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Exec utive summary

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

TheScientific ReportiNational Pilot Monitoring Studies and Joint Open Sea Surveys in Georgia,
Russian Federation and Ukraine, 2G16 K & 0SSy LtiNBMBLASK RNE BFROSI NJ
UNDP Project 'Improving Environmental Monitoring in tiddack Sea (EMBLA® L U €
(http://lemblasproject.org/) The National Pilot Monitoring Studies (NPMS) and Joint Open Sea
Survey (JOSS) Programme was developed within the frarkef®roject Activity (PA)and 4,
respectively EMBLASI is cefinanced by the European Commission (EC) and United Nations
Development Programme (UNDP). The project implementation started on 1 April 2014 and will
end on 31 May 2018, having the totalrdtion of 50 months. Beneficiary countries are Georgia
(GE), Russian Federation (RF) and Ukraine (UA), represented by the Ministry of Environment
and Natural Resources Protection (GE), Ministry of Natural Resources and Environment (RF) and
Ministry of Ecabgy and Natural Resources (UA). TBlack SeaCommission Permanent
Secretariat is among the project partners.

The EMBLAB project is addressing the overall need for support in protection and restoring the
environmental quality and sustainability of tiBéack SeaTlhe specific objectives are as follows:

1 Improve availability and quality @lack Seanvironmental data in line with the MSFD
andBlack Se&trategic Action Plan (2009) needs;

1 Improve partner countries' ability to perform marine environmentabnitoring along
MSFD principles, taking into account thBlack Sea Diagnostic Report I
recommendations on capacity building.

EMBLAS was designed to tackle deficiencies and limitations in availability of accurate reliable
and comparable marine data, as Mles to build capacities of the countries to perform
integrated environmental monitoring and assessment of Black Seaccording to the EU
Marine Strategy Framework Directive (MSFD), EU Water Framework Directive (WFD) for the
coastal zones and the need$ the Black Se&trategic Action Plan (BS SAR)cording to the

EU Marine Strategy Framework Directive (MSFD) EU Member States have to achieve Good
Environmental Status (GES). Targets for GES for each of the 11 descriptors of environmental
status shouldhave been set by each EU Member State, and programmes of measures to achieve
these targets are to be put in place. The descriptors of GES are further refined in the
Commission Decision on Descriptors (EC, 2010). Principles of the MSFD and WFD fons the bas
of the Black Se#ntegrated Monitoring and Assessment Programme (BSIMAP) approved by the
Black Se&€ommission (BSC).

The MSFD mandates that existing regional seas agreements be used to implement these
environmental objectives. Many of the MSFD descriptare interrelated and overlapping (e.g.

fish resources, food web structure, eutrophication, biodiversity, 4mahgenous species and
pollution) with the four strategic ecological quality objectives (ECOQs) set bBl#dtk Sea
Strategic Action PlanaddptR Ay HAand 6. {{ !t Qunndp0vd ! f (i K2 dzAK
specific there is a clear potential synergy between the MSFD and BS SAP.

The NPMS/JOSS 2016 Scientific Report consists of summaries of scientific results based on data

collected during the ceanographic operations by Georgia, Russian Federation and Ukraine as
well as a brief description of the int@omparison exercises.
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The report outlines:
1) The National Pilot Monitoring Studies in:
1 Georgia (GE): NPMS GE expedition;
1 Russian Federation R NPMS RF3 expeditions and a report on present status
of 2 stations of NPMS I®onths RF;
1 Ukraine (UA): NPMS UAL expedition.
2) The Joint Open Sea Surveys:
1 Transects Odessq Batumi ¢ Constanta:JOSS GHA in Ukraine (UA) and
Georgian (GE) waters;
1 Transect in waters of Russian Federation (RF): JOSS RF.

The project is supporting the development of partner countries’ marine environmental policies
and strategies and will contribute to implementation of concrete field activities in the area of
monitoring and assessment ddlack Seanarine environment. Main efforts are being put into
establishment of sustainable schemes for testing of separate parts of Natikiaek Sea
Integrated Monitoring and Assessment ProgrammesB@MAPS) and obtaining high quality

new data via NPMSs in the transitional, coastal (WFD) and territorial (MSFD) waters and JOSS
in the Exclusive Economic Zone (EEZ) open sea waters 8kaloSeaountries.

The main objective of the JOSS was to implement the JOSS Methodology elabotiaite thevi
framework of the EMBLAISproject. It aims to assist all participants in understanding and
piloting a common approach for assessment of the ecosystem state of the deep part of the sea
based on the principleand methodologies of the MSFD

The seanterior represents the main body of sea water being ruled by key processes which
ultimately define the functioning of the whoRlack Seacosystem. Regular observations of the
deep waters are crucial for understanding of lelegm climate and anthropog&c impacts,
which are currently not included into the national monitoring programmes. The main tasks of
JOSS were therefore as follows:

1 To assess an intensity of the winter convection and formation of the Cold Intermediate
Layer in the context of climatehange;

To assess the current position of the hydrogen sulphide level,

To assess the eutrophication potential of the deep basin;

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

To establish presence and role of Amiligenous spcies;

To explore natural phenomena like blooms or mass developments of organisms;
To evaluate the current trophic level of the ecosystem;

On the basis of the obtained results to evaluate the loegn trend in hydrophysical,
hydro-chemical and biologicg@roperties of the ecosystem in the context of climate and
anthropogenic impacts;

= =4 4 4 4 A4 2

=

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

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

1 To test new monitoring techniques and evaluate their suitability for national monitoring
programmes.
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Scientific programmes of GE and W#&re conducted on board of the Romanian research vessel
Gal NB b A 3 NHzY antil®NE&20M1n the U&ainian and Georgian waters, where
sampling took place at 55 sampling stations along the Ukrainian and Georgian polygons and
transects OdessaBatumi- Constanta with bottom depths varying from 11 to 2100 m.

The sampling and bservations programme of NPMSs was implemented at the appointed
sampling sites in Ukraine and Georgia presented in Tables 1, Bigumek1 below. Sampling,
processing of samples and reporting were performed according to the methods and templates
agreed anong the EMBLAS project partners. Processing and analysis of most of the samples
was carried out in laboratories of the project partners in Ukraine and Georgia. A part of the
samples was analysed for presence of poteriilEick Se&pecific Pollutants in érnal EU
laboratories.

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

Sampling waslone on two latitudinal transects across tBéack SedFigurel). First transect
(Leg 1) started from the outer nortivestern BS shelf and crossed the continental slope to the
centre of the western cyclonic gyre. Then Leg 1 run along théatBide to the centre of the
eastern cyclonic gyre. After that Leg 1 turned towards Batumi.

Table 1. NPMS UA andPMS GEcoordinates of the monitoring sites.

Station Lat°N Long°E r|-r|1 Type |Station Lat°N Long°E ﬁ Type

NPMSUA 0146 U 130 U 4|26 |shelf NPMS GE 01 [41°33,4M;j41°33,11Mj46 |coastal
NPMSUA 0245 U 530 U 4|19 |shelf NPMS GE 02 [41°34,394j41°32,41Nj/76 |coastal
NPMS UA 03|45 U 430°18,518 |17 |shelf INPMS GE 03 41°39,949j\41°35,6]l\2j 22 |shelf

NPMSUA 0445 U 330 U 3|24 |shelf INPMS GE 04 41040,333j\41°35,084j 32 |[shelf

NPMSUA 0545 U 329 U 5|20 |shelf NPMS GE 05 [41°43,170j41°32,1538j677/coastal
NPMSUA 06/45 U 129 U 522 [shelf [NPMS GE 06 [41°4,7681j41°43,319]23 |shelf

NPMS UA 07{4 5 U 129°48,616 |20 |shelf INPMS GE 07 [41°45,763] 41°42,883j|63 coastal
NPMS UA 08(4 4 U 530°34,637 |52 |shelf INPMS GE 08 41054,259j\41°44,948j 42 |coastal
NPMSUA 0945 U 331 U 1|42 |shelf NPMS GE 09 [41°54,038j41°40,2Mj/93 |coastal
NPMS UA 1045 U 431°07,452 |31 |shelf INPMS GE 10 [41°53,43]41°37,2539j167/coastal
NPMSUA 11145 U 531 U 1|30 [shelf NPMS GE 11 [42°07,399j41°36,98Vj/38 |coastal
NPMSUA 1246 U 131 U 2|16 |shelf INPMS GE 12 [42°07,11Nj41°35,619j280 coastal
NPMSUA 1346 U 231 U 2|13 |shelf INPMS GE 13 [42°22,61N)41°32,024j40 |coastal
NPMSUA 14[46 U 231 U 0/13 |shelf [NPMS GE 14 [42°22,108j41°32,31Nj|80 |coastal
NPMSUA 1546 U 3 (030U 4 9|19 |shelf [NPMS GE 15 42°22,23\7j\41°30,049j 440 coastal

The stations were located rather tightly in Georgian waters since the ecosystem hydrological
structure (the quasstationary Batumi anticyclonic eddy) importantrfthe Black Seavas
planned to be investigated in more detail. Leg 2 located on the same route as Leg 1 ended in
Ukrainian EEZ where the crestself transect was performed. Stations of both transects formed
the united latitudinal transect.

17



Scientific Report

Joint Black Sea S urveys 2016

| EMBLAS2 Cruise monilc?ring stations (Al Countrfe;) L

4  JOSS-UA-GE : -
o  JOSS-RF ‘
NPMS_UA (planned)
NPMS_GE (planned)
NPMS_GE (actual)

World EEZ (v.8 2014 HR) Esri, DeLorine, GEBCO, NOAANGI
RE. Geor

24 | Geographic, DeLorme, HERE, G

I o

1916
x Escarpment
o

Map created in ArcMap 10

CS WGS 84, Web Mercator
Bathymetry © UkrMorKartografia
@UkrSCES, GIA Department, 2016.

T T T T
= 0'00E o

“Figure 3 An overview map of sampling stations in NPMS UA, NPMS GE,
JOSS UAE and JOSS RF.
Table 3 JOSS GHA, coordinates of the 25 sampling stations.
Station Lat°N Long?E Sgg%r?m Station Lat°N Long?E ggg&':nm
JOSSGEUAO01 |4 3U45(31U04 2|1702 JOSSGEUA13 143 U31, 36 U0 4, [2100
JOSSGEUA02 |43 U33|31U0U4 4(1853 JOSSGEUA 14 43 U332, 35U35, (2157
JOSSGEUA03 |4 3U22(3 1049|1933 JOSSGEUA15 143 U026, (34055, |2169
JOSSGEUA 04 [43°21,8 2 |3 2 U 3 4|2032 JOSSGEUA 16 43 U20, 34021, [2170
JOSSGEUA05 42 U10(40UO0 61855 JOSSGEUA 17 43 U18, 34002, [2159
JOSSGEUA 06 (42 U0 5|4 0 U2 0[2040 JOSSGEUA18 |43 U020, (33028, |2173
JOSSGEUA 07 |42 U0 1|408 4, 7|1672 JOSSGEUA19 |43 U025, 32051, [2106
JOSSGEUA08 |4 1 U55(4 0 U4 9|1553 JOSSGEUA20 (43 U57, 31039, |1428
JOSSGEUA09 (4 1U49(41U00 1|1266 JOSSGEUA?21 144009, (31034, (1120
JOSSGEUA 10 |41 U4 7(4101 2|1013 JOSSGEUA22 (4 4U24, (31U28, (974
JOSSGEUA 11 (4 1 U4 2|4 102 4473 JOSSGEUA23 44 U38, (31023, |391
JOSSGEUA 12 |42 U1 4(39 U5 3|1909 JOSSGEUA24 (4 4U49, 31U19, (65
JOSSGEUA25 145003, 31009, |60

An impressive number of physiechemical parameters, chemical pollutants in water (PW),
bottom sediments (PS), biota (PB) and biological samgidsrOphylta, phytoplanktm, macre

, mezge, and micrezooplankton, ichtyoplankton, meicand macrezoobenthos,micro- and
macrophytobenthos composition (all with species composition, abundance and biowerss)
sampled and/or measured during the cruisésglre4). All of the measurements were of
relevance for indicator based assessment of the BS environmentakgfaable 4).
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Figure 4. Number of samples collected within the framework of scientific programme of
NPMS GE, NPMS UA and JOSSGE
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Table 4. Parametersf scientific programmes of NPMS and JOSS analysetaard and/or in laboratories inGE, UA and R

Physical PW PCBs individual | PCBs total PS OCPs PCBs individual PAHs PB PCBs individual | PCBs total
- TPHs -
v U u] As g/l | PCB8 ng/l | AF1254 ng/l total mg/kg| UHCH pg/kg | PCB8 pgkg Naphthalene | pgkg Trace Mels PCB8 pgkg | ArF1254 Ho/kg
s A |cd ug! |PcB18 | ngil | Ar1260 ng/l|Phenols| mg/kg|b-HCH |ugkg |PCBIS  [ugkg | APVl gpq  as mg/kg |PCB18 |ugkg |A-1260  |ngkg
-HCH
seceh - Cts ug/l | PCB31 ng/l PAHGS s TOC % (Lindane) ugkg |PCB31 pug'kg Fluorene pgkg |Cd mg/kg | PCB31 | pgkg PAHGS s
Hexachlor
Cu g/l | PCB28 ng/l | Naphthalene| ng/l Trace Mls P——" pgkg | PCB28 pa'kg Acenaphthenq pglkg |Cts mg/kg | PCB28 |ugkg | Naphthalenq pgkg
Hg ug/l | PCB52 ng/l /:genaphthyl ng/l | Al g/kg | Heptachlo| ugkg |PCB52 pg'kg Phenanthreng pgkg | Cu mg/kg | PCB52 | pgkg ﬁgenaphthy ug/kg
Chemical ug/l | PCB49 ng/l | Fluorene ng/l | As mg/kg| Aldrin pg/kg PCB49 pg/kg Anthracen uo/kg Hg mg/kg | PCB49 |pgkg |Fluorene ug/kg
07] I’T:/SH Zn ug/l | PCB44 ng/l gcenaphthel ng/l | Cd mg/kg | Dieldrin  |pgkg | PCB44 ugkg Fluoranthene | ugkg | Pb mg/kg | PCB44 | pgkg /:cenaphthe ug/kg
BOD5 mg/l | Ni g/l | PCB66 ng/l | Phenanthrer| ng/l|C ts mg/kg(D D pgkg | PCB66 pg'kg Pyrene pgkg | zn mg/kg | PCB66 | ugkg zhenanthre pno/kg
My wuni |Cr ug/l | PCB101 ng/l | Anthracene | ng/l| Cu mg/kg| DDD pgkg |PCB101 |pgkg E::;o(a)anth pgkg |Ni mg/kg | PCB101 | ugkg | Anthracene | pgkg
N(NH) pg/l | Fe ug/l [PCB110 ng/l | Fluoranthenq ng/l | Hg mg/kg| DDT pgkg | PCB110 pgkg Chrysene pgkg |Cr mg/kg | PCB110 | pugkg | Fluoranthen{ pgkg
Benzo(b)fluor
N(NQ) pg/l [ Mn ug/l | PCB149 ng/l | Pyrene ng/l | Pb mg/kg PCBs total PCB149 |ugkg thene ugkg |Fe g/kg |PCB149|pugkg |Pyree ug/kg
Benzo(a)ant R Benzo(Kk)fluor Benzo(a)ant
N(NQ@) pa/l OCPs PCB118 ng/l I ng/l|Zn mg/kg| Ar1254 |pgkg |PCB118 pg'kg T pgkg [ Mn mg/kg | PCB118 | pgkg — no/kg
N org, ug/l |UHCH ng/l | PCB153 ng/l | Chrysene ng/l | Ni mg/kg| Ar1260 |pgkg |PCB153 | pgkg Benzo(a)pyrel pgkg | OCPs PCB153 | ugkg |[Chrysene |[pgkg
Benzo(b)fluc Dibenzo(a,h)q - Benzo(b)flug
Ntotal  pg/l |b-HCH ng/l |PCB138 ng/l anthene ng/l | Cr mg/kg PCB138 pa/kg hracene ngkg |UHCH ngkg |PCB138 | ugkg anthrene no/kg
2HCH Benzo(k)fluo Indeno(1,2,3c Benzo(k)flua
P(P@) ug/l (Lindane) ng/l | PCB183 ng/l anthene ng/l | Fe a/kg PCB183 |ugkg pyrene pgkg |b-HCH pgkg PCB183 | pg/kg anthrene ugkg
Hexachlor Benzo(a)pyri Benzo(g,h,i)ps oHCH Benzo(a)pyr
Pyr pg/l obenzene ng/l |PCB174 ng/l ne ng/l | Mn mg/kg PCB174 |pgkg ylene ug/kg (Lindane) ug/kg PCB174 | ngkg ne uo/kg
Hexachlor Ditenzo(a,h
P total pg/l |Heptachlg ng/l | PCB177 ng/l PCB177 pg'kg — pno/kg PCB177 | pgkg anthracene no/kg
" A Dibenzo(a,h] Indeno(1,2,3
Si(SiQ)  pg/l JAldrin ng/l | PCB180 ng/l i — ng/l PCB180 |ugkg Heptachlon pg/kg PCB180 | pgkg d)pyrene uo/kg
. . Indeno(1,2,3 . Benzo(g,h,i)
PW Dieldrin ng/l |PCB170 ng/l d)pyrene ng/l PCB170 pa/kg Aldn no/kg PCB170 | ng/kg erylene no/kg
TPHs  mg/ |DD ngll |PCB199 | ng/! SS,T;?ég’h'l)l ng/l PCB199 | ugkg Dieldrin  |pgkg | PCB199 | ugkg
TSS mg/ | DDD ng/l |PCB194 | ngll PCB194 |ugkg DD ugkg [PCB194 [ ngkg
TOC mg/ |DDT ng/l DDD ug/kg
DDT ugkg
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Scientific programmes of Rirere presented by three NPMS and one JOSS survey in Russian
waters. Dates, regions and vessels involved are shown on the Table 5 below. During NPMS
cruises sampling was done at 40 stations, during 4@&$3%2 stations and twonore stations
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processing of samples and reporting were done according to the methods and templates
agreed among the EMBLAS project partners. Processing and analysistadf the samples
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Table 5. EMBLAS.Isaqtific surveys in RssianFederation.
Survey Dates Region Research Vessel
NPMaII 910 May 2016 Anapé&Gelendzhik Ashamba
JOSS RF 2930 May 2016 Gelendzkisea center Impuls
NPMS 7-9 August 2016 Kerch Strait Peleng
NPMSI 23 Novembet December 2016 SochiAdler region Peleng

The NPMS surveys have been started byFSAS scientific teaimn May 2016 on the R/V
"Ashamba".Three regions were chosen foistpart of work: (1) transect off the Gelendzhik

Bay, the area with the most intensive load on the ecosystem; (2) transect in the Anapa Bay,
the area with the presumed minimal load on the ecosystem and (3) station off the Blue Bay,
area with the transitio waters corresponded to sampling site ofh®nths monitoring

study figureb, Tables 6 and 7).

Table 6. Coordinates of sampling stations and overview of sampling efforts during the
NPMS RF Il {80 May) near Gelendzhik Bay.

Chemistry,

Water Water/

° St LI Latitude Longitude sampling Bottom Phytoplankton,
depth depths sampling Bacteria,

Zooplankton

1G 10 44 A 34.|38°2986E 2* 1 2/1/2

2G 25 44A 32.]381901E 3** 1 3/1/3

3G 65 44 A 30.]|37°59.80E 3** 1 3/1/3

* Water samples from 2 depthssurface and near bottom;
** Water samples from 3 depthssurface, thermocline and near bottom.

Table 7. Coordinates of sampling stations and overview of sampling efforts during the

NPMS RF Il {20 May) nar Anapa Bay.

Chemistry,
- | Bottom . . WIS BRI Phytoplankton,
St ¢ d Latitude Longitude sampling Bottom .
EEi depths samplin e
P ping Zooplankton
1B 4 45A 1.6/37A 5. 4]1 - 1/0/1
2B 10 45A 2. .2/37A 5.7 2 1 2/1/2
3B 16 45A 1.5 37A 5. 3 3 1 3/1/3
4B 21 45A 0.0/37A 4. 3|3 1 3/1/3

* ** The same as in the Table 5.

The sampling site of the NPMS-fidnths monitoring study (thé KA 3K FNBIj dzSy O&

was located 4.3 miles effhore near town Gelendzhik (Blue Bay) over the sea bottepth

of 500- 700 m (Table 8Figure5). This region is transitional zone between the coastal and
open waters. Biological annual succession is less impacted by frequent environmental
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fluctuations in this place than in the shelf. The patterns of succespirenology 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.

45.1°

saged 7

44.6° tation 500 m (6 depths)

Figure 5. Scheme of sampling locations during the NPMS RF: pilot monitoriny stud
Anapa Bay (left insertion)Gelendzhik Bay (right insertion) and ##onths monitoring
study near Blue Bay (central insertion).

Starting from May 2016, six stations consisting of vertical series (6 depths) were monitored
within the frame of the EMBL3\project. Chemical measurements were conducted on another
nine stations in the same region as a part of the RF national scientific programmes. These
stations filled time gaps in sampling and were added to the NPM@&dizhs RF study as in

kind contributian of the Russian Federation. Thus, the total number of stations with chemical
measurements was 15 and the total number of samples taken at various sampling depths was
90.

Table 8. Coordinates of the monitoring station off the Blue Bay and overview of sampl
efforts during the first 6 months of the NPMS 4#onths RF in Gelendzhik.

Chemistry,
§ | Bottom . _ Water Phytoplankton, Total number
St é denth Latitude Longitude sampling Bacterioplankton plankton
P depths b ’ samples
Zooplankton
1 500 44°31.25'N | 37°55.75'E 6 + 6 micro/2 zoo

The JOSS RF was conducted during two dayson28 andal @ Hnamc dzaAy3a @8S:
Stations were located on a 9%ile transect from the centre of the sea to Caucasian coast near
GelendzhikKFigure6). Transect started from the station 116 located in the deep waters, the

most probable position of the estern cyclonic gyre (Ovchinnikov and Popov, 1987; Toderascu

and Rusu, 2013). 12 stations were situated on the transect (Table 8)sdTlifBings
measurements and collection of mesozooplankton and macrozooplankton samples with net

tows were carried out at abktations. Full ecosystem properties measurements (chemistry,
bacteria, phytoplankton, chlorophyd, primary production) were conducted at six stations.

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

Chemistry
. Time off Time of CTL Latitude Longitude . |Microplankt

Statior - Date CTD sta end [degrees N] [degges E] Sea botto| Secchi, | Prirrquary
production

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

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

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

119 (29 May |18:® 18:51 43.80883333 (37.34216667  |2150

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

121 |29 May |23:56 |0:22 44,1055 37.578 2020

122 ({30 May |8:06 8:37 44.24183333 |(37.68983333  |1929 8 +

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

124 |30 May |12:13 |12:47 44,3835 37.81283333 1372 12 +

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

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

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

* These parameters were measured at stations assigndet)as
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Figure 6. Scheme of sampling locations during the JOSS RF (black;$poi and
zooplankton tows; green spotsg all measurements).

The next part of scientific surveys in RF was conducted ©ABgust (NPM§ in Kerch Strait

and on 23 Novembet December (NPM8) in Sochi region by SOI scientific team on the R/V
Peleng. The sampling and observations programme of NPMSs was implemented at the
appointed sampling sites presented in Tables 1@ andFigure7. below.
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Table 10. Specification of NPMRF | monitoring stations in Kerch strait region.

S Region Depth, m Local site Main process
1 Kerch strait and Azovy 10,0 Before strait area of Azov se Seas water exchange
2 Kerch strait and Azov { 9,5 Before strait area of Azov se Seas wateexchange
3 Kerch strait and Azov 7,0 Before strait area of Azov se Seas water exchange
4 Kerch strait and Azov 6,5 North narrow part of Kerch st Seas water exchange
5 Kerch strait and Azov § 6,0 North narrow part of Kerch st Seas wer exchange
6 Kerch strait and Azov ¢ 4,0 North part of Kerch strait. Ke| Seas water exchange. Lo
bay pollution monitoring
7 Kerch strait and Azov § 6,8 North narrow part of Kerch st Seas water exchange.
Intersection of the approg
channetfo the port and Ker
Enikale
Kerch strait and Azov { 3,5 North narrow part of Kerch st Seas water exchange
9 Kerch strait and Azov 6,0 Kerch strait, North cape of t Seas water exchange
Tuzla island
10 | Kerch strait and Azov ¢ 7,0 Coasthpolluted waters of thg Sources of terrestrial polly
Kerch strait
12 Kerch strait and Azov { 6,5 South part of Kerch strait Seas water exchange
13 | Kerch strait and Azov ¢ 4,0 Southern part of the Tuzla Islf Taman Bay and Kerch st
water exwange
14 | Kerch strait and Azov ¢ 9,0 South part of Kerch strait | Monitoring of main water
15 Kerch strait and Azov { 9,0 South part of Kerch strait Seas water exchange
16 | Kerch straitand Azovy 10,8 South part of Kerch strait Seas water excige
17 Kerch strait and Azov { 12,0 South part of Kerch strait Seas water exchange
18 Black Sea 11,0 Before strait areaBidick Sea Seas water exchange
19 Black Sea 16,0 Before strait areaBldick Sea Seas water exchange
20 Black Sea 14,0 Before sait area @lack Sea Seas water exchange

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

N E Depth,| Site / (Number of horizons* Source of Pollution
Station m Distance from shore
I 43°34'52"| 39°43'01" 9,8 | Sochihady (2) /5 Industrial, municipal and tran
pollution of the port waters
Il 43°34' 47" 39°42'30" 6,7 | Estuary of the river Sochi (43 Municipal, agricultural and
200300m industrial pollution with the riy
Sochi discharge
I 43°33'46"| 39°4'19"| 45 | 2 nm from the shore in fron] Halfopen sea, relatively clean
the river Sochi estuary (3) /| waters
2nm
\% 43° 33'45"| 39°44'33" 9 Estuary of the brook Maluy| Municipal pollution with the b
206300m Maluy discharge
\% 43° 30'15"| 39°51'44"| 7 Estuary of the river Hosta (] Municipal and agricultural
200300m pollution with the rivers Hoste
Kudepsta discharge
Vi 43°27'27"| 39°48'59" 58 | 2 nm from the shore in fron| Halfopen sea, rellatly clean
the river Hosta estuary (3) /| waters
2nm
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N E Depth,| Site / (Number of horizons? Source of Pollution
Station m Distance from shore
Vi 43°24' 49,2'| 39°55'17,6| 6,6 | Estuary of the river Mzymta Agricultural pollution with the
/206300m rivers Mzymta discharge
VI 43° 23'48"| 39°53'05" 370 | 2 nm from the shore in fron| Halfopen sea, relatively clean
the river Mzymta estuary (4| waters. The marine border w
the Abkhasya
IX 43°24' 26" | 39°56' 12,4 9 Imeretinsky harbour (2) / 50 Industrial, municipal and tran
pollution of the port waters
X 43°26'54.2"| 39°56'58.31 >400 | Open sea (4) hin Open seaclean waters. The
marine border with the Abkhg
Xl 43°36' 19.2'| 39°35'53.8| 8,5 | Estuary of the river Bitha (2| Municipal and agricultural
200 m pollution with the river Psakh
discharge
Xl 43°38' 53,5 39°39'05,1] 7 Estuary of the river Dagom{ Municipal and agricultural
(2)/ 200m pollution with the river Dagon
discharge
Xl 43°36' 25,2'| 39°36' 00,3 72 | 2 nm from the shore in fron| Halfopen sea, relatively clean
the river Dagomus estuary | waters
2nm
XV 43°32'58" | 39°37'57"| 90 | Cental point of the Sochi ar{ Open sea, clean waters.

(4) / 4m

Reference point for the Soch
area

Figure7. An overview map of sampling stations in NPMS RF Il in Sochi region.

During the scientific surveys mentioned above numerous meteorological, logical

observations were done, an impressive number of phystoemical parameters, chemical
pollutants in water (PW), bottom sediments (PS), biota (PB) and biological perameters

(chlorophylta, phytoplanktm, macre, mesozooplankton, ichtyoplankton, meiand macre

zoobenthos, macrophytobenthos compositis@re sampled, treated and reported as well as
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marine mammals, birds and marine litter observations. Each of this parameter could be highly
valuable in the general assessment of the BS actual envirotahstatus Figure8).

NPMS | (Kerch strait region) NPMS 1l (Sochi region)
2

6

NPMS lIl (Gelendzhik region) JOSS RF

M Physical
B Chemical
mPW

HPS

mPB

m Biota

Figue 8. Number of samples collected within the framework of scientific programme of
NPMS RF I, I, lll and JOSS RF.

The observations and samples from theK A 3K FNBIjdzSy Oe &l GA2YyE
obtained a significanamount of scientific data including meteorological and hydrological
parameters, nutrients, TPHs in water, chlorophyll, phytoplankton and zooplankton. The
measurements take place every week from April 2016 onwards. From April 2016 to January
2017 38 sampkeof water for all parameters mentioned above were treated and reported, the
total amount of parameters is 793. This information could be very valuable in assessment of
annual biological cycles and at the same time of the level of anthropogenic load on the
ecosystem in this area.

Scientific Report NPMS/JOSS 2016 is organised in eight chapters. The General Hydrographic
conditions of the BS and specific Hydrographic conditions during the cruise are discussed in
Chapter I. Out of the 11 descriptors of theSHMD, indicator based assessments of
environmental status are provided for 7 descriptors within dedicated chapters: Chapter II.
Biodiversity (D1) and Habitat Integrity (D6) covering the biological components
phytoplankton, zooplankton and zoobenthos; Chaptd. Nonindigenous species (D2);
Chapter IV. Eutrophication (D5); Chapter V. Contaminants (D8); Chapter VI. Contaminants in
biota (D9) and Chapter VII. Marine Litter. A special chapter is dedicated to the formulation of
overall Progress, gaps and recoemdations (Chapter VIII) stemming from the analysis by
descriptors.
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It should be stressed that the NPMS and JOSS surveys in 2016 provided data from a single
cruise or shorterm observations only and therefore all assessments of the environmental
(MSFD) pecological/chemical (WFD) status are only indicative. Nevertheless, regarding the
involved countries (GE, RF, UA) the information gathered in the Scientific Report was for the
first time based on harmonised MSFihd BSIMARompliant indicators and evadited using
commonly agreed regional status classification schemes. The Scientific Report is expected to
contribute to the improvement of national monitoring programmes in Georgia and Ukraine
towards full compliance with the MSFD and WFD as a part of ¢idigations within the
association process with the EU. The outcomes will certainly support BSIMAP implementation
in all three project partner countries, as well as assistBrleck Se&ommission in the effort

to develop the BS integrated monitoring systat the regional scale.
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|.1. Introduction

TheBlack Sed & 'y AyflyR 9dzN}aAly &St GKFG Aa |ty
oceans¢ KS a4SIF A& f20F0SR o0SG4SSy tF0AldzRSa nnc
02 n m Geograplilcdldand hydrological boundariesBidick Se@asinare presented on
Figurel.1.1.1t is over 2200 m deep and receives the drainage from a 1.9 miitié basin.The

area of theBlack Se# about 423000k the volume of water in the sea is about 538006°.

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

Figurel.1.1. Geographical and hydrological boundaries in tBe&ack Sed&egion (BSERP,
2007, http://www.elmed -rostov.ru/Projects/TDA/Black Sea 3 1.htin
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Figurel.1.2. Black Sedathymetry (Eremeev at al., 2009).

¢KS St 01 {SI Aa /IlinoSthdplanBIS aniquely ShbdEciehstizicat@e o | &
is the presence of relatively thin surface layer of aerobic water and a powerful hydrogen
sulphide zone (H2%one) Figure 1.1.3, which is located at depths of more 980 m and

covers about 87% of thvolume of the seaSkopintsev, 1975

Figurel.1.3. Relief of theBlack Sea >Szone surface to the north from the transect Strait
ofBosporusc{ G NI A0 2F YSNOK 66FaSR 2y Ylye &SI N

As a natural phenomenon, the anoxic lays ever since caused an acute interest amongst
oceanographers throughout the world. Among the various areas of study of i8edre
(spatiattemporal distribution of S in the water column; the balance of3in theBlack Sea

the role of anaerobic zorgin biogeochemical cycle of organic and inorganic substances)
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unconditional priority is given to the problem of spatiamporal changes of the position of
anaerobic waters§BSE: UA, 2002

This problem is not only of academic but also of practical @gem connection with the
advent of the 86@ies in the press of a number of messages about changes of the depth of the
upper boundary of the hydrogen sulphide zone and assumptions about the possibility of
imminent penetration of anaerobic waters in the abic layer and in the atmospherbli(rray

at al., 1989, Faschuk at al., 1987, Ryabinin at al., 188&)eover, these changes have been
associated exclusively with human influence.

A. A. Bezborodov and V. N. EremeBezborodoat al., 1993 conducted an aalysis of the

entire historical dataset on the distribution of hydrogen sulphid@lack Seavaters, which

confirmed the absence of an unidirectional trend of the depth of the upper boundary of the
anaerobic waters. It has been shown that the spatial serdporal variability of the position

of this boundary is primarily determined by synoptic and seasonal variations of the
hydrological structure of waters of the sea. Depth of occurrence of hydrogen sulpHadieci

Seawaters corresponds to an averagedzb 2 F GKS O2y RAGA2M108 RSya
Close values of the conditional density giveiNaretinat al. 2001, Vinogradov & Nalbandov,

1990and other researchers, which shows about dynamic equilibrium between the formation

and loss of hydrogen quhide.

The appearance of the monograpBezborodovat al.,, 1993) to a large extent stopped
speculating on the subject of environmental disaster due to the rise of the upper boundary of
the HS layer.However, the question of the rhythmicity of the osciitats and constant
unidirectional change trend depth remains controversiaver the last 20 years the hydrogen
sulphide layer has experienced-26 meters rise that can be explained by the excessive influx
of allochthonous organic matter.

Aerobic and ana@bic ecosystems stably coexisted in tB&ack Searound 7,500 years
(Bezborodoat al., 1993). However, we should not forget about unidirectional and noncyclic
influence on the ecosystem of thBlack Seand such factors as: water withdrawal and
seasonatedistribution of river runoff; pollution of coastal waters; climate change. Therefore,
continued monitoring of the topography of the border of theSHzone remains one of the
important areas of research of tiglack Sea

Isolation from Open Ocean makesetBlack Seavulnerable to eutrophication (the
phenomenon that results from an owenrichment of the sea by plant nutrients).
Eutrophication has caused essential changes inBlaek Seacosystem in the past three
decades. Main reason of eutrophicationriger runoff. Every year, about 350 khof river

water enters theBlack Sedrom an area covering almost a third of continental Europe and
including significant areas of eighteen countries: Austria, Belarus, Bosnia and Herzegovina,
Bulgaria, Croatia, CZedrepublic, Georgia, Germany, Hungary, Moldova, Slovakia, Slovenia,
W2YlFYALFT wdzaaAiAl s ¢dz2NJ Sesx ! {NIAYySs [ dz32afl Al
(the Danube, Dnipro and Dnister) all flow to tBlack Sea

The Oceanographic survey atlaseflieev at al., 2009) have been used as climate basis t
follow analysis of the meteorologicetaracteristicshydrological structure and hydrodynamic
oftheBlack Se® dzNA y3 (G KS 9a.[!'{Q SELISRAGAZYAY bt af

33



Scientific Report i Joint Black Sea Surveys 2016

|.2. General meteorological and hydrofpcal background of
the Black Sea

Climatic conditions of thBlack Seare determined by their geographical position and general
atmospheric circulation. The northern part of tBéack Se#s located in the southern part of
the moderate climate zone, andhé southern part of theéBlack Seain the northern part of

the subtropical climatic belt. In January mean air temperature above the central part of the
Black Se#&s 8°C, in the northivestern part it decreases to-8°C with the absolute minimum
30°C(Ereneev at al., 2009)Mean air temperature in July is 22°C with its maximum 35°C.
Average monthly wind speed is maximal in Jantelgruary (8 m/s) and minimai in June

July (46 m/s) Figurel.2.1.).

ATMOC®EPHMH THCK | WBMAKICTb BITPY (Gepasons) arson e arson ATMOCOEPHHH THCK | WUBWAKICTb BITPY (vepoers) son 20
uuuuuuuuuuuuuuuuuuuuuuuuuuuuu (March) 0 8
-

[ ——r-
Mose Cantons fmes - smasghar premsurs (VP2

ATMOC®EPHUA THCK | WBMAKICTb BITPY (rpyaens)
ATMOSPHERIC PRESSURE AND WIND S mber]

Figurel.2.1. Seasonal dynamic of atmosphericgasure and wind speed over thBlack Sea
(Eremeev at al., 2009).

In the coastal zone of the northern part of tiack Seavater temperature varies from the
values of water freezing@.97°C at the salinity:1:8 and-0.54°C at the salinity:10) to 28
29°Cunder maximum warminghrough Figurel.2.2). Mean water temperature in thBlack
Seais about 9°C. The thermal structure of tB&ack Se#s characterised by presence of cold
intermediate layer (CIL), i. e. subsurface-880m) layer of minimum temperataerwhich is
traditionally distinguished by the isotherm about 8°C. Belowl@8 m temperature
monotonically increases with depth up to 9.1°C on the bottom.

Salinity of theBlack Seaurface layer (I8 ) is almost half as much as that of the World Ocean
surface water. Average salinity in thBlack Seancreases monotonically from the surface
(17%6: in May and 18:1: in February Figurel.2.3) to the bottom (22.33 ). The abyssal
part of the sea receives highly saline water of the Sea of Marmara with the |Rogporus
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current. The vertical haline structure is characterized by presence of two haloclines (the layers
of salinity sudden change): the seasonal eme the 030 m layer and the constant onren
the 50200 m layer.

The peculiarities of the thermohaknstructure of theBlack Seavater consist in a sudden
change of density (conventional density reaches 14.625) called a main pycnocline. It
results in a considerable restriction of the vertical water exchange.

The water masses and the structure of Black Seaater are formed as a result of interaction

of the Sea of Marmara water mass brought by the Lower Bosporus current and fresh water
from rivers and precipitations. Five types of tBéack Seavater masses are distinguished
(Eremeev at al., 2009y hey differ in their thermohaline characteristics: the coa8tiaick Sea
water mass, the uppeBlack Seavater mass, the cold intermediate layer, the intermediate
Black Seavater mass and the abysdalack Seavater mass.

P
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WATER TEMPERATURE AT THE DEPTH 0 m (March)

\ 3
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H ]
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st vemparatrs ()
R

TEMNEPATYPA BOJ HA FOPM3OHTI 0 m (rpyaews) s ]
WATER TEMPERATURE AT THE DEPTH 0 m (December)

TEMNEPATYPA BO[M HA FOPH3OHTI 0 m (sepecens) arson I amson
WATER TEMPERATURE AT THE DEPTH 0 m (September) 5 g

BEBEERRERES:

Figurel.2.2. Seasonal dynarniof water temperature ofBlack Seat the depth 0 m
(Eremeev at al., 2009).
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Figurel.2.3. Seasonal dynamic of water salinity Black Seat the depth 0 m
(Eremeev at al., 2009).

[.3. Black Seairculation

Current circulation in thdlack Se#s characterised by a cyclonic system of currents flowing
along the continental slope (Rim Current), western and eastern cyclonic gyres in the open sea,
and nearshore anticyclonic eddies (NAEs) between the Rim Current and the shore circulation
(Knipovich, 193; Neumann, 1942; Bogatko et al., 1979; Ovchinnikov and Titov, 1990; Altman
et al., 1990; Oguz et al., 1993; Titov, 1999; Korotaev et al., 2001, 2003 and othignske (
1.3.1).

Figurel.3.1. Water circulation in theBlack SedEremeev at al., 2009
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In the Black Sedhe cyclonic water stream breaks up into two cyclonic circulations in the
western and eastern parts of the sea in JunBecember. In the same period under the
decreased intensity of the general circulation of the sea, the anticychuluies are developed
localizing in the zone of the continental slope.

Hydrodynamic of thenorth-western part of theBlack Se#s rather difficult and depends on

number of factors: wind strength and direction, river runoff, anticyclonic eddies moving
lengi Kgl &@8a Ff2y3 O2yGAySydlrt af21L)S az2dziKkegSadgl
et al., 2008; Popov & Polonsky, 2014; Popov & Ruban, 2014). Seasonal fields of integral sea
currents for the most probable wind situations over NWBS presenteigurel.32.
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Figurel.3.2. Seasonal fields of integral sea currents (m/s) for the most probable wind
situations over NWBS: (a) norttvestern wind 7,5m/s, (b) north-eastern wind 7,5m/s - for
winter; (c) southeast wind 5,5m/s for spring, (d) north wind 5m/s - for summer, (e)
western wind 7 m/s (Komorin et al, 2008).

The current structure in the Kerch Strait where the water flows can be directed froBl ok
Seato the Sea of Azov and vice versa depending on the wind directitie is10st complex
(Tuchkovenko, Komorin, llushin, 2005). Under the prolonged winds the compensation
currents directed against the wind occur in the strait.
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|.4. Meteorological and hydrological description of the
main physical parameters during the NPMS GIEMS UA
and JOSS GEA

|.4.1. Data and methods

The main characteristics and the identification of Bkck Seavaters are performed using
physical parameters analysis (temperature, salinity, density and currents) and analysis of
meteorological parametersnfluencing the sea water. Analysis has been done for three
regions of theBlack Sediffering by hydrophysical features: Noritestern part of theBlack
Seainvestigated in NPMS UA (NWBS), Central paBlatk Seanvestigated in JOSS -GA

and JOSS REBS), Eastern part of tBdack Seavestigated in NPMS GE and NPMS RF (EBS).

The graphical distributions of the air and sea physical parameters were obtained using Surfer
D2f RSy {2F06F NS yR LINPBINIVYYS a4l @8RNRf23¢ odal
Princeton Ocean Modelsually called POM, has been used for calculation of the three
dimensional velocity distribution on NWBS. The model was developed and applied to
oceanographic problems at Princeton University by George Mellor and Alan Blumi&iyin

(Mellor, 1982;Blumberg&Mellor, 1987; Mellor, 1991The model is under GNU license. It can

be downloaded fromhttp://www.aos.princeton.edu/WWWPUBLIC/ htdocs.ponThe POM

has beeradopted to northwest part of theBlack Seat UkrSCES (Komorin at. all, 2009).

Meteorological data were provided by the Hydrometeorological Centre oBllaek Seand
Azov Sea, Odessa.

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

1) MyOcean daily mean fields of the sea surface currents

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

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

http://podaac.jpl.nasa.goy

http://oceancolor.gsfc.nasa.qov

http://www.aviso.oceanobs.com;
http://rapidfire.sci.gsfc.nasa.gov/imagery/subsets/index.php?project=aeronet
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[.5. Results and discussion

|.5.1Hydrometeorologicaland hydrodynamical features of
the Black Sea

During theperiod from 18 to 19 May2016 thBlack Seaasin (BSB) was under influence of a
Middle Eastern depression. Wind intensified in western direction untinl® after passage

of a cold front in the field of depression. During the period oR20May the weatbkr defined

low gradient field of high pressur&igurel.5.1.). During the following day28-24 May) the
weather conditions were included by the Middle East depression. Thunderstorms, sometimes
intensified with northwest winduntil 12-15 m/s were observedver the sea.
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Figurel.5.1. Pressure system oveBlack Seaegion in a) 19 May 2016, b) 25 May 202016,
c) 30 May2016, d) 03 June2016 (charts obtained from HMC BAS, Odessa).
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The progressive vector diagram of wind for period froto 2O May is presented oRigure
1.52.

On 2526 May, the weather in the AzeBlack Sedasin was influenced by the depression of
the southwest cyclone with a minimal pressure of 1004 HPA, which shifted from Vienna to the
Black Se#hrough the Balkans. Ding the thunderstorm, the wind increased predominantly

in southern direction; velocities of 125 m/s were observed after passage of a cold polar front
over the sea.

On 2729 May, weather conditions over the BSB were influenced by east depression. The
thunderstorm and the northwest wind sometimes-2P m/s were observed under the sea.

On 3031 May, the BSB was under the influence of depression cyclone with frontal sections
and a minimum pressure in 1003 HPA, with Center over Germany. The rain was osea the

but wind was not stormy.

On 15 June, weather of BSB was caused by the depression cyclone. It shifted from the South
of France to Austria. The pressure in the center of cyclone was about 1010 HPA. The cold front
in the basin of the cyclone was over thea.

progressive vektor diagamr of the wind

ey

km

Figurel.5.2. Progressive vector diagram of winter during the period from 1 May till 21 May
2016 according to observations of the Odesgart station (red line for NPMS UA period).

NPMS GE was conducted from 28 to 31 May 2016. All 15 statioedawated along the shelf

and partly at the continental slope.

Meteorological conditions during the NPMS GE were characterized by intense cyclonic eddy
over the eastern part of the sea and, basically, weak western winds over the shelf waters.
The surfacecurrent fields Figure 1.1.13, calculated for the meteorological fields presented

on theHgurel.19., corresponded to the general circulation of an open part of Bteck Sea

for the spring season. Dynamic of shelf waters of NWBS will be discussadilrbdlow.

40



Scientific Report i Joint Black Sea Surveys 2016

Figure 1.5.3. Fields of the sea surface currents (2.5m) ofBleck Sealuring NPMS and
JOSS GR) 19 May2016, b)25 May 2016, c30 May2016, d) 03 June2016
(MyOceanBlack Sedhysics Analysis and Forecdmtp://www.myocean.eu/web/69 -

myoceaninteractive-catalogue.phyp.

During NPMS GE there were currents of eastern directions with formation of smaltjisiedrt

eddy structures. There were astal currents with velocities of 0-R.3 m/s to the north and
south from the field of investigation. The Batumi eddy was on the west from field of NPMS GE
and it was crossed by the JOSSUZE

1.5.2. Hydrophysical features of the norttvestern part of he
Black Sea

North-western part of theBlack Seavas investigated during the NPMS UA from 17 till 21 May
2016.

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

TemperatureThermal status dNWBS waters during the second half of May 2016 is presented
in Figurel.54. The same horizons are given for climatic temperature field for comparison
(Figurel.1.1)).
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Figurel.5.5. Climatic water temperature fields for NWBS on the horizons: a) 0 m; b) 10 m;
and c¢) 20 m (UkrSCES data).

Sea surface temperature varied from-13°C in coastal areas tp16-17°C in open ofshore

zones Figurel.54.).

The relatively low level of temperature in the coastal waters of the NWBS was caused by

access of the cold deep water to the surface layer due to of upweHiggiel.56.). On the

photograph we can sean additional upwelling in the region of Tendrovska spit. It was not

detected by the expedition data because its influence on surface water was reduced to 20

May when this region was investigated.
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NOAA-18
18 May 2816
4:34 GHMT

Figurel.5.6. Available NOAA satellite sea surface teemature data during the NPMS UA
(http://dvs.net.ua/mp/data/main.shtml).

Formation of the thermocline depth occurred under influence of seasonal warming of surface
layer and circulation processeBigurel.5.7.). Maximum value of thermocline depth in 11 m

was observed on station 9 under influence of the open sea waters and on station 14 at Odessa
hollow. Minimum value of the thermocline depth was observed on station 3 at upwelling area
where thermocline layer was "lifted up"” to 3 m depth by the rising deeld water.

3
208 30 30.2 304 306 308 31 31.2 314

Longitude
The depth of the upper boundary of the thermocline layer (17 -21 May 2016)

Figurel.5.7. The field of the upper border deptbf the thermocline layer (NPMS UA).
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Salinity. Water salinity on sea surface observed during NPMSHigurel.5.8) corresponded

to the climatic conditionsHigurel.59). The location of 8K f Ay MT ®p:: RADPARSAE
from the water of open sea on NWBS (Popov&Polonsky, 2011). The outer boundary of shelf
waters in the central part of NWBS area shifted to the west approximately on 30 miles in
comparison to the expedition data due todltlimatic distributionsKigurel.5.10).

Salinity field on 20 m according to surveys d&tg\rel.5.11) shows more salt waters on the
open shelf in the Odessa basin and in the Danube region. This is obviously the result of
upwelling phenomena.

Water transparency field on NWBS is presentedigurel.5.12. Minimum transparency was
observed in the Danube region. The transparency of the waters at the northern part of the
expedition area, similar to salinity, is indicative of weak activity and spreadingieperBug
waters. There was an area of high water transpareney/1(m) in the central and southern
regions of the Odessa bank and that is unusual.

c)

Latitude
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Figure.l.5.8. Salinity fields on horizons: a) 0 m; b) 10 m; and@6)m (NPMS UA).

30 31 30 31

-

Figurel.5.9. Climatic salinity fields in the NWBS on the horizons: a) 0 m; b) 10 m; and 20 m)
(UkrSCES dat&rlova at al., 2008
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Figurel.5.11 Vertical distribution of salinity along the transect from Dniester estuary
(NPMS UA).
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Pycnocline.The upper border depth of the seasonal shift of density is presentdédgue

1.5.13 It corresponds to the thickness of the upper gdasimogeneous layer and reflects the
cumulative activity of winevave mixing.The distribution zones of river waters, the area of

cyclonic and anticyclonic eddies in north Odessa depressionsraidyalonic over the area

2F %SNYy20Qa FTASER o0 OSYGNIrf LINL 2F b2. {00
reached 1012 meters in the anticyclones areas, whereas an overwhelmingly large area
changed from 2 to 7 nCharacteristic feature of NWRSrrents structure during the NPMS

UA for surface layer as well as for deeper layers is the existence of two topographic divergent
eddies located at northern and central areas of the sHealjfrel.5.14).
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Figurel.5.13 Fields of upper border of pyakline (isolines) and thickness of pycnokline
(Figureunder point) on NWBS (NPMSA).

Note:] . upper border of pycnokline, mi/~thickness of pycnokline, m

46



Scientific Report i Joint Black Sea Surveys 2016

b) C)
| 1 l 1 |
4 5 YA NN
Al A
vy
s w;‘;\g
4%+ HE N
£, ; 1,
e E 3 Bl
Fd \}lf—
44444444444444 "‘\;xf
}f{‘f' oA e e Rh by o 15:
AP WA T Hﬂ"-’-'-”*fn'{;_’ y a"’
455 =) ,2 s ismorryaa il "s
- e edind 2
\3 mwrff'—‘—‘“‘ M
| '-t'hl | 'iau.rlf.f.f:.e.u-lf-f* ‘ﬁ;}:l‘ ru:-’f-" J,,;;
30 305 31 318 30 305 31 35 31 315

Figurel.5.14 Water circulationfields of NWBS for surface layer (a), |ntermed|ate layer (b)
and near bottom layer (c) (calculated by POM).

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

This current was divided into two coastal streams far ahead in the upper and middle layers.
The direction of one of them was to the southwest towatls Dniester estuary, the other

was in the direction of the Odessa Gulf. The bottom layer flow near the shore went along
isobaths to the northeastern direction.

1.5.3. Hydrophysical features of the eastern part of tBéack
Sea(JOSS GHA, NPMS GE)

The apth of surface layer varied from 6 to 8 m to the southeast. Temperatures grew from
18.2°C to 19.5°C in southern directidiigurel.5.150 @ { I f Ay Ade& NI y3IAy3I G N
MT ®dycis AY GKS adaNFI OS f18SNWP al EAViddhthel £ Ay A
horizon of 998 m.

Seasonal thermocline was observed on depths of 38 m. The core of CIL was 665 m

through transect. Minimum value of temperature was 8.33°C at station 10 at the depth of 62

m.

The surface layer depth of the main haloclirmged from 70 to 75 m. The isohalines in
thickness of the halocline was saddilee form and they came deeper at the center.
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Figurel.5.15 Vertical distribution of water temperature (a), and salinity (b) by transect
through the eastern part of thecontinental slope(JOSS GHA).

2 0SNJ 0SYLISNY GdzZNB GF NASR FNRY yodnc/ G2 wmpdpdc
A specific feature in the distribution of hydrological characteristics of the surface water layer

was the presence of areas with rather warnddinesh waters on the northern and southern

parts of the field Figurel.5.16). They were associated with spring riveraffi The maximum

2T GSYLISNI G§dzNB O £ dzS mdpPdPdpoc / 6{id b2d mp0L |
(St. No. 3).

The minimun value of the water transparency was 1.5 m on St. No. 3.
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Figurel.5.16.Fields of temperature (a) and salinity (b) in surface layer (NPMS GE).

Water temperature decreased in the direction from the coast to the open sea. Salinity grew
to the same direction. A similar picture was seen at the depth of 2Bigu(el.5.17) with an

offset freshened watealong the coast in the southern part of the field.

49



Scientific Report i Joint Black Sea Surveys 2016

Latitude

T
M5 4.6

T

4.7 4.8
Longitude
"0

Latitude

41.6 y“n.7

Longitude

0

Figurel.5.17. Fields of temperature (a) and salinity (b) in layer 2Q(NPMS GE).

There are two levels with high vertical gradients in distribution of the water density depth at
the most of shelf stations. The first of them irb4meters depth is caused by producing light
freshwaters, the secondin 1520 meters depth isarresponding to the seasonal thermocline

depth (Figurel.5.18).
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The CIL was located at depths from 55 to 82 m in the deep water stations. It was determined
that the layer thicknessvas reduced from 23 m at the centre to 7 m on the borders of the
transect by identifying the gradient boundaries of CIL. Minimum temperature 8.37°C was
recorded at 62 m depth at St. No. Tidurel.5.19).

It should be noted that the continuing trend ofrmperature increase is associated with the
climate change of water stratification and influertmgthe previous "warm" winteréolonsky
& Popov, 2015).
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Figurel.5.19 Vertical distribution of water temperature by transect through thsouth-
western partof the Black SedJOSS GHA).

1.5.4. Hydrophysical features of the continental slope and
central part of theBlack Sea

Hydrological investigations over nortieestern and eastern parts of continental slope and
central part of theBlack Seavere performedduring the JOSS @&F\, JOSS RF and NPMS 12
monthsRF.

The powerful Sevastopol eddy (SE) was observed at locations of stations JOAR &15.

The transsection crossed current SE through its middle part (St. No. 21 and 23 located at the
core of the eddy)This was the @ eddy since the beginning of 2016. The eddy was first
discovered by satellite datéigurel.5.2Q) in the middle of April. It completed its life cycle at

the beginning of October. There are-14 eddies formed usually during a year andyamne

of them is longdiving.

51



Scientific Report i Joint Black Sea Surveys 2016

e

w  OceanColor
HODIS-AQUA

HODIS-AQUA (W
7 Jun 2016
** 19:25 GHT

Figurel.5.20. Fields of (a) water temperature, (b) chlorophydland (c) the longvave
radiation of the water surface at the beginning of June 2016 determined by satellite data.

Reported dataKigurel.5.21a) show a conhuous CIL profile contoured by isotherm 8.7°C and
the minimum temperature in core is 8.8/5°C. Earlier in 2005 the core of CIL was 8.0°C
(Polonskyi & Popov, 2011¥ertical distribution of the following characteristics over the
continental slope in thesouthern border of the NWB%igurel.5.21) was obtained in two
stages: Stations JOSSIGE 1 and 224 May; Stations JOSS-GE 21- 25¢ 3-4 June.
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Figurel.5.21 Vertical distribution of water temperature (a), and salinity (b) by transeci
through the north-western part of continental slopgJOSS GBA).
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The temperature of the upper layer 100 m in the deep part of Beck Seavas higher tha
climate temperature values for June (Eremeev and al. 2009). Higher temperature values were
observed on all stationg-{gurel.5.22). This fact allows us to draw the conclusion about the
overall warming of the upper layer 8ilack Seavater during the spgng (Figurel.5.23).

The only deegsea station JOSS GFA 12 measured to the bottom by temperature showed
that a higher temperature than the expected climate value was recorded until the depth more
than 900 meters.
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Figurel.5.22 Verticd distribution of water temperature: temperature obtained in JOSS-GE
UA and the multiyear values of temperature (Eremeev and al. 2009) for May and June:
western part (JOSS GEA No. 19} a); central part (St. No. 16)b); eastern part (JOSS GE
UA No. 13-c); southeastern part (JOSS -GR No. 12)d)
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salinity Figurel.521.).

Vertical distribution of hydrophysical features through the central part of open sea shows

mostly homogenous structure fieldEigurel.5.24). Minor variations in characteristics were

observed in the western part of the transect and were associated withe3fEoned above.

Observations at stations Nos.-13 were performed later than at the stations Nos. 3 and 4 on

the decade. During this time, subsurface waters warmed up by 2°C approximately. Seasonal
thermocline layer was at 115 m and the temperature greased by ca. 3 °C (18°C).

CKS YAYAYdzY 2F 46 GSNJ GSYLISNYGdzNE Ay /L[ Qa O2
NWBS (8.27°C).

The upper border of the main halocline of vertical distribution was located at depths -of 40

53 m, with a minimum vak in the central part of the sea. It had been raised te 18 m at

the edges of the transect and located approximately in the areas of cores of climatic domes
(Figurel.5.24b).

The only station with observations down to 1000 m depth was station Ndt ®&s located
at the periphery of the Batumi eddy. Borders of the main pycnokline at the location changed
from 70 to 175 m and had a density range from 14.4 to 16.4.

54



Scientific Report i Joint Black Sea Surveys 2016

Depth. meter

-0t

Depth, meter

32 32.5 33 33.5 34 34.5 35 35.5 36

Longitude

¢

Figurel.5.24 Vertical distributions of water temperature (a), and saltyi(b) by transect
through the open part of theBlack SedJOSS GBA).

During the JOSS RF the temperature in therhO®ater column changed from &Q in the CIL

to 20°C near surface. The most prominent feature of observed temperature distribution was
the absence of the classical CIL bordered by isothernmP©f(8itov, 2004)The minimum
temperature in the CIL was ca. 82Figurel.2.25a). CIL was bounded by isotherm of 85
Salinity changed substantially along the transect showing the decreasefateidrom the

deep waters (18.5) to coastal zone (17.3) where the spring runoff still is manifested in May
(Figurel.2.25b). Vertical distribution of density exhibited the shallow upper mixed layer
varying from 9 to 12 mHKigurel.2.25c). Sharp densitgradients (approx. 0.15 signrtéan)
denoted the upper part of seasonal thermocline. All these hydrophysical properties (density,
temperature and salinity) were compressed along depth in the sea center and expanded in
peripheral area. CIL thickness in tha sentre was close to 15 m, whereas it was equal to 30
m near the shelf, which istypical for tiistack Se&ydrophysical structure (Oguz, 2008).
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Figurel.2.25.Vertical distribution of (a) temperatureqC), (b) salinity and (c) density
(sigmat) alongthe 95mile transect in JOSS RF.

1.5.5. NPMS 12nonths RF monitoring Gelendzhik (Blue Bay)

The sampling site of the NPMS-dnths RF monitoring study was located 4.3 milesshfire

near Gelendzhik (Blue Bay) over the sea bottom depth of-508 m(Figurel.5.26). This
region is a transitional zone between the coastal and open waters. Biological annual
succession is less impacted by frequent environmental fluctuations in this place than in the
shelf. The patterns of succession, phenology of thenrb@logical annual events are the key
characteristics of the ecosystem, based on which indicators of the good environmental status
can be elaborated.
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Figurel.5.26.Scheme of sampling locations during the NPMS RF: pilot monitoring study in
Anapa Bayléft insertion), Gelendzhik Bay (right insertion) and NPMSh2nths
monitoring study near Blue Bay (central insertion).
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Figurel.5.27.Vertical distribution of salinity (a) and temperature (I8C) from May
to November during NPMS longerm study in Geladzhik.

During the investigated time period salinity at sea surface varied in a narrow range from 17 to
18 (igurel.5.27a). Lowest values were observed in summer time. Along depth salinity
gradually increased until depth of 80 m where the sharp incréasalinity and its gradients
occurred. Temperature at the surface changed frorfClih May to 2%C in August and to 3@

in November Figurel.5.27b). The thickness of the upper mixed layer decreased from ca. 10
m in May to 20 m in August and to 60 mlate November. Changes of density in the upper
layer were defined by those of salinity and temperature. Therefore, minimum values were
observed in August (10 sigatpand highest in November (12.7 sigit)a

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

To assess the current position of the anaerobic zone, the hydrogen sulphide content was
investigated in seawaten six stations at the transect made along@31¥ bt I G A (i dzRS ¢
UA-3, 12, 13, 16, 19, 21) and on two stations in the territorial waters of Georgia (NPMS GE

St. Nos. 15, 12). The transect crossed the axis area @l#dok Sedivergence zone (Belevich

at al., 2011)where a maximum of uplitborder between the aerobic and anaerobic waters

I NB SELISOGSR® { I YLX S& ¢ SNI5.8¢c6.2] Ayis ddhYheli KS &
use of a scale of conventional density in place of the traditional depth scale allows to separate

the effect of various dynamic processes upon the depth and configuration of isopycnic

surfaces.

In Figurel.528. it is shown that the upper boundary of hydrogen sulphide layer did not fall

0 St 2 #15,3- 15,4 at all stations. This is significantly higher than th& B 3 S @I f dzS
=16.18, which was obtained IBezborodowat al. (1993Via processing the array observations

over the period of 1924 1990. Maximum lifting boundary of thecSll 2y S Ay (adzy A il a 2
=15.0; 58 m) was recorded at station JOSSJEHo0. 19/ocated in the central part of the

Western cyclonic gyre. In the central part of the Eastern gyre (station JOB8 §&. 13)

hydrogen sulphide was detected at the depth of 54 m, and this depth corresponded to the

gt dz2S 2F (GKS Q21p.RIqihk @aih bHtaindd Syfilg IOSS-GE haveto be

revalidated during expedition in 2017.
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Figurel.5.28 Vertical dstribution of hydrogen sulphide¥mol/l) on the transect over the
central part of theBlack SedJOSS GHA).

Vertical distribtions of the oxygen and hydrogen sulphide are presente#figarel.5.29. The
figures show that at some stations the anaerobic and aerobic zones overlap, that is actually
observed in the layer of coexistence of oxygen and hydrogen sulphidg (). Glayer was
recorded by many researchers until the early-i88, when was developed more accurate
methods of measurement of oxygen, and previous results were revised, since Winkler method
gave higher values of oxygen at its low concentrations. According to modern concepts,

the layer of coexistence of oxygen and hydrogen sulphide inBllaek Sealoes not exist
(Sapozhnikov & Agatova, 20@elevichat al., 201). In the works ofStunzhasat al. (2013),
Eremeev & Konovalov (2006) it was shown that at thenolauy of aerobic and anaerobic
zones at low concentrations of2Gnd HS, thevalue of the error of measurement of
concentration can be: for oxygengc3L5 unol/l (0,16-0,48 mg/l) and for hydrogen sulphide is

3 + 5 punol/l (0,10¢ 0,17 mg/l).
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Apparently, the intersection of the anaerobic and aerobic zones in the gr&uhsd€1.1.37)
should be the result of error analyses of oxygen that were carried out according to the method
of Winkler and must be checked.

These errors did not allow to obtain accurate estimates of the occurrence depth of the upper
boundary of the kSzones, but they do not alter the conclusion that the boundary of th® H
zoneonthetransect#8 nUb € G ® f ASa @164 e 6nadragedlnitdF =~ G
0 ayvYlrfft SN GKFY (GKS O2 NNE A& LI2BgRIod@at afi |(H99RS RS G S
taking into account data from 1984 till 1992.

Significantlyhigher country of H2Szoneis supported by the data on microbial community
composition(seeChapterll.6 for details).Indeed,microbialcommunitysampledat 60 m at

station 19 andat 54 m and 70 m at station 13 wascharacterisedy highrelative abundance

of anaerobicbacterial genea, which benefit from the present of H2S, utilising various
metabolicstrategies. ThesegeneraincludeWolinella(anaerobidumaraterespiring,reaching

the relativeabundanceof 20%at 54 m at station 13), Candidatushioglobus(previouslyjknown

to mediae biogeochemicatyclesin anoxicfjords, upwellingzones,and sulfidicregions)and
Thioprofundum(sulfuroxidisingbacteria).

|.6. Conclusions

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

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

The surface current fields corresponded to the climmatirculation of the open part of the

Black SeaHydrodynamic of theorth-western part of theBlack Seavas rather complete and
depended on number of factors: wind strength and direction, riverotinanticyclonic eddies

moving lengthways alongthecdnty Sy G I £ &f 21JS a2dziKgSaidsgl NRf &
Circulation of the NWBS waters was characterised mainly by -titégtional vertical
structures of synoptic scale. The results were confirmed by two different methods:
instrumental observations afensity and current model POM.

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

Transect across the continait slope located near NWBS dissected the middle part of
Sevastopol eddy that was already th® #brmation in 2016. The situation was confirmed by
the satellite data.

The temperature of the surface layer of water in tBeack Seauring the work was higher
than the predicted multyear values (b¥Eremeev at al., 20Q9n a range from 0.4 to 1.3°C.

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

During the JOSS RF the most prominent feature of observed temperature distribution was an
absence of the classical CIL. The minimum temperature in the CIL was®Ga. G2 was
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bounded by isotherm of 8%. Salinity changed substantially along the transect showing the
decrease at surface from the deep waters to coastal zone where the spnadf rstill was
manifested in May 2016. Vertical distribution of density exhibited the shallow upper mixed
layer varying from 9 to 12 m. All these hydrophysical properties (density, temperature and
salinity) were compressed along depth in the sea centerexpanded in peripheral area. CIL
thickness in the sea centre was close to 15 m, whereas it was equal to 30 m near the shelf,
which is typical for th&lack Seaydrophysical structure.

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

Upper boundary of hydrogen sulphide layer did fiot f f (@553 18,4 at all stations. This

Ad AAIAYATFAOFyOGfe& KAIKSNI GKFyYy KSBekbgr&dwbtaS oI €
al. (1993using the available data in the period from 1924 till 1990. Maximum lifting boundary

of the HSzone indzy’ A (i &0 ¢ B5®; 58 m) was recorded at station No. 19, located in the

central part of the western cyclonic eddy. In the central part of the eastern eddy (station No.

13) hydrogen sulphide was detected at a depth of 54 m, but this depth correspondid to
GFtdzS 2F (KS O2y¥IBAGA2Y I RSyaAiride 27F °

|.7. Recommendation

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

Significantlyhigher country of H2Szoneis supported by the data on microbial community
composition(seeChapterll.6 for details).Indeed, microbialcommunitysampledat 60 m at

station 19 and at 54 m and 70 m at station 13 wascharacterisedy highrelative abundance
of anaerobicbacterial genera, which benefit from the present of H2S, utilising various
metabolicstrategies. ThesegeneraincludeWolinella(anaerobidumaraterespiring,reaching

the relativeabundanceof 20%at 54 m at station 13),Candidatushioglobus(previouslyjknown

to mediatebiogeochemicatyclesin anoxicfjords, upwellingzones,and sulfidicregions)and

Thioprofundum(sulfuroxidisingbacteria).

Takingnto accountthe abovementionediata, it isrecommendedo validatethe boundaryof

H2Sayerusingmetatranscriptomicstudyof microbialcommunitieswith the specifieemphasis
to the depths,where H2Sstartedto be detected.
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Il.1. Phytoplankton
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Figure I1.1.1. Phytoplankton taxonomic composition (transects NPWS (ShelHJA), NPMSSE
(ShelfGE), JOSSEUA (OWUA, OWGE) and JOSS- (OW.RF)).

Figure 11.1.2. Shares of different taxonomic groups in the tgpalytoplankton biomass in the layers:
UML, TL and CIL (transect JBF%

Figure 11.1.3. The number of species detected within the dominant classes of plankton algae in the
investigated area Sochi (a) and Kerch Strait (b).
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(transects NPM&JA (SheHJA), NPMSSE (ShelGE), JOSSEUA (OWUA, OV GE)
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intermediate layer (CIL, e, f) MPMSUA -axis- longitude; Yaxis- latitude; crosses
samples).

Figurell.1.6. Distribution of total phytoplanktormverage abundance (106ells/|, top) and biomass
(mg/m3, bottom) in upper mixed layer (UML, a, d), seasonal thermocline (TL, b, ) and
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crossessamples).

Figurell.1.7. Distribution of total phytoplankton average abundance 3(&8lls/|, left) and biomass
(mg/m3, right) for 3 transect JOSSAGE (X-axis ¢ the number of stations with
orientation along latitude (a, l|nd longitude(c-f); Y-axis- depth).
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left) to the Caucasian coast (on the right}aXs- longitude; Yaxis- depth; dots-
samples.

Figurell.1.9. Vertical distribution of biomass (B, mgfjof dinoflagellates (A) and small flagellates
including piceeucariotes (B) on the 9&iile longitude transect JO$I- from the center
of the eastern cyclonic gyre (on the left) to thau€asian coast (on the right)-aXis-
longitude; Yaxis- depth; dots- samples.

Figurell.1.10.Contribution of phytoplankton taxonomic classes in abundance (a), and biomass (b) of
phytoplankton in the investigated area in Sochi Region.

Figurell.1.11.Contribution of phytoplankton taxonomic classes in abundance (a), and biomass (b) of
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Figurell.1.13 Authotrophs/heterotrophs(A/H) ratio basedon averagebiomass(transects NPM&JA
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Figurell.1.15 Distributionof abundance (10cells/|, left) and biomass (mg/fright) potentiallytoxic
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Figurell.1.16 Map of environmentalstate color coded categoriesbasedon phytoplankton biomass
(mg/m3, left) andchlorophyll a fig/l, right) in NPMSJA, upper mixed layelX-axis-
longitude; Yaxis- latitude; crossesstations).
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GE, upper mixed layéx-axis- longitude; Yaxis- latitude; crossesstations).
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Table I1.1.1. Metrics for the colour coding correspond to WFD categories (after Baltic2Black).
Table 11.1.2. Dominant and common species in thRytoplankton community.

[1.1.1. Introduction

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

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

EMBLAS project not only provides an opportunity to explorenidieiral processes that occur
in various parts of theBlack Seabut also to develop mechanisms for iraboratory
cooperation for the representatives dlack Seaountries, to harmonise the methods of
sampling and processing of the raw data, to devedop clarify rating scales which are used
in the assessment of ecologicatatus of Black Seaon the basis of various indices of
phytoplankton.
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[1.1.2. Materials and methods

11.1.2.1. NPMS/JOSS GA

During the surveys of NPMS UA and JOSSAGELO quantative samples of phytoplankton
were collected. In total, 58 and 52 samples were collected althstations of JOSSEUA
and at 15 stations of NPMS UA, respectively.

Quantitative phytoplankton samplesere collected by vertical series consisting fronesal
sampling depths. The depths were chosen with a target to collect material from main
hydrophysical layers. At each station these layers were defined according to theoGiidng
which was performed before the phytoplankton sampling. A special atiertias been paid

to fluorescence profile obtained simultaneously with the &bbnding. The samples in NPMS
were collected from the upper mixed layer (UML), upper thermocline layer, lower thermocline
layer, near bottom layer and depth of chlorophgllmaxmum (if this maximum did not
coincide with other sampling layers). During JOSS the samples were collected from upper
mixed layer, upper thermocline layer, and deep chlorophythaximum depth. Additionally,

at several stations samples from the Cold Intedia¢e Layer (CIL), lower thermocline and
near bottom layers were collected when the vertical distribution of fluorescence allowed to
suppose the presence of phytoplankton at such depths. For sample colleciiigkidbottles
attached to the CTD rosettg/stemwere used Volume of sample was equal te2lL and 3 L
duringNPMSand JOSSrespectively.

During NPMS UA samples of the phytoplankton were fixed with 4% buffered formaldehyde up
to the final concentration of 2% in a sample and carried to the labboyaThen phytoplankton

cells were allowed to settle for two weeks. After that the samples were slowly decanted to 30
¢ 40 ml. JOSS samples were concentrated on board by the funnel of inverted filtration to the
volume of 50- 100 ml and then also fixed thi 4% buffered formaldehyde up to the final
concentration of 2% in a sample. These concentrated samples from both surveys were kept at
temperature of 5- 7°C during a month before further processing. Before counting, the
concentrated samples were concented one more time, down to 10 20 cn® by slow
decantation.

Identification of species and counting of cells were carried out under a light microscope LOMO
(Russian Federation) with magnification of 600 in the drop with the volume of 0.05 ml. The
wet biomass was calculated by the method of geometric similarity equating shapes of cells to
corresponding geometrical shapes and assuming that the cell volume of 3lisvequal to

1pg.

Speciesidentification was done using mainly Schiller(1937), Kisselew(1950) Proshkina
Lavrenko(1955), Carmelo(1997), Steidinger and Tangen (1997), Cronberg and Annadotter
(2006)andthe taxonomicnomenclatureaccordingto the on-line databaseof World Register

of Marine SpeciefWoRMS)

Dominanceof the speciesvas studied. Sgries were defined as dominant if thpoportionin the
total phytoplanktonabundancgor biomass) exceedeeb0%by asinglespeciesor two
species in total.

Thephytoplanktonfunctional authotrophs/heterotrophslist wascomposed from the
taxonomiclist of the EMBLASruise. Species were definedlzterotrophson base of thdO-
BASdatabase(trophic preferencesspecifiedfor 140 species)NIMRDdatabase(trophic
preferencesspecifiedfor 867 species)the Checklistof Baltic Sea PhytoplanktonSpecies
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(Gw Hallfors,2004) and international databasesavailableonline
(http://nordicmicroalgae.org/, http://www.eos.ubc.ca/,http://eol.org/).

The potentially toxic specieswere extracted from the phytoplankton taxonomiclist of the
EMBLASruisebasedonthe list of toxic species of thBlack Se&om the MISIS project report
(Moncheva, Boicenco, 2014.)

For assessment of the ecological status of ecosystem using biomass and chlexabieyll
folowing definitions were used:

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

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

- AcStatg actual values of the given parameter obtained by observation.

Background values and target concentrations for Georgia and Russian Federation were taken
from the Final Report Hvironmental monitoring of theBlack Seavith focus on nutrient
pollution' (Baltic2Black), the values for Ukraine were taken from the Report 'Reference and
Target concentration for Eutrophication and Estimate of the state of waters’, (Baltic2Black;
UA, 20B). A list of indicators is presented in Table 11.1.1.

Table 11.1.1. Metrics for the colour coding corresponding to WFD categqaésr
Baltic2Black).

Habitat B (3g/ m3) Chta ( 39/
Ref* Targ** Ref* Targ**
Eastern deegea (marine) 155.30 233.00 0.20 0.30
Western deegea (marine) 155.30 233.00 0.20 0.30
UA NWBS Central 155.30 233.00 0.45 0.68
UA NWBS Mixing 197.50 296.30 0.50 0.75
UA Dniester (transipn 1078.30 1617.50 0.60 0.90
UA Dnieper(transitional) 1078.30 1617.50 0.80 1.20
UA Danube (transitional) 3553.00 5329.50 1.20 1.80
GE (coastal) - - 4.00 6.00

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

11.1.2.2. NPMS GE

Sanples of phytoplankton were collected on the54mile transect from the Georgian coastal
zone of theBlack Se#o the shelf area. Samples were taken at 15 stati@tations 1 and 2
were located rather remote from industrial, municipal and rural waste wat&his area was
impacted by light anthropogenic influence. Stations 3, 4 and 5 were located in the region
which was impacted by the strong anthropogenic influence. Industrial, municipal and rural
waste waters are charging into this area from Batumi &m&l river Chorokhi. Also mining
waters from Chorohi are flowing into this area. Stations 6 and 7 were affected by the slight
anthropogenic impact This section of the transect is most remote from industrial, municipal
and rural waste waters. Stations 8 a@avere located in the area with the slight anthropogenic
influence. Minor impact from Kobuleti and Chologi municipal and rural waste waters has been
revealed. Stations 11 and 12 were siruated in the region with the strong anthropogenic
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impact. Industrialmunicipal and rural waste waters are charging into this section of the
transect from Poti and river Rioni. Mining waste waters from the river Rioni are inflowing into
this area. During water floods large volume of fresh water is causing the freshenihgp of t
area. Stations 13, 14 and 15 were located in the area with the slight anthropogenic influence.
An influence of municipal and rural discharge waters from the river Enguri and Kulevi were
less significant in this region. During floods this area is @&suty freshening.

Samples were collected by vertical series consisting from different 3 to 6 sampling depths. The
depths were chosen with a target to collect material from main hydrophysical layers: the
upper mixed layer (UML), seasonal thermocline (Tid)the layer below cold intermediate

layer (CIL). At each station these layers were defined according tedLifiding which was
performed prior to phytoplankton sampling. Special attention has been paid to the
fluorescence profiles which were obtainednsiltaneously with the CT-Boundings. One of the
phytoplankton samples was collected atiepth of the fluorescent maximum.

Samples of the phytoplankton (volume of 2 L) wel@ced in labeled polyethylene bottle and
fixed with 4% buffered formaldehyde. Thphytoplankton cells were allowed to settle for two
weeks. After that via back filtration method the phytoplankton samples were concentrated
using the special funnel and nylon filters (nuclear filtengore size 1.09um). The samples
were decanted to 8@ 120 ml. Identification of species and counting of cells were carried out
under a microscope KRUSS with objectives with magnification of x20 and x40. Counting
chamber Naujotte (0.05 ml) was used. Taxonomic identification was carried out mainly
according tddentifying Marine Phytoplankton Manuals (Carmelo R. Tomas, 1998; Proshkina,
1955; Kiselev, 1950). Taxonomical identification and quantification was provided as described
in the Manual for Phytoplankton Sampling and Analysis inBleek SegMoncheva,Par,

2010).

11.1.2.3. JOSS RF

Samples of phytoplankton were collected on the 4file transect from the centre of the
eastern part of the sea to the shelf area near Gelendzhik (see map of the cruikgura 3
Executive Summa)at six stations. Sampl@gere collected by vertical series consisting from

six sampling depths. The depths were chosen with an idea to collect material from main
hydrophysical layers: the upper mixed layer (UML), seasonal thermocline (TL) and the layer
below - cold intermediate Igier (CIL). At each station these layers were defined according to
CTDBsounding, which was performed prior to the phytoplankton sampling. A special attention
has been paid to chlorophyll a maximum. Its depth was defined according to fluorescence
profile obtained simultaneously with the CIdaunding. One of the phytoplankton samples
was collected at the depth of the fluorescent peak.

Different methods were used for counting of migobytoplankton (> Gum) and nane (2-6

pum), picephytoplankton (< 2um). Samges of the micrephytoplankton (volume of 1 liter)

were fixed with 4% buffered formaldehyde up to the final concentration of 2% in a sample.
Then phytoplankton cells were allowed to settle for two weeks. After that the samples were
slowly decanted to 3@ 40 ml. These concentrates were kept at the temperature -GPG

during a month before further processing. Before count the concentrates were concentrated
down to 10- 20 cn? 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 ldentifying Marine Phytoplankianual
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(Tomas, 1997). Species names were checked in line with the World Register of Marine Species
(http://www.marinespecies.org). The wet biomass was calculated by the method of geometric
similarity equating cells to shape of corresponding figuresn@sgti, sphere, ellipsoid of
rotation: Edier 1979, Vadrucci et al. 2007) assuming that the cellular density is equal to 1.

Small phytoplankton (less than |8m) was enumerated using epifluorescent microscopy.
Aliquots (14 ml) of the collected samples weredhxwith glutaraldehyde (up to 1 % of final
concentration). After 20 min, the aliquots were filtered through 2 Nuclepore black filters.
Following filtering algae cells were stained with primulin in the filtering funnel (Caron 1983).
After filtering, sides with the filters were frozen al2°C and transported to laboratory in
Gelendzhik where they were kept at the same temperature. DuriBg\2eks the slides were
examined microscopically (FLUOVAL, Carl Zeiss, Yena) using blue excitation. Eukaryotes had
gradation of red colour, unicellular cyanobacteria (undeur) fluoresced yellovorange.

Cells were counted at magnification x 1000 in 30 fields of vision. The investigated filter area
corresponded to 0.021 ml.

11.1.2.4. NPMS RF

Phytoplankton quantitatre samples were collected during the surveys of R/V Peleng in Kerch
strait on 67 August 2016 (5 samples) and Sochi Region 23 NovegribBecember 2016 (14
samples). The samples with the volume of 1.5 L were collected during the daytime from
surface layeandwere fixed with buffered formaldehyde up to the final concentration of 2%.
Phytoplankton was concentrated by sedimentation method when bottles with samples were
allowed to settle in dark and moderately cold place in vertical position f8Zeks. #er

that the samples were concentrated by suctioning with 2 cm incurved syphon pipe covered
GAUK | LIASOS 2F o062f GAy3-160 dl.0TKesedncantrateweie K S @2
decanted innarrow cylinders. They were settled for one week and concéstramne more

time to the final volume of 1050 ml (Tsiban, 1980; Sukhanova, 1983; Makarevich, Druzhkov,
1989). Samples treatment was carried out in a stationary Lab under aligtascope. OMO

G a A | ¥ &ith magnification®ofx 200andx 400. Phytoplakton cells were examined in a
Nageotte counting chamber with a volume of 0.05 ml at least in three replicates (Fedorov,
1979; Koltsova et al., 1979; Manual, 1980).

Most of species of micrand nanoplankton algae of classes Chrysophyceae, Euglenophyceae,
Chlorophyceae, Cyanophyceae, Cryptophyceae and some "bare" representatives of
Dinophyceae do not have dense cell membranes. Their tender cell membranes easily break
down even under the action of weak fixatives. To include this group of algae to analysis
duplicate samples of 0.5 L were taken, fixed with 5% Lugol's solution (more gentle fixative),
and the sediment method was used for concentration of algae. Part of the concentrate (1/5
1/10) was diluted to the volume of 105 ml for enumeration of seldom laggspecies. Cells

were measured with the help of eyepieogicrometer, the minimal size of identified cet/4-

3'Y® C2NJ §KS O2t2yAlt _@&ly2LKe&OSIFS +f3FS 27
FALLYSYG 2F wmnn >Y Ay  Safdhildf codnting. ThizanSt&iald & 2y
from the website 'Algae Base.ordhitp://www.algaebase.org/search/speciegivere used in
phytoplankton samples classification. For species identification th@wsamanuals were

used (Kosinskaya, 1948; Kisselew, 1950; Zabelin, Kisselew, Prdshkierako et al., 1951;
Gollerbakh, Kosinskaya, Polyanskiy, 1953; Prostlameenko, 1955, 1963; Konovalova, 1988;
Konovalova et al., 1989; Dodge, 1982; Thomas, 1997).

The biomass of algae was estimated by the volegsémating method assuming shape of cells

71


http://www.algaebase.org/search/species/

Scientific Report i Joint Black Sea Surveys 2016

similar to geometric fugure or using original and published data on cell volume measurements
for each species (Koltsova, 1970; Senichkina, 1978; Bryantseva et 8).,@@}sidering the
specific gravity of algae equal to 1, the weight of the cell was equal to its volume.

[1.1.3. Results and discussion

The analysed data from NPMS UA, NPMS GE, J&FSdbH JOSS RF are discussed. Stations
NPMS UA and NPMS GE corresfsahwith the category 'Shelf' (ShéJfA and ShelGE).
Stations JOSS G and JOSS RF corresponded with the categories 'open water' (OW; OW
UA, OWGE, OWRF). Part of data from NPMS RF are under processing.

11.1.3.1. Species composition and biodiversity

In the whole studied area 356 species from 15 classes of unicellular algae were identified. The
total list of species, its occurrencedifferent habitatss presented in the Annex. The highest
contribution to the overall species diversity belonged tadphyceae (45%, 160 species). The
second taxon by the number of species was Bacillariophyceae (108). The relatively high
number of species was identified for Cyanophyceae (22) Chlorophyceae (20) and
Prymnesiophyceae (16lror Chrysophyceaas for Cryptophygeae 5 species was identified.
Another 12 species were distributed among six other clagsgsarell.1.1). Number of species

in the open waters (287) and shelf (291) was close, but the number of Dinophyceae species in
the shelf (120) was lower than in éhopen sea waters (154). In contrast, the number of
Bacillariophyceae species in the shelf (102) was higher than in the open waters (74).
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Figurell.1.1.Phytoplanktontaxonomiccomposition ransects NPMS UA (Sh&lfA), NPMS
GE (ShelGE), JOSS GRA (ON-UA, OW.GE) and JOSS RF (CRW).
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Highest species diversity was found in Skl (224 species). In the open waters, the number
of identified species decreased (138 species inr@AY 71 in OMRF and 72 in OMZE). 126
species of unicellular algae were idéied on Georgia's continental shelf. Dinophyceae
contribution to the total number of species increased from 30% in Sh&lfo 50% in OVWA

and to 69% in OVRF. In OWGE and ShelGE Dinophyceae contributions were similar (an
average of 66%). For spesi@iversity of Bacillariophyceae the trend was reverse. The
contribution of this taxon to the total number of species decreased from 42% in-SAeid
25% (OWUA) and to 18% (OMRF). It slightly increased in GBE and Shel6E (24% on
average).

In JOSS Rétal number of occurred species was 76 including 5 size groups eideatified
nanoflagellates and pieeucariotes and unicellular cyanobacteria. Dinophyceae was most
numerous group represented by 49 species followed by Bacillariophyceae with 13sspedie
Prymnesiophyceae with 3 species. By abundance, coccolithoforaliania huxleyi
predominated in the UML and TL on average accounting for 0.89 and 0.63 celld),
respectively. In the CIL, cyanobacteria were most numerous, averaging 12c&ld/. By
biomassEmiliania huxleypredominated in the UML (156 mgAnand TL (96 mg/f), whereas
nanoflagellates 48 um comprised a main portion to the total phytoplankton biomass (13

mg/m?q) in the CII(Figurell.1.2).

CIL

UML o3

0% 6%

»

15%

4 o

48%)
72%

W Bacillariophyceae B Other B Dinophyceae 0O Nanoflagellates B Prymnesiophyceae

Figurell.1.2.Shares oflifferent taxonomic groups in the total phytoplankton biomass in
the layers: UML, TL and CIL (transect JOSS RF).

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

In the investigated area of the Kerch strait 41 species and several not identified species
belonging to 6 classesane detected: Bacillariophyceae (diatoms), Dinophyceae (dinophyte),
Cryptophyceae (cryptophyte), Euglenophyceae (euglenic), Chlorophyceae (green),
Cyanophyceae (blugreen) Figurell.1.3). Highest species diversity was distinguished among
dinophytes (19 gecies) and diatoms (15 species) algae. Other classes were represented by a
low number (23) of species.
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~ b
B Bacillariophyceae M Dinophyceae Others

Figurell.1.3.The number of species identified within the dominant classes of plankton
algae in the investigated area of Sochi (a) and Kestrait (b).

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

¢KS FodzyRI yOS 27F LIKe U2 LEXxels§f(DW2Y 0 O NR &l yF INR ¥
(ShelfUA), biomass from 0.15 mghfOW-GE) to 2386 mg/M(ShelfGE)

¢CKS | gSNIY IS O f dScalistb G ¥ RS & &S 2 EScylls/askaiiofsNI 6 o 11 p
were very close. The mean biomass for shelf waters (529 f)gias two times higher than

in the open waters (261 mg/fh (Figurell.1.4a, b). The mean abundaa for the stations of

national transects JOSS GE and NPMS GE were four times lower, whereas the mean biomass
GSNBE (62 GAYSAE KAIKSNI GKFY (GKS &l YS3cel$/if dzSa T
651 and 337 mg//) respectivelyFigurell.14.c, d.

The mean biomass for Sh&MA was 418 mg/fh In OWUA it decreased to 247 mgand in

OW-RU it reached the minimum value of 108 md/(Rigurell.14.e, f). Biomass in OVBE

and in ShelGE was significantly higher than that in all other water bodiesindance was

lower than in OWRU and ShelJA. The average abundance in @& was also two times

higher than in OMWD 9 6 W3n nyiRm nnvereell$/hv but these differences were not
statistically significant.
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Figurell.1.4. Qatial variation of averageabundance(1C cells/l, left) and biomass(mg/m3,
right) ontransects NPMS UA (ShdlfA), NPMS GE (Sh&E), JOSS GEA (OWUA, OW,
GE) and JOSS RF (QRF)

Highest values of abundance and biomass in dbAlfwere observedh the UML (786 ™ n
cells/land656mg/m?3). Mean values of these parameters in the TL decreaséddo Maells/!
and446mg/m?, in the CIL td160 M eells/land 109 mg/m?3 (Figurell.1.5).

75



Scientific Report i Joint Black Sea Surveys 2016

3200
3000
2800
2600
2400
2200
2000
1800
1600
1400
— 1200
1000
800
600
400
200

45
295 297 209 304 303 305 307 309 311 313 315

C d

Figurell.1.5. Distribution d total phytoplankton average abundance (2@ells/l, left) and
biomass (mg/nd, right) in upper mixed layer (UML, a, b), seasonal thermocline (TL, c, d)
and cold intermediate layer (CIL, e, f) MPMS UAX-axis- longitude; Y-axis- latitude;
crosses samples).

Inthe UMLand the TL the phytoplankton abundance and biomass in -8lfelivere observed

in the area of the Danube Delt&igurell.1.5a-d). The impact of the Dniester was revealed
only in the bottom layer, which may be associated with the develept of coastal upwelling
(Figurell.1.5¢, f). Effect of runoff of the Dnieper in the upper layers also was not observed. A
steady decline in the abundance of phytoplankton with depth was also observed irGEhelf
(NPMS GE). The average abundance wasssively decreasinfjom 144 w eells/lin the
UMLto 98 ™ eells/lin the TLand to 36 M cells/lin the CIL. Biomass decreased frd®63

to 542 and to 369ng/m?3, respectivelyFigurell.1.6).
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