0 and on 

station 12 reached 6.2. In the average, according to the results of 9 surveys the biggest excision 

of TRIX index values compared with other stations was registered on the shallowest station 12 

(depth 5 m).  

 

Figure III.6-7 – Trophic index (TRIX) dynamics at the reference station (MHBS-R) 

 

 

Figure III.6-8 – Variations of trophic index (TRIX) values in the water area of Odessa Bay 

according to the data of surveys of 2016-2017 
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Table III.6-2 – Trophic index TRIX values in surface water layer on different stations of the 

studied area in Odessa Bay  

Date 
Station 

Average 
2 6 9 12 

22.04.2016 5.2 5.9 5.3 6.0 5.6 

01.06.2016 6.3 6.2 6.2 6.3 6.3 

02.07.2016 6.1 6.1 5.9 6.2 6.1 

21.07.2016 5.4 6.0 5.5 6.0 5.7 

29.08.2016 5.0 5.6 5.4 6.2 5.5 

22.09.2016 5.9 5.9 5.7 5.5 5.8 

03.11.2016 5.6 5.4 5.8 5.4 5.6 

26.05.2017 5.8 5.7 5.6 5.7 5.7 

29.06.2017 5.7 5.1 5.5 5.7 5.5 

Average 5.7 5.8 5.7 5.9 5.7 

Analysis of the TRIX index vertical distribution (Figure II.5.8) had shown that in average for 9 

surveys its values in the layers 0-2 m, 3-5 m and 6-10 m were absolutely similar and made 

5.7±0.3. Slight excision of trophic index values was registered in the bottom layer 11-25 m 

(compared with the upper horizons), where TRIX average value made 5.9±0.6. Maximal value 

for Odessa Bay (reaching 7.0) was registered in the bottom layer in August 2016. In average, no 

distinct trend of TRIX changes with depth down to 15 m was registered in Odessa Bay for the 

entire water column during the period of studies (Figure III.6-9).  

 

Figure III.6-9 – Vertical distribution of TRIX index values in water column of Odessa Bay in 

2016-2017  

Seasonal changes of the trophic index average monthly values (Figure II.5.10) calculated for 

water masses at the reference station and on the network of stations in Odessa Bay were mild, 

which can be confirmed by high TRIX values from April to November. In May 2016, TRIX values 

for both surface and bottom waters were the highest (6.0±0.5), while in June, July and August 

they were only a bit lower that spring values, reaching 5.9. Unlike the Zmiinyi Island water area, 

no summer decrease of TRIX index was observed in Odessa Bay. Maximal average monthly 

values were registered in November (6.2±0.4). The lowest average monthly TRIX values in 

Odessa Bay, like in the Zmiinyi Island area, were found in December (4.6±0.3). In February 2017, 

trophic index began to grow compared with December and reached the highest values (5.9±0.1) 

in May. 
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Figure II.5.10 – Average monthly values of trophic index (TRIX) in the surface and bottom 

waters of Odessa Bay in 2016-2017 

 

III.6.3.3. Comparison of two methods of TRIX index calculation for the coastal 
waters of the Zmiinyi Island and Odessa Bay 

The authors who had developed trophic index TRIX (Vollenweider, 1998) as an indicator of 

marine waters quality considered three alternative methods of the index calculation using data 

on mineral forms of nitrogen or phosphorus, or their total content. The first variant of 

calculation takes into account only mineral forms of nitrogen and phosphorus (Nmin -PO4), the 

second – mineral nitrogen and total phosphorus (Nmin-Ptotal) and the third variant uses total 

nitrogen and total phosphorus (Ntotal-Ptotal). Comparative assessment of marine water 

quality near the Zmiinyi Island coast and in Odessa Bay were performed, using two TRIX 

variants, the first using data on total nitrogen and phosphorus and the second using data on 

mineral nitrogen and total phosphorus.  

Comparison of TRIX index values calculated using two methods for the Zmiinyi Island water 

area (Figure III.6-11) shows that there is close correlation connection between them with 

correlation coefficient equal to 0.89.  

Figure III.6-.11 – Seasonal dynamics of trophic index (TRIX) in the surface waters near the 

Zmiinyi Island calculated using data on total (TRIX Ntotal) and mineral nitrogen (TRIX Nmin) 
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However, TRIX index values obtained using total nitrogen and phosphorus were in average 13 

% higher than the values calculated using mineral nitrogen. For some months those differences 

varied from minimal in April-May (5-9 %) to maximal in August-September (22-24 %). Water 

quality assessment using the data on mineral phosphorus had shown that in spring TRIX index 

made 5.0-5.2 and, like in case with total nitrogen was indicative of high trophic level of water. 

However, in August and September TRIX index calculated using mineral nitrogen went down 

reaching 3.6-3.8, which was typical of low level or oligotrophic water. It should be noted that 

oligotrophic level had never before been registered in the Black Sea Danubian region using 

other criteria [20] and the probability of this phenomenon in that water area was low. The 

results received contributed to the choice of TRIX index calculation method – it was decided to 

use the variant based on the data on total nitrogen and total phosphorus. 

TRIX index values for Odessa Bay were calculated using two variants: one of them was based 

on the data on total nitrogen and the other – on mineral nitrogen. The values calculated using 

both methods were changing simultaneously (r=0.89) and, like in the Zmiinyi Island area, the 

results of the first variant were in average 13 % higher than those of the second variant (Figure 

III.6-12). Water quality assessment using the data on mineral phosphorus had shown that in 

May and June TRIX index made 5.1 and, like with the case of total nitrogen, indicated high 

trophic level of water. However, in July and August TRIX index calculated using mineral nitrogen 

data was going down to 4.6-4.8, which was typical for moderate or mesotrophic level. Maximal 

average monthly TRIX index values calculated using mineral nitrogen was received for 

November (5.3), minimal (4.0) – for December. 

The analysis performed gives us the grounds to use the TRIX index based on total nitrogen and 

phosphorus data for assessment of the north-western Black Sea waters state. 

Figure III.6-12 – Seasonal dynamics of trophic index (TRIX) in the surface waters of Odessa 

Bay calculated using the data on total nitrogen (TRIX Ntotal) and mineral nitrogen (TRIX Nmin) 
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III.6.3.4. Connection between trophic index TRIX changes and environmental 
factors 

Analysis of correlation connections between TRIX trophic index and environmental factors had 

shown that in the Zmiinyi Island area TRIX variations were closely connected statistically with 8 

out of 13 parameters controlled (Table II.5.3). The highest coefficients of pair correlation were 

received with chlorophyll а content (r=0.70), salinity (r=−0.52), bacterioplankton number 

(r=0.52) and total nitrogen (r=0.44). In the water area of Odessa Bay TRIX index was statistically 

connected with smaller number of controlled parameters than in the Zmiinyi Island area, 

however connections with chlorophyll а content (r=0.57), salinity (r=−0.35) and total nitrogen 

(r=0.30) were confirmed.  

Table III.6-3 – Coefficients of correlation between trophic index TRIX values and marine 

environmental parameters near the Zmiinyi Island coast and in Odessa Bay 

 Parameter  Zmiinyi Island area Odessa Bay 

Water temperature -0.01 0.23 

Transparency -0.42** -0.47** 

рН 0.19 0.14 

Salinity -0.52** -0.35** 

Oxygen content 0.31* -0.22 

Total phosphorus 0.21 0.20 

Mineral phosphorus 0.04 0.11 

Total nitrogen 0.44** 0.30* 

Nitrate nitrogen (NO3) 0.35** 0.00 

Nitric nitrogen (NO2) 0.14 0.06 

Ammonium nitrogen (NH4) 0.31* 0.30* 

Chlorophyll a 0.70** 0.57** 

Bacterioplankton 0.52** 0.27* 

Note: ** - significance level 0.001, * - significance level 0.01. 

Chlorophyll а and nitrogen are the TRIX index components, so it is no surprise that they 

correlate. Together with that, it should be pointed out that that the coefficients of correlation 

between TRIX and chlorophyll were significantly higher than with other constituents of trophic 

index, which was illustrative of this parameter’s dominating influence on TRIX values.  

Special attention should be paid to high coefficient of correlation between TRIX and water 

salinity, which has negative sign. This means that TRIX index grows with decrease of salinity. 

Consequently, the transformed river waters play their role in water quality degradation in both 

studied marine areas. However, connection between TRIX index and salinity in the Zmiinyi 

Island area is closer than near Odessa coast. 

III.6.4. Comparative analysis of the two studied areas with other 
Black Sea areas 

The studies performed in those two areas of the north-western Black Sea enable us to compare 

water quality in the ecosystems experiencing different levels of anthropogenic pressure. On 

one hand, the water area near the Zmiinyi Island suffers the influence of transformed river 

waters, but on the other hand, waters from the open part of the sea influence this area during 
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most of the year. In its turn, Odessa Bay, together with such a regional impact-factor as river 

discharge, suffers from additional anthropogenic factors: big seaport, recreational load in 

summer and municipal wastewaters of the city with million inhabitants. In this respect Odessa 

Bay is considered an impact marine area suffering intensive anthropogenic pressure.  

For the period of studies trophic index (TRIX) in both areas varied within broad limits: 3.9-7.2 

for the Zmiinyi Island area and 4.2-7.0 for Odessa Bay, which was typical of three water quality 

categories: good, moderate and bad. At that, near the island TRIX values within the range 4-5 

(which corresponded to good water quality or mesotrophic level) made 27 % of all 

observations, while in Odessa Bay good quality was observed two times less frequently (12 % 

of all observations). Most often in both studied areas water quality was moderate and 

corresponded to high or eutrophic level (Table III.6-4).  

Table III.6-4 – Percentage of samples with respective water quality in the Zmiinyi Island area 

and Odessa Bay in 2016 2017 

Water quality TRIX value Trophic level Zmiinyi Island area Odessa Bay 

High <4 Low 0 0 

Good 4 – 5.0 Moderate 27 12 

Moderate 5.1 – 6.0 High 46 70 

Bad >6 Very high 27 18 

In the Zmiinyi Island area seasonal changes of water quality, assessed using TRIX average 

monthly values (Figure II.5.13), were quite well defined. From April to July and from September 

to November the average monthly TRIX index values varied within 5.1-5.7 all over the water 

column in the Zmiinyi Island area, which corresponded to moderate water quality and high 

trophic level. In August and December, however, TRIX average monthly values went down to 

4.6-4.9, which corresponded to good quality or moderate trophic level.  

At the same time, in Odessa Bay TRIX average monthly values were 5.2-6.0 most part of the 

year (February-October), which corresponded to moderate water quality or high trophic level, 

while in November the value was reaching 6.1 corresponding to very high trophic level or bad 

water quality. Only in December TRIX index was decreasing down to 4.6 and water in Odessa 

Bay met the criteria of good water quality or moderate trophic level.  

Figure III.6-13 – Average monthly values of trophic index in the Zmiinyi Island (ZMN) and 

Odessa Bay (MHBS) coastal waters in 2016-2017 

 

 

4,5

5,0

5,5

6,0

6,5

IV V VI VII VIII IX X XI XII IV V VI

2016 2017

T
ro

p
h

ic
 in

d
ex

 (
T

R
IX

) ZMN MHBS



Scientific Report - 12-Months Monitoring Studies 

in Georgia, Russian Federation and Ukraine, 2016-2017 

 

597 

Comparison of average monthly TRIX index values in the two studied areas had shown that only 

in April 2016 trophic index near the Zmiinyi Island coast was 0.2 TRIX units higher than in Odessa 

Bay. For 7 months, from May to November 2016, TRIX values in Odessa Bay were 0.2-0.8 units 

higher than near the island. In December, trophic index was the same in both areas. In spring 

2017, minimal prevalence of TRIX index (0.1-0.3 units) was observed in Odessa Bay compared 

with the island area and in June the values in both areas were almost similar again. Mean value 

of trophic index in Odessa Bay (5.6±0.4) for the entire period of studies (2016-2017) was 0.3 

TRIX units higher than mean value in the Zmiinyi Island area (5.3±0.3).  

Analysis of retrospective data on trophic index in marine waters near the Zmiinyi Island shows 

that the results of 2016-2017 stay within the range of the values registered by us in that water 

area during the past 14 years [12-17]. The average many years’ TRIX value for the surface 

waters near the island makes 5.2±0.7 and coincides with the data of 2016. In 2017 TRIX index 

was 0.3 units higher than the average many years’ value, but that could result from the fact 

that the studies covered only half of the year 2017 and did not include the periods of summer 

and winter minimums. 

Comparison of the data received by us with the results of other authors shows that the trophic 

index values for the surface waters of the Zmiinyi Island and Odessa Bay areas are lower than 

in the Danube River inflow area [8] and at the Turkish coast [9], where TRIX values are higher 

than 6. 

III.6.5. Conclusions 

The TRIX values characterising marine environment quality in the two studied areas were highly 

variable and, respectively, marine environment quality varied within broad limits between the 

categories Good and Bad, which corresponded to trophic level changes from Moderate to Very 

high.  

TRIX index variations were characterized by maximal values in April-June which, first of all was 

connected with hydrological characteristics of the studied areas. The lowest TRIX values were 

established in both areas in December; for the Zmiinyi Island area significant decrease of the 

index value was also registered in August. 

Comparison of TRIX indexes in both areas had shown that the index values in Odessa Bay were 

in average 0.3 TRIX units higher than in the Zmiinyi Island area. At that, the state of water in 

both marine areas was characterised as transitional from Moderate to High trophic level. 

However, in Odessa Bay Good and Moderate water quality was registered twice as rare as in 

the Zmiinyi Island coastal waters. This brings us to the conclusion that Odessa Bay waters were 

more eutrophic and their quality was lower than in the Zmiinyi Island coastal area. In this 

regard, the island area can serve as a reference area for the monitoring system required to 

solve the problem of setting the rates of anthropogenic load on the north-western Black Sea 

ecosystem.  



Scientific Report - 12-Months Monitoring Studies 

in Georgia, Russian Federation and Ukraine, 2016-2017 

 

598 

III.6.6. Problems and Gaps 

Problems connected with application of the TRIX index and other possible indexes of the 

Black Sea marine environment quality are as follows: 

- Lack of marine environment quality assessment methodologies unified on national level 

and internationally between all the countries of the Black Sea basin (this is also true for 

the method using TRIX index), which complicates and sometimes makes impossible the 

representative comparison of marine environment quality between different areas of 

both the Black and Mediterranean Seas. It should be noted that in most of Mediterranean 

countries TRIX index is adopted as national index of marine quality assessment; on the 

Black Sea Bulgarian and Romanian researchers are also using TRIX for this purpose. If TRIX 

is to be adopted by the Black Sea countries as the unified assessment method, its 

determination should be done by all the organisations for different variants of datasets 

of nitrogen and phosphorus compounds, as the differences can be quite significant when 

different mineral forms and total content of nitrogen and phosphorus are used.    

- Surveys are performed seldom and occasionally. In other words, lack of regular 

observations of the main parameters of marine environment used for integrated 

assessment of marine environment state. Such occasional surveys give no objective 

assessment of marine environment quality within a calendar year, while the studies 

revealed significant seasonal variations of marine environment quality in two areas of the 

sea experiencing different anthropogenic influence. 

III.6.7. Recommendations 

Based on the studies it is recommend to use TRIX index as national and international method 

for the whole Black Sea.  

For objective assessment of marine environment quality in the Ukrainian part of the sea, 

regular studies are required: at least quarterly in the open parts of the sea and monthly in the 

coastal and deltaic areas. Such typical areas of studies (‘polygons’) shall be established in 

advance depending on their significance and representativeness.  

 

REFERENCES 

1. Directive 2008/56/EC of the European Parliament and of the Council of 17 June 2008 establishing a 
framework for community action in the field of marine environmental policy (Marine Strategy Frame-work 
Directive). – 22 p. http://eurlex. europa. eu/Lex UriServ/Lex 
UriServ.do?uri=OJ:L:2008:164:0019:0040:EN:PDF  

2. Directive 2000/60/EC of the European Parliament and of the Council establishing a framework for the 
Community action in the field of water policy. European Communities, 2000. – 133 р.  

3. Convention on the Protection of the Black Sea Against Pollution. Istanbul, 1992, 34 p. Відомості Верховної 
Ради України (ВВР), 1994, N 23.  

4. Конвенція про охорону біологічного різноманіття від 1992 року. Ратифіковано Законом України N 
257/94-ВР від 29.11.94. // Відомості Верховної Ради України (ВВР), 1994, N 49. 433 С.  

5. Острів Зміїний: екосистема прибережних вод: монографія / В.А. Сминтина, В.І. Медінець, І.О. Сучков 
[та ін.] ; відп. ред.. В.І. Медінець ; Одес. Нац.. ун-т ім. І.І. Мечникова. – Одеса : Астропринт, 2008. – XII, 

http://eurlex/


Scientific Report - 12-Months Monitoring Studies 

in Georgia, Russian Federation and Ukraine, 2016-2017 

 

599 

228 c., [10] арк.. іл.. – (Наук. проект «Острів Зміїний» / керівник проекту В.А. Сминтина). ISBN 978-966-
190-149-9.  

6. Северо-западная часть Черного моря: біологія и екологія:отв.ред. Ю.П.Зайцев, Б.Г. Александ-ров, Г.Г. 
Миничева Г.Г. К.:Наук.думка. 2006. 700 с.  

7. Vollenveider R. A., Giovanardi F., Montanari G., Rinald A. Characterization of the trophic conditions of marine 
coastal waters, with special reference to the NW Adriatic Sea, Proposal for a trophic scale, turbidity and 
generalized water quality index //Environmetrics. 1998. 9: Р. 329-357.  

8. Дятлов С. Е. , Гончаров А.Ю., Богатова Ю. И. // Трофический статус северо-западной части Черного 
моря/Вода: гигиена и екология. - 2013. - №1(1).– С.51-60.  

9. Baytut O. , Gonulol A., Koray T. Temporal Variations of Phytoplankton in Relation to Eutrophication in Samsun 
Bay, Southern Black Sea // Turkish Journal of Fisheries and Aquatic Science. – 2010. - Vol. 10. - P. 363-372  

10. Moncheva S. Application of eutrophication indices for assessment of the Bulgarian Black Sea coastal 
ecosystem ecological quality/ Moncheva S., V. Doncheva, Shtereva G., L. Kamburska, S. Gorinstein//Water 
Science and Technology. – 2002. - №8, vol 46, N8. - P.19-28  

11. Salas F., Teixeira H., Marcos C., Marques J., Pérez-Ruzafa A. Applicability of the trophic index TRIX in two 
transitional ecosystems: the Mar Menor lagoon (Spain) and the Mondego estuary (Portugal) / ICES Journal 
of Marine Science, 2008 65(8):1442-1448. 

12.  Медінець В.І., Ковальова Н. В., Снігірьов С. М., Грузова І.Л.// Оцінка якості морських вод в районі 
острова Зміїний за допомогою індексу TRIX //Наук. зап. Тепноп. нац. пед. ун-ту ім. В.Гнатюка. Сер. Біол., 
Спец. вип.: Гідроекологія. 2010. № 3(44). С. 159-162. ISSN 2078-2357.  

13. Kovalova N. Comprehensive Assessment of Long-Term Changes of the Black Sea Surface Waters Quality in 
the Zmiinyi Island Area[Текст] / N. Kovalova, V. Medinets // Turkish Journal of Fisheries and Aquatic Sciences. 
2012. № 12. P. 485-491 (2012), ISSN 1303-2712.  

14. Ковалева Н.В., Мединец В.И. Долговременные изменения качества морских вод Черного моря в 
районе острова Змеиный/ Мат. VII Между-нар. конф. «Современные рыбохозяйст-венные и 
экологические проблемы Азово-Черноморского региона». Керчь, 20-23 июня 2012 г. – Керчь: Юг-НИРО, 
2012. Т1.С.196-200.  

15. Мединец В.И., Ковалева Н.В. Исследование качества прибрежных вод о. Змеиный с использованием 
индекса эвтрофикации TRIX // материалы Междунар. науч.-практ. конф. «Экологические проблемы 
Черного моря» (Одесса, 27-28 октября 2011 г.). - Одесса: ІНВАЦ, 2011. – С.169-172. 

16. Ковальова Н.В., Медінець В.І. Інтегральна оцінка якості морських прибережних вод острова Зміїний / 
Наукові записки Тернопільського національного педагогічного університету імені Володимира 
Гнатюка. Серія: Біологія. Спеціальний випуск: Гідроекологія. — 2015. — № 3-4 (64). — С. 317-320.  

17. Ковальова Н.В. Медінець В.І., Мілева А.П., Грузова І.Л., Ботнар М.Г., Снігірьов С.М., Газетов Є.І., 
Медінець С.В. Порівняльна оцінка якості прибережних поверхневіх морських вод Одеської затоки і 
району о. Зміїний в 2016 р./ Вісник ХНУ імені В. Н. Каразіна серія «Екологія», вип. 16 – 2017 – С. 132-
140. 

18. Руководство по химическому анализу морских вод.-СПб.:Гидромереоиздат, 1993. 218 с. 

19. Jeffrey, S. W., Mantoura, R. F. C. and Wright, S. W. (Eds.), (1997), “Phytoplankton Pigments in Oceanography: 
Guidelines to Modem Methods”, UNESCO Publishing, Paris, 661 pp. 

20. Конарева О.П., Ковальова Н.В., Солтис І.Є. Мікробіологічні аспекти якості прибережних вод острова 
Зміїний / Наукові записки Тернопільського національного педагогічного університету імені 
Володимира Гнатюка. Серія: Біологія. Спеціальний випуск: Гідроекологія. — 2015. — № 3-4 (64). — 332-
335.  



Scientific Report - 12-Months Monitoring Studies 

in Georgia, Russian Federation and Ukraine, 2016-2017 

 

600 

 

 
 

12-Months National Pilot Monitoring 
Studies in Georgia, Russian 

Federation and Ukraine, 2016-2017 
 

Final Scientific Report 
 

NOVEMBER 2018 
 
 
 
 
 
 
 

Editors: J. Slobodnik, V. Medinets, B. Alexandrov, V. Komorin, A. Mikaelyan, A.
 Guchmanidze, M. Arabidze, A. Korshenko - 

 
 
 
 
 
 
 
 
 
 
 
 
 

Publisher: Seredniak T.K., 18, PO Box 1212, Dnipro, 49018, Ukraine 
Certificate of registering the publishing entity in the State Register of 

Publishers, Manufacturers and Distributors of Publishing Products 
DK No. 4379 dated 02.08.2012. 

Publisher ID in the ISBN system 7953 
 

 


